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PURPOSE AND RELATION TO OTHER PUBLICATIONS 

A knowledge of the properties of .any material is essential to its 
proper use. In recognition of this fact the Forest Products Labora 
tory in 1910 berran a comprehensive series of tests to determine the 
mechanicnl, and some of the related physical properties of native 
woods. Several hundred thousand tests have been made yielding 
data in varyinrr quantity on 164 species. This bulletin presents data 
from this study, together with related informatiollon ia.ctorsthat 
affect strength properties. 

The tests reported hel"t~ were made on clear wood, free from defects 
that affect the strength. Inasmuch as the strength of wooden mem
bers in structural and industrial use is affected by numerous variables, 
such as species of wood, variation in. quality of the clear wood and 
in defects among ~ieces of the same species, character and distribu
tion of load and duration of stress, temperature and moisture con
ditions, and size and shape of the piece, it may be asked, "why make 
tests on clear wood'! " 

Infonnation for application to such uses may obviously be obtained 
by testi:.:1g .actual structuml111embers or finished manufactured.articles 
under such conditions as obtain in service and with defects as found 
in such pieces. Some earlier investigations by the )j"'orestService 
included tests of this character. However, the results of .such tests 
accurately represent only the combination ·of variables existing in 
each instance, are difficult t.o interpret with respect to the separate 
effects of each variable, and cannot be applied to instances in which.a 
different combinn.tion o;:..;sts. Furthermore, the combinations are so 
numerous that it is impossihle to .evaluate them all by such tests, 
consequently, the limited usefulness of the data was soon evident. 
The plan that has been hrgely followed by the Forest Service has 
been to obtain data that are more generaiIyapplicablebytesting 
small clear specimens taken from a specific part ot the tree and of a 
standard size and form according to standardized methods and sup
plementing the resu! mg basi!'; data on each species by investigations 
in which the effects' .. the more important variables are as far as pos
sible separn.telystuili~d and evaluated. The supplementary investi
gations have related to the effects on strength induced .by such van
nbles as locality of growth,position in tree, rate of gTowth, knots, 
cr()ss grain, pitch pockets, moisture content, size and shape of piece, 
duration o( Stre.Q,5, preservative treatment, 9Jld kiln drying. These 
tUld other supplementary investigations are the basis for the discussion 
of factors affecting the strength of wood as presented in pages 3lto 74. 

Some of the results of the tests on small clear specimens were com
bined into simplified comparative figures and published in 1930 in 
United Stat.es Department of Agriculture Technical Bulletin 158 
(28).3 Because of their popularized form, data in Technical Bulletin 
158 are not suitable for such engineering uses Rscalculating the 
strength or size of members, but are usable mainly for .comparing 
species. 

The information given here, on the other hand, is more technical, 
and may be used not only (1) for comparing species but also (2) for 
calculating the strength of wood members, (3) for establishing safe 
working stresses when used in conjunction with other information 
IDeluding results of tests of structural timbers, and (4) for grouping 

I JtnHc numbers In pnrenthoses refer to Literature Olted, p. 74. 
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species mto clnsses of nppro:ll:imately like properties for vnrlous pur
poses. The present bulletin is bnsed on the same serles of tests, but 
supersedes United Stntes Department of Agriculture :Bulletin 556 
(37), because it covers additional species and additional tests on species 
previously reported. Another important difference is that the values 
for air-dry wood as given herein have been adjul'lted uniformly to a 
12-percent moisture content, thus making them directly comparable 
as presented. In nddition to the data from the standard series of 
tests begun in 1910 there is included herein results of all earlier tests 
by the Forest Service thn,t were made in such a manner as to afford 
data of comparable character to that resulting from the standard 
series. 

MEANING AND IMPORTANCE OF STRENGTH 

In a brond sense"strength" implies all thoselroperties that fit 11 

materinl to resist forces. In a more restricte sense, strength is 
resistance to stress of a single kind, or to the stresses developed in fi 

particular member. Definiteness requires that the name of the specific 
property be stated; as for instance, strength in shear, strength in 
compression pamllel to grain, or strength as a short column. If the 
several strength properties had the same relation to each other ill all 
species, a wood that e:'i:cels in one property would, of course, be higher 
in all, and misinterpretation of "strength" 'Would be less likely. 
Actually, however, a species may rank higher in one strength property 
than in another. Longleaf pine averages higher than white oak in 
ma..xi:mum crushing strength parallel to the grain, but lower in hard
ness.. Hence, it cll,nnot be said that longleaf pine is "stronger" or 
"weaker" thl'.ll white oak without specifiying the kind of strength. 
In comparing species for a particular use the kind of strength proper
ties or combination of Rroperties essential to that use must be consid
ered. Thus, from the comparisons just cited, longleaf pine is superior 
.to oak for use as short posts carrying heavy endwise loads, whereas oak 
excels in resistnnce to wear and marring. 

In most uses the serviceability of wood depends on one or more 
strength properties. Airplane-wing beams, floor joists,and wheel 
spokes typify uses in which strength is a. major conslderation. Other 
uses often require strength in combination with other characteristics. 
Telephone poles, .rnilroad ties, and bridge stringers must not only carry 
loads, but must also resist decay. In addition, many uses not ordi
narily associated with strength depend to some degree on strength 
properties. For e....ample, finish and trim for buildings should .be 
sufficiently hard to avoid marring; window sash must have screw
holding ability to permit secure attachment of hardware, and adequate 
stiffness to prevent springing when the window is opened and closed. 
Even matches must have strength to avoid breaking. Information 
on strength properties is therefore important not only in the design of 
airplanes, buildings, and bridges, but also as a guide to the selection 
of wood for a great variety of uses. 

The data reported here refer to some of the properties that are 
important in many uses. Obviously, any such series of mechanical 
tests does not answer all questions concerning suitability for a given 
use because the use may invol ve strength properties that have not been 
evaluated and because characteristics other than strength (p.26) 
are usually also important. 
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TESTING PROCEDURE 

The materiol for test WIlS identified botanically in the woods and 
was brought to the lforest Products Laboratory at Madison, Wis., in 
the green condition ill log form. The procedure for selection and care 
of material, method of preparing test specimens/and method of 
testing are the result of many years of de\Telopment in studying wood 
properties ill the United Stn.tes and embody some features of European 
practice. Methods of Testing Small Clear Specimens of Timber 
ndopted as stnndard by tho American Society for Testing Materials 
(4), and the American Standards Association is essentially the same as 
the procedure used. A generally similar procedure is also being follow
ed in a number of other count.ries. Detailed descript.ion of the pro
cedure used, t\nd of tIle methods of computing tIle results Ilre presented 
in the nppendix, p. 78. 

SCOPE OF TESTS 

Many iudividual pieces of each species were tested in deyelmining 
the nverRgc values of strength properties as presented ill table 1. In 
n11 over 250,000 tests have been mnde. Only the It,vel'nge results for 
ench'spflcies are, however, presented bel·e. It is difficult to determine 
how many tests should be mnde on ench species. The lnrger the num
ber, the nenrcr may the avernge values be e~..pected to appronch the 
true t\vemge ot the species, but also the greater is the cost. A balance 
must be reached between these desiderat,a, so that a species usually 
.has been represented by only five trees from nny one site or locality. 
Two 01' more five-tree units, however, from difl'orent localities have 
been tested for the more important species. The individunl tests on 
a species vlLry in number from about It hundred to several thousand. 

CONSIDERATIONS CONCERNING USE OF TABLE 1 

The values given in tuble 1 are the best available valuations of the 
true avernges. '1'hoso for the less important species, being bused on 
fewer tests, are less l'eliable than those for the common species. In 
npplying the datu, too greut emphasis should not be placed on small 
differences in nvernges. The importnnce of such differences depends 
l~ely on the use to which the wood is put. A discussion of variability 
anQ. the significance of differences between .avernges is presenteO. 
on page 17. 

The results obtained in tests of dear wood depend not only on the 
inherent characteristics of tbe wood but also on such extrinsic factors 
as the size and form of specimens, the mte of londing, and other 
features of testing procedure, andinseasoned material on the moisture 
content. Oare should accordingly. be used in comparing the data 
with that from tests in which a different procedure may have been 
used and the moisture content of test materiul should be taken into 
consideration. 

The values in table 1 are primarily for the comparison of species 
..in the form of clear lumber. For comparing structural timbers in 
whiclt the defects are limited with reference to their effect on strength, 
n.llowable workillgstresses are preferable (~9, 61). 



TABLE 1.-Strength and 'related properties of woods grown in the United States 

Specl1lo Shrinkage from static bending 	 lmpact bending Compression Hardness: load 
gravity, oven green to oven· parnllel to grain Com. required to em. 

dry, based dry condition 1---;__--;__--.,---~------I---;__--;__---I---~--.lpression bed aO.444.lnch ,Shear Tension 
Mols- on volume- Weight hased on dlmen· perpen· ball to ~ Its Pnrallnlel. Cleav. m= 

Species (coUlIDon and botanical names) 1\Iolsture Trees Rings Sum· ture per sions when green 	 Work Height d1cular diameter· to gra 'age' load to gtaln'
Place ot growth of material test,ed condition tested I~ch :oC:d con- cubic Stress Modu· Stress Work of drop Stress Maxi. to grain; 1---;__--1 maxi· to CaUBO maxi.' 

,tent foot at pro- Modu· Ius of at to causing at mum stress at S~~g splitting mum 
When 	 rcor• lusof elllS' propor· propor· complete propor· Ct1UShlng PJoPO~' strength tensileVolu. Ra. Tan· tonal rupture Propor· Maxi·

At test oven 	 ticlty Honnl mum Total tlonal tlonal failure ilona! strength 11on I at End Side strength
metric dial ~~i llmlt 	 limit limit (50-pound limit mdry 	 limit lond hammer)

--------------·1---------1---- ------------,---------------------__________________ 
2 	 4 5 6 S u 10 11 12 13 14 Iii 16 17 18 19 20 21 22 23 25 26
24 	 28 29 30 


-------------------1----------1----~-------------------------____ - ________________________________ 

1,000 In.·lb. In.·lb. In "'b. In.-lb. 	 Lb. perUA11DWOODS Num- Num· Per· Per· 	 Pcr· Per· Per· Lb. per :Lb. per lb. pcr per cu. per cu. pcr :u. Lb.pcr per cu. Lb.~er Lb. per Lb. per Lb. per In. of Lb. r,tr 
.Alder, red (Allltis rubra) .....__••_....._._._••••_._••_.__••••• "'ashlngton.......__._••_••••••••_ lGreen •• -

ber
6 

ber
11 • __ 

cent 
... 

cent
98 0.37 

Pounds cent cent cent sq. In. 1/]. In. sq. In. In. in. In. 8g. In. in. Inches 8q. tn. 1/]. In. sg.ln. Pounds PoUnd8 1/]. tn• wldlh 8g. n.
0.43 46 12.6 4.4 7.3 ,3, 800 6. 500 1, 170 O. 70 8. 0 15. 3 8,000 2.6 22 2, 620 2,960 310 550 «0 770 220 300
Dry ___ ...___ • 1% •U 

Apple OIIaius pumlln var.) •• _•••••• __ •••___•••____•••••__..._. Vlrglnln.___ ••• ____ ••_........_. __ • OrL'iill_.. 10 6 46.61 	 %8 •• 1t8 9.808 1.380 1.85 8.4 10.7 11,600 4..8 20 4..530 5.S%I U, 188 a.. 1.080 17. ,.

--'~74- 55 1i.6 5, 6 'io~r 3, 600 7, 400 1,050 .75 15.7 36. 4 7,600 3.0 33 1,000 3,000 850 1,040 1,000 1,640 480 000Dry......_•••_ ••_... 12 .67 
 47 	 6. GOO 12.880 1.27' 2.31 23.0 43.7 15.700 7.S 4.3 3.120 1.318 2.15' 1,'738 1,740Ash,Blltmoro white (Fraxlnu8 /liltlllvroanal......__• __......._ Tennessee.... __ ••• _____••__...__ ._ ~Green._. 5 17 49 42 .51 
 I,'".58 	 45 12.6 'Tii 6. 0 S,500 D, 300 1,340 1.31 11.6 27.4 11,900 4.9 30 a, 530 3,080 880 950 850 1,230 340 ---"'340
Dry._•••••___• 1% .00 38 	 U.280, 13.000 1.680 2.97 11.7 20.1 16.500 7.B 6.678 7.1811 1.610 1,590 1.140 1. ISO 410 71.
Ash,hlnok (Prll.fin·U8 1110ra).___ •• __ .--.._.__• ____•••____••___ Michigan, Wlsconsln •• __..._...___ Green... 16 24 85.45 
 .53 	 52 15.2 5. 0 --;;~ii' 2,600 6,000 1,040 .41 12.1 31. 7 33 1,600 2,300 430 S90 520 800 280 4.00
Dry..... ...... 1% .4D 	 " 34 7.280 12.600 1.680 1.57 1'- 9 3i.4 	 35 4.528 5.170 UO 1.158 ' 8st 1.570 188 788
Ash, blue (Pruximl8 qlladranuu.lata) - __._••• __............___•• Kentucky•••••••___•••__._._••••__ iGreen... 5 12 40 39 .53 --Ii:;;' 3. 9 --ii~5'
.60 	 46 Ii, 700 9,600 1,240 1.47 14.7 38. 2 11,100 5.0 43 3,580 4,180 000 1,140 1,030 1,540 350 580
Dry. __•••_... 1% .57 40 
 8.100 13,800 1.498 2.68 14. , 31. 3 IS. 400 8.2 4% 1.7S. 1,720 l.m 2,110 mAsh, groen (Prnxlnu8 'l'"nll8v1ou1j.lca 10Ilceolatal_••_•••••_._ ••__ Louisiann, :MlssourL ........_.._._ Green••_ 10 17 58 48 .53 .61 	 40 "i2~5' --4~6' ,7.1 5,300 9, 500 1,400 1. 14 11.8 27.6 G."" '.11,400 5.0 35 3,560 4,200 DI0 960 870 1,260 350 590
Dry........... 12.56 40 8.900 14.180 1.660 2.72 13.4. 23.4 16.400 7.0 	 3% 5.ut 7.080 1.1%8 1.030 1.201 1.llt fA,
Ash, Oregon (Fraxlnus orcoona) •••• _••__ ".---__._•••_._.__••_ oregon...._...-....--••-.....---•• 1Green... 3 12 63 48 .50 	 ,'" 


I 

.58 46 13.24.18.1 4. 200 7, 600 J. 130 • 92 12. 2 33. 3 8, 900 3.0 30 2, 760 3,510 650 856 700 1,100 310 ,500
Dry••__ • ------ 12 .55 38 7.000 12.700 1.360 2.08 U.4. 22.3 13.300 5.% 33 4..188 8.... l,UO 1.410 1.168 1.718
Ash, pumpkin (Pruxinu8 profullda)._ •••___•__.......__ .....__ 1.nssourl........____•_______••••_. Green... 3 21 46 51 .48 	 418 '20
.55 46 12.0 'T7' 6.3 4, 500 7, 600 1,040 1.08 9. 4 J.8. 4 8, 800 3.7 31 2,850 3,360 000 889 750 1,210 360 ii70
Dry........._. 12 .52 36 6. 580 11. 100 1. 278 1.Ii 8. 0 lIi. 2 13.680 0.8 :u 3,9st 5.610 1.800 1.4.38 ItO 1.720 771
Asl -lit CPr" .) {Arknnsas, Now York, West Vir· Green... 23 12 54 42 .55 .64 	 48 13. 3 --4~ii' --;;~ii- 5, 100 9, 600 1, 460 1. 04 10.6 41. U 13,900 S.9 3,100 3,000
I. \I I 0 axlllU8 americana -••••••••- •••---.--.-•••--.--. ginin, Vermont MnssBehusctts. Dry.......__ .. 12 .60 	 38 . 810 1,010 960 1, 380 li30 590
42 	 8.980 15.4.80 1, 770 2.60 17.6 34.8 17.680 8.2 4.3 5.78. 7.411, I.UO 1.728 1.320 "' Aspen (Populu8 trwauloides)._ ••_•.••_••••__••_._._••_____._._. Wlticonsin, New Mexlco ••••• _____• Green... 11 8 94.35 ---:4(i 	 43 11.5 3. 5 --ii~7- 1.1541 480 ."
3, 200 5, 100 860 •69 6. 4 13. 4 7,000 2.7 22 1,670 2, 140 220 280 300 
 600 	 140 230
Dry..... •••••• 12 .38 2G 6. 600 8. 4.00 1.180 1;53 7. 6 15. 4 9.680 	 21 3.848 4;250 418 518 358 850 218 %II
Aspen,lllrgetooth (Populus grand/denlata)._. ___•••__•••••__•• Wisconsin, yermonL....._.____._ {g~~~::: ...~~_ 8 ~g. 35 .41 	 43 11.8 3.3 7.9 2, 000 Ii, 400 1, 120 .44 5. 6 12. 6 

3.'

7,400 2.5 13 2,020 2,500 250 400 3iO 730 100 310 


lla.'ll!wood (Tilia olabm)._ ...________.._....___._••••___•__••__ WisL'Onsin, Pennsylvanla......___• Green... 8 19 105: ~~ 27 5.680 9.180 1,430 1.25 7.7 13.9 11.400 '.7 2! 4.810 5.306 .518 620 420 1.080 m 311
.40 	 42 15. 8 --ii~6- --ii~3- .2, 700 5,000 1,040 .40 5.3 10.3 6,360 2.1 16 1,690 2,220 210 206 250 000 150 280
Dry..... __••• 12 .37 
 26 	 . 5,900 8,700 1,4GO 1. 37 7.2 10.1 9.800 3.8 10 3.800 ',738 4st 520 41• tto lIiI
lI~ech (Faous orandiJolia) .......__ •__...._.__ ..____••_._.____ Incllnnn, Pennsylvunia, Vermont .. {Green.__ Ii 15 54.56 	 %Ie
.67 	 54 16.3 5.1 'ii~o' 4, 300 8, 600 1, 380 •S5 11. 9 30. 8 11,500 4.4 43 2,550 3,550 670 970 856 1,200 '410 720
Dry_......_._. 12 • Gt 45 	 8.700 U,OOO 1.'720 2.63 15.1 30.9 16.000 7.0Deech, blue (Carpinus carolinlana)._._________________•••__• Massachusetts.........___•____... {q!een._. 12 15 48.58 	 41 4..880 7._ '1.250 1.610 1.380 2.011 4... 1.11'
.72 	 53 10. 1 5. 7 'ii~4' 3,200 6, 800 Q90 .61 19. 1 00. 0 10,100 4.0 106 1,420 2, 670
L ry.____ ______ 12 .70 	 730 000 940 1,160 260 350 

llirch• ..illlSka white (Brtula neoalaskana) ••_____._••_______••• AlllSkn__________________..._.___ Green.__ 10 ,20 58.49 	 49 3.800 12,280 1.080 .77 37.1 76.7 10.300 '.3 ,3.338 5.681' 2.018 1.620 1.789 2.41'.50 	 48 16.7 6.5 9.9 3, 800 7, 100 1,350 .60 11. 6 32.5 1),800 3.7 37 2, 050 3,030 430 550 560 920 ~:~ ··----200


Dry_._._ •••••_ •••• __ "_._. 12 .55

Dlrch, gray (BdulapopuIiJolla)._••_.__•••_••••___._......__._ New Hampshlre_. __•••_.__••_____ Greeno.. 5 63 .45 	 38 14. 7 --riO ..---- 7. 700 13. 680 1. 900 .1. 85 13. 9 29. 8 13.700 U 4.0 5.m 7.458 820 860' 830 1.4.10 1178 ...
.55 	 46 1,800 4,000 400 .4i 13.9 37.,8 2.6
Dry_.__ ______ ._••__ 12 .51 7,400 	 50 1,080 1,860 250 430 480


35 	 5.500 11,880 1.150 1.41) 10.8 35.3 10.400 3.6 35 2.670 4..S78 HI 680 768
lUrch, pnper (Belula papvrIJera) ________••___• __ •___••_••_•••• Wisconsin, New HIlID.pshlre•••••__ Green.__ 10 6 6,<.48 	 '--i;p~- .-.--;~~. ::::::~~

.60 	 50 16. 2 "ii~a' --ii~ii' 3, 000 6, 400 1, 170 , 45 16. 2 42..8 8,000 2.7 49 1, 640 2,360 340 4.70 060
Dry••_•• ______ ...... 12 .55 38 
 6. IlOO 12. 380 1. 5DO 1. 80 16. 0 35. 9 12.4.00 '-8 34 3.610 6.6M '748 818 1110 1.216 Me
Dlreh, sweet (Bei!,ia Ic1lIa) __ •••• __• ____•••••___•••••••••••_••_ Pennsylvania, New Hampshire... Green._. 10 27 53.60 
 .71 	 57 15. 6 --ii~5' --ii~5' 4, 800 9,400 1, 650 .94 15.7 41.4 10,500 3.2 48 2,680 3,740 580 1,070 970 1,240 300 '-'--'.30


Dry••••• __ ._._ ...... 1~ .65 46 
 10.100 16.900 2.1711 2.72 18.0 22.4 24.880 10.6 47 6.310 SiMe I.MG 1.180 1.470 2.m 041lliroh, },ellow (Bttula lutca) __ ...__•• _._.___•__•••• _........___ Pennsylvanlu,Vermont,Wlseonsin. U~~~::: .._:~. 16 ~~ :~g 16. 7 --7~2- --ii~2-	 '11
.06 	 57 4, 200 8,300 1,500 .70 16.1 43.5 11,500 4.4 ·48 2,620 3,380 530 810 780 1, 110 270 436
43 10. 180 16. 600 :e. 810 2. 88 . 20. 8 3S. 0 17.2t8 7.3 OS _.138 8.17' 1, 118' I. 480 1. %641 1.888 6%8
lIlackwood (Av/cennia nllida) •• _•••___••- .........._•• _______• Florlda.___..___ ...___ ••____•___... {g~~~::: •___~_ 16 ii Ji .96 	 74 "i5~ii' 'Til- 9.7 5,50011,100 1;550 1.16 12.3 39.0 
..


15,900 6.S '42 3,760 4, 940 1,870 1,570 1.700 1,370 280 660
58 8.700 16.400 2.0102.03 17.' 7 •• 3 ____. ___•••_••_ 8.MG 2.308

lIuckeye, yellow (.'1rsculm oelandra)._ ...__ ••__••••••_.....__ _ Tennessee •• _._•• __...._••_..______ {g~~:~::= ____~. 15 l~i:~ .38 49 12.0 "3:5- -Ts' 2, 600 4, 800 980 .41 5. 4 10. 5 6, 500 2. 1 18 1, 680 2,050 210 ..--a60· '---200' 660 ·----iso· -··-·-ii2O 


25 	 5.100 7.506 1.170 1•.20 5.' 7.7 10.000 '-3 163.810 ,,178 4.70 368 ... m 5"DusUo (J)iphol~ salidJolia) •• __ ._•••__••••••••••__ •___•__ ._._._ 	 77 
 -----.- --•••• ------ 5,800 12,400 l,8BO 1. 00 l3'.1 •••----- 'is;iii- ----eX -------iu-Ngg 5,330 1,700TFIOrida··--~~:--···I··..--·-·-··-··18~re~:: ---i~- t~: 6: 	 "' 0 ~ 	 B.",
llutternut (Juclan. cinerea) ......_.........______••••_••__ • __•• ennessee, Iscons n. ___•___•____ Dry_••••••____ 1~ j~ '-':40-	 46 10.2 -T3- -"6:1- --2~iiOO' 'T400- .970 •52 ---~ii~2- ---2L2' 7,300 2. 5 24 2, 020 2,420 270 ----4iii- ----300- 760 --'--220' '--'--'30 


27 
 '-.-... 6.700 8.100 1.,1S0 1.58 8.2 15.8 11.:180 ,'- 6 :U"%10 6.111 578 578 4.18 1.178 no u,

lIutlonwood (ConocarpUs erectal ..._••_._.__......_._.....___• Florida •••••••• ___ ._._•._. __ ._••••_. g~~n__ • i t~ :~~ '--:85' 	 64 14. 6 5.4 8.5 4,600 7,400 1,190 1.00 6.2 15.6 14, 100 6.8 40 3,050 4,110 1,140 1,080 1,110 1,220 370 470


541 _____• 6.800 18. :let 1.580 '1.70 5•• 
 7.868 	 1.838CllSeara (Rhalllnu•• punhiana)._ •• ______••___ ••__•__ •__•• _. ___ .• 55 	 50 7.6 3.2 4.6 3,400 6,300 630 1.04 13.4 --'4ii~7' --S;7OO' 3.6 58 --i~8iiii' ···~iisii- 730 ---i~i5ii'260 '--'-'iiio
3,270 670

36 --••-__ --_. 6.810 8.788 .80 2. U7.8 18.208 4..8 %6 S."" I.ose 1.111 l.m I.NO I,GIBCatslpu_ IUlrdy (Calalpa speciosa) ________••___••_•••••_.____._ .42 	 ·41 .7.3 2. 5 4.9-2, 700 5,200 ' 840 •51 7.0 25.1 '3.:1 1.450 320 410 220
~::~::~~~~~~~=~~~~~~~~~~~~~~~~~~~ ~~t~~~ ~~~~;~ 1: 58 i~ ~ fi 	 7,500 35 2,360 420 .680 "'--'.30 

___.__ 4.700 11.4.00 cl.210 1. OS ft. 6
2' 	 %0.2 11. 018 ,. a 27 2.740 4..'78 578 iii ose 1. 1. .. 671
Cberry, black (Prunlt~ urotinal ..........._••_...........____• Pennsylvanla.____•••__ •__ ._...__• Grccn... 5 11 55.47 .53 	 45 11.5 3.7, '7.1 4,200 8,000 1,310 .80 12.8 31.8 ,440
10,200 4.1 33 2, 940 3,540 750 660 1, 130 330 570
Dry..... __••• __•••_ ".... 12 •iI 35 
 1'-2 11. 6811 O. 4 %I 5....Cherry, pIn (Pru1lu. pcnn8ll1Ilanica) ••• __ ._.__• ____......._._. Tennessee...._••_____••_....______ Green... 5 6 46.36 .42 	 33 12. 8 -io'.-3-- t."'1%.310 1.480 3.11 11.' 7.118 S50 1. '78 .50 1.700 1M ill
2. 8 2, 900 5.000 1,040 .47 6.2 18.3 6,600 2.1 ,22 1.810 2, 170 260 440 ,390 680 170 300
Dry..... __•• __ 12 .3' 27 	 5.710 8.508 1,270 1.51 8.2 25.1 10.1" &. 8 lit 3. 'N 5%8 7" 511 I." %Ie I1t
Chestnut (Caslallta dwlala) ••••__•__._••••••• _••___.._•••_ •• lIiaryland, Tennessee. _____•__._._ Green._. 10 11 48 122 .40 .45 	 55 11. 6 "3~4' 6.7 3, 100 5,600 930 • 50 i.O "I"
Dry_ ....____ • ".__• 12 .43 l7.0 7,900 2.8 	 24 2,080 2,470 380 530 4.20 SOO 2to 4to
38 .-••__ -'••__ 6.180 8.6It 1.230 1. 76 . 6.5 I%. 0 	 ,..10. 7.. '- 6 1. 3. 78. 5.~ 7:et "' 1.180 tM 418
CblnqW1l1in, golc1en (Caslanops" chl'll.ophVlla) ...._••••______ • Orebon••••••••••••_._. ____••_. ___• E~~~::: _.__~____:~_____._ lti ::i ---:48' 	 61 13.2 4. 6 7.4, 4, 200 7,000 1,020 1.09 9.5 20.4 8, 800 3. 4 31 2, 030 3,020 
 490 730 600 1, 010 230 480
32 •••• __ ' .... 18.7'" 1.240 3.11 D.5 11.1 10.110 '-8 38 4..150 68tCottonwood, eastern (PopulU3 deltoides) •••• ___••__ ....____._ Missouri .rGreen •• _ 5 6 - ...__ III .37 .43 	 49 14.1 3.0 D.2 '2,000 5,300 1,010 .49 7.3 6."'
16.9 7,,200 2.3 21 1,740 '2, 280 240 = .~ 1,= ·----220- '--'--4io 

28 --••-.- ".___ 5.780 8. iI8 1.370 1. 38 7.4. 11.' 7.310 2.4 %8 •• '18 ,,'II n. 688 4... 930 :27. lSI 

• 	 .37 3.6 2,000 1,OiO 5.0 20
Cottonwood, nurthern black (PopulU3 trlchocarpa hastalal ____ W~bing~~:~::~::~~~~~:::::~~::::~ }g~::: :~~:~: :::~~~ ::==:= li~ :~ 	 46 12.4 8.6 4,800 .44 12..7 6, 800 2. 2 1, 760 2, 160 
 200 280 250 600 170 270
:u •••- •• -'__ •• .6, ".8._ 1;%54) 1. %6 6.7 1~.8 ,.see 3.8 lIZ •• :21. ,,00 17.
Dogwood (Cor1\u. florida) ••• _. ___•_______._._._........_______ Tennessee_____••••••___•• _ ...._._. {g~~~::: _._.~___.:~_ :::::: 1i :n .• 80 	 64 19.9 7. 1 11.3 4, 800 8,800 1,180 1. 11 21. 0 "' 1M 1.0%8 ftt 1 lit
49.1 7,100 3.5 58 3,640 1,030 1,410 1,410 1, 520 .......__ " ___._••


61 t. zoo U. lOt 1. 5303. 10 11. 5 38.1 14.680 7.1 4.4- 7.7" 1,HI 2.4.10 2.m 2.181 _.___••__ "._._••• 

l.)ogWOW, Pacifio (Cornus nuttallli) ______._..__•••_._••__...._ Orc~on•••••--.-----------••••-____ {g~~::: •• _.~_ ...::_ :::::: ti :: .70 	 55 17.2 6.4 9.6 4,200 8,200 1,090 .02 17.0 38.7 D,860 3.6 56 2,410 3,640 870 1,140 980 . 1.300 340 ,740 


.45 7. zoo 10. lIM 1.470 2.82 11.0 4.6.8 IV. litO 3.1 lI4. 7.", I,INI 
 1.871 1, 1M 1. nl 4.10'.t....Ehler, blueoorry (Sambucus coerulra) •• _.___._._••••_•••_____ •••__ ._clo____ ••_._._•••••_..____••__ ._ {g~~::: _•••~. ____~_ :::::: 1~ ;:g .57 	 as "M15.6 4.4 9.0 3,400 6,600 000 .721 8.8 30.7 8.000 2.D 38 2,380 3,040 520

36 .-.-.-. -••••• -- ___• 5.1410 e.!08 1, 838 1. 51 I.' 
 10.1itO -G. '1 :II 3.8M 6." 7t1t ~ ~~ .--:~~~- ----.:~. --.---~ 

.t< I The averages for this species Include data from tests representing an unknown number oC trees:hi addition to the number Indicated. 
126605°-35. (FIlOO p. ~.) No.L 
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TABLE t.-Strength and related properties 01 woods grown in the UlIited States-Continued 

Soeclfio Shrinkage Irom Static bending 	 llnpact bendlng Oompresslon Hardness: load 
gravItyI oven green to. oven· parallel to graL'l Com. required to em. 

dry. based dry condition pression bed a O.444-lnOO Shear Tension
based on dlmen· 	 ""rpeDMols. on volume- Weight n' he 	 perpen· bllll to ~ Its parallel 01 ''''1 •

Molslure Trees Rings BUill. turo per ..onsw ngroon Work Height dlcular diameter to grain' MV' d cUlar 
Species (cowmon and botanical names) PInel' of growth of materlnl tested condition tested .!:'tlcr ~~d con· 1--_---1 cublo Stress 1\"odu. Modu. Stress Work of drop Stress Maxi tograln: maxi· j ~e~~: toJ:ln; 

>U h .. ~ tent (oot at pro-' 1 at to causing at mum' stress at mum J. 
W ben Tan. por· Ius of ~~~.f Propor. Maxi. propor· propor· complete propor· crushing proper· shearing splitting = 

At test oven· Volu· Rn· gen• tional ruptW'tl tlclty tional mum Total tiona] tional failure tional 'strength ~\onrl End Side strength stren~ 
dry metric dial ti81 limit limit load limit limit (liO-pound limit ~ m t 

I 

hammer)


-----------------1----------:1----------------------------------------------- -------- 
2 3 4 5 6 7 8 II 10 11 12 13 14 15 16 17 18 19 20 21 22 23 :u 2Ii 26 Zi 28 29 30 


--,..------------------1------------·1---~--------- ------ ------------------------------------------- ----- 
1,000 In.-lb. In.-lb. In.-lb. In.-lb. Lb. per

Num· Nllnl· Per· Per· Per· Per· Per· Lb. per Lb. per lb. per per ct/. per cu. per cu. Lb. per per cu. Lb. per Lb, per Lb. per Lb. per if,. of Lh.ptl'HARDwoons-contlnued ber ber ccnt cent Pound. cent cent cent "1. In. "1. in. "1. In. in. in. in. sa. In. In. Inche, "1.1,... "1. In. "1. In. Pounda Pound, ",. In. tI,ldth ",. in. 

El .A "-I (UI I) INe,,' TInmpshlre. Pennsylvan!n, Green... 12 13 54. 89 0.46 0.55 54 14.6 4.2 9.5 3.900 '7.200 1.110 O.lll 11.8 29.7 38 1.920 2.910 440 080 620 1.000 ••••••••• liIIO 


llI. w.,. can nw! a/ll" cana ........................... \ "'isconsln. 	 Dry..... ...... •••••• 1~. 50 35 ••••••• •••••• •••••• 7.681 11, 88t 1.360 2. sa la.' n.' ........ ····to- 4,ae S,UI 8M I,UO 811 1.51G III 

Oreen... I 1\ 29 50 4S .57 .66 53 14.1 4. 8 B. 1 4.600 9. 500 1,I'l() 1.05 19.8 40.0 54 2,970 3.780 750 980 940 1.270
Elm, rock (Ullllll3 Tacemosa) ............................_..... 'Vlsconsln.••••••••••••••••••••••.• 	 Dry..... ...... •••••• •••••. 12.63 " •••.••• S.... 16.813 I,M' US 1'.2 ".1 7.1 " 61 4.7" '.1" .!., 6H 1.111 1,IH l.m 

Oresn... 0 16 5-1 85 . .48 • 57 56 13.8 4. \I 8.9 4.000 S.OOO 1.230 .82 15. 4. 38.2 3.4 47 2.700 3.320 , 510 750 660 1.110
:reiD!. slippery (Uln'u6/u/va) __•••••••••••••••• _ Indiana. Wisconsin •••••••••, ••••• Dry..... •••••• •••••• ...... 12 .53 81 ••••••••••••• """ 7.708 13.... 	 I,t" 2.15 .1.. ".2 7.5 1.11' 1.lH 8" t.ut 


600 .92 	 15.2 2,630 650 620 580
Fig. go1den (Flett., aurea) ..................................... Florldn............................ 	gresn... 1 ...... ~ ·11 61 ••••••• •••••• ...... 3.200 5.800 6.6 " 4.'" ','" 

ry..... •••••• •.•••• 55.n at •••,.. ••••.. I.," '.W 	 IlI8 UI 6.1 III ',611 

1.46 • 55 1.030 •III 8.0 15.3 	 "0~800' "'To' ·..•·..30· --2;400' a.mo ····-600- ·•..700- •• ..64i1" ··-i;ioo· 330 ''''''670
OUlll. black (NII!sa .II/vatlea).................................. Tennessee......................... 	DOreen... 5 Zi 45 13.11 4. 4 7.7 4, 000 7.000 
ry••••.•••••••••••••,.... 2 .60 ••••••• 35 ••••••• ......,.a" '.l18li 1,_ 2." 6.2 11.6 14. Kt 1.1 21 1,470 5.6H 1.161 I,UO &31 t,'" .... III 

GIUll. blue (EllenlliPtus globlllu.).............................. Oallfornla......................... green... 6 ...... 111.62.80 70 22.5 7.6 15.3 7.600 11.200 
 2,010 1,65 13.9 38.5 14.200 4. 7 40 4, 840 5, 250 1.020 1.310 1,340 1.·550 360 640 


ry..... •••••• ...... %.74 5% ...... 1.1. MIl III. til 	 '.111' 1.28 1Z." :s.t H./iIIO 8.8 U 8.1" ..... 1.7H 1.... 1,Ift 1.84G 
1.150 .81 9.4 21.7 10. 000 3.0 33 2, 230 6.2, 840 460 630 	 520 1.070 ····-330- ''''''biD
Oum. red (LIg1ddambnr slll'acijlua)........................... Missouri.......................... 	0nreen... 15 16 811.44.53 50 15.0 5.2 9. \I 3.700' 6.800 _ 


ry~.... •••••• .. 2.41 U • • 8.1" 11.... Z.11 U.1 15. , 16. 801 8. 5 U 4. 7" SIt .61 ... I, III lilt 8tO
1,'"aum. tupelo (NII"a aquatlca)................................. Louisiana. Missont!.. ••••••••••••. 	 Oresn•.• ···-0- 10 ••:::: 97 .46 .52 6tI 12.6 -4.i· 7.6 4,200 7.300 1,050 ,98 8.3 17.5 9.000 3.3 30 2, 600 3.370 590 800 710 1, 1110 3(0 601 

Dry..... •.•••• ...... ...... 12 .50 ••••••• 35 ""'" '.W '.6" 1.%tMI Z.U 6., 11.5 12. He 5.8 23'. tf!t 6.tH 1.17. i.*881 1.'" ... 7to 

Oumbo limbo (Burma 'it'lQruba)............................. Florlda_.......................... green... 5 •••••• 99.30.32 38 8.6 2.3 3.6 2, 000 3.300 550 .45 3.5 4.1 5. 000 2, 3 13 930 1, 510 200 2\lO 230 500 170 381 

ry..... •••••• ...... ...... 1%.31 21 ....... ...... 1._ '._ .85 3.0 3.2 6.110 '.1' i.721 I••
,,, HI a7! 1I7t _ :ltt ,.. 


1150 ,58 14. 5 :lB. 2 7.900 3.1 48 2,010 2,650 490 760 700 1. 010 350 630
Hackberry (CeU/s oecldenlali.} ................................ Indiana. Wisconsin ••••••.•.•••••• 	g~~::: ....~....~~. 56 ~ ::~ • 6tI ~ ••~~:~•••~:~•••~:~. ~= 1~:= 
 1.1" 1.71 U.8 Z1.3 11, 7.. 7. • n I, 71t I .... 1,1" 1, UI 	 Il8I 1, III ... 181 

000 .89 22.7 	 52.0 ------..- ...._- ..-_ .. --......--.... ; ... _--_.....- 3.110 080 1.220 1.200 1.300 ••••••••••••••••••Raw. p/)llr (Oralaegt18 10mcnl03a).............................. 'visconsln·························lg~~::: ••••: ••••~~. •.•••• ~ ::r, ....... ...... ...... ~:= 1~:~ 1,21' U. 23., au 	 1,1" 


1.340 1.36 29.9 88.0 'i4,"2OO' '--To' • ..···iii4· "il~740' 3.926 ~:= ..~:~...~:~. "'i;ioo' ..•...... ::;:::::: 
Hickory, blgleafshagbnrk (lI/coria lacinloaa)•••••••••••••••••• Ohio. MlsslssippL••••••••••••••• 	g~~::: ••~~••••~~....~~. ~~ :~i : :~~~:~: :~~:~: :~~~: ~:= ~g:~ 1.8111 U. ~.. 18.0 H.!IIt n.' 88 ....... 8._ z. _ .•••.•.• •..•.... 2.U' ..•.••••••••••••••n 

1.400 ~.. 22 20.0 75. 5 15.000 8.5 06 4,330' 4.570 990 •••••••••••••~.. 1.240 ..................
Hlckorr.bltternut (IIicoria cordiformu)....................... Ohio.............................. 	%~~::: ...:~....~~. 70 ~:~ ~ '-"-" .,.,•••• -.. U~ i~:= 18.t ..... %,87•
1,'" 2. '3 18.7 t3._ lZ. 5 " ••••••• 
1.570 1.38 26.1 74.6 15. 100 6. 7 88 3. 000' 4.480 1.000 :::::::: :::::::: '--i;28O' ::::::::: ::::::::: 
lllckory, mockernut (lIicoria a/ba}............................ {p~g~~v:.wa. Mississippi. West {g~~::: •••~••••~~. 63 ~::~ r. ::~~:~: :~!:~: ~~~:~: it:: i~: ~ Z.m lUI H.G '1.5 	 8.... 1.1" •••••••• •••••••• 1.744 ••••••••• ___•••••_
28.. '.7 " ....... 
1.2\lO 1..06 22.8 58.2 12.800 6.1 54 3.626' 3.1180 Il40 •••••••• •••••••• 1, 030 ••••••••• """'" Hlckorr, nutmeg (lI/coria 711I1,latlcat/ormla) •••••••••• .•••••••• MlsslssippL•••••••.••••••••••••.• {g~~::: ••••~....::. 59 U:= ~ "-'" ....,. ...... t~ 1::~ 	 _••11
1.708 2.M ~.1 	 1.'18 

31.7 '''8ii~i' 'iii~OOii' ····iiT ..--···sii· "3;000' 4,810Hickory. pignut (IlicQrla ulabra) .............................. {W~~Js~~~~~a:-nsslSSlpP~. Oh~O. {g~.~::: ...~....:~. 65 ~:~ ~ "17:0' 'Til' 'irs' tt:: ii;i: 1.650 134 	 1.140 ::::==:: :~:::::: 1.370 ::::::::: ::::::::: 

%.ZIII 3,23 It.• 83.1 ~.W 1~2 '4 t.Ut •••••••• •••••••• 2,161 ..................
',1"

mckory. shagbark (IJieo,ia o!'ala)•••••••••••••••__•••••••••••• {M~ssISSIPf,I. ~~o. West Vlrglmll. {green... 24 19 66 60.64 64 16.7 7.0 'io~5' 5.900 11.000 1,570 1.'28 23.7 76.4 14.4006.4 74 "3;430" 4,580 1.fAO •••••••• •••••••• 1.620 ••••••••••" ••_.,~ 

ennsr va • ry.•••• """ ...... ...... i2 .72 61 ....... "'''' ...... 1I.7tM1 '8. !Ie 2.1" 3. 81 25.8 78. ~, 1 •• 110 t.' 1i7 '.118 2.170 ........ •••••••• Z. DO •••••••••••••••••• 


llIckory, water (Hicorla aqttotica) ••••••••••••••••••••••••••••. Mississippl...••••••••••••••••••••• g~.~::: ••••: ••••:~. 61 ig :~i ~ i~:~: l,./iOO 1.20 18.8 52. 0 1 •• 700 6. 1 56 "3;240' 4,660 1.090 •••••••• •••••••• 1.440 .............., '" 
................... l~:~ 
 t.1l28 ·us It.a IS.3 """" """" II 0.400 8.... 1..1e 
51 2.640Jlolly (lla opaca)............................................. Tennessee......................... 	green... 5 27 ~i' 50 .61 57 16.2 "4:5' "ii;5' 3.400 0, 500 000 .72 10. 8 20. 7 8, 000 4.4 2,050 6tO ···-800- ""700' "'i~i30' ·····300- ""-'oio 


I.U. U8 10. , 13. 81Z.:;eo I. • sa 1.188 Ii.He 1, ill 1,'" 1.m . 1.710 181 

1.2\lO 12.6 	 47 1•.440 1,660 930
Ironeylqcust (Oledibill ITiacalilhos)............................. Indiana. MlssoUJL............... 	g~n::: "--0' ..··il "'45' ~3 : ~b .67 ~ "10.8' 'Til' "6~ii ~:~ i~:= 1.40 34.4 11,800 4. 6 3.320 4,420 1.420 1, 300 ·····.400-

I... 2.14 ilI,l 42, 3 16, #GO 7.' 47 1.1Jt ?,1i4lt 2.. 1.SIt 	 1.589 2.m "., ... 


IIophornbeum (Os/rUIl t·irUiniana) •••_••••••••__..........._••• WJsconsln......................... 	DOreen::: ""5' "'w' 5~ --':63' "':70' ····-00· "i8~0' 'T:i' "9:ii' ~:m ::= 1.150 1.02 13.3 39. 1 10. 600 3. 5 73 2,570 3,.570 730 1.160 1.170 1,370 ;l30 450 

t'Y••••••••••• __•••• 1~. 70 .... ••• I. 3M Ii. 1" i.7tM1 %.16 14.8 3l.3 14.HQ 6.8 .. 1.788 7.71141 


Inkwood (BrothtR panlculata) ••••••••• _...................... Florida............................ Doreen... 2 •••••• li6. 73 .92 71 "18:S' ';;:6" iO,9 7.200 10.700 1.540 1.88 16. 0 64, 1 15. 200 6. 8 50 3,310 4.480 a: at: f:= t~: "'--450' ::::::::: 

lJ••••• "'_' •••••• i% " ••• ••• 8.100 tt.... 	 1.'18 1'.1 8.Ut 2.l1li a.IZt z. m t." ..................
.8G.. 2.14 '.128 

Ironwood. black (KrUUlodendronferreum) ••••••••••••••••••••• ,•••••dO••••••••••••••••••••••••••••• Iroen... 4 •••••• ~i Ui riiB' ~ "1i:o' '0:2' 8.0 10.100 16.400 2.200 2.64 12.6 rr: ~ 'iS~500' '''T7' ~~ 5.600 7.570 .................................. '"''''''3.46Q 
Z.ts\! lU '.8 15.7 t... U l' 1,'" ..... 

720 1.23 	 1.980Laurel. California (U17lb(llularla cali/ornlca}•••••• _ ........... Oregon•••••••••••••••••••••••••••• 	g~~:=: ::::~~ ~:::~: Ig:~ ::':59' ="ii~9' 2.8 "s:i' t5 l5 16.8 45. 68. 300 4. 1 57 3.020 Z.= "i~02ii' "i~iiiiii' "'i;270' '''''430' ·····-780 

Nt 1.85 8.% 12.8 18,'" 5. a It I,I%!! I .... 1,... 1. "' 1.Z,. 1.810 ,t, 8:D 

Laurel. mountain (Kalmia lali/olia) .....~.................... Tennessee••••••••••••••••••••••••• g~~::: ....~.l...~. ~i ·~is ':7r : "i4~4' 5.6 "S~·· ~:= 1~:~ 920 2.03 12.5 28.6 10.200 5.2 32 4.310 1; 110 1.400 1.300 1.670 •••,,,•••••••••••• 
I•• 1.« 10.3 18.3 u.3tO 7.5 '0 i.'28 I,IlH Z.... 1,*

"0~i2O' 	 '--i;760' '''--400' '-"-'770 Locust. blnck (Robinia pseudoacacia) .......................... .....do............................. 	green... 3! 11 51 40 .66 • 71 58 9.8 4. 4 "6:9' 8.800 13.800 1.8.50 2.36 15. 4 39.9 18.300 7.9 44 6.800 1. 430 1.1140 1. 570 

ry ••••• """ •____• 1Z..... 18.. " .••••• 12.810 t•• Me 2.m 4.n 18.4 .... 21,1" .'.8 57 8,M Ie. 188 Z." 1, i8I 1,7" 2.180 aa ... 


Madrono, Pnelfic (drbulu81n.nzitsii)......................... OaJlfOrnill. Oregon................. g~~=: ....~....~~. ~:~ .__~6ii. ~ i1.4- ii~4' 11,9 g: 1~::: 
 880 1.43 11.2 	 22.0 10,200 4..7 40 2,430 3.320 780 1,120 ~4O 1.420 430 770
l!.' 18.011 '.3 %S 1190200 ••••••«0
1. !III Z.iU 8.8 '.888 l.nt 1.8M 1.... 1.81t· I .. 

Ma!.!llolls. cucumber (Magnolia act/mina!a)........._......... Tennessoo•••••••••••••••••••••••__ {nOreen... 51 14 80.« ':52 49 13.6 "5:il' "8:8' 4.200 7.400 .66 21. 8 2.9 '.'" 3.140 600 520
1.560 .10.0 II. 300 30 2.810 410 
 1,lit _ ...8.... '.841 	 71.... ,..t'Y••••• "'''' •••••• U .48.. II •• 12._ t.Sft 1.18 n.:! n. 1 •• ,.. 6.7 IS I. lilt 
Magnolia, eyergrccn (Maunolia urandiflora)••••••_............ LO!llslnna......................... {g~~::: ....~....~~. 1~::Z ':63' :2 "12:3' "5:.•' "6.6' t= 6.800 .. 67.11.110 15.4 34.8 8.800 3.2 54 2, 100 2, 700 570 780 .740 1.040 340 610 


I .... l18 U.8 11.8 11," 6.. Z' I. 4ft 6,4-l!' 1,"" 1,%81 I,nt ..,,,
1,131 
1.100 .55 8.3 16.5 8.Il00 2.9 23 2,ZiO 2,fllO 330 570 	 500 830 200 (50
Maguolla, mountain (':\'Iagnolia /'am-I) ............_•••••••••• Tennessee......................... {g~c;:.~::: ....~.._.:~. ~~:~ :~·~48' ~I "i3~0' '"[.' ·'7:5' t= :tm 	 1,161 
 .Ht _I.... Uti 10.' n. 8 13.8M 5.8 'n '.\88 .. 810 	 1ft 
2,300 2.30 14. 6 6.490 2, 460 2, 010 2. 240 1.800 
%.'61 '.171 z.~ 

Mnogrovo (Rhiz()phora 11IUnVle}............................... Florlds............................ {Doreen... 4 ...... <19. S9 i:oo' 77 "iii:s' "6~r ::::== 9.700 15, 200 38. 7 20, 500 8. 2 52 5.200 ". 	 t._ •••••••••••••••••• 

t'Y••••••••••• """ lZ. t4I •• 67. • II, _ 21. ,.. I.Ilf '3. 2 	 1% 11.261n.' 	 I.: ....700.

1.100 1.02 8-7 14.2 "8:500' '--Ts' 23 2,510 3.240 	 1.110 ····-320- """iiiiii
Maple. ):llgloot (Acer '/1IaCTop~Ul/um)........................... Wnshlilgton.•••••••••••••••••••••• {g~~~~::: .....~....::. Ii::: ..':5i" :I "ii, ii' '3;"7' 7.1 t= 1~:= 

1.15' '.8 a8 	 H •• 7M 5.... ... 11,»1 BIt ,,'III &It HI
1." 	

'.-Maple. bl!1ck (Acn- n!grum) ................._......._.__•••_. Indiana........................... i{;rcen... 1 17 •••••• f .52 ':62' 54 "i4:ii ..tS· "ii:3' 4, 100 7.!IOO 1.330 .70 12.8 29.8 • io~2OO' "'Tg' 48 2,800 :3.:270 740 !140 840 1.130 430 7:11 

H hire PI' I fY...........[...... ••.••• ' ~.$7 " .-----. """ """. 8,- 11,_ l.m 2•• 1%.5 '.. l.ut 1,7M 1,181 i'8%l All I.,. 


Maple.red (Acurubrum) •••••••••••_....................... ~\!lsco::;YP:' • ennsy vawa. 	 nOreen... 14 13 •••••• 63 .49 .55 50 13,1 4.0 8.2 3.800 7.700 1,300 .. 71 11.4 ~::; .~~:~.....~:~. ~ 2,300 . 3,2S0 500 780 roo 1,150 l 290
F n 	 ry..... """ ••••,. •••••• lZ .".. • 38 8, 7" I11,'" 1.... 2.84. n.D %7.' II 1,'" 1," tit 1.lilt 
 -~~ 940 	 1.930· 2,490Mavle. sliver (Ater 8ntChari7luml._........................._. Wisconsin......................... {g~~~~::.I....~.....~. :::::: ~ :1; ':5i :: "12:0' --iii 'Til' 3, 100 5.800 .61 11.0 22.3 "0;800' "'Tii" 29 '.IIM "HI .460 670 690 1.050 =....
I	 ..........•.. '.'... t._ Ii.... I,UG Uf 11.1 11.1 tt."'''' Ii &.1" ..- .11 1,1" ," 1,8 '" ...
I The averages lor this gpt.'Cles Include data rrom tests repreeenting no unknown number or trees ill addition to the number Indlcatd. 	 1211695°-35, (Face page 4.) No.2 

http:p~g~~v:.wa
http:99.30.32
http:811.44.53
http:111.62.80


TABLE l.-Strength and related propertie8 of woods f?l',own in the United, States-Continued 

Shrinkage Crom Compression Hardness; load Specific St.nUo bending Impact bending 
gra\·lt)'. oven green to oven· parnllel to grain Com. raQulred to em. 

dry. basod I bed__---;;--_-,___ 0 ..'I ch I Tensiondry condition _____·__-;-________1 ----,----lllres5 on a ,'H.... n Shear perpen.
based on dlmen· 

Mols- on \'olume- Weight slons when green Work Height ~. b~l~~~ta =. Cleav· dlcillarMoisture Trees Rings Sum· ture per I
Species (common and botanlca! names' Flace of growth of material tested condition tested I~ mer con. 1----;----1 cublo 1--....--:---1 Stress to grain maxi.' oge; load to grain;
Moon·i-----.,.---;----"I Stress Work of drop Stress Maxi· tress 11---.---1 mum toCSI18ll mul·

wood tent I foot at pro Modu· Ius of at to causing at mum s a shearing splitting mum 

IWhen Tan· por· Ius of elas. Propor. Maxi. propor· propor· complete propor· crushing ~fjD~' strength temile 
At test o\·en· Volu· Ra· gen. tionn! rupture tlclty tlonal mum Tot.nl tiona! tional failure tional strength IIon I at End Side strength

dry metric din! tin! limit limit load limit limit (50-pound limit m 
hammer) 

~ ------------ ------------------------ --------------- ---. ------------ -- 
2 3 4 0 i S 0 10 11 12 13 14 15 10 1i 18 10 20 21 22 23 24 26 :Ill 2i 28 20 30 


---------- ------------- ------------ ----, ------------------------------ -- 
1,000 In..tb. In.·lb. In.·/b. In.·lb. Lb, per 

Num· Num· Per· Per· Per· Per· Per· Lb''l'cr Lb. per lb. per per cu. per cu. per cu. Lb.r,er per cu. Lb. r,er Lb.~er Lb. ~er Lb. ~ernARDWPODs-contlnued ,g. In. 0' Lb. I':ber ber cent cent Pounds cent cenl cent 'K' m. SQ. in. SQ. in. In. In. In. n. In. Inche, sq. n. eg. n. 'q. lJxJ Pounds Pound, &g. n. wldl Ill. n. 
4 12 35 0.44 37 12. 3 3.2 8.6 ,600 7.200 1,080 0.08 10.0 13.4 8.700 2.3 36 1,790 2,920 000 ..-.......... _.....
........ p. .....
1)-faplo. str/pee! (~lcer pennsvlvan/cum)......_••••••••••••••••• yermont.••••••••••••••••••••••••• (Green"'j ... ----

{Dry••••••••.•• lZ .46 32 6.24HI 10.tItil 1.380 l.I8 Il.I 1'.8 U.'" 5.' Z7 6.Ut Sit ... · .. ·;,..1 ~:~ .. .. -.............. ................... 

1\ I () pnrllnnn.pennsyimnla. Vermont, Green... 117 18 58 .50 "ii:68' 56 "i.:o· 4.0 "ii:5' 5.100 11,400 1,550 1.03 13.3 33.0 12.200 4.8 40 'T850' 4,020 800 1,0i0 970 1,400 ...........-...... ...................
tap e, sU!,lnr .-leer saccharum ••• •••••••••••••••••••••••••••• 'YLsconsln. Dry••••••••••• 12 .03 4. '.61M1 U.StI •• 830 :t.70 11.5 27.1 %e.... 6.311 7.SH 1.8.' 1,84' 1.", z.m'.1 3. ·····430· ····i;m(Green... Ii 39 .89 'T03' i7 "ii:7' "O:r --7:r 7,100 10.400 1,580 1.70 8.1 19.8 18,000 8.7 52 4,1150 5.880 2,080 1,670 1,770 1,670MasUn (S/deroIJI/on foetldi&s/mu1ll). ••••••••••••••••••••••••••• Florida............................ 
Dry••••••••••• 1% .93 OS 6.eee It.!OO 1.780 1.3' 8.Z G.G 14••" 6.1 :t4 3.HI ••ea, Z.sao Z.OII I._ 1.41' .17' 

8 "'i5' '''7i" 80 .56 "':ii:;- 62 "i4:2' 'T5' 'T7' 4,600 8,200 1,180 1.02 12.2 30.1 11,400 4.9 40 2.720 3.470 870 1,000 1,000 1.220 .. ......_--,. .. -- ................
Ouk. black (Quercus rtlutina) ••••••••••••••••••••••••••••••••• Arkansas. Wisconsin •••••••••••••• {Green...
Dry••••••••••• 12 .61 !I 7.Il00 13.180 •• 6f1 =.15 11.7 U.O 14.," 41 4.7St '.IH •••H •• JIle I,Ut ....t 

(Green... 5 iO .5S 02 3,600 i,200 880 .811 10.7 20.1 10.000 4.7 44 2,380 3.200 840 1,100 1,110 1.350"'iii' "'59" "':67' "iii:7' 'T4" "S:S- I.' ·····43[' ······800 
Oak, bur (Qlltr~IlS 7IIacrocarpa) ............................... 'Vlsconsin......................... 
IDry••••••••••• 12 .61 45 II. 40ft 10. a.. 1.038 2.17 '.8 17.4 14.... 8.t 9 3.681 6.... l.flIt 1.411 1.171 t.1IIt lit 181 


10 '''iii' li2 100 .51 "':$' "Ei~i' 'To' 0.0 6.'200 740 1.03 16.0 2,800 910
Oak. California black (Qucrcu~ ~~lIoUUU) ...................... Oregon. California •••••••••••••••• (GTl'en... 06 3,400 .,. 8.8 8.200 3.4 30 1,880 890 850 1.140 350 700 

try........... 12 .57 '.Ito 8.781 =. 28 6.S 1'.0 . 8.StI U II 3." I.HI 1.44f ..lst 1.1" 1.4" a.. 171 


Oak, canyon lIvo (Quercus chr!l~olepis)•••_•••••••••••••••••••• Caltfnrnia......................... Green.__ 3 13 02 .70 "'~84' " 71 "io:!i' "5:4' 9.5 0,300 10.000 1,340 1.70 14.4 30.9 11,200 3.11 47 3,940 4.000 1,480 1.500 1.5;0 1,700 1i2O 970 

Dry••.•••••••• 12 .77 54 '.300 1%. teO 1.618 US ZU 13.... 5.5 37 G.II' '.Ist t.ZIt z.m 2. 4ft Z.He .at
"'51) "':07' "iii:7' ••• """60023 72 .5i 61 5.5 9.7 4,000 8,000 1,370 .90 9.4 22.4 12,000 4.0 35 2,800 3.520 600 970 890 1.210 380
Onk, chestnut (Qucrfus 1I1onlalla)............................. Tennessee••••••••••••••••••••••••• rreen... 5
Dry••••••••••• 12 .G6 46 ..... IS.S8I 1.5" 2.88 It.e .'.4 18. at 7.7 .. '.4H 1.'" I.ZSt I.Ut 1.4" ast _
'.838 ······770

Oak. Inure I (Quercu.!l lauTI/olIlI}.__............................. Louisiana......................... Green... 5 "'ii" "'iii" 84 .50 "':7ii" 05 "iii:i, 4.0 "9:ii' 4,000 7,900 1,390 .86 11.2 28.3 10,400 3.4 30 2.0.,0 3,liO 710 1.020 1,000 1, ISO 380 

Dry••••••••••• n .63 44 7.700 It._ Z.OZ 11.8 ZtI,S 14.711 at 4.'" I.I.t I.ZIG I,ZII 1.8S' lit 


{Green... li 8 50 .81 76 "ii:7' 0.0 9.li 8.400 11,900 1;580 2.04 12.3 20.0 17.200 8•.5 57 4,170 6,4.10 2, !\2Jl 1,070 1,880 2.210 li50 1.040
"':9S' 1.6" 5.' '.Ist 
Oak. livo (Quercus rirUilllana) .............._.................. Florldn ••• _ ....................... 
Dry ••_•.••••• n .89 62 8.~OO 18.~ee l.tsO 2.1' 18.1t •• 1 2f._ lU U 5.1H 8.... 1.11' •• UI Z.1st Z.... .It 1.111
·~-:75·10 10 '''49" 72 .04 09 13.4 'Tii' "9~ii' 4,000 7,700 7.00 1.51 13.7 211.8 10,300 4.8 49 2, 480 3.li70 1.38Q 1,430 1,300 1.030 450 940
Oak. Oregon white (QUtTCUS qarruana)•••••••••••••••••••••••• Oregon•••••••••••••••••••••••••••• {Green...

Dry........... n .72 58 11.11\10 10.S" 1."0 2.ZtI '.8 18.2 11.... 5•• 9 I .... 6.l1li 2.11'J 1.8st 1.l1li 2.tH alii sao 

5 9 58 75 .58 "':68' 03 "i4:S' 'T3" "ii~r 4,000 8.300 1.320 .'71 14.0 35.2 11,900 4.2 48 3,080 880 1.000 ),070 470 800
Oak, pin (QUtTCU8 pa/llstT/s} .................................. Mnssachusetts•••••••••••••••••••• {Greeu... 1,'2"0


Dry........... 12 .63 8.009 14.... 1.7S' 2.Z2 14.8 30.5 12." 3.G 45 ".;iii· '.8%8 l,.t 1.600 1.61' f.tst lilt I.'H

{Green... 10 26 54 69 .00 "':74' 03 10.2 li.O "ii:8' 5.000 8.100 1,090 1.~1 11.0 25.4: 10.900 4.1 44 2,840 3,480 1,000 1,100 1.130 1,280 410 700
Ouk, Ilost (Qutrclt8 slellula)................................... Arkansas. Louisiana .............. 12 .67 " 47 7.600 13. HI 1.510 Z.ZS 13.2 ".4 17.e81 8.6 3._ ..... 1.11t 1.110 1. 3M 1.8441 4M 788
Dry........... 


o k d (Q b • ) {Arkllnsas. Indiana. Lpuslnna. {Green... 33 '--ii) "'03" 80 .50 "':00' 03 13.5 4.0 "8::Z" 4,100 8.300 1.350 .73 13.2 34.5 10,000 3.8 44 2,300 3,440 760 1,000 1,000 1,210 430 750

U ,ra Utreus orcal13 ...... ............................... Now Hampshire. Tennessee. Dry........... '''24" 12 .63 8.5'MI 14.311 1.8H 2.33 14.5 13.' 17.... 8.5 " .3 4. Sst '.7" l.m 1.681 l.m 1.7st "8 811 


Onk. Rocky Mountain whlto (Quercu$ lllahcn&/&)••••••••••••• Arizona••••••••••••••••••••••••••• {Green... 3 01 .02 "':70- " 62 "i2~S' 'Ti" 7.2 3,200 5.000 480 1.23 11.3 2i.2 8,)00 4.3 80 1.330 . 2,oro 1.110 1.210 1,280 1.530 370 7.50

Dry........... I! .73 51 5.288 8.SIt 6SO Z.at 13.3 14.1" 5.2 ZS 5. He Z.t7' Z.tH
···~7i· "ia:ij '"4:0' "0:7' ••• "2;ii4(i I.'" ""i;4io' ·....420· ·..···700 

Oak. scadet (Quercu3 coce/neal •••••••••••••••••••••••••••••_. ?fassachusetts•••••••••••••••••••• !~.'::: ....~. It li2 65 .60 02 4, [.00 10,400 1,.480 .81 10.0 41.9 11.900 4.0 04 4,000 1,030 1,170 1,200 
U .67 47 1,'.81 17.400 ••'318 Z. It! %e. II !I.I· 11.1" '.1 Ij3 1;.5H 8.UI I.Sst 1.... I.... lit 87t 


Green... 4 20 "'40' 00 .52 "'~62' 02 "jii~3' 4.5 8.7 4,~ 6,900 1,140 .93 8.0 16.5 11,100 3.1 20 2,220 3,030 080 910 800 280 480
Onk. southern red (QlurCU& rllbral •••__....................... Louisiana••••••••••••••••••••••••• 
 Dry••••••••••• I! .S9 41 6,'" 18."0 1.'18 1.4. '.4 7.3 Z8 =.•11 •• flIt 1.1st l.tH 1.... 1._ 311 altiii.' IS._ I.~: 

Green... 3 7 63 78 .61 "':7i' 08 16.4 li.2 'iifs' 6.000 10.800 1,790 1.32 14.7 38.0 12,300 3.8 54 3,820 4,620 940 1,2i0 1,2.0 1,320 400 800
Ollk, swamp red (Quercus rubra pagoda(/olia) ................. •••••do.............................. 
Dry........... f! .69 47 11._ 18.1" 2.%80 3." 18.3 J'.8 23.... 12.0 it _.3M 8.1" 1.", 1,571 1.4st Z.... 41t 8441 

12 58 76 .00 "':70' 65 "iii:4' "5~9' "liT 4,800 8,500 1 350 1. ()(J 12. 8 32.2 10,400 3.2 45 3,000 3.040 710 1,100 1.110 1,200 400 670
Oak, SWI'IDP chestnut (Quercus prlnuJ) ....................... •••••do............................ {g~~~=== ••••~. 
 IZ .67 47 7.3" 13.1t0 1:'70 1. &8 n.o 21.0 1..... 7.' 4.... 7.Z7t 1.170 1.90 I.U' 1.... 311 ... 


Oak. swump white (Qutreus blc%rl .......................... Indians........................... {Grecn... 1 16 71 74 .04 '''~70' 69 "i7:7' 'Ts' ·io~ii· 5.400 '11,000 1,'500 1.05 14.5 34.7 13.300 4.8 " 50 3,580 4.300 oro 1,300 480
1.200 1.160 800

Dry........... 12 .n 50 10.2" 17.7" 2.058 2.88 1'.'Z 48.1 22._ 1l.Z 4t Ii.SIt 8.... 1.471 1.181 1••1t 2.... '88 811 


10 01 81 .50 "':08" 03 "iiiT 'T2' 0.3 li.600 8.000 1,550 1.14 11.1 32.5 11,600 3.8 39 3,200 3.740 770 1.050 1.010 1,240 450 820
Oak, wuter {llluri~ 'IIipru) ................................... OU s nna......................... Dry 
 12 .63 u ij,,,, 15,'" Z,Me 2.%1 !1.5 33.' 11l,800 8.1 3.... 1.'71 1._ I.," 1.IH Z.tZ' 47. nt 
Oak, white (QllCrCIt8 alba) .................................... .t. r nnsns t n RDn, ou stnnn_.___ DrYa... __ .. _____• 17 00 68 .00 ''':7i' 62 --i5~ii' ··5."if --o.-ii' 8,300 1,250 28.2 " ~ k I di L I' Green:=: '''20' 4,700 1.08 11.0 10,700 4.2 42 3.090 3,560 830 1.120 1,060 1,250 420 770
r~'···'L" n .68 48 8.ztO 16.Z" 1.788 :t.n U.8 ZIt. I 17.108 7.5 37 4.780 7.'" I.m l.iH l.at. Z.... m 8tt 

Oak, \\,1110'" (Quercus phellos) ................................. on 5 ana......................... Dry
L II Green.. 2 '''ir 50 94 .56 "':60' 67 "1S:0' 'To' "Ii:o' 4,400 7.400 1,200 .88 8.8 21.3 9.200 2.9 35 2,340 3,000 750 l,()2O 980 1,180 400 700 


12 .G9 48 ------ ------ t.311 II.SIt 1,'" Z.Cl 14.' 37.3 IS,8tt 7.' 42 4.1st 7.'" 1.," 1.4H f.4" ...._...._
"'~Sr ···s:ii· --..._- .. 1,~ --------- ..._ 

I di rrecn::: , ..... 0 82 31 .70 62 --- ...... - 7,800 13.700 1.330 2.53 37.9 101.7 15,000 8.9 120 3,980 5.810 2,260 1,840 2,040 .......... ----............
Osage-orango' (T~/on pomlfeTU1II} ............................ n nna...........................j Dry ..--~ -------------- ------ ·······i5· "i;4io' "'i~75ii" ..···iw· ""330' ····280 · ....570· ..·..iio·--....... -"134' .3; "':45' 04 25.0 ~ ..-....---..-- "i~iiiiii' "3~siiii' ""4S0' "":45' ..··4:0· '''i5:s' "5~000' 2.7 220
Palmetto. cabbage (Sabalpalmdto) ........................... Florida........................... g~~==: ~~~~~~ ----.. 
12 .39 27 3,_ 4.7" 5110 .Ii 4.5 1'.6 !.' II •• 4St :e.m 1St att lilt 41t 88 1_
"':30' '''&ii' "2;2' '.HI....... _-- 81 .33 38 li.2 1,900 3,000 700 .40 1.8 2.4 5.400 1.9 7 1.260 1,810 260 350 240 ilO 150 310
Paradise tree (Simarouba Ulauco) ............................. •••••do............................ {g~t~~=:: ••••~. --..--- 1._
n .M 2. 3.... i.a.. 85t .88 1.1 4.0 1.5 7 2. til I .... n.. JII m lit

'''~iiii' 13.6 ··..·420·12 03 oa .00 61 4.9 8.9 5.200 9.800 1.370 L18 14.6 43.4 12, 300 5.0 53 3,100 3,990 900 1.2i0 1.310 1,480 080
Poenn (JEcoria pecan)._ ...................................... MissourL........................ {g~;'.~::: ....~. '" 
12 •66 40 _.1.. 11.7" 1.7M :e.81 IS.8 Ii. 5 17.... 8.Z 5,lst 7.811 Z.IM 1.lIt l.m Z.1st ... 

P' (D· . . / ) d {Grcen... 5 "'i4" 68 .M "':7S' 63 "1S:3' "7:5' 10.8 5,600 10,000 1.370 1.35 13.0 31.2 12, 100 4.5 (} 3.100 4.1iO 1,110 1,240 1.280 ),470 410 ·..· ..770 


erslmmon IOSP~T08 rlTgm ana ............................. ••••• o. ....................... •••• Dry., ......... U .,. 5t 1..... n.7" 2.010 3.41 15.4 1i.'Z 18.4" 8.1 " 17 6.311 •• nt Z.4" Z.6H Z._ Z.11t ... 1,
52 .77 "':85' i3 "iii:7' 4.4 7.8 5,000 9.800 1.300 1.17 11.0 24.7 16,000 0.8 40 4,940 1.000 1,730 1,720 1,510 400 850
Flgeon·plum (Cocc%bis lauri/olia} ............................ Florlda...._...................... {g~~~::= ••••~. 55
12 .18 7.... 11.... 1._ %.61 18.8 1:= 7.tH 
 Z."

.51 "':S5' 54 11.6 "4::f 'T2' 5,100 ····7:2· "s~ioo' ..··3~a· :e,tH ····400· ·....iiio·71 3,200 410 1.30 5.6 15 1.220 ~ 160 000 300 180 350
PoisonlYood (Mdoplum torl/crum) • ................................do............................ m~~.~== ••.•~. 
 12 .$3 37 5.," 1..... I,He 1.%5 .. 5 4.781 8tt--7:i- ••• ""Wi' ""230' ·····500· ""'i30'
Poplar, b-'\Isnm (Poplllu8 bai&ami/tra)........._ .............. Alaska. Vermont •••••••••••••••••• {g:;C~=== •••~~•••••~. =:==== 112 .30 ''':35' 40 10.5 3.0 2, 100 3,000 750 .35 4.2 7.2 "6;000' 2.2 16 "i;22ii' 1.690 170 .. .. 100 


1% • 33 Z3 4. He e.8tt 1.1" .ts I.' S•• 8.... 2.7 . 11 Z.tH 4.nt 178 SSt 'ItO JII--':43' "i2;3' 'Ti'M .38 38 4.0 3.400 5,400 1.090 .62 5.4 8.9 8,600 3.3 18 1,930 2,420 330 300 340 740 220 450
Popur. yellQw (Liriodt1ldro/l tulipi/era> ....................__• Kentucky, Tennessee ••••••••••••• m~~=:= •••:~••••~~. :::::=== 
 1% 28 '.1" .... I.SIt 1.41 '.8 lU 13, SIt ft I.ut i,ZIt list HI lit 1.1" - .. 
4.600 6.900 .. -----_ ...- 26 800 1.000 860 1.240 .. _--........-....
nhodollcndron. grent (Rhododendron ma.rimuml._............ Tennessee_••_...................lfg~;e~=== _ ..~••••~. =::=== 99 

.'8

.50 ''':6i) 02 "iii:2- "O~3' "8:7' 870 1.38 12.1 32. 4 -.. __ .... - 6.' 3,4;0 __ ....-..-

III .57 41 •• 8tt 11.... l.nt Z.M 1Z.4 u.e 1 • '.4H 1,44f

07 .42 "':47' 44 ··iO~3· 4.0 6.2 3.600 6,000 910 .80 7.1 22.2 "ii~500' ····3:S· 37 "2,"400' 2,730 400 610 ''''520' ·····ii5ii· ""'300' ······520 


Snssafrns (SamfraB rarii/ollum) ............................... .....dO ............................., g:;.~::: ••••~•••.~~....~~_ 
 I! .45 31 .... ..... 1.121 L.f 8.7 ZU 1..... I.Z U I,ZIt &" • 1,ISI lSI .. l.m .. !ill 

48 .06 "':79' 01 --i8:7' 6.7 'io:ii' 5,600 9.600 1,640 1.08 16.2 37.9 12, 200 4.1 03 3.250 4,080 i80 1.250 i 1.240 1.260 400 730
Serrlceberry (Amdtl'llchier canadtn8Is) ...............................do ............................ {g:;c.~=:: ....~••••~~. :::::= 
 12 •1' IS ---_ ..-- ----_.. ------ 11,'" I ..... 1,881 I." 18.' 41.1, ZI,'" ••• a ..... 8.77t 1,_ :e.... 1._ 1,111 ----- .._-,.. ........._---

1 ThE! averages for this species Inclnde data from tests representing an unknown number of trees in addition to the number indicated. (126!195·~35. (Faoe p. 4.) NO.3 

" 
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TABLE l.-$trength and related properties o/woods grown i1~ the United State8-Continued 

SoeclJlo Shrinkage from Static bending 	 Impact bending Compression Hardness; load 
gravltYy., coven green to oven· pnrallel to groin Com· required to em. 

dry, based dry condition 1---;----;----;----------1---;----;-----1----;---1 presSion bed s 0.444.lnch Shear Tension 
on yolumo- Welght based on dlmen· I perpen· ball to * Its parellel, Cleav. m~~ 

Moisture Trees Rings Slim· ~~:. slons when green 	 Work Height dlculnr dlamoter to grein, ago' load to grain'
Species (common lind botanical names) Plnce of growth of material tested condition tested lpencrh wmooerd con· 1---;---'1 c~~o 1--.....,..-_..,.--1 Sttrass Modu. Modu. ---;'__--;___1 stress Wtork of drlOP Strcss Mnxl. st~lsni I---;----\:~ to Cause maxi.' 

t 	 ttent foot a pro- I f 	 a 0 caWlllg a mum proper shearing splitting mum 
When V'olu. Ra. Tan· por· Ius oC ~~. Propor. Maxi· propor. propor· complete propor· crushing tl I' t th tensile 

At test oven· 	 gen tional rupture tlclty tlonal mum Total tional tional failure tional strength lion1St End Side s reng strength
dry metric dial Uai limit limit load limit limit (~O-peund limit m 

hammer)

----------------------1------------11------------------------------------------- ---------------------- ----- 
2 	 4 6 7 8 9 10 11 12 13 1~ 16 17 18 19 20 21 22 23 2. 26 26 27 28 29 30 

_________,_-------1--------__11 ___ -- - ---- --- -------------- ---------------_______ c __ --------- - ________ 

1,()()I) In.·lb. In.·lb. In.·lb. In.·lb. Lb. per 
Num· Nrtm· Per· Per· Per· Per· Per· Lb. per Lb. per lb. per per cu. per cu. per cu. Lb. per per cu. Lb. per Lb. per Lb. per In. ofIURDwOODs-continued 	 ber b,' cent cent Pound8 cent cent cent ago in. ag.ln. ago In. In. In. In. ,g. In. In. [nthe, ag./n. ag.ln. PnuruU Pound, ag./n. wlcUh 

70 0.42 0.48 44 12. 0 3.8 7.0 3, IiOO 6.1iOO 1,160 0.62 8.8 16.1 9,100 3.3 27 2,830 430 650 470 030 280Sllverboil (Halula carolina)••••••••••••••••••••••••••••••••••• Tennessee••••••••••••••••••••••••• fg~~n... 6 20 •••••• 11 . n 3% 1,1" 8,1It I,m .... I.' 18.0 n.310 G.O %• 	 *8t 888 5.. 1,188 8%'6, "' b) 	 do Green::: 5 "'24" 69 .liO 53 15. 2 6. 3 "ii~ii' 4,400 7,700 1,320 .82 0.8 20.0 10,800 4.1 38 a.200 6SO 860 730 1,160 400Sourwood (0IVdendrUIII ar oreulII ............................ ••••• • ••••••••••••••••••••••••••• Dry 
 12 .55 38 ••••••• •••••• •••••• 8.... lI,ite I.UO :e." 1'.9 2L 7 n,z" 8.8 ~ 1,111 1,181 1,111 ... 1,111 ISO 
41 .81 72 13.3 6.2 9.1 •••••••• 16.000 1,940 21.6 48.3 	 M 6,140 2,450 1.820Stoppor, red (~ug'lIla confu8a)................................ FlorIda••••••••••••••••••••••••••• g~~:~::: ....~. •••••• 12 .87 61 	 11,%" :e,NO 11.3 Sf ',7~ :e,1IO 1.851 

62 .47 48 12.7 6.0 'Ta' "3~200' 6,600 810 ····~7ii· 112.•• 0 ' 30.7 "ii~20i) 3.2 33 2.800 68Q ::::ii~: "i~;:r 1,050 ·····380· ·..···065 

Sugnrberry (CeIl/8Iaet/gala) ••••••••••••••••••••••••••••••••••• MlssourL.•••••••••••••••••••••• ..1 g~~.~::: Ii ••• ~~••••~. 1% .51 38 ....... ...... ...... 8.* ',1It I,U' :US 11.2 21.% 11.... 5•• 5.1" 1,%4S 1,280 ... I,M 388 •••••••••
'I45 .45 41 ••••••• •••••• •••••• 3.000 6,800 810 .67 10.8 42. 4 	 2,680 480 670 690Sumach, stnghorn (Rhu8 hlrla)•••••••••••••••••••••••••••••••• Wisconsin. •••••••••••••••••.•••••• g~n... 6 9 61 	 II, _12 .47 1,8M 1,1" a.s, 8.1 18.8 	 5,N' 1,'1' 811t IS. 
sa .46 ~ "i4~2' 6.1 "7~O' 3.300 6,600 1,000 .60 7.6 16.0 "8;800' ····ita· ·······26· "2;'400' 2,1120 450 700 610 "Too!) ·····330· ...• "ii:iiiS (PI I Id I I ) 	 Indian T n Grein::: '''iii' 17ycamore a a11U$ ocr en a I.' .•........................•... a, e nessee............... Dry.....................,. 	 12 .4' 8,'" 1..... I,m 1." 8.5 JU 18,5It 3.' 2t 1,71' 5,38G 810 12t ". 1,'1' ... 1%t 
81 ,61 M U.3 6. 2 "7~i' 6,400 9,600 1.420 1.10 14.6 36.0 H. 000 4. 6 37 3, li20 4.300 600 960 900 1, 226 360 670Walnut, blnck (Juglan8 nlora)................................ Kentucky•.••••••••••••••••••••••• g~~::: .5 •••~:•••••,. 12 .&5 	 18,581 14,'" 1.181 3.7' 18.7 17.' 11.... S. % If 5, 188 7.588 1,%M I,'''' 1,'11 1,31' .. I .. 

67 .63 "':iii' ~ "iii~7' 4. 4 'Tii' 3.400 8,000 OlD .74 12.8 46.4 9.000 4.6 40 •••••••• 3.020 760Wulnut. little (Juolan8 ruptslrI8} ............................. Arlzona........................... lfg~~n... 1 
 12 .G7 	 8, lItO 14,_ 1,488 2.M 11.3 U.3 11,1" 1.5 ZI ... '0"00" 1,7"

139 .34 ~ "iaii' 2.6 'Tii' 1.800 3.800 660 .30 10.8 19.8 6,100 2.0 30 1.520 220 ····350· ····300· '''''02;) "'''2:ji) ······4ao
'W1llow, black (Sall.r nloral ••••••••••••••••••••••••••••••••••• MissourI. Wisconsin.............. g~i~::: :::~~: ....~. 
 1% .31 	 3,180 m I.N 11.1 7.7" 3.6 ZO Z,tH 3,1.-. 7.'

106 .31i ~~ 13.8 "2:"0' "ii~ii' 3.100 fi. r.oo 1,020 • liS 10.8 27.6 7, 000 2. 6 33 	 1.810 2.340 = :: = J,~ro m ~:Willow, western black (SaliI ialiandra). •••••••••••••••••••••• Oregon............................ g~~n... .5 6 
 12 ... 31 •••••••••••• i.atO 8.111 1.31' 1.37 '.3 %3.1 11. ON '. 7 31 3, 1%' ',He II. 851 819 1. Itt !It At 
70 .66 SO 18.8 •••••••••••• 5,000 8,300 1, llO 1.29 19.6 66.8 12, 400 0.3 40 •••••••• 3,400 020 1,010 980 1,120 •••••••••••••.••••WltchhllZel (llamameU, riro;nlana) ••••••••••••••••••••••••••• Tennessee......................... g~~~::: 6 14 
 1% .61 43 •••••••••••••••• , •• t,I" lS,_ 1.... 3.17 21.' 	 _.7.. 1,110 1, SIt 1, S" ••••••••••••••••••••••••••• 

SOFTWOODS 

38 .42 .46 36 9.2 2.8 6.0 3.800 0,400 1.140 .77 9.2 20.2 9.100 3.2 27 2,600 3.060 430 540 440 170 330Cedar, AI8.~kn (Chamaecvparir noolkal.,M(8)•••.••••••••••••••• A!t'.ska, oregon ••••••••••••••••••• lg~~::: 8 28 :::::: 11 ••4 	 7,110 U,I" 1,.2t Z." 1'.i 15.8 t:e,zeo 5.0 ~ i.U' 1,311 77. 7.. 588 188 no 
108 .35 "'~37' :~ "To' 'Tii" '"5:2' 3,000 0.200 840 .94 6.4 8.8 7,300 2.4 JI 2,1140 3,lS0 460 670 390 160 280Oedar. Incense (Llbocedrus dtcurrcns)......................... Oregon, CIlJICornln................ g~.~::: .•~.~. 17 •••:~. 
 11 .37 	 6,'" S,'" 1.... 1.17 5.4 .8.Z ..... 3•• 11 4.1" 6,_ m S" n. 1.70· .... ioo·4.~ .40 	 4.000 0.200 •o.~ 7.4 22.8 0.200 3.0 2~ 2,770 c3,130 3liO 400 400 180Cedar. Port Orford (Chamatcvpar(8 law80niana). ••••••••••••• Oregon............................ g~~~~::: 14 23 34 l% ••21 	 7.701 11.... 1:1 42073. 1.'1 11.&08 5.0 :eR I,n. 7.. m ...
1'.5 	 5.8" 1"'.1 	 ",35 .44 	 3,400 7,000 fII'.o 1.08 15.0 34.7 7.600 2.7 3K 2,640 3.670 800 760 650 180 330Cednr, castern red (Julliperus rlrginlana) ••••••••••••••••••••• Vermont•••••••••••••••••••••••••• lg~~~::: 5 ••• ~:. 13 .47 	 3.S" 8.811'1 88. 1.01 8.3 8, S4II 4.6 :e% I,IJ!I 1,1" ... lItO !It 

26 .42 	 5.000 8.400 930 I.S7 8.8 '''io~7" 10.600 6.4 18 'Tiiiii' 4.360 910 RIO 580 210 .. • .. ·.00 
Cedar, southern red (Junip"u8 sp.) •••••••••••••••••••••••••• II .Ii 	 7. ito ..... 1.11' B.SS 5.4 1&,He 4.Z 11 6,lto 6.518 1,1tO 1,01' ell 

37 .31 	 3,200 6.100 920 .63 5.0 10.1 6,000 17 2,470 2,750 340 430 270:;::~:~~::I~~:,·;~~i~~:~~:~ Rili:::: 1: ...;~. --'ao' "';34' 	 ••• 2.6 •·•..i40· ""--230 
Cedur, western red (Thuja pUcata)............................ 	 Dry....................... 
 1% .11 	 5,1It 7,7" 1, Ita 1.44 6.8 1'.5 8.... 3.1 11 4. 3M 5,ne 811 ellt 3M IH m 

55 .29 	 2,600 4.200 640 .00 6.7 8.9 5.300 2.0 15 1.490 1.990 290 320 230 140 .240Cedar, northern white (Thuja oc<identall').................... Wisconsin. ••••••••••••••••••••••• g~~n... 6 23 36 
 1% .31 	 ',tee C,,", see l.n 1.8 8.' 1.110 2.8 121 :e.nt I, I(!I 388 • M .. 1M %ft 
36 .31 	 2,600 ~.700 760 .51 6.9 13.6 0.000 2.2 18 1.060 2.390 300 400 290 120 ISOCedar, southern white (Chamaecupari8Ihvoidt8) ••••••••••••••• New Hampshire, North Carollnll. g~~~::: 11) "'iii' .... " n .321 	 4,SIt I,SIt tat 1.'6 4.1 5.2 1,Me II Z,7ft III 52t ue 1" mI.' '.1"Green... I 10 20 38 01 .42 	 4.200 6,600 1. ISO .91 6.6 13. 0 8,800 3.3 26 3.100 3.580 500 440 390 lS03UOOypress. southern (Tazodium dl,t/chum). ••••••••••••••••••••• Louisiana. Missourl. •••••••••••••• Dry•••••••••••••••••••••,. n ..8 	 7,_ 1',," I.'" 21.15 S.:e H.' 1..... 1.11 :e. 4,.1' I,HI HI GH n. nt 2711 

Green •• ,. 130 14 30 36 .45 	 4,800 7,600 1.MO .85 0.8 Hl.2 0800 3.2 24 3.410 3.890 S10 510 480 160240Douglas fir (coast type) (Pseudol8uoa taxifolia) •••••••••••••••• Washington, Oregon, CliIICornla••• Dry..... •••••••••••• II .18 S.I" 11,7" l.ne I." 8.' n.' 1%:1.. 4.5 It· I,m 7,.~ 'It 7.. I,. 1118 ~ 
Dougles fir (intermediate tyP'l) (Paeudolmva taxifolia) ••••••• ~ Montana, Idaho, California ....... Grcen... 15 16 34 48 .41 	 3,800 6.800 1,3liO .63 6.0 13.1 8.700 2.7 22 2, 570 3, 300 4SO 610 460 190 300 

Dry••••••••••••••••••••••• II ... 7,'" 11, :ell 1,," L81 8.8 11.4 u.0t8 4.4 17 i.ue '.m Itt 71. ... 1.. ... 
Douglas fir (Rocky Mountain type) (Pseudot.tuga leuifolla) •••• Wyoming, Montana.............. Green... 10 22 27 38 .40 	 3,600 6,400 1.180 .66 6.8 13.7 0.100 3.0 20 2.640 3,000 1liO 460 400 160 3liO 

Dry..... •••••••••••• 11 .is .... t,Iet 1.... 1." 11.3 :12.i" 4.ll :el 4.... I,'" 82t 71:) .... 1.. At 
Fir, liIplno (Abl., IMiocarpal.................................. Colorado.......................... DGreen.•• 5 16 47 .31 2,400 4.400 860 .a9 4.4 6.2 6,300 1.6 9 1.690 2,060 310 280 220 130 •••••_••• 

ry..... ••••••••••,. II .33 	 7,1" ItO 11.1 3.5 7,'" 1.3 II I. 7ft 4,At ... 118 ...
····~52· 	 ~roFir. balsam (Abit8 ba18amta) ................................. Wisconsin. ••••••••••••••••••••••• Green... 5 12 26 	 117 .34 4.900 960 4.7 6.0 0,000 2.3 16 2,980 2.~00 210 290 290 ··....iail 


Dry..... ••••..•••••. U .It 7, ott 1, :ell 1.:e1 11.1 l'.f· 7,880 I.' :tt 3,17' 4,tiU 388 61t ... 188 
Fir. corkbark (Abln aritonica) •••••••_........................ New MexIco...................... Grcen... 10 H 62 .28 4,200 81iO .43 4.2 6.l 6;.fI'lO 2.0 12 1.030 2.UI0 190 280 210 ....'i6il 300 

Dry....................... 11 •• t,'" 1;11. 1." '.5 G.3 8l,,~'I~ 2.1 13 3.82t 4,U' 471 17. De 17' 28. 

Fir, lowland white ( ...HI" grandis)............................ Montllna, Oregon................. Green... JO 18 30 
 94 .37 	 6.100 1,300 • liS 5.6 14.8 8,l"u6 2.0 22 2.640 3.020 340 420 36(l lliO 240 

Dry..... •••••• •••••• II ... 	 ',- 1,111 l.ft 7.4 %'.1 12,011 4.' :es I.'2t I,'H .... IIfI ... 1.. .%D 
311 .36 	 5,800 1.270 .61 11.0 14.3 8,600 2.0 10 2, 420 2, 740 340 3.30 290 lliO 230Fir, noble (Able, nobi/It).. •••••••••••••••••••••••••••••••••••• Oregon............................ GDrcen... 0 10 28 
ry..... . •••-.•...•• 11 .18 1 •• 1 .. 1,181 1." 8.8 II.' ll,_ 3.S .%3 4,", 6,UG ... IN .11 111 %II 

Fir, CaJICornla red (Ab!.. mlignijiCll) •••••••••••••••••••••••••• CaJICornla......................... Grcen... 5 ,H 39 198 .37 	 6,000 1,060 .05 6.7 12. 6 8.600 2.8 22 2,830 440 390 380 100 340 
Dry..... •••.•• II .11 	 11,_ 1,," 1.8' I.i If.a 13.... 4•• :ea 5,!It SII 1.... Sit 1.. 

66 .36 	 6.700 1,260 .60 6.0 12..6 7,800 2.2 21 "2~38O' 2,670 290 360 310 160 240Fir. sl\\'cr (Abiu amabili8) .................................._ Washington••••••••••••••••••••••• g~~::: ••••~. 12 •••~. 
 11 .18 	 I,'" cl,U1 I.!' '.3 :el.a 11,tN U :ef .,'" 5,sst ... 82t 4. !II' """200 115 .36 	 6, 700 1,030 .84 5.1 11.6 8.600 2.9 22 2,390 2, 710 370 aso 330 170Fir, white (,lbiu concolor).................................... Call1ornla, New Mexico••••••••••• g~~::: 20 •••~~••••~~. 
 11 .17 	 1,18' l.n '.7 11•• 1',8" 4.1 11 •• UM 5,1i1 1M 1. 4ft ... %It 
111 .38 	 ',"') [WisconsIn, Tenilessee, New fGrceD... 20 17 34 	 6,400 1.070 .76 6.7 16.8 7.900 2.0 21 2,600 3.080 440 600 400 1liO 230Hemloclr, eastern (T.tuga canademla .......................... , Hampshire, Vermont. Dry..... •••••• ••••_. 11 ... 	 8.... 1.!It 1.71 '.8 lU 1',1lIt 1.8 :et ',m 5.4l1 8~ 81. III 1M 
 """ii3ij62 .43 	 6.600 1,080 .79 0.6 2(1.2 Il,Joo 3.5 2,640 3.1liO 470 600 600 200Hemlock, mountain (Truga merten8iana) •••••••••••••••••••__• Montana, Alaslrll................. g~~::: 10 •__~••••~:. 	 ..
l% .n 	 II,M I,m Z.3G 8.8 13._ 5.8 4,UI 1,8ft 1,17' 7.. n • If.' ;i22 I 1,'. 	 _ 
74 .38 	 6,100 1.220 .57 6.8 17.3 11.100 2.8 2, 480 2,990 390 G20 430 100 310Hemlock, western (Tsuga hderophvlla) •••••••••• _............. Washington, Alaska, Oregon •••••• {g~~::: 18 1731 
 1% .1% 	 1 •• 1 .. 1,4" l.8%i 7.1 Ii. I .:e.... 1.4 21 5.... I,ll' 888 NO .se 110 

I The averages for this s~les Include data from tests representing an unknown'number of trees In addition to the number IndlcatOO. 	 1266D5°-35. (Faoo p. 4.) No.4 
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'TAIiLE i.-Strength anclrelatcd propertics oJ' w60ds groWn in tlicUniteclStalcs"'::"Continued 
: 

SpeclJIo,Shrlnkage 'Irom Statlobending 	 Impact bending Oompresslon Hardness: load 
Ity. c ,green to llven-paraJJoHograin Oom· required ,to om 

gr;r:y, b'a:~n g~dco~n~~~~~ 1---.---.---.---------'1---,...---,...----1--'----;---1~pe~~ bed a O;4Af-inch ~~~,' ';::::' 
r I Rings 'Suw· Mols- 'on vol!m1&"-: ;Weight slQUS whcn I:reen Work .:Height ,dloUlar :ba:H:.~~ts l';'~' ,Oleav- 'dleuJar 

1I1JeCies (common !lnd'botanical nlll1les) :Plaoo ,cfgrowth 01:m&terlql 'tested lit Ii siittuire tTreestd per mer ture cpeubrlo __---,,.-_..,.:..__1'''tress stress ",'ork 01 drop ',StrftD<s ·Max!. to grain.: ' ___;-__1 maxi.', age; load tocraln;
cOQ( on es e . lncll, mood COte,nn• 	 DModu· ,.., - stre t , - "num ,tOC8Ul1l1 .maxi

'" t loot' at ,pro- Modu· -Ius of :at to 'causing at mum 55,8 shearing spllttlngmum 
When Tan· tPoonr:j lusol :clus- Propor. Maxi. propor- propor· complete propor-crushlng PUopor.l· stnmgth ,:tenslle 

Attest oven Volu· Rn- geIl- i< ~ rupturctlclLy Uonlll Jllum Total tlonaltlonlll lullure tlonal strength 'Iloniat :End Side strength
dry metric dial. tlaT limit limit ,load limit limit (5(}.pound limit . m 

hnmmer)

-----------------1------------1---- ---- ------- --- ------ -------------------------------...,.,-- ------ -.- --- - -- 
1 2 5 7 8 o 10 11 .12 J3 15 .16 17 18 10 :20 21 22 .22 , .124 25 ,2(1 27 28 30 ___________________+ _____.,..-_____..;....I~, - ___, __ -_.____________ ---_------ -_.'_ --._ --- --__- _____,- -,.-- _'i....-:.. __ ---_------ _.--- ---_ ----

Ji()()() In.;16. In."lb. In,-/b. In,·lb. 	 Lb•. flt1 
Num· Ntlm· PerPer· 	 Per- Per·" Per- Lb. f,cr. Lb. f,er lb. ,per perro. pcr cu. jJcr cu• ,Lb. f,cr per cu. Lb'f,cr Lb. r,:.r Lb. per Lb. per in.ol' .Lb.~'~OfTwooDs-continued ber ~r ,cent ,cent Pounda tct11t cent cent ag.: n. 1IfJ. n. 'Ill. in. in. tn. ,111. ag. n. ,In, Inches .g. n. 'ago n. ag. in. Pounda Pound! .111. tn. ,widt ...,. R • 


,J:mllper, a11llllltor (Jun/peru! pachgpMoea)_____________________ Arlzona___________________________ {g~~on___. 3 .---- ----'" 40 0,48 0.54 ,12 7.8 2.7 3..6 : 3,600 '.6.600 450 .1,67 13.4 .16.4, ·6.800 3.0 '21 2,490 ' 3,730 1.030 000 820 1:2110 .. -.. _---- .. --- .._-_ .. 
12' ,.61 10 ,ti,'", ",'781 'UII '%.,U '.B.5 6,'''' 2.& U 4. 1ft 1,7" ,1,_ I.,." 


"""'''''' wes rn . ......r... OCCI s _._______________________ , "as g on_, , ______ __ 
-----(-- -"4:2- --8~i" 1.350, ---iiiT --ii~25ii- a..800 ----:920- ----"i6O· ------230 


• -_1.' to (r_ J._ 'dtlIIaII) Montuna '" hin t ___________ ilDryOroo___';::: '--i3~ --~32-~ ___ • •'--a7-_____ 	 58 .48 .59 48 13.2 4.600 :7,500 1'.01 .7. .1 9,400 ,3.7 24 500 470 450 

11 .&2 ,as ·~,'..O U;'" :1,.71' Si' :18.6 .14,188 7.1 32 5...H 7,4" 1,881 I,U' '7" 1;_ I.. :a••
---:4ij- --a~r --ii~5-	 2."

105 .30 liO 10.4 '3,000 .0.400 020 .'55 ,n.O 21.0 7800 3.3 30 '2.180 '2,580 380 380 370 ,760 '180 '810IPlne, Jack (PI-nu! bank.jana)_~_______-----___----.--------___• wlsconsln.---.-----"-------------lg~~~::~ • ___: _____~__-_~~_ 10 	 I,m .Ut U.8 :U .... '181 1,'111 .... ...1J .43 	 ,6,'''' '7'''' 5" 11:180 4.7 811---:42-	 '.... ,.Plno,J~llrey (Philu}({fregi) ____________________________ •___._ Oalifornia________________________ g~~::: ____~__._:~____:~_ 101 .37" 47 '-:o:ii- -T4' -~ii:7' 3.200 '5:000 '1180 :60 :4.,7 14, .7.200 2.0 21 "-2;050· 2.370 350 320 340 ,690 160 ::160 
D ,•.40 28 	 7;!tO .1,- l,'Ut :2.43 :8:8 UL" 'U,aoo :0.3 27 4..248 ,/i'AI .70 '1' ,He t;ll.---:42- --2:4" --ii~i"l'inc, limber (PiIll~' flail/.) ••________________------,.________ Now Mexico __ ~ ___________________ g~~~:~~ ____=____~~____~_ 	 68 .37 39 8.;2 ,3.,000 '5.200 800 :1.08 5.2 ,8.3 7.100 2.0 18 1,850 2;410 320: '300 ,310 740 170 :270 

,1% .40 :%8 "i'" :'.1" ,1,17' ',1.11 0.8 8.7 (~J,480 &.~ 'lI :i,_ :'111 :11' At 
 ;. ,

---:54- --i2~3' -Ts~ 	 -~2.-55ii- • •-nl I bl II (Pi d ) {FlOrid!l. l\{nrylnlld. North ;Oaro· foreen--~ 50 0 34 	 '81 .47 53 7.4 4,.100 :7, BOO .1.410 ' .-68 :8..2 :24.:2 8,,900 3:0 30 :3.400 480 420 45Il ;850 180 :2IlO
"'. ne, 0 ° y IIIl.! lae a ---------------------.----------- Hn!\, South 'Carolina. Virginia. Dry_____ •_______••_~ _____ _ 12 .51 lZ,SIt 1,SIt . L'tz 17.& '11,188 ,4:2 4,8ft ',7,'161 ,SIt 1'1'1'1 1'1'1 

l'loe, lodgepolo (PiIiU' cOlllorla)._.____________________________ Wyoiillng, Oolorr.do, Montana__ • Oreen._. 28 24 .22 05 .3S --':43' :r.J --ii:s- --4~ii- -~ii:.7- 3.000 5,500 1;080 ,-40 5.'0 11.0 7.:200 ,2.3 ,20 2,110 2,610 310' 320 330 ",680 tOO ~ 


Louisiana ML<;sissIPlll Florldn Dry..___ -----. ------ -_~-.-

:36 7,'!III '18.4 '10 881 '7" 	 ''1'1 

.1% .,41 29 	 6,7" 'l,tiIt 1,':141 1..., ,.... 8 .1%.1 »,100 3.8 'II 4,111 5,178 ,7" ..... 481 :881 t,.· ,.
--~:iiii- --i:i:ii- --iiTl'llIc,longlcllf (Pinu.paluJlrls) ___•__••__ -'-________________ ._. South ,Oarollnn.' , m~~~:: __'_~~. ___~~___:I:~. 	 63 .54 55 .7.'5· :0.200 8,700 1.:600 ' .'05 8.0 :32. 4 10. JOO .3..2 35 3,430 4,300 ,500 '550 '590 1.'040 '210 '330 


1Z .• iB 41.. il,I" .14;7H 1,'''' :Z.44 :U.8 '%1.8 lS.411e ,8.1 '31 ,I,UO :S,'" 1,'1" 87.' '1,'" .1'1'1

{ 

---:55- --io~ii- --3~4-	 ''II.. 0, moun n n 11/U,' lJUnDens __________________.._________ ennessee.____ •____________•_____ Dry••_____________. ___~.__ 	 ·75 .4U 54 6.8 4.500 '7.500 1•.270 :04 8.1 ,25.2 10,200 3.8 20 2.-080 '3,540 560 480 400 ;000 '200 320Pin t I (P' '.,' ) '1' 	 {orcen___ 5 15\,20 
12 ,.5~ 86 	 7'810 ,11,180 1.AI 1.-10 'B.'7 15.8 14;%88 8.' %8 4,_ , ... sat l,Zl. 7 • ... Ii: '. :.:.---8~2- -"2."3'l it ( . b) 	 fWlsconsln, Minnesotn, l,<ow loreen-.- '15' 13 .29 '68 .34 -'-.:37' 36 6.0 3;100 5,000 1.020 .'54 '5.2 10.8 ,6,700 2•.2 17 2.060 ,2.490 200 ,310 310 140 :240P Ino,lIorthern" I C PII1II8 slro U3 ------------------------. t Hrunpshlre, Dry.._.___________________ 	 1% ,.3G %5 ,...... ~8,818 .1;_ L .. ·1."7 18.5 '.B,iN :1. 7 :11 :1.180 ,4,841 lit :... 1..---:5i- --ii:5- -~4:ii- --ii~2-54 .44 42 	 3,,700 6,400 1380 .59 5.8 28..4 7,:500 ;2.2 .28 :2.410 :3,080 360 ,360 340 '780 160 190 

:llne, ~~:a(;.(PiIll~8 ~.)ilI011a).---------------- •.------------:T:Sconsi~.~-.----b----;~--------- 8~~=:: ---i~- --~~- ---~-	 .U .48 'iii ",," U,IIIO .;. ,21;78 :10.0 u.'. ISo'_ :'.8 '%5 ,i,ue ',141 :sat ''1'1 :181- 1,-'. • :.. llc, I' mu. TIDI a -.___________________________________ irnnessee," assac use -------- Dry___. ________________._. 	 79 .45 '--:52- 50 --io~ii- -To- --,7:i- 3.600 ,6, 800 l.200 .68 ,9.,2 27.0 9.000 3.2 28 1,050 '2,950 450 420 ,470 860 190 210.12._ 	 ;. ..12 .• 41 Ii 	 8.-tee I •• ,. ' 1,&10 ' l,-:a :'.1 15.4 1.8 11 :.3,·... ,I.-Nt :1,:'1' .7" :.18 '1,_ 

f oreen--- 56 .50 ---:68- 49 --ii~2- -Ti- 7.1 4,500 '7,,400 1.280 ..03 .7.0 :26.8. 0.400 3.2 33 2,940 3,660 ' 540 460 :, 'li10 .~ 190 :180P · d (Pi I'd ali) ;t'l· ld 	 :5 )1lj 35 ;.
},1no, pon d nu(~ ql a oerd na .)----.----------------------- {~o~:rn~~~-\v~h~;~~:-A;I;~~~:- 8~.;::: --iiiii" --·i~- --~iio-	 J% .-H ---:42- ,as 

'-:ii:6' -'ii:ii- 8'. 11,"': 'L:71O ·Z.11 8.'8 '1'.0 :11..90 '5;8 '28 .',- '7,", 1.t. ,788 741 I,M :... 
91 .38 .!I5 ·6•.3 3;100 :5.000 070 ,.-59 :5.1 12.4 6,800 :2.5 .20 2,070 ,2,.400 360 300 a10 .680 170 .21101ne, pon erOSll mus pon .r(l.'a --~----------------------.-- Montana, Oa1t!ornlc.. Dry___ -___________________ D .41 %8 ------- ... ----- ------ "I,'.t "'-- 1;.. l.85. <'.e 1'.8 :.;8t8 4.0 17 :4.... '1;:7. 741 :/llt 1;1.. II) •36 .45 .51 '38 ' ,]0.:0 ,3.0 ~7.3 4;100 ',7,500 1,'020 ..95 9;6 20:6 9.800 4.6 .25 '2,670 '3.440 500 460 ,480 1.-140 :880 "' U .48 ~ 	 :.1,7" 11,_ 1,410 1.8:l ";1 17.4 1%,_ :i.4 1. 3,'" 'I,m 1,_ '.... '7JI 1,'1" ---_.iiiiij-'Pp~n:. ~nd 1(~'!(;.claUSQ~;--;.)--.--.-------------------------- {:~!~;;;:~~I~;,~~:N~;th~o~~-l8~~=: --iii:- ---i~- ---:~-	 81 .46 ---~ti- 52 --12:3- --4:4 -~7~7- '3.000 ',7,'300 1.3110 ;,63 8.'2 .26.1 ;8.'600 2.9 .30 '2, 500 '3,430 440 410 440 .800 :~ 

:- '. '.inC, S IOrt ea mu! ec na a ---------.--------------------- llnll, New Jersey, Oeorgia. _ Dry_______________________ . U .• 51 ::18 	 ',7;,' • 121,-. 1,710 'If" ;lL'.8 11.' U,_ .5:1 ;11 7.'170 '1,'" ',7" t,ll. '1'1'1 ''1'1:5." 	 ,
P.inc, slnsh (Pinus carlbaea) •• _______ •________ •_______________.Florlda, Loulslana_____• __________ g~~::: ___~~____~~____~_ 	 :66 .56 ---:00- :58 -'12:2' -~5~5- ,7.8 :5,100 ,8.900 ,1,1580 ;1.:02 '9.5 30.6 10,.800 ,3.0 36 ,3.040 4.'340 ,680 600 ,630 1,000 :230 400 

,11 _'1 43 ....-;to,'" 'I....' 'Z;-,,, :1:t.t :•• 8 15,'. :i.8 31 ,,6,_ 'tI,l" ,1,'. 1,881 .,.li 1, '111 1'1'1 
Plno, B.ugar (Pinn.• /ambertlana)_~_-___ ••______• _______.______ OamorIlla______________________ ._ {g~x::: ____~••__ :~. __ ~~:. '137 .35 ---:38- ,52 ---:7;ii- -Tii- -~iiT ,3.400 '5,100 :940 ;'.70 5.:1 12. 0 7,400 2.'6 -17 2,.330 .2, 5.1O 350 320 :310 680 1110 :270 

11 :36 ttl ----..- .... __ ..- i,'710 '8, ...· 1;. :1.·U :'.5 8.8 10;710 4.4 :lB 4,Ue 4;771 Il1O UI t,NI, 111 
54 .36 --~:42- 35 "ii~s- .2.6 5.3 3.,400 ',5,200 1,170 . ,;56 0.0 17.9 7,'600 2.6 '19 .2,430 2,650 200 '310 ,310 640 '160 ::Il10Pine, western \\'hito (Pinus l/IonticoJa) ___.._______;<,~.-------- Montan!l, Idaho__________ " ______ {g~~~::: __ ~_~____~____~~_ '.'12 .as -%7 	 ,,8,. !I,'''' 1,'11' 1.&7 8.8 ,14.1 11;_ '%3 ('.481 ,5.m 11. SIt 
,63 ---:57- --Tii- ,650 ,'.Ii 	 ,600 •• -----~4iiii

.• 50 '51 4.'6 ,5.2 2,600 4.800 ;61 ,7.6 23:0 ·8.200 4.2 21 1,810 	 2.590 480 510 920Pinon (Pinus edu/b)____----------------______________ .... _\r1zonn________________•________ {g~~~::: ___~~____:~____~_ 	 "' "' 
U .-u 

--~42-
31 I.,", ,7,!III '1.141 ,~.~ 4.1 ;'.1 '8,'" :3.9 n 6,_ I;'. :. • ·----800- -----i70- -----~2iiii

Redwood (virgin) (Sequoia sempe,..,irens)______•____________ ._. CaUCornin___ •____•________________ fg~~~:: ___~~____~_ :::::: 112 .38 00 .6.8 '2.,6 -T4- ,4,800 .7,,500 1180 7.4 :15•.2 8,900 3.2 21 'T7ixj ,4.200 520 570 ,4tO 
.u .ft %8 ,i." ;1..... .;.... ',t.H I:. :8.8 10,_ ;I.G 1. ',1188 .'.151 ':!III' ~'I'It ,~ .Nt U. '.... 

Redwood (second growth, opeuly grown) l&quo/a mnper. }____do_____•__ •_______ • _______•• _. Doreery0__ 6 3 ------ 146 .'28 ---.~3i- .43 --~ii:3- ,2.'0 -~4T :2,800 4,600 "640 .68 5.1 ,6.3 5,'1nO 2.3 14 1.810 '2,'320 '310 :300 280 640 160 :l16O 
vlrt1t#). 	 ----- ------ ------ ----- 1! ... ---:00- :11 ';. ,I... .,. 1.35 4.7 L' I,EIO 2.7 11 'Z,'" ,3.81' lit ... :..... !iii I.. :... 

---:;~4- '~2~:rRedwood (second growth, closely grown) (5' vuoia aemper- }__.•dO_.______•__________________ fDoreeryn___ 8 .7 ------ .'112 ,.32 42 0.,0 3,'600 6.'100 ,1..000 .,73 '.6.1 10.0 7.,200 2.5 18 2;840 ,3.280 350 470 350 :730 180 'M- .. :..u ,.-li. :16 8,M '1,'", 1.,11 ' Ii. 7 a.'1 II a.751 5;!4I HI 	 IIIvlrens) , 	 ----- ------ .---- ----- ---~43- --ii:a- -Ti- i.'''' '7:' '.110 .71'
,430 ,600Sllruce, black (Picea maria11B}__••___ •______•__•____________ New lIumpshlro_________________• g~~::: __..~__._~~_ :::::: 	 38 .38 32 ,6:8 '2,000, .5.400 :1.060 .45 7.4 :20.4 6':800 1.8 .24 1.540 '2.570 ' 180 370 120 100 

l! %8 	 ,i,. 1",. 1,'" Lli ,IL' la,," :I.t II 4,6ft 1,1111 lit 1.. 1ft 1_ .t.. .It.',.ft ---:35- --iO:4- --3~4- :830 	 .240 ' ',5\10 '100 :31 :39 ,6.6 .2,'500 4.'200 .43 4.0 6.:2 5.-800 1.9 14 1.680 :1•.980 200 250 	 130
Spruce"Engeimann (Picea tflDelmannii)._.__________________ C..olomdO____•_____ ~--------------- ig~~::: _._~~_I_..:~.: ---~~-	 '1! ;U :ea :...... ;8.... l.-t.. 'lH. '1..:1 7.1 ";110 a." n '1,181 '.4,'181 'HI .",' 'II' 1••1. 

-----~2Z--~~4i~ --ii~s- --as- --,7:8'Spruce, red (Picea rubra).____________•________________________ 'Tennessee, NowH~pshlro------- Oreon..__ 11 18: ,28 	 43 .38 34 a.400 '5,'800 :1,190 • liB '6.0 16.:2 7,:200 :2.3 18 :2,380 '2.650 340 ,410 350 ,7110 150Dry________•_____________ 
.D .. &1 	 ,1,'SIt 1,,_ 1;11t 1.71 '8.-, 12.' '11,'''' '4.'1 Ii :4;'1' :1,818 HI 411 1,t8t 1Bt 

---~42- -~,7;5-
'!II . --ji:ii-	 .. •42 .:37 ;33 4.3 3. BOO :0,.700 1.:230 .53 6.3 -18..3 8,'400 3.0 24 '2.240 :2,670 340 ,430 350 ·760 150: 21!0Spruce, Sitka (Picea sitcherl!!!)__________________• ____________ Wushingt()n, .Alaslal,OregOn--_--- ig~~::: __ ~~____:~.___~~~_ 

1J .• 41 %8 ,1,7" :It;_ 1;1i7, :La .., :17.21 11,100 ,4.1 %5 ',788 'i.'11 71. '7" ,n, I,.m 11. :111 

{
Now Humpshlro, io\.luskn, '\VIs- Oreen___ .110 17 26 50 :37 ---:45- 35 13.:7 -T7- -Tj- '3.300 5,'600 1,,070 ..60: ,6.0 16.8 '7,100 2.3 '22 2.130 :2.570 200 :350 3:".0 lIIIO 140 :mSpruce, w h t 1 e (Picea Dlauca)--__....__________·_______________consln. 	 Dry_.__~ __________________ 

II 28 	 ".',," ',',801 t,:141 1. 7. 7;7 14.8' :.0,_ I.. !D ,1,7" ii.47' ,17' 'II' 48Il t,t8ti ." --:it7-	 • :. 
oreen	 52 .,49 ;56 47 13.6 ',7.4 4,200 ',7,200 1 • .240 .• 84 7.2 28.8 7.800 :2.,7 ,28 .2,930' '3,480 480 400 ~ '860 1110 ::160 

nm~g. n.IO an na ---______________•___________-------- 1..,'OUS 0..________________________ Dry____________~--- _____ _T --ok (La"'-/ 'ci ) 	 W"'" I --- .5 .20 ,38 12 .'i3 ::17 8._ tt.... ,1,Nt '%;0 '7.1 n.-l· U,_ ,5.' %I ,4,788 ',7.1" ... 171 ... 1;!8t 'III 
Yew, Pacltlo (Taxu.t brevl/olla) ___•__________________________ Washington________________ •• _____ g~x::: ___~___~::. :::::: :44 .60 ---:6:;- 54 ---0:7- 4.0 -T4- ,.6,'000 10,100 '990 2 .. 46 :20•.2 :54.3 18.100 6.2 38 3,440 4.050 1,040 1,'340 .1.150 1.620 :250 4IlOi. '.1,_..1J .6% U ---- ..-- ------ ---- ..- ',. 1~,'. 1,'. 'I,U 18.7 .1L'l 12,'1" i.-I :11 4;711 8.1" Z,l1' 'I." 1..-

I Tbeaveraaesior thlsspecles Include data from tests representing an unknown number or trees inaddltlon tothenumber In.dlcated. 	 121M1U6"-'36. (FlI09p.4.) :No.1i 

http:Oolorr.do


5 STRENGTH AND RELATED PROPERTIES OF WOODS 

COMMON AND BOTANICAL NAMES OF SPECIES (COLUMN 1) 

}'orcon'lrenience, the species listed in table 1 nregrouped in two 
mnjor cln~ificILtions: 

(1) Hardwoods, or trees with brond leaves, usually deciduous; (2) 
softwoods, or trees with needle or scalelike leaves, usually evergreen 
and most of them cone..,bearing. The two groups are also known as 
hardwoods and conifers. The tenus "hardwoods" and "softwoods" 
are thus indicative of botanical·cWssification. They are not corre
lated with the actual 'hardness or softness of the wood. For example, 
basswood, poplar, aspen, and cottonwood are classified as hardwoods 
but are in reality among .the softest of native woods, whereas longleaf 
pine, classed as a softwood, is quite hard. 

Avoidance of confu.sion requires a standard nomenclature for species 
of wood many of which are known by several common names .and to 
several of which a single common name is often applied. The United 
Stntes Forest Service IHls adopted such a nomenclature, designating 
each species by a single common name, in addition to a botanical 
name a,bout which confusion rarely exists. The official names are 
used herein nnd are those given in Check List of the Forest Trees of 
the United Stntes, their N ames and Ranges,except for a few sub
sequentchiUlges. Page 92 shows the relation between this IlOmi3n
cln.ture nnd commercial lumber names (46, 54). 

PLACE OF GROWTH OF MATERIAL TESTED (COLUMN 2) 

In the second column are listed. the States from which the trees 
furnishing the test specimens wereobtaiued. The locality of growth 
has in some instances an influence on the strength of timber (p.43). 
Thnt this influence is, however, frequently overestimated is indicated 
by tho fact that fully as grent differences .have been found between 
stands of diff·erent character grown in tho same section·of the country 
as between stnnds 'grown in widely separated regionswithiu the 
normal range of growth. For this reason it is considered better to 
avern,ge togetlier the test data on material from the various localities. 
However,there is a distinct difference in the properties of Douglas 
fir from the more arid Rocky Mountain reg'lonand those ,of the 
Douglas fir from the Pacific Northwest. Further, Dou~las fir from 
the so-called "Inland Empire" 4t region .is found to be mtermediate 
in its characteristics between that from the arid Rocky ,¥ountaiu 
region and that from the Pacific Northwest. For these reasons 
separate averages are given for Douglas. fir from the Pacific coast, 
intermediate t.ype, and the Rock-y Mountain regions. 

MOISTURE CONDITION (COLUMN 3) 

Both green and .drymaterial were tested. The' resulting data 
are entered in lines designated "green" and "dry"., respectively, .in 
column 3. 

Values in the first of each pair of lines beginning with column 3 
of table 1 are from tests on green material. Although the moisture 
content varies amon~ the different~pecies, all tests on g~~n wood 
were made at appro:\"Ulla'tely the mOIsture content of the lIvmg tree, 

• Northwestern l\{ontanu. Idaho north or the Snlmon Uiver. " ...ushlngton east or the Cascade MounWn.., 
and th" northeastern tip or Oregon. 
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which is ubove the limit 5 below which differences in moisture content 
nfTect the strength properties. 

'l'he strength of dry or purt.ially dry wood d\3pendsgreatly on the 
11articular stage of dryness and on the distribution of the moisture. 
Values pertaining to a uniformly distributed moisture content of 12 
percent are listed in the second of each P~\ir of lines beginning with 
coluIDh 3. These values were obtained bY'adjustiug values obtained 
from tests made .at various moisture conteIi\ts. The moisture basis 
adopted (I~ percent) represents an average air..dry condition attained 
without llrtificial heat by thoroughly seasoned wood over a consider
able portion of the United States, including the Lake States region. 

Table 1 shows that in most strength properties the dry material 
in the form of small, clear specimens excels the green. In large 
timbers, however, the inCcreasedstrength of the wood fibers is usually 
offset by checks and other defects resulting from drying: so that as 
large inCc.reases in strength values as in small specimens cannot be 
expected. 

Except where data on dry material are specifically required, or 
where significant differences in increase with seasoning is involved, 
the data on green material are preferable fot' comparing species, 
bec.ause they are based ona larger number of tests. 

NUMBER OF TREES TESTED (COLUMN 4) 

The number of trees from which specimens were obtained is stated 
in the fourth column of table 1. The average valuesforthe more im
portantspecies represent groups ·of trees from different localities. 
Five trees ola spt)fies were selected, asj), rule, from.a single locality. 

NUMBER OF RINGS PER INCH (COLUMN 5) 

The number of rings per inch measures the rate of growth in diame
t.eror radius of the trees from which the test specimens were cut. Rings 
per inch were counted along a radial line on the end section ofea.ch 
specimen. One ring, consisting ofa band of spring wood and 8. 
band of summer wood, is formed during each year. Few rings per 
.inch indicate fast growth, and conversely. 

Rate of growth of many species is quite variable, and the values 
listed are to be regarded mainly as averages of the material tested. 
Rate of growth does not have a definite relation to strength in the 
sense of strength being proportional, either directly in inversely, to 
the rate of growth (p. 44). 

SUMMER WOOD (COLUMN 6) 

Column 6 shows the proportion ·of summer wood in the material 
tested, as measured along a representative radial line. Summer 
wood is usually much denser than spring wood 6 of the same species so 
that within a species .the proportion of summer wood is indicative 

• Green wood contains "I\bsorbed", or "Imbibed" water within the cell wnIls and ".free" water in the 
cell cavities. The free water from the cell cavities Is i~ first to be evaporated in drying. The flber-68tura
tlon point Is that point at which llowater exists in the ceil cuvitiesofthe timberbutat which the cell walls 
are still saturated with moisture. The lIber-saturation polntTBrles with the species (18). The ordinary
proportion of molsture-ba.oed on the weight of the dry wood-6t the flber-satumtionpoint is about 30 
percent. Moot strength properties of wood begin to increase,.and shrinkage begins to oocnr, when the fiber
satU,",tioll point is reached in seasoning . 

• N uruerous detenninationshave shown that in the southern pines specific gravityof the summer wood Is 
usually from 2 to 3 times as Knl8t lIS thi't of tho spring wood. 
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of the specific gravity, and. hence, of strength. It is difficult to 
measure the proportion of summer wood accurately and when the 
change from spring wood to summer wood is not marked or the con
trast between them is not sharp, as in many species, the difficultv/is 
even greater. For this reason the proportion of summer wood i~ 
given for only part of the species tested. 

Summer wood is unusually well differentiated from spring wood in 
the southern yellow pines and Douglas fir. Some of the structural 
grading rules for these species involve, among other features, tho 
selection of pieces showing one-third or more summer wood, such 
matcrinl being awarded ns 8. premium higher working stresses (5,4.,61). 

• MOISTURE CONTENT (COLUMN 7) 

Moisture content is the weight of water contained in the wood, 
expressed ns a percentage of the weight of the oven-dry wood. Since 
it IS thus expressed it is useful to remember that with a given moisture 
content in percent a block of wood of a given size contains more 
wei~ht or volume of water if the wood is heavy than if it is light. 
MOIsture cont.ent is commonly determined by weighing a snmple and 
then drying it at 212 0 F. (1000 C.) until the weight becomes constant. 
The loss of weight divided by the weight of the oven-dry wood is the 
proportion of moisture in the piece. "Moisture" as thus determined 
IS subject to some innccurney, because the loss ill weight includes that 
of any substances other thnnmoisture that evaporate at 1000 C. 
Also some constituents other .than actual wood substance are not 
evaporated. Errors from these sources are not sufficient to a.ffect the 
practicnl npplicntion of the dnta given in column 7. 

The mOIsture content listed in tnble 1 for green materinl is the 
uvernge for specimens taken from the pith to the circumference of 
the log. Henee it represents a combination of the moisture as found 
in the heartwood and in the sapwood, .although not in proportion to 
the amount of wood represented by each. In each instance 1~ per
cent is entered .ns the moisture content of "dry" material, because 
tbedntn hnve nIl been .ndjusted to this basis. 

As shown by table I, the average moisture content of the green 
wood varies widely among species. Also moisture content often 
differs between .heartwood and sapwood of the sam3 species and in 
some instnnces varies with height in the tree. Many coniferous 
sp6cies hnve a lnrge proportion ·of moisture in the sapwood and mUl.~h 
less in the heartwood. Most. hardwoods on the other hand show 
much more nearly the snme moisture cont.cnt in heartwood and sap
wood (p. 29). Extreme limits observed in the moisture content of 
green wood range from as low as 30 to 40 percent in the heartwood 
of suc.h species nsblack locust, white ash, Douglas fir, southern pines, 
and various cedars to about 200 percent in the sapwood of some 
coniferous species. In the heartwood of some species the moisture 
content is lugh at the base of the tree and becomes less toward the 
top. For example, in green redwood trees examined at the Forest 
Product.s Laboratory, the heartwood decreased in average moisture 
content . .from 160 percent at stump height to 60 percent. at heights 
above. 100 feet. In tillS instance the sapwood increased slightly in 
perodntage moisture with height in tree. 
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SPECIFIC GRAVITY (COLUMNS 8 AND 9) 

Spooific gravity is the relation of t.he weight of a substallce to that 
of an equal volume of water. 

The volume occupied by a specified. weigot of wood substance 
changes Witll the shrinking and swelling caused by changes in mois
ture content. In table 1, three values of specific gravity are given 
for each species. They correspond to volumes when green, at 12
percent moisture, and oven~ry, and each is based on the weigbt of 
the wood when oven~ry. The number of pounds of wood (exclu
sive of moisture) in a cubic foot at either of the three moisture 
conditions may be found by multiplying the specific gravity figure 
by 62.4. To get the weight per cubic foot of the wood plus that 
of the associated water, multiply by the factor: 

percentage moisture content
1+. 100 

Additionnl datlt on tlle specific gravity of a ntlmber of species are 
presented on page 30. For some species these data RrI3 more exten
sive than those of table 1. 

SPECIFIC GRAVITY BASED ON VOLUME WHEN GREEN (COLUMN S) 

Ynlues of specific gravity, based OIl weight when oven-dry and 
volume when green, are determined from weights and measurements 
of specimens tested w.hen green. The weight when oven-dry is com
puted by dividing the weight when green by 1 plus the proportion of 
moisture, as found from !l moisture determination on the same 
spedman. 

The specific-gravity values based on volume when green, as listed 
in column 8, are averages of determinations made on each green test 
specimen. 'fhe number of determinations is much larger in most 
instances than those of specific gravit,y based on volume when air~ 
or wl1CJlovcn-dry. 

SPECIFIC GRAVITY DASED ON VOLUME WHEN AlB.DRY (COLUMN S) 

Specific gravity based on volume when air-dry is found in the 
same manner as that based on volume when green, except that the 
volume measurements are made on air-drymaterial. The values for 
air~ wood .listed in column 8 are adjusted to a volume basis .cor
responding to 12-percent moisture content. 

SPECIFIC GRAVITY BASED ON VOLUME WHEN OVEN·DRY (COLUMN 9) 

In determining the specific gravity based on volume wben oven~, 
the volume as well as the weight is taken after the specimens are 
oven~ried to practically constant weight at 100° C. 

Specific gravity, as listed in column 9, and shrinkage in volume, as 
listed in column 11, were determined Oll the same specimens of which 
there were usually 4 to 6 from a tree. 

The difference between specific gravity based on volume when green 
and that on volume when air-dry or oven-dry, is due to shrinkage, 
and either specific gravitr may be determined from the other if the 
corresponding shrinkage 1n volume is knO'\\'ll. For example, specific 
gravity based on weight and volume when oven-dry equals specific 
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gravity bascd on weight when oven-dry and yolume when green 
divided by 

(l~percent volumetric shrit~~I~J~e) 
100 

As the detcrminations of specific gravity, based on volume when 
oyen-dry, IUld of volumetric shrinkage were made on only It few 
specimens from eneh bolt, they are not related to specific gravity 
bu~ed on weight when oven-dry and yolume when green in eXIHit 
Iwcordllllce with this equation. 

WEIGHT PER CUBIC FOOT (COLUMN 10) 

Changes ill moisture content affect the weight of a piece of wood. 
When the moisture content is below the value at the fiber-saturation 
point (p. 48), changes in the moisture content also affect the volume 
of the piece. Consequently, in order to be specific in stating weight 
pet' cubic foot, va110US degrees ·of dryness must be recognized. 

Green or freshly cut wood, contains, as shown in column 7, a 
considerable proportion of water. After being dded by exposure to 
the nir until tho weight is practically constant, wood is said to be 
tr ltir-dry. " If dried in an oven at 2120 F. (1000 C.) until all moisture 
is driven off, wood is tr oven-dry. " 

The weights per cubic foot presented in table 1 are based on weights 
und yolumes of small, cIenr specimens tnken usually from the top 
4 feet of Hi-foot butt logs of typicnl trees. Becnuse the wood from 
snch portions is often henvier than that from higher in the tree, 
mntet1nl thus selected averages slightly heavier than the wood in 
ordinary timbers, poles, posts, or railway ties. 

WEIGHT PER CUBIC FOOT WHEN GREEN 

The Yalue for green wood as !riven in column 10 includes the 
moisture in the wood ns received at the laboratory, and because 
protection from seasoning was afforded during transit and pending 
test, it represents closely the weight of the wood as it comes from the 
living tree. The weight when green is based on the averago of 
heartwood and sapwood pieces as represented by test specimens taken 
from pith to circumference. In those species which have a higher 
moisture content in the sapwood, variations in the proportion ·of 
sapwood are accompnnied by compnratively large vllriations in weight 
per cubic foot of green mnterial. 

The weights per cubic foot in column 10 correspond to the avera~e 
moisture-content yulues listed in colunm 7. When in specific 
instances there are large differences in moisture content between 
henrtwood and sapwood and the proportion of sapwood in logs or 
other products is known, better estimates of the weight 'per cubic 
foot when green may be obtained by correcting the value given in 
column 7 t.o a suitl1ble moisture content. For eXlUllple, the weight 
and moistUl'e content of ponderosa pine are given in table 1 as 45 
pounds per cubic foot und 91 percent, respectively. The average 
moisture content of ponderosa pine logs having 75 percent sapwood 
by volume is comput.ed on page 30 as 121 percent. The estimated 
weight of such logs is then 

41':(100+121) 1':13/ I bO f t 
i) 100+91 =.) I~ POUIl< s per cu lC 00 • 

http:comput.ed
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WEIGHT PER cumc FOOT WHEN AIR-DRY 

Weight per cubic foot deponds upon the amotmt of moisture in 
the wood which in tum depends on the species, the size and form of 
the pieces, the length of the seasoning period, and on the rapidity of 
seasonin~ as governed by the climate. The average air-dry condition 
reached ill the northern Central States by wood that is sheltered from 
rain and snow and not artificially heated, is a moisture content of 
about 12 percent. The values for dry wood in column 10 apply to 
this moisture content. The moisture content of thoroughly air-d.ry 
wood may be 3 to 5 percent higher in humid regions, and in very dry 
climates, as much lower. It also varies slightly from day to day 
hecause of changes in temperature and atmospheric humidity. Large 
timbers will have a slightly higher average moisture content when 
thoroughly air-dry than small pieces. Species vary in the rate at 
which they give off moisture in drying, and also in the rate at which 
they take up moisture during periods of wet or damp weather. 

Changes of several percent in the moisture content of dry wood 
cause only small changes in the weight per cubic foot, because of two 
actions which tend to counteract one another. The weight decreases 
as drying tll,kes place because of the loss of moisture. At the same 
time shrinkage reduces the volume. Conversely, both weight and 
yolumeincrease as moistm'e is absorbed. 

Weight per cubic foot at a moisture content near 12 percent may be 
estimated from that at 12 percent by assuming that one-half percent 
increase or decrease in weight accompanies an increase or decrease of 
1 percent in moisture content. Thus, raising the moisture content 
from 12 to 14 percent increases the weight per cubic foot about 1 
percent and in drying from 12- down to 8-percent moisture content 
the weight per cubic foot is reduced about 2 percent. 

SHRINKAGE (COLUMNS 11, 12, AND 13) 

Shrinkage across the grain (in 'width and thickness) results when 
wood loses some of the absorbed moisture (pp. 6,48). Conversely, 
swelling occurs when dry or partially dry wood is soaked or when it 
takes moisture from the .air or other SOU1'ce. Shrink~e and swelling 
in the. direction of the grain (length) of normal wood IS only a small 
fraction of 1 percent and is too small to be of practical importance in 
most uses of wood.7 All shrinkages are expressed as percentages of 
the original or green dimensions. 

Column 11 lists for the various species the shrinkage in volume from 
the green to the oven-dry condition. The values are averages. from 
actual volume determinations on small specimens. 

In columns 12 and 13 are average values of the measured radial 
and tangential shrinkages in drying standard specimens from the 
green to the oven-dry condition. Radial shrinkage is that across the 
annual growth rings as in the width of a quarter-sawed board. Tan
gential shrinkage is that approximately parallel to the annual-growth 
rings as in the width of a flat-sawed board. 

The shrinkage of any piece of wood depends on numerous factors, 
some of which have not been thoroughly studied. In all species listed 
in table 1 the radial slLrinkage is less than the tangential. Hence, 

1 Appreeillblelonltitudinnl shrinkage Is nssocla.ted with "compression wood no and otber abnormal wood 
structure (p. 72). 

http:air-d.ry
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quarter-snwed (edge-grained) boards shrink less in width but more 
in thickness than flat-sawed boards. The smillIeI' the ratio of radial 
to tangential shrink~e for a species, the veater is the advantage to 
be gained through mmimizing shrinkage ill width by using quarter
sawed wood. Also, the less the difference between radial and tan
gentinl shrinkage, the less ordinarily is the tendency of the wood to 
check in drying and to cup when its moisture content changes . 

.Air-dry wood takes on or gives off moisture with each change in 
weather or henting conditions. The fact that time is required for 
these moisture changes, causes a lag between ntmospheric changes 
and their full effect on the moisture condition of the wood. The-lag 
is greater in some species than in others, greater in heartwood than in 
sapwood, and is much less in smnll than in large pieces. It is increased 
by ~rotective coatings such as pnint, enamel, or varnish. Some 
speCIeS whose shrinkage from the green to the oyen-dry condition is 
In~e cause less inconvenitmce in use than woods with lower total 
shrmkage, because their moisture content does not respond to atmos
pheric changes so closely. The shrinkage figures given do not take 
mto accowlt the readiness with which the species t.ake on and give off 
moisture, and. therefore should be considered as the relative shrink~ 
betwecn woods after long mq>osure to fnirly uniform atmosphenc 
conditions or with the same change in moisture content. 

The values listed in columns 11,12, and 13 are shrinkages from the 
green to the oven-dry condition and thus are much greater than 
ordinarily occur in the seasoning of wood or with changes in moisture 
content subsequent to scnsoning. About half the listed value repre
sents the shrinkage from green to the average air-dry condition of 
12 to 15 percent moisture. A change in moisture content of dry 
material by 1 percent may be expected to produce a percentaJ$c 
shrinkage or swelling of about one twenty-fifth of the value listed m 
columns 11, 12, or 13. 

MECHANICAL PROPERTIES (COLUMNS 14 TO 30) 

Columns 14 to 30 inclusive list the average values obtained from 
tests mnde nccording to the standardized procedure (pp. 4, 78). For 
convenience and eas(~ of reference, each of the column headings is 
discussed independently in the order in which it appears in the table. 
The relinbility of the avernges and the significance of differences 
between species is discussed in a later section on variability. Appre
cintion of the significance of the values and of how they should be 
modified to npply to conditions of use differing from those under 
which the tests were made will. be enhanced by study of later discus
sions, particularly those on form factors and effect of duration of 
stress. Modifications to make them applicable to material affected 
by various types of defects are indicated by the discussion of factors 
affecting strength. 

STRESS AT PROPORTIONAL UMIT, STATIC BENDING (COLUMN 14) 

The proportiotlallimit in any test is the lllrtit of proportionality 
between .load (or stress) and deformation (or strain)_ When load is 
incrensed by a given percentage without passing this limit, deforma
tion increases by the same percentage .. With an increase in loa.d 
beyond thcproportiona.l-limit value .. defonnation increases by a 
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grQatl'l' pel'c(\ti~age; than the loud. Both these fncts aTe illustl'llted 
by the load-deflectlOn graph shown on page 80. 

In accordance with current practice (3) ill the field of testing 
ntaterials this bulletin uses "proportional limit", instead of "elastic 
limit", t\S used in previous Forest Service publications; to designate 
the limit of proportionality between stress and strain or between load 
n.nd deformation. 

The determination of the prvportionllilimit in any test is subject 
t.o ~uncertainty becal1se it is somewhat dependent on the increments of 
load and deflection used in testing and on personal judgment in locat
ing the point of departure fr()m the straIght-line relation in such a 
diagram as shown on page 80. Values of load and deformntion at 
proportional limit for wooden members depend on the rote at which 
the loud is increased und on the length of time it acts on the member. 
This is illustl'll,ted by the fact that stress and deformation at propor
tionallimit nre lUllCh greater in impact bending, in which the speci
men is subjected to instantaneous shocks, than in .sttttic bending in 
which the load increases at a model'llte rate. 

13ecuuse a piece stressed within the proportionnl limit recovers 
from its deformution on removul of the load and release of the piece 
from stress, t,he pl'oportionallimit is sometimes culled the elnstic lImit. 

'rests have demonstrnted thll.t 10ll.ds in bending or in compression 
pllrallel to grain that exceed the proportionnl-limit values as found 
from tests made at the standard speeds (4) will ultimately cause 
failure if they continue to act on jl, wooden member. Thus, these 
proportional-limit values of stress are upper limits to the stresses that 
<.~n be used in the design of permanent structures. In determining 
sure working stresses, fnctors of safety must be applied to average 
yulues of stress at proportional limit in order to allow for variations 
below tho aye rage and to provide for the contingency that the member 
will be loaded more heavily thun wos assumed in Hs design. The 
effects of duration and repetition of stress llre discussed on page 59. 

Stress at proportional limit in static bending (column 14) is the 
stress that exists in the top and bottom fibers of a beam at the propor
tionallimit load. It is in general applicable to clear beams of rec
tangular cross section, although a shght adjustment is necessary 00 
ndapt values from the standard 2- by 2-inch specimen 00 pieces of 
other sizes. In estimating the strength of beams of special forms; 
sllch ItS I, circular, box, or diamond-shaped \}ross sections, on the 
basis of the duta derived from square specimens as presented herein, 
the effect of the shape nnd proportions of the section (p. 63) must be 
considered. 

MODULUS OF RUPTURE, STATIC BENDING (COLUMN 15) 

1'lodulus of rupture is the computed stress in. the top Il,nd botoom 
fibers of a beam at the maximum load and is a. measure of the ability 
of a. beam 00 support a slowly ap:plied load for a short time. The 
formula by which it is comput.ed IS based on assumptions that are 
valid only to the :proportional limit, hence modulus of rupture is not 
u. true stress. It IS, however, a widely accepted term and values for 
various species are quite comparable. 

Since the modulus of ruRture is based on the maximum load, 
which is directly determinable, it is less influenced by personal and 
other factors than proportional limit values. 

http:comput.ed
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Tho lllodulus-of-rupture values n.ro llsed to compare tho bending 
strongths of difforent spedes, und ill conjunction with the results of 
tests OIl timbors containing defects to detennine sufe 'Working stresses 
for structurol timbers. 

Like stress Itt proportiollallimit, modulus of rupture as found from 
tho standllrd 2- by 2-inch specimens requires some modification to 
ndnl>t it to square or rectangulnr beams of other sizes 01· to muke it 
IIpp icable to bellIns of I, circulll.r, box, or diamond-shaped cross section 
(p. (3). 

MODULUS OF ELASTICITY, STATIC BENDING (COLUMN 16) 

Modulus of elnsticity is 1\ mensuro of the stiffness or rigidity of n 
lluLtel'ittl. The deflection of n. benm under lond varies inversely as 
tho modulus of elasticity; thnt is, the higher the modulus the less 
the deflection. Modulus of elasticity is useful for computing the 
deflections of joists, beluns, 11nd shill~ers under londs tllnt do not 
cause stress beyond tho proportionnl lnnit. It is ulso used in com
puting tho lout! thnt cltn bo cnrried by a h?ng column, bec,\\Use for 
suell eolunms tho lond depends on the stiffness, and not on the 
crllshing strength of tho wood pnmllel to the gl'llin. 

Some' of tho deflection thnt occurs in tho bending of It wooden 
benm is duo to sheilI' distortion, tho 1l1110unt vnrying with the pro
portions of tho piece Hnd the pili cement of the lond. About one-tenth 
of the deformntion measured in tests of the stande.rd bending spooi
mCIl is duo to shCtuing distort jon. The true moduli of elnsticity are 
consequcntly about 10 percent higher t.han the vnlues in colunm 16. 

WORK TO l'lWPORTIONAL LIMIT, STATIC BENDING (COLUMN 17) 

"rol:k to proportionllilimi till stat.ic bending, ns the name inlplies, 
is u· Jlll'Usuro of tho energy tlin t the beam nbsorbs in being st.ressed 
to tho proportionllllimit. Sinco work is tho product of average force 
timcs the distance moved, work to proportioIiul limit involves both 
the lond Itnd the deflection nt the )lroportionallimit. 

Vnhlcs of work to proportionnllimit TIlny be used to compare the 
ability of different species to withstand It combinlttion of lugh load 
lind liigh deflection withou t IIpprcciuble injury. Hence, they mel1Suro 
tho toughness of a piece to the elastic limit. It is It comparativo 
property only 11IHl cannot be used directly like modulus of rupture 
111 strength (·lIlculntions. 

WORK TO MAXIMUM LOAD, STATIC BENDING (COLUMN 18) 

\York to 1IlllximUlll lond ill stntic bending represents the cnpacity 
of the timbcr to I1bsorb shocks thnt CHuse stress beyond the pro
portiolllli limit und ure grent enough to cause some permanent 
deformation nnd more or less injury to the timber. It is a measure 
of the combined strength lind toughncss of a material tmder bending 
stresses. Superiority in this quality mnkes hickory better than 
n8b, und oak better thaIl longleaf pine for such uses as handles and 
vehicle Pill'ts subjected to shock. Work to ma..WnUlU load is closely 
relnte<l to height of drop in impact bending as a measure of shock 
rcsistunce. 

\Vork-to-mmdmum-Ioad ynlues CIlIlnot be used directly in design, 
but, like mUlly others, theii" llsefulness is limited to comparisollS. 

http:stande.rd
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TOTAL WORK, STATIC BENDING (COLUMN 19) 

Total work in static bending is It lllensure of the toughness under 
bending stresses tlmt CI\use complete failure. Like work to ma."\.imum 
lond, it is a mensure of tlmt quality which nutkes hickory a superior 
wood for handles, Rnd other uses involving shock l·cRistance. It 
is also indicative of the same quality as is measured by height of 
drop in impact bending. 

STRESS AT PROPORTIONAL LIMIT, IMPACT BENDING (COLUMN 30) 

Tho stress at proportional limit is the computed stress in the top 
and bottom fibers of the beam at the proportional limit (pp. 11, 84), 
The stress at proportional limit averages approximately tWICe as great 
in iml>u-ct as in stntic bending. It is mainly of use in comparing 
species with respect to their elastic behavior under impact loads. 
Stress at proportional limit is the only stress computed from the 
standard-impact-bendiug test. 

It is inlpossible from the measurements made in this test to find 
the maximum force between the hammer and the specimen or to 
compute a maximum stress value analogous to modulus of rupture 
in stutic bending. 'rhut such a value would, if determined, be COll
siderably higher than modulus of rupture is demonstrated by the 
fact that stress at p: 'Oportional limit in impact uver~es somewhat 
higher thl\n modulus of rupture. In a few tests in wlucIl specimens 
were broken by a single impact and the maximum fOl'ce acting on the 
specimen found from records of the deceleration of the hammer, the 
computed mu~imulll stress wus approximately 75 percent higher than 
modulus of rupture of sinlilar specimens tested in static bending (58). 

WORK TO PROPORTIONAL LIMIT, IMPACT BENDING (COLU~N 21) 

The work to proportional limit in impact bending is a measure of 
the energy that the beam absorbs in being stressed to the proportional 
limit. It ulYolves both the deflection and the stress at proportional 
limit. Work to proportional limit is used to compare the ability of 
a timber to ubsorb shock and recover promptly without injury. It 
represents a quality important in such products as tool Dandles or 
tennis l'l\ckets. The values apply only to the resistance to fuIling 
bodies or like conditions in which the stress is applied and removed 
in a fradion of a second. 

HEIGHT OF DROP OF HAMMER, IMPACT BENDING (COLUMN 22) 

The height of drop of the hammer in im,I>act bending is the height 
from which the 50-pound hammer is finally dropped to cause complete 
failure of the standard test specimen. It is a comparative figure 
e~J>ressing the ability of wood to absorb shock that causes stresses 
beyond the proportional limit. It represents It quality important in 
such articles as handles, and picker sticks, which are stressed in 
service beyond the proportional limit. Wood requiring a large 
height of drop to produce failure usually exhibits a splintering fracture 
when broken, whereas a small height of drop is associated with a 
brittle fracture. 
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STRESS AT PROPORTIONAL LIMIT. COMPRESSION PARALLEL TO 
GRAIN (COLUMN 23) 

Stress at proportional limit is the greatest stress at which the com
pressive load remains proportional to the shortening of the specimen 
(pp. 11, 86). 

The stress at :proportional limit is applicable to clear compression 
members for wIncil the ratio of length to least dimension does not 
exceed 11 to 1. It is the limiting stress in compression parallel to 
grain which should not be exceeded in determining sa,fe loads. The 
stress at proportionallimi~ in compression parallel to grain is taken 
into account in arriving at safe working stresses for short columns 
and other comJlression members, determining design values for bolted 
joints and the like. The stress at proportional limit averages about 
80lercent of the ma" ..inlUm crushing strength for coniferous woods, 
an 75 pereent for hardwoods. 

MAXIMUM CRUSHING STRENGTH. COMPRESSION PARALLEL TO 
GRAIN (COLUMN 24) 

Maximum crushing strength is the maximmn ability of a short 
piece to sustain a slowly applied end load over II. short period. It is 
applicable to clellr compression members whose ratio of length to 
least dimension does not exceed 11. TIns property is important in 
estimating endwise cru~hing strength of wood, and m developing safe 
working stresses for structural timbers, design of bolted jomts, and 
the like. 

Maximum crushing strength is one of the simplest properties to 
detennine. It is usually less adversely affected by various tr~at
ments or processes applied to wood than other strength propertIes, 
and"liCnee should not be regarded as representative of other strength 
properties in appraising the effect of such treatments. 

STRESS AT PROPORTIONAL LIMIT. COMPRESSION PERPENDICULAR 
TO GRAIN (COLUMN 25) 

Stress at proportional limit is the maximum across-the-grain stress 
of a few minutes duration that can be applied without injury through 
a plate 2 inches wide and covering but a portion of the timber surface. 
It is useful in deriving safe working stresses in compression perpen
dicular to grain, for computing the bearing area for beams, stringers, 
and joists, and in comparing species for railroad ties and other uses 
in which this property is important. 

In compression perpendicular to grain, 'particularly if the load is 
applied to only part of the surface area as ill this test, wood does not 
exhibit a true liltimate or maximum strength as in compression 
parallel to grain and static bending; but the load continues to mcrease 
until the block is badly crushed and flattened out. Hence, no 
ultimate or maximum stre;ngth value is obtained. 

In the standard test procedure, the s~cimen is placed with the 
direction of the annual tp"owth rings parallel to the" direction of the 
load except when this is Impossible, such as with specimens from near 
the pith of the tree. Thus the load is applied to the radial face, but 
it should be pointed out that the fiber stress at proportionallinrit in 
compression perpendicular to grain like other across-the-grain prop
erties of wood are very appreciably affected by ring placement. 
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Although there appelu'S to be no consistent difference in fiber stress at 
proportional limit when the rings are parallel and perpendiculnr re~ 
spectively to the direction of the applied lond, nppreciably lower 
values obtain when the rings are at an angle of 45°. This fact is of 
practical importanco in timber desi~ and use. 

The fiber stress at proportional hmit in compression perpendicular 
to grain depends also on the size of plate with respect to the length of 
the test specimen. With the surface of the specimen but partly cov· 
ered, there is a component of tension parallel to graiu at the edge of 
t.he plate, in addition to the compressive stress proper. Values of 
proportional limit lower tr.all those obtained with the standard test 
are found when the plate COvel'S tho entire surface of the test specimen, 
and hiO'her value.s result when the width of plate is decreased. The 
method of test employing a plate covering but part of the aurface is 
somewhut analogous to the bearing conditions in service where a 
joist 01' bettJ\l rests on its supports. 

HARDNESS (COLUMNS 26 AND 27) 

Hardness is the load required to embed a (IA44-inch ball to one-half 
its dinmeterin the wood. It represents a property important in wood 
subjected to wear and marring, such as Doming, furniture l l'Ililroad 
tics, und paving blocks. The hardness test provides data for com
paring different pieces or different species of wood, but the results 
cannot be used for calculating the size of menibersl as can such prop
erties I1S modulus of rupture. 

Hardness tests are llllide on end, radial, and tangential surfaces. 
End hllrdness values are given in column 26. There is no significant 
difference between radial and tangential hardness, and they are aver
aged together as tI side hludness 1/ in column 27. . 

In determining side hardness the principal stress is perpendicular to 
the grain, but because of the depth of penetration of the ball, a con
siderable component of end-grain hardness is introduced in the load. 
Likewise the end-hardness val'ues reflect a component of side-grain 
hardness. Although end llardness is usually higher than side hard
ne$S, it is evident that the two are closely related. 

Although hardness.is the best available index of the ability of wood 
to resist wearl it is not so good a crit~rioDl of suitability as would be 
actual comparisons from some kind of abrasion tests that would more 
nearly simulate service conditions. However, no abrasion test for 
wood has yet been standardized and systematic results are not 
nvailable. 

MAXIMUM SHEARING STRENGTH, SHEAR PARALLEL TO GRAIN 
(COLUMN 28) 

:Maximum shearin~ strength is the average stress required to shear 
off from the test speClmen a projecting lip having a length in the direc
tion of the grain of 2 inches. Shearing strength parallel to the grain 
is a measure of tne ability of timber to :resist slippmg of one part upon 
another along the gl'ttin. Shearing stress is produced in most uses of 
timber. It is important in beams, where it is known as horizontal 
shear-the stresstendinO' to cause the upper half of the beam to 
slide upon the lower-and in the design of various kinds of join ts. 

http:hardness.is
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!tis difficult to devise a test that involves only shearing stress. A 
tensile component perpendicular to the grain ·of the wood influences 
the results of tests made by the standard method, but in general, th~ 
same effect in varying degree obtains in other methods in use or pro
posed. In obtaining the average shear values prcsented, a uniform 
distribution of stress throughout the shearing area is assumed, al
thou~h it is not certain that uniformity obtains. The maximum 
shearmg strength also varies with the amount of offset between the 
nhearing force .and the line of sllpport(lf the specimen. Compar
nble vnlues are obtained by standardizing the test procedure as in 
this series of tests. 

LOAD. TO CAUSE SPLITTING, CLEAVAGE (COLUMN 29) 

Cletwnge is the mn,ximum lond required to cnuse splitting of the 
standnrd specimen. It is e~"pressed in pounds per inch of width. '. 

It is evident that the maximum load inclenva~edepends .on the 
,\idth and length of the specimen. In order to msura comparable 
results,' the standard length of3 inches is always maintained. The 
cleavage strenq-th, like some of the other properties cannot be used 
directly for Calculating required sizes of wood members or in similar 
design problems, but is useful mainly for comparisons. This test 
difrers from the action of nails in splitting wood when driven, and 
should not betaken as .a criterion of the relative resistance ·of ..the 
different species to such splitting. 

MAXIMUM TENSILE STRENGTH, TENSION PERPENDICULAR TO 

GRAIN (COLUMN 30) 


The maximum tensile strength perpendicular to the grain is the 
average maximum stress sustained across the grain 'by the wood. 

The tabulated values are .obtained by dividing the maEmum load 
by the tension area. It is recognized that the tensile stress is not 
uniformly distributed over the area. Consequently, the values 
probably do not represent .atrue ':tensile strength. They are, never
tlleless, useful for comparing species .and for ·estimating the resistance 
of timber to forces acting across the grain. 

VARIABILITY 

Variability is common ioall materials. If one tests pieces of wir.e 
from tt roll, the loads necessary to pull the wire apart will vary. 
Likewise, tIle breaking strengths of different pieces of .thesame .kind 
of string or rope' are not the same. Materials, ·however,differ .con
siderably in the .amountof variation or the spread of values. 

The growing tree is subject ·tonumerous constantly .changing '\ 
influences that affect the wood produced,and it is not.surprisingthat 
even the clear v.·vod is variable:in strength .and other properties. The 
factors affecting tree growth include, soil, moisture, temperature, 
growing space, and heredity. 

Everyone who has handled and used lumber has encountered 
variability and observed that different pieces even.of thesD.mespecies, 
are notexnctly alike. The differences most commonly ·:recognized 
are in the nppearance, but even greater differences in weight .andin 
strength propertias occur and may be of greater importance. 

1:!ti6\l.~O-35-2 
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The variability of wood.canbe illustrated by considering as an 
example the data on specmc gravity of Douglasfu presented in 
table 2. 

These data show that the specific gravity of the heaviest piece 
included in the series was nearly twice that of the lightest, and that 
the number of very heavy and very light pieces is small. .Most of 
the values are grouped closely about the average. 

TABLE 2.-Results oj specific gravity delerminati01~s on 1,240 samples oj Douglas fir 
(coast t.ype) 

Spooillc grnv"y I j(roU[1 lImlt.~ PICL'tlS In group Speclflo grnvlty I group limits pieces In group 

();1\00 to U.aoo•••••••••••..•.•. 
0.3\0 to 0.:110••••••••••••••__• 

Numbtr 
2 
7 

Percent 
\l.16 
.56 

0.400 to 0.4611••••••••••••••••• 
0.470 to 0.4711••••••••••••••••• 

Numbtr 
\Ml 
74 

Perctfll 
7.7. 
0.97 

0,320 to 0.:1211 •••••••••_••••••• 
0.330 to 0.330••_.............. 

6 
15 

•48 
1.21 

0.480 to 0.489••••••.•_••••••••• 
0.400 to 0.41111.. ••••••••••••••• 

70 
56 

fi.6fi 
4.52 

0.340 1.0 0.:140••••__........... 13 1.05 0.500 to 0.009••••••••••••••••• ·46 3.71 
0.300 toO.300 ................. 23 1.85 0.510 to 0.5111•••••••_ •••••••• 41 3.31 
0.300 to 0.3110•••••••____...... 25 2.02 0.520 to 0.52tI._••••• ~••••••••• 30 2.42 
0.370 to 0.3711••.,••••• 
0.380 to 0.389........_........ 
0.300 to 0.399••.••_._••••• '."" 

38 
47 
M 

3.06 
3.711 
tU6 

0.530 to 0.539•••_............. 
0.540 to 0.549•••••_.,•••_..... 
0.550 to 0.559•••••• __ ._••••••• 

23 
12 

9 

,1.85
.97 
.73 

0.400 to 0.400.............._•• 
0.4.10 to 0.419....__.....__•••• 
0.420 to 0.4:.'11.........._____ .. 
0.430 to 0.4311•••__ • _________ • 
0.440 to 0.449•• ____• ______.... 
0.450 to 0.459•• _________••____ 

15 
85 
70 
99 

100 
00 

6.05 
0.86 
6.13 
7. \lS 
8.00 
1.26 

,0.550 to 0;00II ................. 10 .81 
0.570 to 0.5711..........___• __• 4 .32
0.680 to 0.589 ____ ....________ 1 .08 
0;500 to O.lIIl9____•••• _ ': _____ 3 .24 -----Total..______ • ______•• 

1,240 100.00 

1 :Dased on weight when ovon·dry and volume when green. Averngospeciftcgrnvity eqllliis 0.445; highest 
olk.,.,rvod specific gmvlty, 0.549; lowest, 0.308. • 

The manner in which the values are grouped about an .average is 
called a fre9uency distribution, .from which .the chances .that a.random 
piece will differ from the average .by a given amount (Jan be estimated 
by.computation. Such calculations, for example,assuming that the 
specific-gravity values .conformtoaso-callednormal .diStribution f 

leads to the eA-pectation that one-hali of the Douglas fir samples would 
be within 7.9 percent of the average specific gravity, or within the 
limits 0.41 and 0.48 inclusive, and .that one-fourth would be below 
0041 and one-fourth above 0048. The figure defining such limits, 7;9 
percent in this instance, is called the probable variation. By actual 
count 654 of the pieces or 52.7 percent of the total number (1,240) 
have aspeclficgravity .between 0.41 and 0.48, whereas 25.4 percent 
(315) were below 0.38 and 21.9 percent (271) were above OAB.Thus, 
as mightbeeA-pected,the calculated .percentages do not agree exactly 
with the actual count. Nevertheless, the agreement is ,sufficiently 
close to show the value of the theory in estimating the variability. 

The range in strength properties can be studied and used as a basis 
for making estimates in a like manner. 

After tests have been made it is, of course, easy to de.termiue from 
the results the proportion of the test pieces within .any given range, 
Imtone can only estimate the reliability of the averages and the degree 
to which this test data applies to .otherpieces. One would like to 
know the true average for eachspecies,a .qua.ntity which cannot 
actually be determined. The best that .can be done is .toassume that 
the laws of chance.are operative and thus estimate the probability of 

. variations of given magnitude from the averages found.. Such is the 
basis of the suggestions for estimating variability by means of data 
presented herein. . 
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It would be desiru.bletopresent.u. measure of the varittbility of each 
property of eu.chspecies. However, the extensive calculations in
volving all properties and species hu.ve.not been made; and if available, 
their presentation would be involved. Although it is known that all 
species are not equally variable, existing information indicates thttt 
they are enough alike that estimates made on the assumption thttt 
the percentage variability in any one property is the sllme for 1111 
speCles will be sufficiently accurat.e for approximate clliculations. 

The9uestions ,that most frequently.arise in a consideration of the 
variability of wood, ,are of two types: 

(1) Whllt is the significance of the differences between uvera~e 
values for two species or what is the likelihood that the nverages will 
be changed a specified amount by additional tests? 

(2) Whllt is the rnnge that includes a specified proportion of 
materilll of a species, or what is the likelihood thatn piece selected 
at random will be within a specified range?-

VARIATION OF .~VERAGEVALUES 

The probable variations of observed averages from the true averages 
enables one to app~aise the .significance of differences between ob
served avernges. The estimated probable variation of the observed 
nverage from the true average of a species, when bllsed on different 
numbers of trees, is given in .table 3.' The percentllge probable vari
u.tions listed in .table 3 being average values fora number of species, 
an occasional ~pecies may be considerably mor~or less variable than 
indicated. 

'l'ABLE 3.-Percentages probable variation I of the observed average from the true 
average of a species, when based on matmal from different .numbers .of trees 

Troos................ _.........number"II 2 4 40 00
_31_ _6_1~ ~I~I~ 
Specific gra\'lty bruw.<! on yolumewbenRf1lIlll.._ ••_.______• __._..____••____•• _. 4.7 3.3 2.7 2.4 2.1 1.5 1.2 1.0 0.0 0.7 0.7 
Sbrlnkage:

lladlal••_•••••_••••••_............... 11.6 8.2 .6.7 5.8 5.2 3.7 3.0 2.6 2.1 1.8 1.6

TllDllllntial••••••_••••__ ••••_••••___•• U.O 6.4 11.2 4.5 4.0 2.8 2.3 2.0 1.6 1.4 1.3
Volumetrlc._••___• __•__ ........_.... 

Static bending: 
8.8 6.2 5.1 4.4 3.9 ,2.8 2.3 2.0 1.6 1.4 1.2 

Fiber stress ot llroportionaillmlt.._ •• 11.2' 7.U 6.4 5.6 6 3.5 2.9 2.5 2.0 1.8 1.6 
Modulus of ruptW'8._.............. 8.9 6.3 5.2 4.5 4 2.8 2.3 2.0 1.6 1.4 1.3

Modulus ofelasticity _ ...........___ 11.2 7.9 6.4 6.6 Ii 3.6 2.9 2. Ii 2.0 1.8 1.6 

Work to propoctionolllmlt •••••••_•• 15.6 11.1 9.0 .7.8 7 Ii. 0 4.0 3.0 2.9 2.5 2. 2 
WOI'k to maximum load•••••_••••••• 13.4 U.1i 7.7 6.7 6 4.2 3. Ii 3.0 .2. 4 2.1 1.9 

Impact bending:
Fiber stress ot propoctionoIIImIL.__ 8.U 11.3 5.2 4.5 4 2.8 2.3 2.0 1.6 1.4 1.3 
Work to r.roportionallimit ••••___.. 11.2 7.U 6.4 5.6 6 3. Ii 2.9 2.5 2.0 1.8 1. 6
Ht'lgbt 0 drol'_._....____•••••____• 15. 6 11.1 11.0 7.8 7 5.0 4.0 3.5 2.9 2.5 2. 2 

ComJl'l:':lon parallel to grain:
iller stress:!;S,roportlonalllmlt._•• 11.2 7.9 11.4 5.6 5 3. Ii 2.9 2.5 2.0 1.8 1.6lIolaximum . ing strength____•___ 8.U 6.3 6.2 4.5 4 2.8 2.3 2.0 1.6 1.4 1.3 

ComJll1lSSlon perpendicular to groin:
Filler stress at proportionallimit ••_ •• 13.4 11.6 7.7 6.7 6 4.2 3.5 3.0 2.4 2.1 1. U 

Hardness. end••••_.__......_••_........ 8.9 .6.3 5.2 4.5 4 2.8 .2.3 2.0 1..6 .1.4 .1. 3
Hardness; slde_ ••••••__._••••____......._ U.2 7.9 6.4 5.6 5 3.5 2.9 2.5 2.0 1.8 1. 6 
Sbearing stmJgth parallel to gnUn......_ 6...7 4.7 3.9 3.4 3 2.1 1.7 1.5 1.2 1.1 9TensIon perpendicular to graln.______• __ , 11.0.2 7.9 6.4 .~. 6 5 3.5 2.9 2.6 2.0 1.8 1.6 

1 The peroentage probable variation of the OV1!!'8(1'8 of a species is 0 figure sucb thot tbero Is on even chonce 
tbot the true oVerBIlllls within tbis percentage of tbe o~ed average In table 1. 

The obsen-oo average is always the most probable value of the true 
average. The importanceQfthe differences between species with 
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reapect t.o averages depends on the magnitude of this difference in 
relation toilie probable vnriation of the averages, as well as on how 
exacting the strength requirements are for the particular use under 
considera tion. 

If the Itverllges of any property of two species of table 1 differ by 
nn tunountequal to the probable variation of the difference,s there IS 
1 dumce in 4 that the true average for the species which is lower in 
thllt I)rOperty on the basis of present data equals or exceeds the true 
ILVerllge of the other. There is also 1 chance in 4 thllt the true 
average for the lligher species exceeds that of the lower one by as 
much I\S twice the observed difference. 'Then the averages differ 
by lunolmts thnt are H, 1, 2, 3, 4, or 5 times the probable variation 
of their difference the chnnces of the true average of the lower species 
equlI.ling or exceeding the true average of the higher, or of the ob
served differenco being nt least doubled are given in the following 
tabulntk1ll: 

"'lul/illits • 1 Chancein 2".,,______________________________________________ 
l_._. ___________ . __ •___ ._. ___ . ___ _______________ Iln4.~ 

2 ...•• __ •••. _____ ._. _____________________________ 1 in 11.
3. _________ -_______ • ____ • ________________________ 1 in4a 
4 •• _. __________________________________ • ________ 1 In 28~ 
5••______________________________________________ 1 in 2,850. 

As an CXiulIple, consider tbo uverage values for modulus of rupture 
of 9,300 uud 9,600 pounds per square inch for Biltmore white ash 
und bl\le Ilsh,respectively, in the green condition (table 1). These 
Ilverngcs being based on fiye trees of each species the probable varin
tion according to tuble 3 is 4 percent. Then 4: percent of 9,300 equals 
372, and 4 percent ·of 9,600 equals 384, the probable variations of 
these averuges. The probable variation of the ·difference between . 
the nverages is then .,J (372)2+ (384)2 or 535; the observed difference 
in the averages for lllodulus of rupture (9,600-9,300) is 300. The 
I'utio of the observed difTerenceto the estimated probable variation 
being less thlln 1, it lllay be estimated from the tllbulation that the 
eb/Ulee tlHlt the true Ilverage modulus of rupture for Biltmore white 
llsh eq lulls or exceeds that for blue .l1sh is somewhat greater thllll 1 in 4. 
There is the same chllllce thnt the true l1yerage of blue ash exceeds 
thnt for Biltmore white ash by as much as 600 or twice the difference 
in present aYcrnge figures as shown in table 1. Therefore, the differ
ell(.~e in modulus of rupture between blue ash and Biltmore white 
tlsh is not to be regarded as significant. 

As a second eXtUuple, consider the .figures for modulus of rupture 
of 9,400 I1lld S,300 for swee.t birch Illld yellow birch, respectively 
(table 1). The figures for sweet birch are based on 10 trees, those 
for yellow birch on 17. From table 3 the probable variation of the 
species averuge for modulus of rupture when based .on 10 trees is 2.8 
percent .and when based on 17 trees it is 2.2 percent. (The figure 
for 17 trees is taken .as between that given for 15 treeslllld 20 trees). 
Follo\\ing the method of the preceding ('xample, the probable varia
tion of the difference between the averages is found .to be 320. The 
difference between the observed .averages is 1,100, which is about 
three and one-htllf times its probnble ,-ariation of 320. The tabula

s 'rho 1lrobllblo \'urintion of tho dilterenoo of ·two average. figures is tbe square Toot ilf tho sum of tbo 

S'lUBrtlS or the probubie varialions of tho U\'enlgIlS. Tho probable variation or tho I1vcroge of any property

mtlY be tlStlDUlted from thllllgures in "'blo 3. 
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tion indicates that the chance that the true average for modulus of 
rupture of yellow birch would equal or excel that for sweet bircll is 
less than 1 in 46. The importance of such differences will depend 
on the use to be made of the wood. 

VARIATION OF AN INDIVIDUAL PIECE FROM THE AVERAGE 

The upper and lower limits for any property within which oue-half 
of the material of a species would be expected to full may be csti
mll.tedfl'om the followmg tllbulation. 

Estimated probable variation 01 an individual piece Irom average for species 

Property: Permll 
Specific gravity bascd 011 volulIle ,,'hen grecn_______________________ 8 
Shrinkage:Rl\diaL_________ • __________________ • _____ • _______ .__________ 11 

~~;~~~l~t~i~:==::===: === ====:===: == =:=:=:::::===::==:::=:=:=: fg
Static bending:

Fiber stress at proportiollallimiL_____________________________ 16
Modulus of rupt.ure. ________________________ .__ ___ ____ ______ 12 
Modulus of elasticity ________________________________________ 16 
Work to maxiUlllllJ load______________________________________ 23 

,Impact lJending:
Fiber stress at proportiolll\llimit.____________________ _________ 13 
Height ·of drop_________________________ ________ ___ _____ _____ 18 

Compression parallel to grain:
.Fiber stress.at proportionallimiL_____________________________ 18 
Maximum f;rushing strength_-________________________________ 13 

Compression perpendicular to grain: Fiber stress at proportionallimiL__ 21 

~:~~:~~::: :id~:::==::::===:=:=====:=====::==:==:==:====:=::===::' ~: 
As an extuuple, consider the modulus of rupture of red alder, when 

green, whj~h IS found from table 1 to be 6,500 pounds per square 
inch. The tabulation lists the probable variation for modulus of 
rupture as 12 percent. Twelve percent of 6,500 is 780; which when 
subtracted from and added to the average gives limits of 5,720 and 
7,280 pounds per square inch. The probable variation is a value 
associated with the range within which one-half of the material of a 
species will fall. Consequently, it may be estimated that in red alder 
approximately one-half of the material would be between 5,720 and 
7,280 poundsJ.>er square inch in modulus of ruptv!"e. 

Considered III another way, there is 1 chance/in 4 that the modulus 
of rupture of an individual specime~ takenatirandolll will be below 
5,720 pounds per square inch, 1 chance in 4 that it will be above 7,280 
pounds per square inch, and there are 2 chances in 4 that it will be 
between 5,720 and 7,280 pounds per square .inch. The great6r the 
probable variation, the greater the difference that may be eJl.-pected 
m values, and the less the certainty with which the average values 
can be applied to individual pieces. 

It is possible .by means of mathematical tables, which are available 
in numerous texts on the theory of probability or statistical methods, 
to calculate the proportion of material associated with other ranges or 
that may be expected to be below or above any specified limit. 

http:stress.at


22 ~'ECHNlCAL BULLETIN 479, U. S. DEPT. OF AGRICULTURE 

SELECTION FOR PROPERTIES 

The fact that a piece of wcOO differs in properties from another of 
the same species often makes one more sUItable than the other for a. 
specific use. This suggests the possibility of selecting material of a 
quality best suited to meet specdic use requirements. Fortunately, 
strength is frequently correlated with weight and to a lesser degree 
with other physical characteristics,snd these rel!1tionships some
times afford a basis for grading and selecting for strength. 

Aside:irom weight, the other physical characteristics most usable 
for selecting on the basis of the strength of the clear wood are propor
tion of summer wood, rate of growth, hardness, and stiffness. Either 
visual or mechtmical methods, or both, may be employed in apprais
ing the properties. For example, selection may be made at the saw
mill so that the heavier, and consequently stronger and harder, pieces 
go into structural timbers,llooring, or other uses for which the higher 
measure of these properties particularly adapt tHem, while the li~hter 
pieces may preferably be used for such purposes as trim or heat msu
lation: or selection may be made at the lumber yard when material 
of high weight or. th~~ of low weight is desired. By mean~ of.s.elective 
methods the vanability of wood, usually regarded as a liability, can 
within certain limits be made an asset. Selection on the basis of 
grades that limit defects is a common practice. Selection on the 
basis of quality of clear wood is less common, but is frequently very 
desirable, and offers possibility in the improvement of marketing 
practice. In any instance defects must of course he considered. 

OTHER MECHANICAL PROPERTIES NOT INCLUDED IN 
TABLE 1 

In addition to the data from the tests presented in table 1, informa
tion on certain other mechanical properties, principally tension paral
lel to ~rain and torsional properties is sometimes needed. . A brief 
diSCUSSIOn of these properties, and ora special toughness test that may 
beusad as an acceptance method follows. 

TENSION PARALLEL TO GRAIN 

In order to get reliable data on tension along the grain, special 
caro must be exercised in preparing test specimens, and for this and 
other reasons Iittle infonllation on this propertyis available. Further
more, the true tensile strength of woOd along the grain is lessimpor
tant in desi~ than other properties because it is practica.lly impos
sible to deVlse attachments that permit the tensile strength of the full 
cross section of a wooden member to be developed. 

Available results of tension tests show that genera.lly the ultimate 
tensile strength considerably exceeds the modulus of rupture. Hence 
the modulus of rupture may be used as an estime.t.e of the Ultimate 
tensile strength parallel to grain for conditions where a uniform dis
tribution of tensile stress obtains over the net cross section of 8. mem
ber. Uniform stress distribution, howeverJ does not occur in the net 
tension area of a bolted joint, where it has been found that for soft
woods the net tension area must be 80 percent, and for hardwoods 
100 percent of the total bearing area under all the bolts (50) in the 
joint. 

Table 4 presents .the average results .of tests in tension para.llel .to 
the grain on several species. . 
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T ABLJl 4.-RuultB oj tuls to determine the ultimate tensile strength paralle! tolhe 
grain 

Alr-dry 

Species 

-~'------·I--- ---- ---1- ---1--
PI.retftl 

Ash. white......................... . 

Num· 
M 

1 O. 53.~ 

Lb.pn.q. ift. 
16,ISO 

PcCtflI 
Num· 

btr 
Eb. f'a''q. In. 

B~h" ".... ............... 53 1 .569 12. 530 
Cedar: 

Port Orford.........: ••• 
Western red ....... .. 

34 
40 

34 
10 

.393 

.300 Ik iil: ""8:8' ..... "7" "'ii:ii2ii" ""'Ti3il 
CYPnlSS. southern ......... . 78 15 .424 8, no ................, ...._...... 
Dou~~r.r.:. ..... ..... .. 24 48 .425 12, 980 11.1 8 1l\S30 

Fir: 
"lnhmd Empire·' •••••. 30 9 .409 9,380 10.2 1 14, llRO 

Noblo.................. . 
California red ........ ". 
·Whlte................. , 

Hemlock. western .......... . 
J\ltIpl •• ,u~llr. '..... • .• ... . 
Oak. pin .................... 
Pine: 

~'9 
168 
48 
67 
48 
80 

11 
14 
9 

~'O 
5 
3 

;353 
.373 
.367 
.380 
.577 
.5711 

14,7SO 
9,040 
8,0:10 
9,860 

15,600 
16, 260 

10.2 
\0.1 
10.7 
10.9 

II 
\0 
6 

14 

13,020 
10,750 
10,450 
9,820 

Loblolly.............. . 
I'onderosu"" .. o '~""~"""''''' 

Pophll". b"lSlIIIL .. " 
Hetlwootl. • ••• "' ...... . 
Spruce: 

Ea.,tern I, ........... ' ... . 
Sltku.... . 

47 
69 

100 
104 

:14 
40 

2 
11 
3 

:!II 

a 
Jj 

,«6 
.364 
.2118 
.377 

.36Il 

.3!\5 

11,570 
l!,a2O
7,940 
9,780 

13,6.'>0 
8,110 

11. 6 

'''iii:r 
10.7 

11.7 
9.5 

2 
:\:\ 

1:\ 
10 

.484 15, 0.'>0 

••• -::i?i" ·••..i2:ir,ii 
.401 10,020 

.391 

.400 
13,670 
11, ISO 

I Ba.'Ied on wel~ht whon oven·dry ulI<1 \'oluDlI' ul les\. 

'Exllcl specic., nol known. 


Figure 1 illustrates the foml of specimen on which table 4 is based. 
Despite the reduced cross section in the central portion of the length 
the specimens sometimes fail by shear instead of in tension. Speci
mens that failed other than in tension are not included in the aver
age values of table 4. 

TORSIONAL PROPERTIES 

The torsional strength of wood is little needed in design and, except 
for Sitka spruce, has not been studied extensively_ Available results, 
however, indicate that the shearing stress at maximum torsional load, 
as calculated by tlle usual fonnulas, are approximately one-third 
greater than the values in table 1 for shearing strength parallel to the 
grain (51). 

The effect of duration of stress on torsional strength is pronounced, 
being greater on the proportional limit than on the lnaximU}Il tor
sional strength. With slowly applied loads the proportional limit 
may be less than 50 percent of the maximum, whereas with quickly" 
applied loads the proportional limit may be 75 percent of the maXl
mum load. 

The modulus of rigidity or the modulus of elasticity of wood in 
shear is a combination of the component moduli along radial and 
tangential surfaces, and is influenced among other things by the posi
tion of the growth rings. .The combined moduli are known as the 
mean modulus of rigidity, which for Sitka spruce is about one-fifteenth 
the modulus of elasticity along the grain. Scattered tests on other 
species show a range in values of the mean modulus of rigidity be
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tween one-fourteenth and one-eighteenth the modulus of elasticity 
along the grllin. Until definite values are available for other species, 

' a ratio of one-seventeenth appears 
conservative. 

A third shear modulus that does 
llOt come inplay in torsion about 
an axis parallel to the grain is asso
ciated with stresses that tend to 
1'011 the wood fibers by each other 

SECTION tJ-tJ 	 ill a direction at right angles to 
the grain. This shearing modulus 
is e.xtremely low but is of little im
portance in most design. 

TOUGHNESS 

Although a number of the properties 
listed in table 1 measure toughness, a 
special device known as the Forest Prod
ucts Laboratory toughness machine was 
developed to provide a simple method 
of determining toughness from relatively 
small samples. The test affords a means 
of comparing species, and a basis for se-

I ~ r- leding stock of 1.1l0wn properties by 
A Z .l::....t testing small specimens from pieces of 

r- E3 wood intended for use. The machine 
~ (fig. 2) operates on the pendulum prin-I SECTION A-A ciple, but it differs from other pendulumI 

r 
machines in that the striking force is 
applied through a cable attached to a 
drum mounted on the axis of the pen
dulunl. The specimen, which is" by% 
inch or ~ by ,~ inch in cross section and 
is supported over an 8- or 10-inchspan, 
is subjected to an impact bending force 
at the middle of its length (26). 

Available average results of toughness 
tests are presented in table 5. 

Recommended acceptance values for 
stock for aircraft and other high-class 
uses are presented for a few woods in 
table 6. In applying the test as an ac
ceptance requirement for wood, it is 
recommended that four specimens be 
tested from the same piece as the part to 
be used is taken. To be acceptable, the 
piece (1) must either meet a minimum 
toughness requirement established for 
the species under consideration, or if 

FlGt'UE 1.~~t~!~~~~~~:I~ll"lllll'l-to- within a certain tolerance below this 
minimum must pass in addition a min

unum specific-gravity requirement; (2) .Dlust show a limited range 
in toughness values for specimens from the same piece, and (3) 
must pnss (,Ilreful visual inspection. 
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TAIILE 5.-Results 0/ toughncss tests 

!51~lcilUens :,. hy ~, by III inches tested on lin 8-inch SpUIl! 

I Flit.., tu which 10lld is applied 
, SpecificI grayily !----'''' , 
"rUIS[lIrO (o\.en,drYI nudial rrnuj.!cntinlSp•.",I.s t'Onlellt based on 

volume - , 


nt test) I , ,., " Tou~h.
l
:, f '1 csts ness Tests \' 'J·ou~h· 

;-----------1--1--·,1--.-- ness 

, j4YIl III· In.·lb.l'tr .1'ttum- In,·lb. per
Illrch: ~>trctnl her .ptcilllell ber 8pccimen 

Ah~'kn whllQ . . • ..... 9.8 0.5(1 ,14 184 16 180 

yellow........... ' ....................... 'f H.9 .65 10 262 1\ 330 


I

19 181
('ntalpa. hardy....... , ......................_ {Tl.8 :~~ :~ 19tf 
 Ii 124 


Cedar: 

Alaska...........,. . ... ".... 10.4 .~8 JO lOll 10 122 

Weslern red..........................._.. 9.2 .33 21 ~5 21 70 


50 112
Douglas fir.___••••_.......................... {~g :~g ~~ ~ 
 36 151 

44 52
Fir, corkbark •••_....._...................... { ~,9 : ~t ~ ~g 
 30 51 


Hemlock, cllSt.,rn .. .., ....... ...... ••••••• 12. 3 .41 13 56 13 86 

Hemlock, western.................. .......... II, J .38 31 r,o 34 86 

l'ofaple, sugar................................. 13,8 .64 11 194 11 192 

Oak.pln......................... ,.........._ 'IL5 .64 15 226 18 225 


200 li6
Pine. loblolly...__............ ,........·.-...~~.o :~I 1~ J~~ 
 1M 149 

.00 .M ~ 1~ :~ 232
Pine, longleaf................................ 
 13.3 .,')i 39 !l4 43 143 


S8 48 100 140 7.1 191
Pine. shortlea'-•••. __ ........................ 
 12.9 .50 i5 i7 il 120 

i8 • 5.'; 72 IllS i3 238
Pine. slash.__•••••••• ........ .• •............ 
 II, ~ .59 67 lOll f,3 167 


Redwood.. ______....__...................._ 
 103 .39 101 58 06 100 

11.4 .39 104 49 lill 75 

9.8 .~I 33 83 3i 121 
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TABLE (i.-ftIinimum cJcceplallce requireme1lts for aircraft woods based on tes/s I 
in the Forest Product8 Laboratory t()ughness machine 

Mlnlml1ltlllvernge ucwplablc
toughness 

With Sl:{ltlC gTII\'lty WithoutSllccle., of wood Size of KllIlCimen Splln I ltatlon specltlc
gravity

limitation;
Minimum Mlnlumm minimum 

specltlc U\'erngo aV8n1ge
grs\'lty' toughness' toughness' 

In..lb. per In•.Jb. per
1nellr.. Ir,eh.. 6P«Inllm I1J(drmn

White n.~h............................. 'I, by~. bylO 8 0.00 150 m
< 

Ycllo,,' birch ............................. 3( hy II by J2 JO • liS 225 :lOO 

Douglas fir .............................. ~'by 'by 10 8 .45 95 U5 


< •••••Whltuook......................... HhyH by.\2 III .62 175 !lOO 

Sltk" sJ>rut'C............................. ~Ii by ~~ hy 10 8 .36 75 90 

nlllck Wllillut ............................ ~,by H by 12 10 .52 J50 175 


t 1.011,1 ttll11licd to thu taugentlal ('"-'<l o( the specimen • 
• Iln.<ed 011 weight and volume ot oven-dry wood. 
, Theso values I1re to be 111>"IiOO to the a\-erage o( 4 or more test specimens, and the range In Individual 

test vulues used In arrh'lng nt the average should no~ exoeed 1 to 2H nmong 4 specimens. 

The :procedure is simple and tests are made very ra.pidly. No 
calculatiOn is necesSary as the readings of the machine are readily 
converted into toughness values by the use of available tables. The 
procedure is Iurther simplified by the fact that when testing dry wood 
the moisture condition of the specimen may be ignored, as tests have 
shown that toughnesg is affected but little by such moisture differ
ences as may be commonly encountered. 

The one essential in the application of the toughness test as an 
Ilcceptance method, in addition to the necessary machine for making 
the tests, is a knowledge of the species with respect to minimum 
touuhness requirements. The recommended values presented in 
tabfc 6 hllvc been established from tests made at the Forest Products 
Laboratory. 

PROPERTIES OTHER THAN STRENGTH 

RATING OF SPECIES IN SEVEN PROPERTIES 

It has been mentioned that consideration of properties other than 
strength, weight, and shrinkage may be necessary in appraising the 
suitability of a wood for various uses (p. 3). Table 7 compares a 
number of species with respect to ease of kiln drying, ability to stay in 
place, workability, nail-holding ability, ease of gluing,resistance to 
dectlY, and ability to hold paint. The classifications are approximate, 
und only in somo instances are ther based on technical research. In 
others they are based on observatioh, e~-perience, and general infor
mation. The ratings vary from 1 to 4 or 1 to 5, the lowest number 
indicating the best rating. For some other properties, such as acid 
resistance, sufficient information is not availahle to prepare even such 
a general classificatio»; of species. .Inf?rmation on P!"Operties other 
than those presented m this bulletin, msofar as available, may be 
obtained by writing the Forest Products Laboratory, Madison, WIS. 
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TABLE 7.-Approximale comparison of 7 properties of commercial species oj wood 

Key to classification of woods: Column.q 2 and 4 represent a gradation of prollOrtles In the vnrlou.~ woods 
from tho:le which can he dried and wOl'ked with Ilomparath'e ease (class I) to thooo which preseut wme 
dlftlculty lu those resll8llts (class 4). Column 3 represents a Kt'Bdatlon from tho."Il woods which pos.'IeSS
the &re8l«1t abUity to st.. y In place under conditions of actuafuse (class 1) to those species which do not 
poIOSeSlI that .. bUlty to thosamooxtent (classell2, 3, 41.1n tbe order named). Column 5 represents a grada· 
tion from th098 which ~ the createst naIl·holmng power but have the greatest ~ndoncy to split
(whloh necessltale3 the use ohll1llll« nails) to tbose having the least nall·holdlng ahUity but whl~h nre 
1_Ukely to split. In column 6 the woods In clsM 1 are known to be used comm~rclaUy In glued construc
tion. Class 2 Includes species about which IIttlo Is known but wbleh are not beUo\'ed to be difficult 
to glue. Class 3 includes specie8 which are known to require a little more attention In gluing than class 1 
woods In order to get best resUlts. Class tlneludes woods which are known to prescnt real dlfficultll.'S In 
gluing. and cla.qS 5 th_ spec!es about which little Is known but which It Is heUe\'ed would prescnt some 
difficulties In view of their simUnrity to species of known prllllOrtles. Column 7 presents compamtlve
values for reslstanoe to decay of heartwood when used undar conditions that favor decay, class 1 toeing
most dtlcay·re,dstllnt. Column 8 repre.'lents a classification ofsoftwood species wlLh I'tlSIMlCt to ability to 
hold pnlnt when used oULQlde, cla.qg 1 species holding paint tho most satisfactorily. AbU ty to hold paint 
Is more Important for outside than for Inside use. The hardwood species are not commonly used for 
exterior work re(luirlng palntlng and have not yet heen classified) 

nl.'Slsl· 
Ea.<e of Ability Nail· ance to AllllltyWork· Easo of Spt'Cles kUn to stay holding decay to hold ability gluln~drylug I In place ability 	 (heart· paint

wood) 

~---------

(I) (2) (3) (4) (5) (6) (7) (8)

----1---------------------
IIARIlWOO[lS 

Alder, red •• ,..............__•• 2 3 2 1 •••••••••••••••••••• 
.Ash: 

Black••••••••• _••••••••••• 3 4 ~ .-••.•.. :l" ········3· ·-······4· .-.......-

White............, ........ 2 3 

Aspen ........... _•••••••••••• 2 3 2 5 2 5 •••••••••• 
Basswood•••• , •••••••••••••••• 2 3 2 5 1 5 _••••••_•• 
n->h................. """" 4 4 1 5 4 .......... 
llIrch: 

PallOr..................... 2 4 3 5 ............__ •••••• 
SWtlCt /llId yullow......... 2 t 4 3 4 •••••••••• 

nuckeye. yellow.................................. 2 2 

Butternut. "' ............... "" ... _.......... "' .....d, 2 !! 2 2 

C.,scarn•••• __.................................._•• 4 ....................................... 
Cherry; 

Rinck ..................... 4 3 32 •••---•••• ····-···2- :::::::::: :::::::::: I'ln ••••••••••••••••••••u. 3 3 
Chestnut.-"..... ........ .••• 2 2 2 4 1 1 •••••__••• 
Chinquapin, golden••••••••••••__••__••••••••••••• 3 _••••••••••••••••••_ .................... 

Cotlollwood! 

lIIock. _............._.... 3 4 2 5 1 5 ••••_••••• 
En-tern............._..... 2 t 2 5 1 5 ••••••••_. 

Dogwood...................... 2 5 5 1 .'; --.................. 

10;110: 

American ••••• __.......... 3 5 4 3 
noclc•••••••••••••••••••••• 3 5 4 _._••••••••__••• __••••__._•••••_•••••••• 

Oum: 
Black."""'''_'......o., 3 :; 2 51.._ 4 	 ....... 
ned••••••••••• __ •••••••••, 12. 4 4 4 3 1 3 •••_ ••••• 

Hackberry...........__._••••• 2 3 2 ••__•••••• _••••••••• 
Hickory, shagbark•••••••••••• 4 •:; 5 1 4 .----~-,.. ... --...-... .--.._-2 •__•••_••_Honey locust•••••••••••••••••• 2 4 1 5•llophornbeam••••••••••••••••• 3 5 5 1 5 
Laurel, Caillornia ••••••••••••• 6 3 4 5 
III.Btlrone. Paciflc ••_._._••••••• 4 :; 4 5 
AfagnoUa, cucumber••••_••••• 3 3 3 1 
l\laple: • 

5 ____ ..... ___.....__ ............... __
Bigleaf...._............... 3 3 3 

ned....................... 3 3 4 

Sugar••••••_.............. 3 4 1 ~ ······-·.r ::::::::::
•Oak: 
Callfornla blnck ••••••••••• 4 3 4 
Red....................... '4,5 4 4 1 ~ -······T :::::::= 
"'''hlte••_•••••__•••••--.-••1 4 1 2'4,5 4 1 ••_••••••• 

Perslmoon._._••••___••••••••• 4 t 5 1 4 ••••••__•• __•••••__• 
·Popillr, yellow_ ••• _ ••••••_•••_ 2 2 2 4 
Sycamore..................... 4 4 t 2 
Walnut, block••••••_•••••••••• 4 2 3 i ·---·--i· :::::::::: 

2 :; • __• _____•WlIIol", black ••••_.......__••• 2 3 2 


I Softwoods are In lteneral easier to dry than hardWoods. A softwood ginn the same numerical mUll!: a 
a .hardwood Is, therefore. f1!P1'ded as sllgh1l)" easier to dry. These ratings are based on ease of removal of 
1D0L.ture without \'!slble degrade but do not take Into 8CCOUDt susceptibility to reduction in strength III 
drying under high temperatures (51). 

12 refers to sapwood WId 4 to JM.rtwood, known commercially as sap gum and red gum, re5\l8Ctlve1y.I. refers to the upland type of oak and Ii to the lowland tyllO of oak. 
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'l'AIIL}~ 7.-Approximate c01llpari8(1n of 7 propertiell of commericalspecie8 of wood
Continued 

!toolst· 
Elise of .-'<bUlly Nall· ance to AbilityWork· Ease of Specl"" kiln tORtay holding deroy to holdability gluIngurylng In pla~'e ability 	 (heart· Jmlnt 

wood)----------1'------------- _________ 
(I) (2) (3) (4) (5) (6) (7) (8)

----*------11--- --------------- - __ 
SOFTWOODS 

Celillr: 
Alaskl,••• " ............... 1 1 	 2 1 1

InoolL"C".................. 1 1 	 2 1 1 

Northern white........... 2 1 2 1 1 

I'ort Orford. .............. 2 2 2 1 1

We.qoorn red............... 12,3 1 2 1 1


C'l'PlllS.q• southftl~........ _.... 3 2 2 1 1 

Douglas IIr••••. "............. 1 3 1 12, 3 4

,Io'ir: 


Alplno 11111\ blllll1\llI ••••••" 1 2 3 2 5 3Orand, noblo nud whlt.o... J ••••••••:i" 2 5 2 5 3
Hemlock: 

Eustcnl................... 2 3 3 4 2 4 3

\\'e.'tern•.•»..... ......... 2 3 3 3 1 4 3

I..IITCh, western••••••.•••••.•.,. a a 4 a 2 3 4 
l'llle: 

Jllck••.•..••".,........... J 3 3 4 2 3
UIIlgcpolO ....... .... ••••• 1 2 2 5 2 3 
Northern '\I","lll·....... .... 2 1 1 4 1 2
Norw"y... .••••••••••••••• 1 a 2 3 3i ......."3"
J'ltch..... ....... ......... 1 3 " 3 	 4

]'ollderoS(1, .. .. ,... ••••• 1 2 2 4 	 3
SOUtlICrrl ,','lIow. _....... _•• _ 1 3 " ~ i "'-'i~3' 
 4
Sugllr•••••••.•••. .,....... 2 1 1 1 2 
WosI~rn whll<1••••••• ". :I 2 2 " 2 

Hedwood•••_.................. • 3," 2 3 4 1·······T 1 
SJlfllt'C: 

gngellllllllll ..............., 2 2 2 5 2 4 

Hetluml \\'lIlto •••••••• ·....1 1 2 2 4 1 4 

3 
3 

Sitka...................... \ I l! 2 • 1 4 3 

'rlllllnmck.....................! !! 3 4 ' __""_"1 2 3 3 

. "".'-'-.-'-~--'-" .,~..--'----'------!---.:..--...:....---'--- 

• :! rclcri! to llllltCrllll from IIpper l(lgs lind 3 to tnnleriBI from bun logs which nro gencrnlly susceptible to 
co\lUl'sc• 

• 2 relers 10 dense Oouglus fir nntl tlense southern yellow pine.
• a )'I!fcrs to wulerull (rom Ul'ller logs lind" to sinker stock [rom buit logs. 

REQUIREMENTS FOR MOISTURE CONTENT OF WOOD IN BUILDINGS 

The sntisflLctory use of lumber frequently depends upon the cha.r
acteristics of tho stock in its entirety, such as the size, kind, and 
lltunbcr of dl'fects as well as 'upon the properties of the clear wood, 
ILnd mILY be furthel' influenced by sizes available, degmeof seasoning, 
and lllnrketing pmct.ices, li'or most purposes seasoned is to be pre
ferred to unseasoned stock, and for some uses, such as flooring, a 
definite degree of seasoning is essential for satisfactory results . 

.As IUl example of seasoning requirements, table 8 gives recommen
dations for desirable initial moisture content of lumber for various 
parts of dwellings (40). 

While it is desimble that the average moisture content be near the 
vt~lue given in tt\ble 8, it is far more importunt that the moist·ure 
content of individual pieces of slot be within the specified range. 
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T-'IILE 8.-Rccol/llllemled moisture·con/cnt values jor variou8 wood i/cm8 at tJ'mc of 

ins/allatiol~ 

MoIsture content (percentuge 01 weIght 01 oyon·<1ry woo<1) 
lor-

Dry southwestern Damp southern llelllulnc\cr 01 the 
lI~e nr hJlnher Stutes l'O!lStul Stutes UnIted StMes 

Uunge for Hunge forA\,or· A'·or· A,·cr·1II<1I,·ld· 111<11\,1<1. Jf~3f~l[t
nRU 8g0 ugcunl pleec.~ lIul plel'tls 11111 Jllc('Cs 

_., 

Interior ,filllshlnl( woodwork nml ~ortwood 
1l00rll1l(•••• , ............................ n .j~0 11 S·13 8 5-10 

Hurllwood tlnorlnl( •• ' •.•.•..•••.••.•••••.• ~8 10 U·12 7 6-0 
Sheuthlng. frtlllilnl(, sl<llnK. lind exterior 

trim"... .,. .., ' ................ 7-12 12 6-14 12 6-14
: I 
____~c;_~""__,_-

MOISTURE CONTEN'r OF HEARTWOOD AND SAPWOOD 

Avemge mOlsture-cont.ent vulues from green specimons consisting 
entirely of sll.pwood, 01' entirely of heartwood, are listed in table 9, 
for n. nllll1bCl~ of species. These values show the vltl'iation in moisture 
content among species, the relative equalit.y in moisture content of 
helll·twood und snpwood in severul hardwoods,anei the large differences 
commonly existing in softwoods. 

T A 1I1.~; 9-Avcrrzgc moistu/,e CllII/crtt for green heari1l100clartlI sapwood of 19 spccie,q 

,,A verugt! JtlOI5.. A vemgo mols· II
ture t'Ontcnt ture content,,~IH.~it's 'I'ree~ Speclp.~ 'frees 
f 

lIenr/· Snp· Heart· Sup· 
wooll wood wood wOOlI 

~ -
11.\ liD \\'001>$ J."'um~ SOFTWoolls-eonlll. 

Iotr PrrCtlll Ptrer,,! NU7II· 
Ash, white.............. 12 38 40 lIemlock; bcr Ptrcent J>rrcen( 
ll~eh." .............. 6 SI i8 .Eastern.............. 5 liS 1\0 
BIrch. yollow, .......... 9 OS il Western............. 13 42 liO 
~:lUl••\ ltleriCt\u~" ~ , tI". .... ~-. a U5 U2 Pine: 
Ouln. blnt'''". 4 50 61 1,oblolly••••••••••••• 8 34 04 
MUllle: Lodgepole••••• __ •••• 5 36 1\3 

SIII·cr•••• " '••••••• 4 60 88 Longleaf............. 18 34 00 

Sl1~ar .•• , •• 6 58 6i Norway............. 4 31 135 


5 3t! 117 Ponderosa........... 4 40 148 

SOFTwOODS 3 91 136 Short!enf............ 8 34 lOS 


Spruce: 
1>Ol1~llt.q Or.. "" ..... ,. •.• 5 36 11; I Engelmann.......... 2 &I 16i 

.." ~ 4 ...... .. 

1o·lr. Ilwlund white.... ,.. il 01 136 Sitka................ 2 33 146 


The moisture content of green heartwood and sapwood varies 
[ready among trees, and varies within the tree at different heights. 
The snpwood of the softwood species was consistently higher in 
moisture content than the henrtwood, but some hardwood trees were 
Iotmd in which the heartwood was slightly higher than the sapwood. 
Because of the varil~tion in moisture content of green wood, the values 
presenwd should not be taken as rigid averages for the species, but 
l'Ilther as indications of what may be expected. 

The vnlues in tuhle 9 Il1ny he used in specific instances to estimate 
tho avemge moisture content of logs. For example, if ponderosa pine 
logs in 1\ shipment arc observed to have 75 percent, of sapwood 
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by volume, the nvernge moistllre content would be estimntod ns 
(O.75X148)+(O.25X40)=121 percent. Average moisture-content 
values computed in this way are likely to be more accurate in such 
inst~ces and a better basis for computing weights than the average 
values listed for green material in column 7 of tnble 1 as these latter 
values mny }'epresent a quite different proportion of sapwood. The 
proportion of snpwood and heartwood in trees varies with the age 
of the stand and with growth conditions. 

OTHER DATA ON SPECIFIC GIIlAVITY 

In addition to the data on the specific gravity of the wood subjected 
to strength tests as presented in table 1, the Forest Products Labora.
tory has obtained for 14 common softwood species information based 
on sections of boards collected at sawmills in various parts of the 
United Stl~teS (41). For a number of species the sampling from 
sawmills wns more extensive than that used in obtaining specimens 
for strength tests, and the data are of interest on that account. In 
nddition, data on heartwood and sapwood were segrega.ted, wherens 
this has not been done with the data from the standard series of 
strength tests. . 

The principal data. from the study of samples collected at sawmills 
are shown in table 10. 

TABLE lO.-Campal'isan af specific gravity (allen·dry, based on volume wIlen green) 
af mill·run samples with that oj specimens 1lsed Jar mechanical tests 

Mill·run samples j ISpeclm~1lli for mechanl· 
cal tests 

SpeclfioS)lecle.~ gravity Specific SpecificProbs·Speci· heart· 
meDS bievil' gravity gravity Trees Specl· Specific

heart· sap· meDS gravitywood and rlotionsapwood wood wood 
combined 

(I) (2) (3) (~) (5) (6) (7) (8) (9) 
.~ 

Num· Num- Num· 
btr Pacem btr btr

Cypre.<s, southern.............. 377 0.38 10.0 0.39 
 0.36 26 479 0.42Douglll8 fir! 
Washington nnd OregoD.... 2, 7M .44 8.1 .44 .43 34 1,029 .45.. Inland Jo:lllpire" .......... 176 .44 6.6 
 10 113 .41Fir: ''{hlte..................... 11.187 1.33 1 7.1 ....i;33· ..··i,'33· 
 45 278 .3.5Hemlock, westem .............. 1.3.59 .39 6.8 .39 ,39 18 689 .38IAlrch, western .................. 820 .45 7.5 .45 .43 13 214 .48Pine: 
Longlesf.................... 15,3116 1.52 1I0.3 \.. 5; 1.018 
 34 806 .55Northetn white............. 386 .34 5.7 .3.5 .34 18 m .34

Norway.................... 121 .39 6.6 .39 .38 :; 126 .44
Ponderosa.................. 1.876 .37 8.7 .38 .36 3t 579 .38

Shortlear.................... 14,3.57 1.47 18.5 1.51 1.46 222 JI,I00 2.49

Sugar....................... 965 .33 6.7 .33 .32 \I 191 
 .3.5
Western whlte. ............. 1,178 .36 Ii. 9 
 .36 .36 14 211 .36

"Redwood....................... 585 .36 9.7 .36 
 ......33· 16 liM .39
Spruce. Sitka................... 658 .36 6.9 .36 25 1,392 .37 


, 
I The mill·run speclmeDS were classified occording to commercial species designations of the lumberand 

not occording to botanical classification, although In most instances the two are IIPproximately the B8D1e. 
The southern pines are the principal exception WI tb(Jre Is no known method of distinguishing the several 
species botanically 'rom tbe wood alone, and bence species are mixed In the commercial deslBDBtions. The 
samples USC\I for mechanical tests were taken from trees Ident!lled botanically In the woods. 

2 Values for shortleafand loblolly pine oomblDed. 
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Itwas not possible in 'ali cases to identify these s8JIlples as to species. 
Consequently,the data are classified according to commercialdesigna
tion of the lumber and not according to exact species. However, 
except for ,those n8JIles to which footnote 1 is appended, ,the designa
tions are probably the correct species names. 

TI\ble 10 shows for comparison values of specific gravity taken from 
column Sof table 1. Ingenera.l, the values in columns 3 and 9 of 
table 10 are in reasonable agreement although with but two ,exceptions 
(western hemlock and Douglas fir from the "Inland Empire" ,region) 
those of column 9 are the same or higher. Other studies have dis
closed considerable varIation in Douglas fir in the "Inland Empire" 
region and in this instance the operation of chance in sampling might 
readily lead to the difference between the values ,in columns 3 and ,9. 
Fur,ther reasons for differences include the effect of position of material 
in :the tree, and the fact that the methods of determining specific 
gravity were not quite identical. 

The specimens used for standard strength tests (column 9) were 
ta.ken mainly from the top 4 feet of 16-Ioot butt logs, whereas the 
samples collected at the mill (column 3) represent mh:ed material in 
which wood from all parts of the tree maybe included. Because in 
many species the wood near the butt of the tree is heavier than that 
from the upper portions of the trunk, the specific-gravity values in 
column 9 would in general be expected to be slightly higher than those 
representing mixed material. An example of this kind is afforded ,by 
western larch. The butt portions of western larch trees contain 
large quantities of extractives which increase the weight considerably 
and as much as 12 feet of the portion immediately ,above the stump is 
often discarded because the extra weight makes handling of the logs 
difficult. On the other hand, Sitka spruce is an eX8JIlple of a species 
whose specific gravity varied but ,little with height in tree. 

In general, the differences between the values listed in columns 
3 a.nd 9 are not gl'eater than are to be expected from the causes just 
discussed combined with the effects of chance in S8JIlpling. 

Table 10 also lists some data ,on the specific graVIty of heartwood 
and sapwood, and the probable variation in specific gravity of the 
mill s8JIlples. Itmay be noted that the specific gravity of heartwood 
is in ~eneral slightly higher than that of sapwood. . One reason for 
this higher value is the greater quantity of extractives (p.47)in the 
heartwood. 

FACTORS AFFECTING THE STRENGTH OF'\VOOD 

The numerical data presented in table 1 were, as has, ,been shown, 
derived from tests of' sma.ll clear specimens taken from a specific 
part of the tree andtes~d under.~ stan<l:arili.zed'pro~edure.

Most uses of wood mvolveplec8S diffenng ,mSlZe and shape from 
those tested; clear material may not be .available or may be more 
expensive than ,0. contemplated use justifies; conditions of use may 
differ radico.lly from .standardtest conditions ; time limitations may 
require kiln drying; need for ,permanence may point to preservative 
treatment; the user may have :llTOnoous concepts of the ,rate of growth 
asa criterion of suitability or of the comparative ,strength of heart
wood or sapwood; he may hesitate to ,accept material ,from ,dead 
trees, or from turpentined trees. These and many other questions 
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that lllay mise require consideration in order to properly interpret 
the numerical data and adapt it to specific uses of wood. A knowl
edge of factors .affecting strength is thus essential to the interpreta
tion of test data and is of value in the purchase of lumber! lD.the 
preparation of .specifications covering the use ·of timber in engmeering 
structures, and in the selection, classification, nnd lIse of wood for 
manufactured products. A .brief discussion of various factors affect
ing the strength of woodis accordingly presented. 

RELATION OF PROPERTIES TO STRUCTURE 

Wood isa heterogeneous material consisting essentially of fibers of 
cellulose cemented together by lignin. The fibers, 'which taper 
toward the ends, are about one-eighth of an inch. long in softwoods, 
one twenty-fourth of an inch in hardwoods, with .a central diameter 
t\bout one hundredth of the length. They- are hollow, their longer 
dimension running lengthwise of the tree. In the softwoods the fibers 
act as water conductors. In the hardwoods a limited number ·of 
fibers act similarly and there are also relatively large pores or vessels 
which serve the same function. Besides these vertical fibers which 
comprise the principal part of the wood, all woods except palms and 
yuccas contain horizontal strips of cells known as rays or wood rays 
which are oriented radially and are an important part of .the tree's 
food transfer and storage system. Among different species the rays 
differ widely in their size and prevalence. 

'rhe shupe, size, and un'an,~ement of the fibers, the presence of the 
wood rays, alldthe layer enect of spring and summer wood make 
wood a norusotropic material with large differences in the properties 
along .and across the grain (19,43). Certain of the properties across 
the grain may be but a small fraction of the like properties along the 
grain. In air-.dry Sitka spruce, for instance, the modulus ofelasticity \. 
across the grain, may be only oneone-hundred-and-fiftieth as great 
as wIlen the load is parallel to the grain (10;200 pounds per square 
inchior 45 0 angle (p. 35) as compared to 1,570,000 pounds per squarc 
inch in column 16, tll,hIe 1). There i5 an increasing need for informa
tion which will permit a closer correlation of structure and properties. 
Such information is of vitue in accounting .for and remedying and 
preven ting certain difficul ties.in the use of wood, .and for giving a morc 
precise hasis for timber design through a better knowledge of prop
erties and stress distribution. 



TABLE ll.-Average results o/lestll showilig influence 0/ position Q/ growth rillgs on the mechanical properties 0/ Bilka spruce, Dougla& fir, 

ulld loblolly pille 


r 
~ SiUmSpml'tl Douglas fir 

lAblolly pine, 
green lJl 

Green Air·drled Green Kiln-driedProperties 
If ~ 

)'osIUon ~~I~~I~~I~~I~~I~~I~~I~~I~~ 
------------------------------------------------------1-------1

-------.-------.------------------------------------------------- ~ 
AI BI AI BI AI· BI AI BI AI III ~ 

Static bending: MoL~ture__________ ••••••_.____ •_______••••__ •____ ._•••__ percent ,_. 45.2 45.3 12.2 12.2 30.6 29.4 II. 9 11.9 26. 0 25,8Specific gravity '. ___••___ ._. ___ ••• ____•• _____._._______._. ____...... _341 .343 .370 .372 .427 .431 .455 .459 .5\19 .5119 ~ Fiber stress at prorortlonallirnil.._••• ___ ._pounds per square Inch._ 3,100 3,150 5,800 5,000 4,510 4,700 7,!IOO 8, 120 ~,820 4, MO 
Fiber sIres., at maximum load ____________ .•Jlounds per square inch._ 4.800 4,000 8,470 8,450 7.280 i.4iO 10,630 10.800 0, i50 9,740
Modulus ofelastIcity __•••__ •____•___ .I,OOO pounds per square Inch •• I,IM 1,121 1,370 1.374 1,47,; 1,480 1,723 I. i13 1.398 1,398 ~ Work to proportionallimit_. ____•••••__inch·pounds per cubic inch •• .52 .52 1.46 1.49 .81 .SO 2.03 2.22 1.00 .00 
.Work to maximum load _______••_...... inch-pounds per cublclnch_. 5.2 5.6 7.5 7.5 6,3
Work, tOlal __._....__•__._..._________ inch-pounds per cubic inch_. 15.8 14.,1 ..................... 15.0 1I:~ i------~:~- ------~:~- ::=======r==:=:=:= ~ 
Jmpact bending, liO-pound hammer: M oistnre. _. _____.. ___ •• _. ___ •_._________________________ ..percent I __ l".I

45.8 44.4 12. 7 ·--··~~~~·I 311.4 30.3 10.7 11.0 -------.--1---------- t::j.431 .457 .400 •_________ /__________Specific ~r8vity' ____•_______•_____________.--------------.---------- .343 .350 .3i2 .3i8 .42'l
Fiber stress at proportlonallimit___ •_____ •• pounds per square Inch __ ;,870 ;,800 10,150 9.000 8,870 9,41iO 12,550 12,370 ...__ • ___ • __ ••___ •__ 
Modulus ofelnsticity __ ••••_••• __ ••_. __ I.OOO pounds per srluare Inch •• 1,27i 1,274 1.618 1,002 1,486 I,T19 2,140 2.1101". __ •••••• __ • ____ • ~ Work to proportionallimit_________..._lnch-pounds per cubic Inch __ 2.7 2,7 3.7 3,4 3.0 2, U 4.2 4.1 .• ____ •___ ._ 

H 

.•• ____•• 
"eight of drop causing complcta failurc ...__ •________________ inchGS__ 18.8 j 23. 4 • 23. I ________ •.1....___.._ e:iO 20 21.0 20.11 20.4 

Compression parallel to grRin: ~ 
~5. 2 46.4 12. i 12. ;- 29.6 29.2 10.2 10.4 ............... " .. - ...... ..,. ........ 
.339 .341 .363 .3iO .428 .419 .451 •459 ~=~~rrr;!I~E::::=:-::-:-:·:-:-::-:-:-:::-:-::::-::-:-=-:-:-:-:-::::-:::-:~~~~;:: ...14.5 15.7 6,5 7.6 10.3 15.0 20.4 23.0 7.0 7.5

Fiber stress at maxlmuml08d______________ pounds per square inch __ 3_730 l".I2.220 2,210 4,400 4.670 3.810 7,230 i,250 4,&'10 4,650 IJlllardnC$s ':End•__•__________ •____ •_••____•____•__•______•__ •_••••_. _" pounds_.
Bide__ , ...._________________ •_______ ..__________ •___________ pounds__ 357 35i 682 70t 440 440 713 713 ....-_ .. _-- .. -- .....- ....... - o 


289 28.1 436 462 452 440 700 657 .. - ... -"' .......... ., .. -.... --_...... '"1

Comprc.~lon perpendicular 10 grain: Fiber stress at proportional limit 

pounds per square Incb __ 227 227 548 582 455 496 000 
007 r..------~ ..."'-...... _"'.1.26IJ •_________ ~Shear parallel to grain; Shearing strcngth ..____ (lOunds per square Inch __ i13 668 184 1.202 883 1.209833 163 __________Cleavage: Cleavage strcngth._. ________________(lOunds per Rquaro Incb __ 12"2 \1-1 242 189 133 136 163 o 

1'enslon nt rIght angles to grain: Tensile strenglh o
307 __________ \:::pounds per ~'1uarc inch__ 208 130 400 35. liD 165 255 lJl 

I .POsltion A and II refer to placement of growtb rIngs with respect to directions oC uppllcntlo:t oi load. as illustrated in Og. 3. 
1 Percent jt1oisluro based on weight of oven-dry wood. 

, SpeclllQ gravity based on weight when oveli-dry and "olume at test. 

• Mljusled to drop for 2- by 2-inch cross section. ~ 
J Load re1lulrctl to Imbed a O.#l-inch buli to ~ its diameter. ~ 
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POSITION 01" GROWTH lUNGS 

In the sawing of lumber and tjmber the position of the growth 
rings may be made to assume diff(Jrent directions with respect to the 
surfaces of the piece. Any effoot of position of growth rings on the 
pl'()perties .thus assumes practical significance. 

Table 11 presents, for three species, data on clear specimens 2 by 2 
inches in cross-,section tested to determine the effect of two positions 
of growth rings on the strength properties (fig. 3). It may be noted 

r-IT======;11, 5!.. 
POSITION A 


LOAD APPLIED TO TANt:ENTIAl JURFIfCE 


~I--____________~I m 
, t 

POSITION 6 

LOAD APPLIED TO RAOIAL .sURFACE 


.J.LB.I.J..f &!.D ~ 6.ENOINC TESTS 


POSITION A POSITION 6 
HARDNESS HARDNESS 

TANGENTIAL .sURFACE RADIAL SURFACE 

H IU? 0 1'1§.:U lilI 

POSITION A POSITION 8 

TAftGENTIAL SVIlFIICE· !!IIDIIIL SIIRFIICE 


COMPRESSION PERPENDICULAR 

TO GRAIN TEST 


D 

POSITION A 


.sUI1FIICE OF FAILVRE
•

TANCENTIIIL 

D 

II


PO.FI rlON 8 

SURFACE OF FAILVRE 


IlAOIAl 

SHEAI?PARAtLEL TO !i!M.J..!:!. 

tr tr 

P(UITION A POSITION 8 

.JUIiFACE OF FAILURE SIIRFACE OF FAILURE•
TANGiNTIAL I1AOIAL 

CLEAVACE TEST 

POSITION II POSITION B 
.JUIiFACE OF FAILUIlE SIJIlFACE OF FAILIJIlE 

TlfNCENTIAL IlAOIAL 

TENSION E.[gPENDICULAR 
TO f.!M11!. TEST 

FJUURIt 3.-Sketch or standard mechanical tests which aJ10rd choice in pl8cement or Ill'Owth rings with 
respect to direction or application Clr load. 

that the beJldin~ tests, which were on specimens 30 inches long, show 
little difference ill the properties listed, whether the rings as viewed 
on the end of .11. piece srevertical or horizontal. .Some of the other 
properties listed, however, shGW significant differences between the 
two placements of rings restllting not only from the difference in 
strtlcture due to the rings t.hemselves, but also the difference orienta
tion of the other minute structural elements of t.he wood with respect 
tc the direction of st~ss. 
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The values from the te3ts in (~ompression parallel to grain, which 
were unaffected by the placement of growth rings because the speci
Illens were square, together with the data on specific gravity and 
rings per inch, show that the wood representing position.A was prac
tically identical in quality with that representing position B. 

There are many further effects of stratified structure ou properties, 
as twidenced by the growth-ring positiou, .not brought out by results 
of standard tests, An outstanding example is in compression per
pendicular to grain, The results of some preliminary determinations 
of modulus of elasticity in compression perpendicular to grain are 
presented in tnble 12, 

TABLE 12.-lIfodulus of elalrticity i'l compression perpendicular to Ilrain .QH 
,'/lflue-need by direction of Ilruwlh n'nlls 

(S""ChUCIIK It'l by IH by tllnches loaded on tbe I}S by H~·lnch faoo) 

Modulus of elasticity when the growth rings with 
respect to the ""plloo lo..d :lnl 8t an lingle of-

Specific Moisture
S""cJl" ~rn"lty content 

0' 22)-2· 45· O·/~~· 00" 

Lb.ptr Lb.!: Lb.!: Lb.!: Lb. ~tr 
.Prrct1lt zq. an. ~. fl, 'v. n. //fl. n. .q. n. 

Redwood ••• ___ ................ 0.34 11 78, 400 28,600 17,100 27,Il00 100,600 
Dougb1.~ IIr._................... .45 37 68,200 21,~ 12, 200 26,800 85,400
ifj,ruce, SlUm••••••.•.•••.•..• .42 13 62, 400 IS, 100 10. 200 22,400 110. 300 

erlliock, western~,,+ ",~,." ~ >" ••4 !III 45, 400 11,600 s,aoo 14,100 71 liOO 
Jllrch, yellow ........... , ..•.. .68 63 41i, tlOO 3\1, IlOO 34,000 li5,1IOO 81:200 

Do...................... ,67 13 100,400 82, aoo 8O,1nl 113,200 168, 000 
Ouk, roo..........,. ' •••.• " ,511 110 66,200 57, ROO 69,700 77,400 110,300.' 

It may be noted that there is 0. large difference in the modulus of 
elasticity in compl'6ssiou perpendicular to grnin with position of 
rings, alnountin~ to as much as 11 to 1 in Sitka spruce betweeu ma
terial with the rmgs at 90° to the direction of t.he load and that with 
rUl!:,"S at 45°. Proportional limit and maximum crushing strength 
perpendicular to grain are also affected by ring position, although the 
indicntions are thnt the differences are considerably less than for 
modulus of ellLsticity. 

In the Forest Products Laboratory toughness test, in which speci
mens one-hnlf to three-fourths inch square and 10 to 12 inches long 
nre used, some ma.rked differences have been found, depending on 
whether the load is applied to the radial or tangeutial face. In 
some species avarage differeuces of as much as 50 percent of the 
lesser values were noted (table 5), the higher values resulting when 
the load was a.pplied to the tangential face. These results as com
pared with those of table 11, indicate that size of specimen maybe 
an illlportantfactor in the iufluence of position of rings. 

SPitiNG WOOD AND SUMMER WOOD PLACEMENT EFPECT 

Significant differeuces with ring placemeut may become evident iu 
properties not nppreciably affected in 2- by 2-inch pieces when speci
mens of smaller size are tested. This was demonstrated by static
bending tests on 1- by 1- by IS-inch specimeus of southern yellow 
pine and Douglas fir coutaining large' amounts of summer wood, 
modulus of elasticity being determiued (without stressiug the speci
men beyond the .proportionallimit) by placiug the specimen with the 
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rings horizontal .and then vertical. The modulus of elnsticity of 
specimens with SlUlUner wood lnyers on the two fnces nvemged 12 
{)Eercent higher for $outhern yellow pine, nud 16 percent highet· for 
.Douglas iir with the rings honzontal (loud upplied to tangential 
face) than with the Tings vertical (load npplied to mdinl face). On 
the other hnud, with specimens haying spring wood layers on two 
faces, the modulus of elasticity when the rings were horizontnl (loud 
npplied to the tangential face) averaged 9 percent lower than when 
the rings were vertical (load applied to radial face) for southern 
yellow pine nnd 13 percent lower for Douglas iiI'. These differences, 
it should be observed, l'epresent a SPl'ing wood and summer wood 
plncement <effect mther thnn n pure growth-ring placement effect. 
Theoretical clllculations based on the assumption of widely different 
properties in spring woodnnd summer wood check these ohserved 
vnlues dosely. 

SPECIES OF WOOD 

SOlULI species of. wood differ greatly from others in their ayerage 
specific gravity, strength, and other properties. Certain species, 
such ns ltickory and ash, excel in toughness and shock-resisting abil
ity. Others, such as southern yellow pine and Douglus iiI', ure high
ill bending stl'ength Ilnd stiffness for their weight. Still other species 
aro soft, uniConn in textUJ'e, Ilnd easy to work. Such differences per
mi t n choice of species tp meet the requirements of diverse and exacting 
uses. Compnrlltive duta on important properties are presented for 
164 species of wood in tubic 1. 

The nvemge differences in strength properties between species 
ordinllrily competing for tho same use are often quite small. Never
tlleless, there may be decided differences in structure and in behavior 
with respect to moisture relations, drying, and manufactUJ'ing char
acteristics which )l1akc it necessary to vary the handling procedUJ'e 01' 
JIlullufacturing practice to best suit the wood under consideration. 
In this wily IlS satisfnctory service muy be obtained from species not 
genernlly regurded so suitable for a use as from species that give a 
good uccount of themselves regardless of care or of luck of care in 
thl>il' JUllldling. 

SPECIFIC GRAVITY (OR DENSITy) AS RELATED TO STRENGTH 

The$ubstnnce of which wood is composed is actually heavier than 
wat~rJ its specific gravity being about 1.5 regard.lessof the species of 
wood. In spite of the fact that the actual wood substance is heavier 
thlln Witti!l', the dry wood of most species floats in water, and it is 
t.hus evident that nconsideruble portion of the volume of apiece of 
wood is oc('upied by cell cavities and pores. The specific gravity of 
n piece of dry woOd is thus an excellent index of the lunount of wood 
.mhstance it contains and hence is an index of the strength properties. 

The rellltions between specific f?Tavity and other properties of 
wood may be considered on the bal'llS of (1) different species and (2) 
different pie(~es of the same species. 

SPECIFIC GRAVITY-STRENGTH RELATIONSHIP AMONG SPECIES 

The.generll.l relution of specific ~ravity to strength is.illustra~ ~y
two Widely different woods, mastic, a very hellvy speCIes gtowmg ill 
Florida, and balsa, a very ligllt species from Central Americu. Com
pression-parallel-:to-grain tests on green ma~rial gave the results in 
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tubio 13, lind show thnt 1l1nstic with averago spceific gmvity n times 
ns grent ItS thnt of bnisn, WitS 9 times ns hip;hin cl'Ushinp; strcnr(?tlllllong 
tho gl'llin, Weight for weight, tho crushIng strength paralIc to grain 
of theso diverso species aro substantially equal. 

'l'AIlLE 13.-0mllpnrisoTI oj the specific gravity nllCl the mClximum, crushing strength 
1'iIllClSftC emd bulsn 

I 
j Specific gnn', ,

! ItY,basedon l\lnxlllllllll SpecUlc
! weight nnd crushln~ sLren~th 


l'olulIIO or strength pur· (coluUln :1+ 

wood when nllel to ~rulll coluUln ~) 

OI'OU dry 

MlIstlc 5.710 
Hllblll " 5,t!50 

Tho IlvOl'llge specific gl'llvlty-strcugth relntiou:; bnst,d on 103 species 
of luu'dwoods nud softwoods show thnt SOUle properties, such ns llInxi
mum crllshing strength pnruliel to gl'llin, increllso upproximntely in 
proportion to tho incrense in apecific gravity, whereas others increase 
moro rupidly. :Modulus of rupturt', for illstilI1('e, Yllries from oue 
species to nuother IlS the 1}~ power of specific g1'llvity. Other proper
hes 111'0 reluted to specific grlwity by equntions of still higher powers; 
for eXlunple} tho cxponent of specific gravity for reltltion to hardncss 
is 2M. It IS evident, therefore, thllt smull differences in specific 
.gl'llvity llUt)' result in llll'ge differenees in certltin strength properties. 
EoI' eXlunplo, one species twico ns high in specific gl'llYity us another 
hus 4Y. times tho luu·dness . 
. Appro;\.-iull~to flvcrage rt;intions C?I spe.cifie ~nvity. to strength propcr

tlt'S IlIllong dIfferent speCIes nrc gIven 1Il table 14 (38). 

TAlII,.) 14.-Specific grallity-.~trellgth relaliollS (l1IlOlIg different species I 

l\Iulsture conditlou 

}'roperty Unit AIr·dry (12· 
JlCl'oontGrOll!) moisture 
contont) 

--~I-Stlltic bending: 
~'ibt'r stre.'s nt prOllOrlionlu limit ..... Pounds pi:r square Inch....... 102000 1.1l 167000 1•1l 

Modulus oCrupture ....... " " •• , ' •. .'" ..do......................... 17fiOOO I.U ~7000 1.11 
Work to mllxiluum lond •••• .., Inch·pounds ller cubic Inch. o • 35.60 1•11 32.40 I." 
'rollil work.. ........... .. ... _'. ....do•••• , ..............H.... 1000' n. 70' 
Modulus OlclllStlclty.. ,... __ ... , ..... . 1,000 pounds per squ1IrC Inch.. 23600 28000 

Im,_lct oolldlull: 
jo'lbcr stress nt(>{t)(lottlllllllilimit . ..• Pounds IlIlr squnre 'Inch ....... 237000 1121 312OO0 1•1l 

Modulus or emstlcity.......... ,',. ' 1,000 pounds ller SCjUl1re luch •• !.'1I400 :13800 
ll"lllltt or drop••••• , _•• ' .... . , • Incltes._ ......__ ......... ".... 1140 1.;, Y4.00 1.11 

C'01l1(lress!on plU'llilel III Ilmln: 
l' !ber stress at prol'ort.!ulIlll limit ' •• ", Pounds IlIlr sC(ul1re inch ...... 52560 87560 
:l\Inxlmum crushin~ strellgth ...... ,' ,•. " .•do..... " ...... "' •••••• 07300 1~0 
Modulus or eitlstlclty.,,,.. . . ".. . , 1.0!1O pouuds Jler sC(unre luch •• ~'II\OO :tl800 

ComJlrt'SSlon Jlerpcudlculnr In gnllm 1"ih(lr l'otluds l>Ilr S'IUILr" In~h •• , 30000 ,.U 46300 •1l 
,e •• , 

ll~~i~~~ Jl~~~r.t~~:.~~i:~~:~ ...... , .... ". .e.. .-.--1 
' 

J'otluds...... • 37400 ',11 480001.11 
Hndin!. ,,. ..... " dn,,, .. ... ___• 33S00 1.11 3i~'00 '.11e _". 

'rILugcuth~1 do•• , _,.,; 34600 ." 38~'O0 ',U
' 

I Tho 1·"lu". I L.ted in tltls tuble lifO to b~ relit! us o'luIItIOIlS. for cxnlllple! Modulus of rupturo lor j!rooD
I1lllh'rilll-171l(lOO I n, wltere 0 reprt~"'lI\ts ,tlte specitlu grllvlty, o\,en-dry, h_d on \'01um6 lit 1I10lStilre 
condition iudicutlld. 

http:480001.11
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Some species of wood contain relatively large amounts of resins, 
gwns, and other extractives, which add to the weight but do not 
contribute so much to the strength as would a like amount of wood 
substance (23). In addition, .species vary in the structural arrange
ment of their fibers. For these rensons, two species which average 
the same in specific gravity may exhibit different strength charactcr-
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istics. This fact is illustrated by the scattering of the points in figure. 
4. The values for Douglas fir (coast type) and red gum in table 1 
illustrate nn extreme example of yuriations from the average density
strength relations among species. Although these woods are about 
equal in weight per unit volume when dry, Douglas fir averages 39 
percent higher in compressive strength but considerably lower than 
red gum in shock resistance. 
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It is true, likewise, that some species of wood are equal in some 
respects to others of higher density. Douglas fir (coast type), 
although its density is but three-fourths that of commercial white 
oak, is about equal to the oak in bending and compressive strengths, 
and excels it in stiffness. However, the oak averages much 11igher 
than Douglas fir in hardness and shock resistance. Hence the spe
dfic gravity relationships among species represent general trends and 
not uniform laws. Departure of a species from the geneml rcltttion
ship often indicates some exceptional characteristic which makes tllls 
spedcs particulnrly desirable for certain uso requiremonts. 
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SPEctnC GRAVlTY.STRENGTH RELAnONSmp AMONG INDIVIDUAL PIECES OF .A 
SPECIES 

While a general relationshlp thus exists between the specific gravi
ties and strength properties among different species, specific gravity 
affords a still better index of strength within a species. The heaviest 
pieces of any species of wood are generally 2 to 3 times as high in 
specific gravity as the lighter ones of the species, and are corre
spondingly stronger. The relationsillp' of pieces within a species is 
usunlly represented hy a power of specific gravity slightly hlgher than 
thllt represent.jug average values for different species. Furthermore, 
departures from the average relationshlp are less marked. Figure 5 
illustrates the relation between the specific gravity and the modulus 
of ruptu.te for individual pieces of whlte ash •. 
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THE TREE IN RELATION TO STRENGTH 
HEIGHT IN TREE 

The wood from the butt of the trees of many spedes is higher in 
specific, gravity than that from higher positions. Since wood of 
higher specific gravity usually }las the better meehanical properties 
rcgtlfdless of position in tree, the height in tree ordinarily needs to be 
taken into a(\COwlt only in connc(ltion "itll other factors (fig. 6). 
Sometimcs, howeycr, notllbly in hiekory und ash, materilll from the 
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butt shows superior toughness or shock resistance for its weight. 
On the other hand, wood from the swelled butts of certain swamp
grown hurdwoods is ustmlly low in specific gruvity and of inferior 
st.rength properties, whereas that ubove the swelled butt is more 
neurly 1lormal. 

POSITION IN CROSS SECTION OF TREE 

Posi tion in cross section is' not in itself a reliuble guide to the 
strl'ngth of the wood. As in other instances, the wood of highest 
speeific gI'llvity has the best strength properties. 
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In coniferous species wood nenr the pith of the tree is often of very 
rapid growth and low specific grllvity, wherMs thnt in the outer part 
of overmnture trees is of slow growth and likewise of medium to low 
specific gravity, the wood of highest strength most frequently being 
tllllt in the intormcdiate zone. The many factol's influoncing growth, 
however, result in wide diversity of wood formntion and preclude the 
drilwing of rigid general rules (fig. 7). . 

(,.5 r-...--,r--r--,-.,-...,.-,.--r-r-.,..-r-...--,r--r----r---, 

-"" ... 

0.20 4 " 12 " 20 24 28 
OISTIINC£ F/iOM PITH (jNCHES) 

FJ(lVllE i.-Ynrilltlon 01 ~1'...c1l1c ~nlVlty with dIstnnce Irom the l'Ith lor three dIfferent \,Irilin-growtb red
woo,ltr,'tlS lIL 1\ h,~I~ht 01 ~'O 10 :10 leel nho\'o tho ~ruund, show. ng (rl) incrClL'O in specific gffi\'lty with 
dL.tnnl'll Irom pith for grent~r part 01 dhulloler (8) little or 110 chnnge, nnd (C) decrCllse. Solid nn(1
dolled lines nlJlre.~lIt slll>clmens Inken from opposIte sIdes 01 the pitb. 

In tho hnrdwoods, wood. of high density may be produced nt allY 
st.nge in tho lifo of the tree, depending on the growth condit.ions at the 
pa1ticulllr time the wood is formed (39). In some hickory trees, for 
lIlf!.tallce, wood of high density is found nenr the pith, and in others 
farther out in the cross section. 

HEARTWOOD AND SAPWOOD 

The trunk find priucipal branches of a tree consist of a central 
portion ('alledheartwood surrounded by It layer of sapwood. 

All wood is formCll as sllpwood and as the growth of the tree pro
ceeds the inner portion becomes heartwood. In most species the 
trnnsCormlltioll is accompllnied by an infiltration of various sub
stllnces thnt CIHlse It cluUlge in color and in some species by the plug
ging up of the pores with a frothlike growth, known as "tyloses 11 (13). 

In tho mlluy tests which hnve been made on the various species of 
wood, no e1fect upon the mechanical properties of most species due to 
dl/Ul~e from 81lpwood to heartwood has been found. In general the 
condItions of growth that previlil when wood is first formed determine 

32 
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its strcngth properties and whether hElartwood or sapwood is the 
str<mgElr depends on those conditions, Consequently, in one tree the 
heartwood may excel and in another of the same species the sapwood. 
Thus the heartwood of the southern pines and of Douglas fir is not, 
as. has often been supposed to be the case, intrinsically stronger than 
the sapwood. The sapwood of hickory or ash may be either superior 
or inferior to the heartwood for handles (8). In some instances, how
eyert as shown in t.he discussion of extractives, heartwood and sapwood 
do diffElr essentially in strength properties. 

The heartwood of many speCIes is of much darker color than the 
sapwood. In numerous species, on the other hand, the color differ
ence is nonexistent or very slight. The sapwood of all species is 
lacking in resistance to decay and rapidly loses its strength if exposed 
to couditions favoring the growth of decay-producing organisms. 
The heartwood of some species is very resistant to decay, while that 
of other species is readily attacked. 

Sapwood is more permeable to liquids than heartwood, and hence 
is desirable in wood that is to be impregnated or treated to increase 
its resistance to decay, fire, or insect attack. 

VARIATION AMONG TREES 

In addition to the variation of wood from one part to anot.her of 
the same tree, there are considerable differences among trees of a 
species including those that grow side by side. The magnitude of 
these variations is illustrated by data on redwood. Of 57 virgin
growth trees examined in lots of 4 to 6 from each of 12 different 
localities throughout the range, tile greatest observed difference in 
average specific gravity between indhidual trees from a. single locality 
was 25 percent, based on the heaviest tree, whereas considering the 
entire range the greatest difference between individual trees was only 
30 percent. The two trees representing the extremes found in the 
enhre range were from the same county. These data. indicate that 
the growth conditions affecting individual trees ",ithin a single site, 
aud perhaps inherent differences in strains or types of trees, are of 
much greater importance in causing variations in specific gravity than 
geographicti.llocation within ilie normal range of growth of the species. 

Probable. {'((nation of rafwom.lreefrom average/or species 
Property: Pmm! 

Specific gravity bused 011 volume when green_______________________ 4 
Static bending:

Fiber stress at proportioll1~llimit______________________________ 9
Modulus of rupture_____________________ ----________________ 7 
Modulus of elasticity___ ._._. ______________________.__________ 9 
Work to maximum load______________________________________ 16 

Impact bending;
Fiber stress at proportional limit._____________________________ 8
Work to proportionallimiL____ -_____________________________ 12 
Height of drop____._ ____ ______ ______ _ _ _ ___ _____ ___ __ ___ ___ ___ 13 

Compression parallel to grain:
Fiber stress at proportionnllimit._____________________________ 12
Crushing strength ____________________________________ .-.____ 7 

Compression perpendicular to grain: Fiber stress at prop0l1.ionallimit__ ._____________________ • __ .__ _____ ___ _ _ _______ _____ __ ____ 14 

Hardness:End _______________________________________________----____ 10 
Side_- ___ • ___ •• ___ • _________ 9~ ______ ~_______________________ 

Shearir.g strength parallel to graill_________ ~_______________________ 7 
Tension perpendicular to graill____________ 12~_______________________ 
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The preceding tabulation presents an estimate of the probable vari
ation of a random tree from the average for 8 species, fora number of 
physical and mechanical properties. The values are general figures 
derived from 8 number of species. 

LOCAUTY 0(' GROWTH 

In considering the causes of variations in properties of wood, it may 
first be noted that many factors affect the growth of trees. Such 
features of environment as soil, soil moisture, climatic conditions, 
Imd competition for light and food, vary widely within small areas, 
and are subject to further variation from one period to another during 
the life of the tree. Their effect is seemingly of greater importance 
than geographical location within the normal range of a species; 
'l'his is indicated by the finding of significant differences in strength 
prol>erties between samples from adjacent areas, among trees grown 
wit lin a few yards of each other and between the inner and outer 
portions of the Same tree and the observation that samples from widely 
sepllrated regions may be very sixrilar (29). This is illustrated by 
the discussion of redwood on page 42. 

A further eXllmple is noted in Sitka spruce. Samples from two 
localities in Oregon show an average difference of 12 percent in specific 
grnvity and 20 percent or more in modulus of rupture. In contrast, 
sllmples from near Ketchikan, Alaska, tested in a green condition, 
averllge the same in specific gravity as samples from near Portland, 
Oreg., Ilnd the difference in modulus of rupture was only a few per
cent. These and similar observations lead to the general conclusion 
thnt, in the absence of specific data concerning a given lot of material, 
uverage dnta for the species is a more reliable estimate of the strength 
properties of that lot than data on samples from adjacent localities 
or from sites t.hat appear to be the same. However, there may be 
differences apparent in the grade and quality of wood from different 
stand!:), espeClally old-growth and second-~wth stands in which 
prevalence of defects, seasoning charactenstics, and the like, are 
sufficient in importance to justify marketing preferences. . 

The whole problem of the effect of re~on, site, and conditions of 
stand on wood properties is an exceedingly complicated one, and 
suflicient data nre not aYailable nor has sufficient study been made to 
attempt a final appraisal. 

A few instances of significant differences in the properties of 8 
'species grown in different regions have been noted. For example, 
Douglas fir grows to larger size in the moist region of the Pacific 
Northwest than in the drier Rocky Mountain States, and the wood 
from the former region averages somewhat higher in spe~ific gravity 
and strength properties than the latter. On the other hand, weight 
for weight, the wood from the two regions has the same strength, and 
pieces of Douglas fir from the Rocky Mountain region may be selected 
which are higher in properties than unselected Douglas fir from the 
Pacific Northwest . 

.l\.noUler significant effect of growth conditions on properties is that 
resulting from inundation. Some of the hardwoods, notably ash 
and tupelo gunl (#) grown in the overflow bottom lands of the lower 
Mississippi basin develop swelled butts, the wood in which although 
of rapid gJ'owth and relatively good appearance, is low in specific 
gra"ity and poor in mechanical properties compared to average mate
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riul of the species. Tho chnl'llctoristics of the wood from these 
swelled hu tts m'e sO unlike those of the normal wood of the species 
that it cannot be sntisfl1ctorily employed for the sumo uses. Wood 
Ilhove this butt swell usually is normal in pl'opert.ies, Hence one 
utiliziltion problem is the proper clussification of such stock according 
to its properties and potentinl uses, 

RATE OF GROWTH 

Uate of growth as indicated by the width of the annual rings is of 
some nssistllnco in nppraising the physical and mechanical propertics 
of wood, but it cnnnot be regu.rdcd as an efficient criterion for selec
tion. Dellsity or specific gravity, as explnincd on puge 36, is a nlUch 
more reliable criterIOn of strength. In liny species, wood of excellent 
mechanicnl properties lllay vary considernbly in rate of growth, but 
snch materinl will quite consistently be of good density. 

Among the rin~-porous hnrdwoods, such as hickory, ash, and the 
oaks, the Pl'OductlOn of wood with low specific grnvity is caused by 
some unfavornhle condition which interferes with the normnl growth 
of the trcc. As It rule, wood of fuirly rapid growth put on at any 
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pC/'iod of the life of the tree, is likely to be excellent in weight and, 
strength, Wood of slow but uniform growth near the center of a 
tree may also be of high density, but wood" of slow growth near the 
outside of the same tree is sure "to ,be "poorer if an interval of faster 
l,'1'Owth has intervened, or if the outer growth is slower tho.n that 
about the cent-er (89). Hence, in the ring-porous hardwoods fast 
growth (few rings per inch) is generally indicative of ~ood strength 
properties, nlthough slow growth does not necessarily mdicate weak 
material, An exception is found in the rapid growth material from 
swelled butts of swamp-grown trees (p. 40), 

Of the diffuse-porous hardwoods studied, sugttr maple trees pro
duced dense wood dtu'ing early age whether their growth was rapid or 
slow". In some of the yellow poplar trees examined, wood of more 
rapiel growth Ilear tho center was lighter In weight than that from the 
rest of the cross section, while other trees gro"ing on rich alluvial soil 
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did not exhibit this difference. Accelerated growth following It period 
·0£ slow growth I'esulted in .an increase in the specific gravity of the 
wood, and hence in strength. 

Softwood species show a wide range in density and strength at 
each mte of growth, but usually the strongest material is .associated 
with a normal growth rate. Exceedingly rapid or exceptionally slow 
gl'owth ismost likely to be .attended by low density and low mech anical 
pr0I>eI·ties. The lighter weight, slow-growth material shrinks and 
swells less with moisture changes than the heavier materinl, and 
usunlly l:ltuys in plnee better because of its greater freedom from inter
lUll stresses, so ihnt it is to be preferred for many uses not primlll"ily 
involving strength. 

Figm'e 8 illustrates the relations between ,rate of growth (rings per 
inch) and specific gravity for l'edwood (24), and figure 9, the relation 
between l'ate of growth and modulus of :mpture and work to maximum 
lond for hickory. 

TIMBER FROM LIVE AND FROM DEAl> TREES 

Sound wood from tl'ccs killed by insects, fungi, wind, or fu'e is, 
unless lmduly checked, as good for any structural pm'pose as that 
from trees thnt wore nlive when cut (20). 

If 11 tI'ee stlwds on the stump after its denth the snpwood is likely 
to become decnyed or to be severely attncked by wood-boring insects, 
and in time the heartwood will be silnilarly affected. Such deteriorn.
tion occurs also in logs thnt have not been properly cared for subse
quent to being cut from live trees. Because of variations in climatic 
nnd locn.! weather conditions and in other factors that affect the rnte 
of. detel~iorllti.on, the length of the period during which timber may 
stnnd dead on the stmnp or may lie in the forest without serious deter
iorntion vllries. Tests on wood from trees of one species that had 
stood ns long as 15 years o'cter fire-killing demonstrated that this 
wood was sound I1nd as strong as wood from live trees. Also logs of 
some of the more durable species have had thoroughly sound heart
wood after lying on the ground in the forest for se'veral decades. 
On the other htl.lld, decay may cause great loss of strength within a 
ycry brief time, both in trees standing dead on the stump and iulogs 
that have been cut from live trees and allowed to lie on the ground. 
Consequently, the important consideration is not whether the trees 
from which timber products are cut are alive or dead, but whether 
the products themselves are free from decay or other defects that 
would l'ender them unsuitable for use. In considering the utility of 
timber from a dead tree it is helpful to remember that the heartwood. 
of a liying tree is entirely dead, and in the sapwood only a .fraction of 
the cells are alive. 

Decay that is not sufficiently advanced to be readily detected may 
stillatrect seriously the strength of apiece of wood. For this reason 
and nIso becl1use decay is present in timber from dead trees more .fre
quently than in that cut from freshly felled live trees, timber from 
dead trees needs more careful inspection. Specifications for some 
timber products, notably poles and piling, oftenl'equire that only live 
trees be used. Tius requirement is difficult to enforce unless inspec
tion is made in the 10l'est, bec£.use wood cut from dead trees before 
weathering, seasoning, discoloration, decay, insect attack, or similar 
change has occurred cannot ordinarily be distinguished from wood 

http:detel~iorllti.on
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taken from live trees. Many specifications omit the .live-tree require
ment, depending entirely on inspection to determine the suitability 
of timber for use. 

EJl'J'Ecr OJ' RESIN AND OJ'TUltPEN'DNJNG 

Resin is fonned in some of the conifers, especia.lly the southern 
pines. Amounts up to 6 percent of the weight of the dry wood are 
common, and pieces with a resin content up to 50 percent are some
times found. 

Tests at .t11e Forest Products Laboratory onsouthem yellow pine 
.indicate that resin will slightly increase some strength properties but 
the efrect is too small to be of any practicslsignificlUlce (10). An 
excessive amount, of resin is sometimes associated \\;th an injury such 
as a compression failure that may have greatly reduced the strength. 

Longleaf and slash pine trees are frequently "tapped" for tur
pentine. The results·of.1I. special investigation, involving mechanical 
tests, and physical and chemical analyses of the wood of turpentined 
and 1mturpentined trees from the .same locality (10), show t,hat (1) 
turpentined tunberis as strong as tmturpentined if of the same weight 
(table 15); (2) the weight and shrinkage of the wood is not 3ffected 
by turpentining; and (3) except in parts adjacent to the "faces" where 
there may be a concentration of resin, turpentined trees contain prac
tically neither more nor less resin than untlLrpt'.ntined t,rees, the exu
dation of resin occurring only from the sapwood, and therefore the 
resin content of the heartwoou is not affected by the turpentining 
process. 

TABLE I5.-Effect of turpentining on the IItrength of 1011gleaf pine 
-*. ~,."~ , 

MaximumRelative crusbiDcspecific Modulus 01Item Tests strengtbgravity 01 rupture (pamllel totest pieces grain) 

Lb.1!"-'l. Lb. pcr-'l. 
Numbn IR. IR. 

Unhoxed (not turpentined) tree. ........................._. 400 1.00 12, 358 7,100 
UO.t..d (turpentined) Ilnd I'OOIlntl~' abandoned"....... _.. 390 1,07 12. \161 7,813 
Boxed (turpentined) Ilnd nh'lIldoned 5 yeUl'll .~ .•••.••• ro5 1.00 12, 686 .7,575 

EXTRACTIVES .AS .RELATED TO STRENGTH 

Extractives are constituents that dissolve when a piece of wood is 
placed in a solvent that has little or no effect on the wood subst.ance. 
They are :referred to as cold-water, hotrwater, or alcohol-soluble ex
tractives, depending on the solvent used. Extractives are found in the 
heartwood of many species and are especially abundant in redwood, 
western red cedar, and black locust. These species are also relatively 
high in certain strength properties for the amount of wood substance 
they contain} particularly when unseasoned, and tests have shown .that 
the presence of e.xtractives is probably accountable. The extent to 
which extractives affect the strength is apparently dependent upon the 
amount and nature of the extractives, the species of wood, the mois
ture condition of the piece, and the mechanical property under con
sideration. Of the prorerties examined, maximum crushing strength 
in compression .paralle to the grain showed the greatest increase as 
.tha Nsult of the infiltration of extractives accompanying the change of 
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sapwood into heartwood, and shock resistance the least, with modulus 
of rupture intermediate. In fact, under some conditions .shock resist
ance appelU'S to be actually lowered by extractives. Thllt extrllctives 
may affect different species differently is indicated by the fact that 
they appear to affect the. strength of western red cedar less than the 
strength of black locust, although black locust has a smillIeI' percentllge 
of extrnctives (28). Difference in the character of the extractives is 
probably also a factor in this connection. 

TIME OR SEASON OF CUTTING 

The time or season of cutting is sometimes thought to affect the 
properties and durability of wood, but so far as is known it actually 
has very little direct effect on the characteristics of the wood itself. 
The method of handling after cutting, however, lUay be vcry inlport
ant. Dm'ing the summf'r, forinstance, seasoning proceeds more rapidly 
and is more apt to produce checking thail in the winter. Insects, 
stains, and decay-producing fungi are morcvigorous in the summer 
and the freshly-cut wood is most subject to attack at this time.. 
Winter cutting, therefore, has the advantage that more favorable 
seawning conditions and greater freedom from stains, molds, decay, 
and insects simplify the problem of caring for the timber before con
·version. There is but little difference in the moisture content of green 
wood in. vtmter and in SUlluner. 

MOISTURE AS RELATED TO STRENGTH 

vVood in the green state contains considerable moisture varying from 
about 30 to 40 percent (based on the weight of the dry wood) in the 
heartwood of sOJlle of the pines to over 200 percent in some other 
species. Part of this moisture is beld absorbed by the cell walls and 
part is held within the cell cavities as water is held in a container 
(15, 4-7, 60). As wood dries, the cell walls do not give off moisture 
until the adjacent cavities are empty. The condition in which the 
cell walls are fully saturated and the cell cavities empty is known as 
the U fiber-saturation point.H Ityaries from 25 to 35 percent moisture 
'Content. 

LIerease in strength begins when the cell walls begin to lose moisture; 
that is, after the wood is dried to beJnw the fiber-satUl'ation point. 
From this point on most strength properties increase rapidly as drying 
progresses. ThisincrellSed strength of dry o\'er green wood of the same 
dimensions is due to two causes: (1) Actuill strengthening and stiffen
ing 0 f the cell walls as they dry out., and (2) increa.se in the compactness 
or the amount of wood substance in a given volume because of the 
shrinkage that accompanies drying below the fiber-saturation point. 

Drying wood down t.05-percent moisture may add from about 
2M to 20 percent to its density, while in small pieces its end-crushing 
strength, and bending strength, may easily be doubled and in some 
woods tripled. Thus. the first of the two fact'()l'S mentioned is the one 
chiefly responsible for the increase in strength. 

Tho increase in strength with seasoning is much greater in small 
clear specimens of wood than in large timbel'S containing defects. 
In the latter the increase in strength is to a large extent offset by the 
influence of defects that develop in seasoning. 

http:increa.se
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The various strength properties are not equally affected by clum~es 
in moisture content. 'Vhereas some proper.ties, such as crushmg 
strength and bending strength increase greatly with decrease ill 
moisture, others, such as stiffness, change only moderately, and still 
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·FIOURE IO.-The rel"t!on between mechanical properties and the moisture content of 51111111 clenr specimens 
of Sitka spruce. 

others, such as shock resistance, may even show a slight decrease. 
This last effect is due to the fact that drier wood does not bend so far 
as green wood. before failure, although it will sustain a greater load, 
and because shock resistance or toughness is dependent upon both 
strength and pliability. 

I2fJ6llSO-3.'i---4 
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Tl1e following t.u.bulatiOll SllOWS the average vu.riatioll of tIle strength 
properties . .or wood with c1utnge in moisture content, and figure 10 
shows graphically the tlffect of moisture on certain strength properties 
of Sitklt spruee. 

AVeTugt; illcrca8C (or decrcuse) ill value effected by lotomllg (or raisillg) the fIIo·illture 
c01ltent 1 1ll'TCelit 

Property: 
Static bending: Ptrcrnl 

Fiber !;tresR at prDpDrtiDJ)allilUit__ ~________________________ _ :;
l\IDdulus.of rupture, .or crDss-breaking strcngth______________ _ 4Modulus.of elasticity Dr "tiffncss__ • ________________________ _ 2·W.ork t.o vr.opDrtiDnullimit__ • _____ • _.". ___________________ • 8 
WDrk t.o maximum l.oad .or shock-rcsit;ting ability__ " _________ _ ~ 

Impact bending:
.Fiber strc8sat pr.opcwtiollallimit __________________________ - 3Work t.o pr.oP.ortiDnallilIlit,_ • ______ •• ________ • __ • _____.___ • __ 4 
11cight.of drDp .of luullmer causing cDmplete failure_. _________ _ -~ 

C.ompreSSiDn parallel to grain:
Fiber stret;8 at pr.oP.ortionallimit _______________ .• _______ • __ _ 5.l\laximulll crushing strength_________________ " ___ ••_______ _ o 

Compressi.on J)erpclldiculnr t.o grain:
]?ibcr strc.ss at prDportionallilllit_______ •• __ • ____ • _____ • ____ _ 5~liurdncsll, end grain ____--_____ ._ • _________________ • ______ _ 4llnrduc88, side ~nin______________________ • ___ ___________ _~ 

2}~
~!lelL:illg strengt~l parallel t.o .grrull ______ • _. __ . _ • ____________ _ 3
J ellSlDII perpendICular to gralll _______ • ________ ._~ _____ w. _. __ l~ 

METHODS OF MOISTURE-STRENGTH ADJUSTMENT 

It is oftondesimble to adjust strength values for wood at dne mois
ture content to what they would be wIder soma other co~dition. This 
can be done quite necurn.tely wIlen the data apply to small clear speci
m()JlS which nre (jlute uniformly dried so that the moisture content is 
approximately the same at .all points of the cross section. 

Three general methods, differing materially in their accuracy, and 
in simplieity and flleility of application, may be 'used for moisture
strength adjustments. These are referred to as the (1) approximate 
IllOUlOd, (2) the equation method, Bnd (3) the graphical method. 

APPROXIMATE METHOD 

The npproximnte method of moisture-strength adjustment consists 
simply in uu npplication of tbe percentage figures of the tabulation 
abo\re for the property tInder consideration, regardless of species. 
])'01' example, if tho maximum crushing strength of Sitka spruce at 
12-perecnt moisture content is 5,610 pounds per square inch, what is 
tbe appro:xil1111t.e value at lO-perct2it moisture? From the tabulation 
it mlly be noted that the averaga change in maximum crushing 
strength for l-:perccnt change in moisture is 6 percent. For 2-percent 
change in moisture content (12-percent .moistW'e to 10-percent mois
ture.) the average e.,pe(~ted change in maximum crushing strength 
would eonsequently be 12 percent. Since this property increases with 
dc(~rensc in moistW'e content, the approximate increase in strength is 
12 l)erecnt of 5,610=673, and the approJ..imate maximum crusrung 
strength at 10-percent moisture is 5,610+673=6,283 pounds per 
square inch. 

This is t.he. least accurate of the several methods described 1 and is 
useful only for making rough approximations. For comparison it 
roILY be noted that application of the equation method to the fore
going example gives a value of 6,194 pounds per square inch. 

http:Compressi.on
http:11cight.of
http:Modulus.of
http:l\IDdulus.of
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EQUA'I10N METHOD 

StudiM at the ]i~orest Products Laboratory (60) Illtve led to the 
derivlltion of a fonnula for strength adjustment, the 1l11111ericlll solu
tion of which affords more II.Ccurute estimntes tluUl nny other method. 
This fomlUJa, known u.s the exponential fomlUin. is based on the fnct 
that for nn:}'" one species and strength property, moisture-content 
"alues withm certlun limits n.nd the 10glU"lUlIl1S of corresponding 
strength vu.lues .have been found to confonn closely to a straight-line 
relationship.

The fomlUln nmy bo written 

·1 S +«(' D) Jog' (8 H+S..,)Log S1) = og e -, -.;[:::r-

where A, lJ, 0, und D, nre vulues of moisture content und SAl SII, Se, 
ILnci SD ILre corresponding strength vnlues; Se is the strength vulue 
from tests lUnde nt moisture content 0 I1nci So is this strength vnlue 
udjusted to moisture content D. The e:\llression 

which is equiviLlent to 
log SH-JOg S,\ 

A-B ' 

mensures the clmnge in strength IJrOperty caused by It chnnge of 1 
percent. in the moisture content. ReqUIred for evnlul1tion of this 
expression nre strength vulues SA nnd SH found from tests mude at 
two different. moisture content.s A and B on mntched specimens; 
tlll\t is, specimens thn.t can be assumed t.() be nlike except for the 
single factor of moisture content, such as specimens from closely 
Ildjucent positions within the same annual growth layers. 

When 1ll Ilny instnnce a strength value is that for green material, 
the correspondin~ moisturo content to be used for the species under 
consideration is hsted in the follo\\-ing tabulation: 

"'fOi.~tIlTIJ con/clIl 
SPCdCll v: PrrcentAsh, white___________________________________ , ________ , _ - ------ 24 

Birch, ycUow___________ .• ______ .• _" ••• _" __ ." ... _., . ___ .________ 27 
Chestnut_____ • ________ • ___ • _________ .. _.' , _____ •.. ______________ 24 
Douglas fir ______ ,_. ____ ... _.. __ . ___ • _•.• 240 _________ • _____ _______ 

llernlock, wcstern. ______ ". _____ ... ___ •. __ . __ • ______•• _________ .__ 28 
0. _ •• __ •• __________ • ________________ -----Lurch, wcstenl. ___ • ______ 28 

Pint'.:Loblolly______ • _____________ • _____ • __ . .., ____ • __ _ _ _ - - -. _-. 21 

~;~~~~~~::=:::_:::~: ::~~ :~::=:=::::::: ~=: -::: :~= ::: :::=== ~lRedwood _________________ • _____ .,_. _. _ _ _ _ _ _ ___ _ _ ___ __________ __ 21 

Sprucc:Red ______________________________ • _•• ______ •...• ___ -- _----_ 27
Sitka__________________________________________ • ______ -____ 27 

Tamarack ___________________________________________ .--------- 24 

• The e:met value has booo dewrmlop.<\ ooly for the species lIswd here. }'ur other species the value of 24 
perceot may be assumed to apply. 
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TIII'co t.)1)CS oC moistur<....stl·Cngth uujustmcnt difrering with respect 
t(,) tho source of the (ltlttL fot· eyu.luuting theexprossiQll 

log (80 +8.,,)-X=s---
ILI'C doJined Ulltl illustmted in tho following plU'lagmphs: 

Tn'E 1. li'l'oUl tests 011 llmt<lhed groups of llltlterinlllt two difrerent 
moistul·tH~ontent values; It stt'ength yuiue corresponding to It third 
\'1\,1\1(1 o(moisturo content is computed, the data for eytLlullting the 
e~l)l'tlssioll 

being supplicdby the tests on the llmterial under cOllsiUemtion. 
Example: 'rhe uverngo llllL'l.-mmm crushing strength of Sitl,lt spruce 

IlS listNi in tiLble 1 is 2,670 pounds per square inch for green mnteriul 
und 5,610 l)ounds ])er squure inch for mltierit\lltt 12J)ercent moisture. 
Compu to tho lIlaximum Cl'ushillg strength correspon ing to It moisture 
C,ontNlt of 141H.'I'('·Cllt.

8,1 =2,670 f"olll tubIo I, lind A for green llluterial is 27. 
SlJ=5,ulO, B=12. 0 muy bo tuken either itS 27 or 12 with corre,.. 

sponding ('hoi(~o oC Sci thut IS, either the yuIue for green material or 
thllt Iot· muh.wiul tit 12-pcr<.~cllt moisture may be adjusted to 14-percent 
moisture eontcnt. 
D=14. 

'rllking ('=12, IUltL 8c =5,610. 
<r S' -) .'Y r 610+ (1?-14) ~g (5,610+2,670)1~o'" H- 00 .),- 27-12 

O 3')')4 
=3.7490-2X··· tfj-:"· 

=3.7490-0.0430=3.7060 

Then 
or 

'raking (1=27 und 8(:,=2,670 

L ·,y 1..' -'1 2 "-0+ (?7-14) log (5,610+2,670)
0", 1J14- og ,vi 27-12M 

=3.4265+13XO.31~4 

=3.4265+0.2794=3.7059 

Then Su = antilog 3.7059=5,082 IlS before, und tl1e maximum crushing 
strength of Sitka spruce at 14-perccnt moisture content, as obtained 
by ndjusting to this moisture content the average values given in 
table I, is 5,082 pounds per square inch. 
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'fn')1 2. A st.rOlwth "nluo ootu.il1eo lit one lIIoisture content is 
udj us ted to IL secondyuluo of moisture content, the dllttL fOl' (wllluuting 
the expression 

IO/r (SB-+-SA) 
~~. A-B .. 

liS found in other tests on the Sillne species being Ilssumed to npply. 
Example: A specimen of longlenf pine nt 9.S-percent moisture con

tent wns found from test to have n modulus of rup(,ure of 13,500 
pounds pOI' square inch. Estimate the vnlue of modulus of rupture 
tilll,t would have resulted had the test been made at a moisture conten t 
of 12 percent. 

Vnlues of modulus of rupture on matched specimens of longlnuf 
pine are given in tnble 1 as S,700, which is equul to SA, tll1(114,700, 
which is equal to SB, pounds per sqUlU'(\ inch for the green und 12..:per
centmoistUl'e conditions, respectively. A, from tho tubulntion (p. 51) 
=21, B=12, 0=9.S, nnd D=12. 

'fhcll substituting in t.hc formula 

Lo,S -I '13 "00+(9 8_1·))lo/r (l4,700+S,700)g 12- og,i> . - 21-12 
O??-O 

-4130')-').::) •.•?X-::=!.52-. 9 

=4.1365-0.0557=4.0746 
SI~=llntilog 4.0746=11,874 
und the modulus of ruptur(?lat 12-percent moisture Its estimated from • 
the value detcnnined at 9.S-percent moisture is 11,874 pounds per 
sq ultre inch. 

TYPE 3. As in type 2. except thut the data for cvulUlLting the 
('X pression 

log (SB-+-S.~) 
A-B 

for the sume species not being known un Ilverage vulue ns compute.d 
from tests of other species is assumed to apply. 

Example: The modulus of rupture of a sample of a hardwood 
species tested ttt 9-percent moisture content was 11,700 pounds per 
squlll'C inch. Estimatc the yalue ut 12-percent moisture. Here 
So=11,700, 0=9, and D=12. No values of SA and SB for the same 
species being Ilyniltlble, it is assumed that the strength-moisture 
relutionship for this hnrdwood is simillll' to that for hardwood species 

ill geneml nnd 1.59, the vullle of ~; ItS briven for modulus of rupture 

of hlll'dwood species in tnble 16/ is used for ~~. A=12 ILnd for B the 

vluue of 24 from the tilbulntion on page 51 is taken. Substituting in 
the formula: 

log 1.59 
Log S12=log 11,700+(9-12) 24-12 

=4.0682-3XO.~~14 
=4.0682-0.0503 =4.0179 

http:X-::=!.52
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'rABLE Hl.-Avcrage strength ratwH (~~) /QT'species ill dnjing /r01ll (I grccn C07ldi· 

lioll 10 12-1)Crccllt moist lire COlltCllt 

linrdw{lods SoltwoodsProperty (113 species) (M species) 

$tlJtic: beoding: 
,'iller stre&! lit I'roportionnl1hnlt... .. .••• .. ............................. .. LBO 1.81 
Modulus 01 IUpture........................................... '''''''. 
 1.59 1.61 
Modulus o/elasticity••" ........"..... . ............................... , 1.31 L:!8 
Work: to Jlrol\()rtlonalllllll~....... ... • ............................... .. 2.~1l 2.56 
Work: to nllulmuw load............. "" .............................. 1.05 1.13 

Illlpact bendIng: 
~'ibrr stre$S lit l'roportionuillmil.... . .'.. .... " .•• . . • .. "'. "..••• "' " .1.44 1.39 
.Work: to l'roportiunllillmit..." •••• ,"", ......... .... . ............" ...... . l.fl8 1.59 
neight 0 drop causing colII)Jiele lallure. ........ •. . ..... _.......,.. .S9 1,03 

C'Qfl1w""s/on \lnrall~lto \:nlio: 
Fib~~s(n.""lllt llroport\oQlllllmit,,". _.h."....... .... ............ . I.H 1.86 

lIflUlmum crushiug stren~lh........................ "..................... 1.117
1.95 

C'ompress)on \ler£lendlculnr 10 groin: }'ihcr Slro.-IS I\t Ilrop(lrtionaillmit•••••••.• 1.84 1.D6 
Jlardne."\.'!: 

I.M 1.67 
1.33 1.40:;hrl~J~L;fe:l~i~:t~~~~r~;;::~:;t:~i;il~I~;;;;:ing Sl~n;I:~:.· ::.: ::::: ::::::.:'j' U3 1.37 

Tension pl!fpcndlclllnr to groin: 1\1>1.<111111111 tensile strength I.W 1.23 

Sl2=lIntilog 4.0179=10,400 

Obviously, adjustments of type 1 uro most llud those of type 3 lcnst 
neellmto. Tho iUIICClIfllI.'Y i:l types 2 und 3 is due to tlie assumed 
ynllles of tho expression 

log (Sy+SA)
• .t1-B 

not being definitely applicable. 
In types 2 llnd 3 tho nccurncy of tho computed 01' estimllt.ed vnIue 

dc('rcnses with incrotlSo in moisture difference for which ndjustment 
is Illllde. 

GRAPmCAL METHOD 

Tho grnphicill method consists of using a chart (fig. 11) for the 
301ution of tho formnln, described under the equation met.hod, thus 
avoiding tho use of lo~nrithms as required in the arithmetical calcu
Intion. This method IS, therefore, simpler thnn the equutionmethod, 
bllt duo to the personul equation in reading the cllart und the small 
senln of the churt, the adjustment is less accurate. 

The pro('cduro in the use of the chart is as follows: 
1. First determine K, the ratio of the strength when dry to the 

strength when green for the strength property and species under 
c~msideration. This ratio should be determined from one of the 
J1ree following sources, ,."illi preference in the order nllmed: 

(a.) From tile tests of matehcd green and dry material for which 
the adjustment is to be made. 

(0) lfrom the data for green and dry material of table 1. 
Cc) From the ratios of table 16. 
2. Dctel'mine the diJTcrcnce in moisture between the value to be 

used for green material (table 1) and the moisture content of the dry 
ffiaterinl on which the preceding dry to green strength IlltiO is based. 
(For aU species listed in tnbla 1 the moisture content of the dry 
mnterinl is 12 percen t. 

3. Determinc. the difference between the moisture content of the 
material at test and the moisture content to which adjustment is to 

http:estimllt.ed
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be InadQ. This difference represents the range in llloi!iLurc OVN' whidl 
the adjustment is to he made. 

4. Lo(,'uto 011 the chart a point corresponding to the dHrel"ellCe in 
moisture contl'llt IlS determined under 2 and the rutio [( liS deter
mined under 1. From the line joining this point with the lower 

.=.;: 	 /
'.= 	 , 
f:: 	 :7 I-
~ /1 

I 
, 

/.: / v, 'j 
- VI~/ '/ I 

D_ 	 v,j J I '/ 
z.,.: 1/VI VI / /1 

-	 171 [11[7Vv / '/ 
~- / i~1/ I v,,. / 1//-
-	 1/1I/J 117/ // /'1/.. 

7VIV/V';,V 1v vf7 /' 
/-	 7 rl 1/,1,/ /v //1/ I l7:z 

I 	 1/ 1/ '/ / 
/'L/ / V v/ 

/-	 11.> r/I IJ / 
VIV 1/ V " V 

//. V, VI / ~,V / V V /'" 

v /1.% ~ [0'f/j r./ "/ / / V 
"'..: Ii~ ~~ v., VI[/.v/ If/ " 

//
v ,,' 

...: 	 V~1.'i ~1, I~r/ / //V \.,/ V L,. ..... 
.

~~5' ~/. f/' //v~v .... ""'/V 
..... 1.--' V ....."..: 

..... 'IJI.E0 ~%~V. // /'V /1/v 
.' v V 

v ....-	 J"!(~~; r~v:f/ /v.....r.-:.V v ..... V .......- " 

V I--" 

f- &i~~/. ~~~ ..... 'V 1-- ..... !/V .-' 


~"~t/~,L" V .-' V ....
I ~~~~ ..... 1/ ../ 

to ~/ v..... 	 - I- A~~ ~~1./V 
;0 " V V .., ---v V 

,~~ ,,'V -l-I- - ~~~~~ .- :-	 --~ I-z 	 
lie~!:%~~~,V 1-:::. ,.. 

......I-
p 

-~ - ~ ~
p 

htr~.%~~ t;:: :;::..r...- I--' -1-I--'I- 

~~ t:::.-v ~ ~I--' 

.~-
1.0 

o 	 Z 4 6 6 10 /Z H 16 16 

OINOf£(VCE IN MOISTURE CONTENT (pEncEI'd) 

FIGURE II.-Churl for making strength·moisture adjustments. 

ll'ft-hand ('Orner of HIe ehnrt the ratio corresponding to /lny difference 
in moistnre ('on tent cnIl be found. 

5. Locnte on this line, the point that corresponds to the difference 
in the moisture ('olltcnt liS determined under 3, and reud the corre
sponding llew strength ratioK on the left-hand sCllle. 
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6. «(t) If tho ndjushnent is being made to 1\ 10wer moisture content 
tlulD that Ilt whidl tho tests wero made, multiply tho strength at test 
by the new rlltio (us obtuined. in 5 ubove) to get the adjusted strength 
value. 

(b) If tbo adjustment is being nlade to a higher moisture content 
than thut ut which tho tests wero made, divide tho strength at test 
by tho l\eW ratio (IlS obtained in 5 Ilbove) t.o get the adjusted strength 
"nlue. 

j;"]xampl0 1. Tests of matc11ed specimens of Douglas fir gave values 
of mnximulll crushing strength of 3 ,M}) and 10,680 pounds per squaro 
ind~,respectively, fot· green wood and wood at 6.2-percent moisture 
('on t{'n t. Whnt is the strength at 12-percent moisture content? 

, . t' T.~_1O,6S0-? 711• Tl1(. In 10 A- 3,940 --... 
2. Tho difTerell(,o between the moisture content to be used for 

green lltnterinl (tlllmlntion on I? 51) nnd tho.t at testis 24-6.2=17.8 
whit'h is the differ'('llCe in mOisture cOlltent to which the rati.o 2.71 
Ilpplies. 

3. Tho difference between the moisture content .of the dry material 
nt test and the m.oisture conwnt t.o which ndjustment is desired is 
12-6.2=5.8. 

4. Stllrting with the rati.o 2.71 .on tho left-hand lllargin of figure 11, 
nnd following horizontally t.o tho vertical representing the 17.8-per
l'l'ut moisture difference, locate a point. 

5. Foll.owing tho converging lino 011 whidl this point is located to ~ 
its intel's('ctioll with a vertical cOl'resP.onding to the m.oisture differ-'~ 
l'Il('C .of 5.8 (step 3), nnd thence horizontally t.o the left-hand margin, 
11 ne\\r ratio K .of 1.38 is (.ound. 

6. The lllu:dmum crushing strength at 12 percent m.oisturo is 
10680

1:38 =7,740 pounds per square inch. The m.oisture content .of 12 

])('r('cnt to which adjustment is made is higher than the m.oisture 
l'.ollt('ut nt test. COllseq'lently the strength value at test is divided 
by the rn tio. 

l~xnlllple 2. Tho modulus .of rupture of a sample of hardw.ood 
S~dl~S tested nt 13-percent moisture c.ontent was 10,030 pounds per 
square indl.Wl18t is the estimated value at 9-rercent m.oisture? 

1. SiIl('e dnta. .on mutched green and dry materia are n.ot available, 
tho nvcrngerntio of strength when dry (12-percent m.oisture c.ontent) 
to thut when green for a hardwood is taken fr.om table 16, and is 1.59. 

2. Ii'rom the tnbulntion on paO'e 51, the moisture c.ontent to be 
uscli for green material is assumed t.o be 24-percent m.oisture c.ontent. 
'fho ratio of 1.59 applies t.o material at 12-percent m.oisture c.ontent. 
The lnoi:;ture difference is, theref.ore, 24-12=12-percent m.oisture 
('ontent. 

3. The differ(,Jl(,cs between the moisture c.ontent .of the sample at 
test and the moisture to which adjustment is desired is 13-9=4 
pcr(~ellt. 

4. Starting with the rati.o 1.59 on the left-hand margin of figure 
11, and following horizontally t.o tho vertical representing 12-percent 
moisture differcncC1 lorllle a. point. 

5. Following the c.ollver<,;ing line through this point to its intersec- > 

Hon 'o·fith the vertical corresP.onding t.o the moisture difference .of 4 .,; 



STRENG'J'U AND mlLA'l'El> }'ROI'ER'I'mS 01<' WOODS 57 

percent (step 3), and thence llOriz.onta.lly to tho left-hand mnrgin, the 
Tillio K of 1.165 is found. 

6. Tho lJlod ulliS ohuptllro Ilt 9-percent Inoisturo content is 10,030X 
1.165= 11,680 pounds per sqllilre inch. In this instanco tho moisturo 
content of 9 percent to which adjustment is mado is lowor thlUl the 
moisture content nt test and tho strength vruuo nt test is multiplied 

• by the 1'Iltio K. 

UMITATlONS TO MOISTl)RE-STRENGTH ADJUSTMENTS 

When tho strength dntu. IlfO from tests on materilll in which the 
moisture is not uniformly distributed in the cross. section, moisture
strongth ndjllstments on the bllSis of the mothods just outlined cnnnot 
bo considered as I'elinble, and no accoptable geneml method for the 
ndjllstment of such dnta is Ilynilable. 

COMPARATIVE STRENGTH OF AIR·DRIED AND KILN.DRIED WOOD 

Some wood users contend thnt kiln-dried wood is brnsh Ilud not 
l'quill in strengt.h to wood thnt is air-dried. Others adyanco figures 
.purporting to show thnt kiln-dried wood is much stronger than air
dried. However, comparntiye stI'ength tests, made by the Forest 
l>roducts Lnborutory on kiln-dried Ilnd nir-dried specimens of 28 
common species of wood, show that good kiln drying and good air 
drying hiln~ tho Sflme efrect up'0n the strength of wood but that 
severo conditions in the kiln wIll lower most of tho strength prop
(.rties (56). 

The belief t11ut kiln dryinO' produces stronger wood than air drying 
.is lIsultlly tho result of fniluro to consider differences in moisture 
content. Tho moisture content of wood on leavinO' the kiln is genCl'
ully from 2 to 6 percent lower than that of thoroughly nir-dried stock. 
SinCE) wood rapidly increases in most strength properties with loss of 
tnoisture, hi~her strength 'Values mn~ be obtained from kiln-dried 
tlum from mr-dried wood. Such a dIfference in stren~th is not per
llUlnNlt) since in use a piece of wood will come to practIcally tho saIne 
moisture condition whether it is kiln-dried or nir-dried. 

1 t must be em phasized that the appearance of wood is 110 t a reliable 
(.'ritenon of tho effect the drying process may have upon its stren~th. 
'rhe strength properties may be ~eriolJsly injured without viSIble 
damage to the wood. Also, it has been found that tho same kiln
drying process cannot be applied with equal Sllccess to nIl species. 
To insure kiln-dried material of the lughest strength, a knowledge of 
the correct kiln conditions to use with stock of a given species, grade, 
Ilnd thickness, and a record showing that no more sovero treatment 
has been employed, aro necessary. 

TEMPERATURE AS RELATED TO STRENGTH 

The moisture content of wood determines to Il. large extent how it 
is nffectedby temperature. 

Lowering the temperature of wet or ~reen wood decidedly increases 
j ts stiffness and i ts stren~th in compreSSIon parallel to grain. Freezing 
temperlltures haY6 resulted in increflses of from, 5 to 25 percent as 
compared to yslues at normal room temperature, the results varying 
with the strength property considered, the species, and the moisture 
condition (12, 47). Such effects are much less pronounced in wood 
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whose moisture content is below the fiber-saturation point and become 
complU'l1tiv oly small at very low moisture content values. 

Tests in compression parallel to _grain have shown values for green 
wood I1.t temperatures near the boiling point about one-fifth as' great 
as at normal :room temperature. Including both moisture and tem
perature effects a tenfold difference in maximum crushing strength has 
been observed between specimens test.ed immediately after soaking • 
in hot water and other matched specimens that were tested after 
cooling subsequent to over drying to e:x-pel all moisture. Tlus illus
trntes the importance of establishing comparable conditions of mois
ture and temperature when making comparisons involving stren~th. 

Aside from the current or immediate effects of temperature as lust 
dted, tests have shown that heating to or above the boiling point for 
severnl hours or to more moderate temperatures, such as are used in 
kiln drying, for longer periods may permanently lower the strength 
properties as compared to unheated wood at the same moisture con
tent. The effect on the strength at some lower moisture content is 
somewhat less than on the strength of wood in the green or wet con
clition. The amount of this lowering apparently depends on a large 
number of variables including species, size, and mOIsture content of 
the lllilterial when llCated, the temperature, and the duration of the 
heating {loriod (22,42, 59). _ 

Steammg or boiling of wood for brief periods is used to make it 
pliable and prepare it for bending to curved form, Such preparation 
makes it possible to bend the wood to curvatures otherwise unattain~ 
able. The heating is usually for comparatively brief periods and 
probably has little permanent effect on the strength. 

EFFECT OF PRESERVATIVE TREATMENT ON STRENGTH 

Coal~tar creosote, water-gas tar, wood-tar creosote, creosote-tar 
mixtures, aud creosote-petroleum mb..-tures are practically inert to 
wood and lllwo no chemical influence upon it that would affect its 
strength (6). The 2- to 5-percent solutions of zinc chloride com
monly used illpreElervative treatment apparently hav.e no important 
effect. 

Althougll wood {lreservatives are not harmful in themselves, the 
treatment used in mjecting them into the wood may result in con
siderable loss of strength t.o the wood. Green wood conditioned for 
the injection of preservatives by steaming or by boiling under vacuum 
mlly be seriously reduced in strength if extreme temperatures or heat
ing periods are employed. Consequently, care should be used to keep 
the temperature as low and the duration of the treatment as .short as 
is consistent with sat.isfactory absorption and penetration of the pre
servative (59). A gaf?e pressure of 20 pounds (259° F.) is sufficiently 
high for steam conditIOning. No advantage is known to result from 
higher pressures, and the resulting higher temperatures are much 
more likely to damage the wood. The maximum temperature em
ployed in the boiling-under-vacuum process is usually less than 210°, 

The use of pressures greater than 175 pounds in injecting preserva
tives into ~\'ood that is soft from lOl!gheating ~s likely to cause severe 
end checking and collapse. ConSIderably higher pressures can be 
used if the wood has been heated for a short time only, or not at all. 
Woods of low density are more subject to injury from high pressures 
thun woods of high density. 
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STRENGTH AS AFFECTED BY RATE AND METHOD OF LOADING 

DURATION OF STRESS 

The duration of stress or the time during which a load or force 
acts on a beam or other wooden member has an important bearing 
on the use of the timber, and on the adaptation of results of tests 
to the design of different kinds of structures or members. For in
stnnce, when an airplane traveling at high speed suddenly changes 
its course as in flattening out following a dive, wooden members may 
without damage be subjected for a few seconds to forces which would 
cause complete failw'e if applied fora longer time. In impact-bending 
tests, where the load is suddenly applied and is maintained for but a 
fraction of a second, a stick will resist a force more than double that 
required to produce failure in a standard static":bending test. On the 
other hand, beams under continuous loading for years, as in ware
house floors, will fail at loads one-half to three-fourths as great as 
would be required to produce failure in the stando.:~d static bending 
test where the maximum load is .reached in a few minutes (5, 27, 
31,49). 

From the foregoing it is clear that tests made under widely differ
ent conditions of loading are not comparable, and that the allowable 
stress in a woodenbemn must be determined. in accordance with. the 
londing to which it will be subjected in service. The rapidity with 
which the load is applied and the duration of the stress are material 
factors in the result. 

Figure 12 presents an interpretation of some data on the influence 
of rate of l.oading from tests of small clear specimens. A tenfold 
increase or decre!\Se in the rate of loading produces a:pproximately a 
1O-percen t increase or decrease, respectively, in bending stren~th. 

In timber testing, the allowable tolerance in rate of loading is 
limited to ± 25 percent of the required rate in order to keep the 
variation in test results from this cause within about 1 percent (48). 

FATIGUE 

Some tests have been carried on both in the United States and in 
Europe to determine the effect of repeated stress and vibration 
although no extended and thorough or complete .investigation has 
been mnde (30). 

In tests made at the Forest Products Lnboratory on beams of 
circular cross section, rotated so that the outer :fibers were stressed 
in compression and tension alternately at each revolution, the fatigue 
limit was found to be about one-third of the modulus of rupture as 
determined in static tests, on beams hav'..ng square cross sections. 
Sometimes the fatigue limit of wooden beams with circular cross 
section is .expressed as a ratio to the static modulus of rupture of 
benms also of .circular cross section. Expressed in this way the ratio 
is less than one-third, since a beam of circular section has 0. form 
factor of 1.18. TJlese tests involved over 300,000 stress cycles 
(table 17). 
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• {'ulculnted (In hl~,ls Ihllt Corm flletur oC lJtllllll of clrculnr cross section b 1.18. 

Studies made 011 calltilever beams having all enlarged cross section 
a,t the point of support .demonstrated that the fatigue limit varied 
gl'elttly depending 011 wl1ether the change of cross section was abrupt 
or ~!·ltdunl. 

With even what is nonnlllly considered a generous fillet the fntigue 
limit is lowered mu.rkedly. This effect, together with the inliuence 
of form factors, has led some investigl1tors erroneously to plnce tho 
fntigue limit for wood us low ns one-sbdh of the static modulus of 
rupture. 

Tests made nt the ,Forest Products Lnborntory on tupered speci
mens of It form to obviate changes in cross section .thltt would influ
ence fnilure show that, for a stress just slightly greater thnn the 
futib'1le limit, fu.ilure occurs at not more thnn 2,000,000 load reversals 
und jn some species at less than 1,000,000 reversals. Tests nt stresses 
only slightly less thlm the fatigue limit showed no failure after re
versals l'Ilnging in number from 14,000,000 to 125,000,000. 

Other tests 011 Sitka spruce in which specimens of rectangular cross 
section were vibrnted through npproximately 5,000,000 cycles indi
cato that the modulus of elasticity is not greatly affected by vibra
tion. No effect on fiber stress nt proportional limit and modulus of 
rupture could be detected from these tests, the values bein~ abou t 
the snme for specimens which had und which had not been vlb1'l1ted. 
The tests indicate thltt the same .st.-ess prevails at the fatigue limit 
with vibrated specimens of rectangular cross section as with rotated 
specimells of circular cross section. 

Further studies to obtain more specific informntion on the effects 
of vibration and fntigue, pllrticularly when subjected to a large num
ber of stress cycles, and to determine the variation of these prop
erties with different species u.re, needed . 

.EFFECT OF TIME OR LENGTH OF SERVICE ON THE STRENGTH OF 
WOOD 

It is sometimes assumed that wood is perishable ,and is suitable 
only for use in temporary structures. Although wood, 1il;:e other 
materials, is subject to attack by destructive agents, there is ample 
historical evidence of its permanence when protected from attack by 
such Il.gencies as fungi, insects, marine borers, and rodents. 

So far as is known the lignin and cellulose which constitute the 
wood substance are not subject to chemical change with time when 
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wood is adequntely protected from the elements and other destructive 
agencies, ulthough the color of wood may be slightly changed by 
long-continued expOSlU'e to air. Possibly this change of color results 
from oxidation of substances that are not. parts of the wood sub
stance. 

The effect of time cannot be aPllraised 8('.curately by tests of wood 
froIll old structures since the onginal strength of the material is 
wllinoWIl. 'rhe evidence from such tests as are on record is that no 
siguificll.nt loss of strength 1lUS occurred in the absence of thedestruc
tive ugencies enumerated (1,2,14-). 

'rhe shrinkn~e thut occurs in the drying of wood induces internal 
stresses. In tUlle, equalization of differentials of moisture content 
combined with the nction of wood as a plastic material relieves such 
stresses. This effect would tend to increase the resistance to external 
forces but its effect is probably not grent enough to be significant in 
most uses of wood. 

A recent survey has shown that literally hu.ndreds of bridges made 
entirely or pnrtly of wood have served satisfactorily and with but 
little attention for long periods. Many that are more than a century 
old nre still in service. Others have given way, while still in good 
condition, to the demands for greater width of roadway a.nd higher 
londcllpacity thn.n that for which they were built (11). 

SIZE OF PIECE AS RELATED TO STRENGTH 

It is well known that the size and form of a timber have a definite 
bearing on its lon.d-carrying ability for different purposes, but the 
manner in which the load-carrying ability and stiffness vary with 
dimensions is not so generally understood. 

SIZE OF COLUMNS OR COMPRESSION MEMBERS 

In n short column, that is, 0. column whose ratio of length to least 
dimension is 11 to 1 or less, the end load that can be carried varies 
SUll ply with the arett of the cross section of the piece, other factors 
being Cquill. However, with a long column, one whose length exceeds 
tlbout 20 tunes its least dimension, the end load that can be supported 
(".ith 11 given "end condition ") varies not as the cross-sectional 
nren, but directly as the greater dimension of the cross section, 
directly as the cube of the lesser, and inversely as the square of the 
length. ColulllIls are usually either square or rou.nd. Hence the 
lottd that can be carried by a long column of square or circular cross 
section varies directly as the fourth power of the side of the square 
or diameter of circle, and inversely as the square of the length. The 
lond that ctln be supported by columns of intermediate length is 
intermediate between that for the short and long column (32). 

SIZE OF BEAMS 

The lon.d that a beam of rectangular cross section can carry, other 
factors being equal, varies directly as the. width, directly as the 
squnrB of the depth, and inversely as the sllan. The deflection for 
It given lond vnrles inversely as the width, lIlversely as the cube of' 
the depth, nnd directly as the cube of the span. 

A few numerical examples will serve to illustrate these relations. 
Let it be assumed that a berun 1% by 7}~ inches (nominal 2 by 8) is 
used on edge on a 12-foot span. 

http:siguificll.nt
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l:JI'JI'l:CT OF WIDTH 

If the width of heam were increased from 1% to 3% inches (nominul 
4-mch width) lttotnl IOl\d nbout two lind one-fourth times ItS lnrge 
(3%+1%=2,23) could be cnrried, nnd the deflection for a given load 
would be nbout 45 percent us grent 

1 1 )( 3,,+n~=0.448 

If the depth were increused frolll 7H to 9~ inches (nominnllO-inch 
dopth) u totulloud 1.6 times us largo, (9~)2+(7~)2=1.60, could be 
curried, und the defh.lction for u givollioud would he about 4!) percent 
IlS grout 

If tho SJlUIl wero incrolLsed f/'OIll 12 to 15 fooL It t.otallond 80 porcent 

us lurge (ft -:- i~=0.80) could be cnrried, und tho defloction for n 

givenloltd would be nenrly twice us greut (15:1+123=1.95). 
The preceding relations nre those expressed hy theusuaily uccepted 

engineering formulnsalld are bused on ussumptions thut IU'e more or 
less inuccumte undor certnin conditions, Their usc, howevor, hus 
been long estublished und they mny be regarded us the best general 
basis for cnlculution. 

Sinco strength und stiffness nre dependent on the form nnd size of 
piece us weil as on the inherent strength of the wood, it is usunily 
possible to compensltte for the lower strength or t.ho weuker species 
by incrensing the size of members in uccordunce with engineering 
principles. 

FORM OF CROSS .SECTION AS RELATED TO STRENGTH OF WOODEN 
BEAMS 

Culculutions by the cOlnmonly Ilccepted engineering formula.s ItS 
previously illustrn.ted are sufficiently uccurate for use in the design 
of members ofrectungular cross section for common structuI'Ill pur
poses. Experiments huvo demonstrated, however, thlttbellllls may 
carry more or less loud, depending on tho form of the cross section, 
thun would be culculnted from the general beam formulu, using the 
JIlodulus-of-rupture value based on specimens 2 by 2 inches in cross 
section us given in tuble 1. Hence, when members of other than 
rootnogulll.r section ure used, or when maximum nccuracy is essential, 
ns in the design of nircmft purts, modification of these formulas is 
necessnry (36). 

Tests hl~,re shown that u beum of gh'cn cross-sectional urea carries 
the sume loud . .regnrdless of whether the cross section is circulnr, 
square, or diulOond. shupe (squure with dingonnl in the direction of 
load). This is true both of londsat proportional limit and of ma:xi
lllum 101ld. The corresponding stresses computed from the usual 
formula are 18 percent higher for thecirculur and 41 percent higher 

http:15:1+123=1.95
http:9~)2+(7~)2=1.60
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for the diamond-shaped beam than for the square. Thus the circular 
and. dillmond-shaped sections may be said to have form factors of 
1.l8 and 1.41, respectively. On the other hand, the form factor for 
heums with I and box-shaped sections has been found to be less than 
ltnity ttn<illlUY in extreme instnnces be as slllall as 0.50. 

The stresses doveloped in It wooden beam also depend on its size
or l'I1ther its depth. In general, the shallower the. beulIl the greuter 
the stresses that will be developed und conversely. This effect is 
suflicient to make ubout 7 pHrcent difference between depths of 8 
und 2 inches. 

Theoreticall:y, also, the stresses developed are affected by the 
width of the plOce. As far as is known, this effect is not suffiCIently 
lnrgo to be of pmcticnl significance. If, however, the width is too 
small in comparison with the height and spnn a benm n1fi.y deflect 
sideways and fnil Itt IL lower stress than would a wider beam with 
other dimensions the sume or than the same beam if braced against 
deflection sidewt~ys (5£). 

The efrects of shape and depth of beums as just discussed upply to 
loads uud stresses. Modulus of elasticity is not uffected. Conse
quently, the StlInO vn.lue of modulus of elasticity may be used for 
eomputing deflections by the usual e~neering formulas regardless 
of thl3 shltpa or depth of u beam. 'v nen, however, the relation of 
depth to spun is such thnt high horizontal shelLring stress is involved, 
the effect of shearing deformation should be considered in computing 
deJlcetions (35). 

DEFECTS 

Defcds nrc nny irregull1rities occurring in or on wood that mny 
lOWt'l' some of the strength, durability, or utility values. Defects 
mny be divided into two groups on the basis of their effect on struc
turnl timbers: (1) 'rhose that materiaUy affect the strength and must 
be considered in formulating specifications. Tlus group includes 
decay, cross grain, hllOts, shakes, cbecks, and splits; and structural 
~1'adlng rules defmitoly limit the sizes of such defects according to 
the grade (0,83,34,61). (2) Those that would normnlly be excluded 
for other rensons than their effect on the strength. This second 
~roup includes pitch pockets, wane, wormholes, warp, pith, and 
Imperfect manufacture. These may ordinarily be disregarded in 
grading structurlll timbers but must be considered in selecting mate
rial of smaller size for special uses, such as handles or ladder parts. 

DECAY 

Vegetable organisms known as fungi, of wIuch there are many 
varieties, are the cause of decay or rot in timber. Aside from food, 
which is supplied by the wood, the three essentials to their develop
ment are nil', suitable temperature, and favorable moisture content. 
Wood thllt is completely submerged in water does not decay because 
the necessary air IS lacking. Wood whose moisture content is con
stantly below about 16 percent does not decay because insufficient 
moisture is avnilable. for decay-~roducing organisms. The so-?alled 
dry rot develops in timber that IS apparently below such a mOIsture 
cont(lnt because the producing .orgnnism is capable of conducting the 
needed moisture from sources outside the timber itself. 

. 
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Wood decays more rnpidly in wllJ'mhumid climates than in cool 
dry regions. High altitudes are ns a rule less favorable to decay 
tlum nenrby low Itreas because the average temperature is lower nnd 
tho growing season for fungi is shorter. 

Not all properties nrc nffect(}d to the same extent by a given degree 
of decay. Shock-resisting nbility ns reflected in the work values in 
static bending, or the height of drop in impnct bending, is one of the 
first prop{u'ties to be affected, nud decllY which hns not progressed fur 
enough to be visible mlly seriously implUr tlus qunlity. Crushing 
strength pllrtlllcl to the grain is slowest to gi\Te way, with l1i'.rdness 
and strlJngth as u b(lHtn holding Ull intermediute position. Decny 
often develops in localized regions or })ockets llnd may not nfl'ect the 
strength of a picce uniformly. 

Because of the Iact tlUlt it is impossible t.o cstimat(} sn.tisfnct.orily 
either the cxwnt to which docny hilS progressed, or tho probability of 
its further dov(,lopmont, timber cont.aining decny in nny sUlge sllOuld 
00 regurdod with mis!'''hring fOl' use whero strength is importlUlt. 

Twomot.hods nre ltv-uilable for prolonfjcillg the life of timber eAllosed 
to conditions favorablo to docny: (1) se the henrtwood of species 
tlmt m'e nntunuly 1'l'SiStrult to decay; (2) impre!:,'1lute the wood with it 
preservative (18). 

'rhe ditllger of deen.y c.un in many instnnces be lessened mn.terially 
by cnreful attellt.ion to det.nils of design und construction. For 
eXIlDlpleJJ)ropel' insulation of wnt.er pipes will pre.vent excess humidity 
IUld the eposition of wuter on woodwork in their vicinity; joints in 
exterior woodwork can be mude so thnt they nre rendily drained or 
ventilated; yentilution can be provided beuellth the floors of houses 
\\ithout basements; bnSCllwnt posts or columns cnn be raised 11 few 
inches nbove the f1oot' by mcnllS of pedestnls. 

The sapwood of Illl species has low Jlnturnl decay resistance and 
gen{)l'Illly short lifo under decay-producing conditions. Oommon 
Ilntive species YUJ'y greu tly witlll'espect to the durability of the beart
wood. Ftu'thermore, nIl pieces of the heartwood of a spccies are not 
equally dW·lIble. 

Genernl comparisons of the relative decay resistance of different 
species must 00 estimntes. They cannot be exact and they may be 
very lluslcading if interpreted us mathematically accurate and appli
cable in all inst.ances. They may be very useful, however, if under
stood as upproximnw averages only, from which specific cnses may 
vary considernbly, ruld 118 having npplication only where conditions 
are favomble to decllY. The classification of a number of conunon 
nutiye species with respect to the durability of the untreated hellrt
wood as presented in table 7 is to be so understood. 

CROSS GRAIN 

The term It cross grain" denotns /lny deviution of wood fibers from 
a direction parallel to the longitudinal axis of a piece. 

In order to correlate cross grain with the strength properties of 
timber, a definite method of measurement is necessary. TIlls is 
afforded by the angle between the direction of the fibers and the 
axis of the piece, or edge if it is purnllel to the aAis. The angle is 
usually e.'i:pressed fiS a !;lope; for instance, 1 in 15, or 1 to 15, means 
that the grain deviates 1 inch from the edge of the piece in a distance 
of 15 inches. 

l2OO115°-35---6 
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An cxtcnsiyo series of test,s on SitkfL sprucc, Douglas fu, and com
mercial whito ash has shown thnt the several strength properties 
differ in tlle degrl'll t<;> whieh they nre affected by CfOSS grain and that 
for properties Il1tltcrlnlly afl'oded the tendency of values to fall off 
Ol'cl1l'S with even slight acvilltions of grain (19,57), Values presented 
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lWd modulus of ebsUcity in statio bending on white ash, 

in table 18 are the average percentage deficiencies for yarious slopes 
of cross grain inll1nterial that is free from checks and other defects, as 
compared with straight-grained stock. Figure 13 presents the.results 
for white ash graphically. Specific gravity and moisture content are 
plotted in this figure merely to show that they do not vary greatly 
among the groups of matenal representing various slopes of grain. 
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TIt(\ WPIll\('Hillg ('fl'('\'t O( (0/'085 g::niu r('sults from the wide difl'ercl1('e· 
in prop('rtic':; of woml II10ng und 1I('ross the grnin. Cross grnin is 
U('('oll!pnllied by IIll inerNls('(l YIll'inbility of properties, incrensed 
eb('('lon/,':, ilrtd n. tl'IH\(,I1L'Y of the wood to twist uud warp. 

'rho dllbt pn's('tlt('d on tho iuflueuee of cross gmin nre based on 
f('sts of d(,lll' pi('('l'S 2 by 2 inei.IPs in cross section, freo from checks. 
In 11l1'gl'1' sizes, [mel whell othel' defeds are present, ehceks nro apt to 
be Pl'('s(,llt /llong with the, ('rOSS gl"tlill, and in such instnnces grcnter 
weuk(juing occurs thun in the t('st results cited. The values given are 
thus indicnth'e of tho minimum efrect. 

The. w('ukening dfe<'t on stress in extreme fiber in bending becomes 
sjguifi(,Hllt with n slope of IIbout 1 in 20 nnd increases rapidly witb 
iIlcre.ase in slope. The permissible slope of grain depends on the use 
to whieh the wood ~s put: In g~nemL a slope I?renter than 1 in 20 
should not hI.' perIlll tt('el m It mum sti"urtul'IIl lurcrnft member. In 
sll'udllrnl timbers, the permissible slope vflries with the gl'lld(J. und 
with the kind of stress, nud I"flllg~'S from 1 ill 20 for high-grade beams 
to 1 in 8 for Iow-grnclo posts. 

Cross grain muy be of throe fundumentully different types us 
follows: 

DIAGONAL OnAIN 

This form of deviation of graill is caused by fttilure to sttW parallel 
to the Illlllunl growth !nyers boelluse of either erookecllogs, careless
ness it\ nUUlufaetme, or the pl'tlctico of Stlwing ptll'tlUel to tho pita 
instend of plll'll11el to the bark in logs of large tapcr. Diagonal grllin 
shows on tho cclge-grnilt or qUllrter-sawed face of a board 01' timber. 
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SI'IItAL ORAIX 

This fOl'm of deviation of grain results from a corkscrew or spiral 
rather tium YerticllI arrangement of fibers in a tree, Spiral grain thus 
refers to the direction of fibers within the annuul growth layers and its 
tnte direction is evident only on n pluin or flat-sawed surface where it 
is mensured by the direction of checks, splits, or other indication of the 
direction in which the grnin runs. Interlocked grain is a special form 
of spil'lll gruin vlll'ying in slope or reversing slope between successive 
growth periods. An approximntion to spiral grnin results when a 
pieco is cut so that the grnin of the wood on the flat-sawn face is ut an 
nngle to the Il....-is. 

lIUtEOULAl1 GItAIN 

This term npplif's to Il. more ol'less irl'egullu' wood structure usually 
ILccompnnyUlg knots, or oc('usionlllly Ilppenring as wnves in otherwise 
delll' wood. 

.METHOU8 OJ,' C.\LCULATINO CItOSS-GItAIX 

'Vheu til(' gl'llin 810p(·g Oil both Hnt...sliwlI ILnd qUlLrwr-sllwll faces of 
It picco t.h('so slopes bcing 1 in (£ lllld 1 in b, the resultant or effective 
slopo is givcn by tho expression 

for eXILmple, if the slopes tU'C 1 in 12 IUld 1 in 5 the effective slope is 

,5~+l21 13 .
5X12 60=1 ill 4,6, 

or if the slopes I\I'C b~)th 1 in 20 the effective slope is 

,\:202+~02 28.3 
1 in 14.1--20X20 400 

KNOTS 

A knot is that portion of a branch which has become incorpora.ted 
in the body of a tree. The influence on strength is due to the fact that 
the knot interrupts the continuity and direction of fibers and that 
the direction of fibers ill the knot is essentiaUy at right angles to those 
in the Ildjllcent wood. 

The influence of knots depends on their size, location, shape, and 
soundness; the kind, size, and proportions of the piece; the kind of 
stress to ~,·hich the piece is subjected; and the amount of the attendant 
{~ross-gl'lltn. 

Knots actually increase. hardness and strength in compression per
pendicular to grain, nnd are objectiona.ble in regard to these properties 
only to the ext~nt that they cause nonuniform wear or a nonuniform 
distribution of pressure at, contlict surfaces, Knots, however, are 
harder t-o work and machine than the surrounding wood, may project 
from the surfaco when shrinkage occurs, and also are a cause of 
twisting. 
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Knots IIIn'o relntively little effect on tho stiffness of n member. 
Helice, iL is po!:sible to -effect some economy by using low-gl'lldo Illll
teriul whoro stiffness is tho controlling fllctor as in joi$;ts in small 
buildings. In such instances tho sizo of tho IllCinber is usulllly gov
('med by stifrness, und henco relatively knotty lllaterial cnn bo slltis
factorily used, 1l1though nt somo sncrifico of bonding stt'eugth. ]for 
('xlunple, tests of two 2- by 8-incll by IO-foot joists cut from, tho Sllmo 
slwei('S showed, in pounds 1)('1' squllroinch, Il modulus of elnsticity 
of 1,100,000 und Il modulus of J'upturo of 5,470 for 11 prllcti(,ll11y clear 
joist flnd IL modulus of ellLsticitl. of 1,246,000 Ilnclll. modulus of J'UptUI'O 
of 2,940 for Il knotty joist. 'Iho slightly higher modulus of elllsticity 
of tho knotty joist is attributed to tho slightly higher specific gt'ILvity 
of the wood ()v('(' thlLt of tho c).enr joist. . 

In n long column, thnt is, rill eoluHlll in which tho length exceeds 
ubout 20 times its lenst dimellsioll, tho mll~-jlllullllolld depends on the 
stifflH'sS /llone, and knots ure cOllsequently less detrimentlll thun in a 
short <'oluuUl in which tho <,rushing strength of the wood determines 
the J1111ximuJII lond (8:2), 

Kllots 111\\'0 npproximnt{11y one-hulf us much effect 011 ('ompressivo 
ns on tensilo sLrt'ngth. Hence, fOI' n given percontllge reduction in 
strength llll'ger knots nre pl'rmis!';ible in IL short ('oluJl1n t/lim 011 tho 
tt'nsion side of It bellm. 

Knot.s I\re most serious in their effect 011 the bending strength of 
beullls. Tho influence of 0. knot on tho tension face is approxiumtely 
measured by the ratio of the diameter of the knot to the width of tho 
Jaco, tho dilLmeter being taken ns the distanco between lines cnclosing 
tho knot n.nd pnmllel to the edges of the fllCo. 'rhus, 1\ knot which 
llH~ILSures one-fourth tho width of tho tension fucc reduces tho bending 
strength 25 percent. Tho SILme knot on the compression side of the 
belun would htl-vO nbout half tho influence. Ln.rge knots hnve n. 
somewhat grenter influenco on the bending strengtll tIl/Hi is indicn.ted 
by tho foregoing .rule, o\\;ng to the increased distortion of gmin around 
them. This efrect is tnken cnre of in tho structural gmding rules 
conforming to Americnn lumber standards (54, 61). The efre(~t of 
knots is grenter in the ccnter half of the length of Il. beull1 thnn Ilellr the 
ends, tlnd is grenter neur tho upper and lower fllCes tluw at tho c\~nter 
of tho height (9). 

SHAKES 

A shake is n. separation of wood Illong the grain, the greator part of 
which occurs between or within the rings of nnnunl growth. Shakes 
(,n.n best be detected 11 t the end of the pieco where they extend in a 
generl'll circumlerentilll direction. In structural gmding, shakes that 
Ilppenr on IlIl end of a piece are assumed to extend to the center of 
its length. In bemns the principul effect of shakes and ono effect of 
checks is to reduce resistance to horizolltlll shear or the sliding of the 
upper on the lower pll.rt of the piece. Not only do shakes and checks 
reduce the area Ilcting in resistance to shenr but, beell,uso of concen
tmtion of stress nt their extremities tho Ilyerngo sheming strength of 
the remaining urea is much less than the sheuring strength of un
che(.'ked wood as found from shellr or torsion tests. .These efrects are 
important illlnrgo timbers in which the concentration of stress accom
pllnying shnkes and/or the checking t.imt usually occurs either prior Or 
subscquent to the plll.cemellt of timbers in service is sufficifmt to cause 
failuro nt It shl~urillg stress, as nycrtlged over the unchecked nretl, of 

" 
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less tlulIl}lItlf tho uitimate value fouud ill stnlldnrd shelu' block tests 
(tltbio I), 'l'ho ~ffert of sbllkes 011 strength in horizontal shollI' is 
npprnised ill the gl'llding of bemlls by d~terminincr the width of tl~o 
shake, l\S measured 011 tho end between hnes pflmTtl.'l to tho fnces, III 
tenns of tho width of tho pieco. }1~or grN'n timbers the nllowab1e 
shako is tho SlUlIO percentnge of tho width of tho piece tlS tho grndo is 
belo,,' n11 I1ssllmcd strength fOI' tho clem' wood (OJ). Thus, in bemns 
of It gl'lIde thilli permits defects thnt reduce the strl.'ugth by one-fourth, 
til(} nllowltble shako would bo one..,{ourth tbo width of the piece. 
Slmlw$ t~nd to itl(~renso in size with sCilsoning. A slightly lllrger 
shnlm is IiHowilblo in s(ltlsoned llu\,t~ril1l. 

CIlECKS 

A ('h~('k is iL s{lpllmtion illong lho gnLiIl, tho grenter parli of which 
O(,('IU'S across tho rings of II1Ulllnl gl'Owth. CI1('eks other than heart 
nnd still' ch~eks whieh occur in gl'e~n wood nud whoso c/tuse is un
known O('ctlr ill sellsoning nod nl'e due to difl'el'euco ill shrinknge in 
I'Ildinlnnd tnngentinl, Ot' t'ircumfu'entinl, directions, nnd to difl'erence 
ill shrinknge b(\twl'~11 ndj neon t ]>1lI'lS induc~dby difl'ercnces iIl1l1oisturo 
contl·nt. Cheeks n1'O c1nssNi ns end checks, he(lrt checks, 5tHI' checks, 
s1ll'faeo ehceks, Imd through citet'ks. An end chcck is one t1t nIl end 
of 111>1eC(l; It hem·t ehl!ek is one sttlrtillg neil)' the pith IUlll extending 
to\\'i\rd but 110t to the s~lrfnee of the piece; it stUI' check eOllsists of It 
number of hell!'t ehecks; a surrllee ehoek is ouo into il picee from the 
sul'fncc, find it thl'Ough dleck is one extending through the piece from 
olle smfaco to nnother. DifTcrcnco between fonns of checks need 
not bo considered in detennining theil' effect on strength. 

Cbeeks, like shnkcs, tn·o injurious to bcnms to the extent that they 
r~duco the nrNt J'osisting borlzoutnl shel11'. It is evident that checks 
in tho nnt·t'Ow or hoJ'izontnl .fuce luwe pl'ncticnl1y 1\0 effee.t upon the 
strength of stmight-gmined beams. Checks in the wide or vel'tien.i 
fnees nre most sel'ious in their effect on J'esistnnces to horizontal shear 
when strilight I\.lld nt or neltr the ccnter of the height. 

'rile effect of checks in bemus and eolumns depends on the arel1 of 
the longitudinal section they coY~r, but, unlike shHkes, they are not 
tlssume<l to ~xtend from the end o( the Jliece to the center of the longth. 
The sumo method of mensurement and limitation mny be f~pplied liS 

for sLutkcs. n morerefinem~[ltis desired, however, itmny be obtained 
by estimuting the Hetunl reduction of aren. in a longitudinn.l plane 
,,;ithirl thnt 1>ortion of the length extending from the end to n. distance 
thr~o times the depth from the end. The nggregtLte nr~11 of checks 
pennissible withill this distnnce is equul to the width of the nllownble 
shako multiplied b)T three times the height of the benm (61). 
Ch~d~s also ('ause serious weakening in tension perpendicular to 

grllin, but are less injurious in strnight-grained ll1elllb~rs subjected to 
(lir~ct l'ompressiol1 or t~llsion nlong the grain. 

Che<:'ks nre more difficult to prevent in 11ll'ge timbers than in small 
pi('e('s, and th~y increase in size nud depth wi th the degree of seasoning 
during the earlier stnges but Inter dose partinlly or eiltirely. Checks 
lISlInlly nppellr first on the ends of a piece, but the deyclopment of 
(lnti (,'h('cks can be J'etllrded, and. in smnller sizes preYented, hy tIle 
nppli<.'ntioll of nIl enet eoating, such as hardened gloss oil prior to 
sensolling. SellSon c11ecks form in rQund timbers h~causo tlle radial 
shrinknge <liffel'S from tho tangential or circlJmfer~nt.ial. 
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I'ITCII I'OCKETS 

Pitch pockets nro openings within OJ' between tho u!lnufll gl'owth 
rings thnt coutnin mor~ 01' less piteh or bnrk. Pit(,h po('kets YIll'Y 

grently in size. Ordinllrily, their dimension Ilt right nngles to the 
IUlllUltl rings is less thnn olle-hlllf inch, wherens they mlly extend for 
sovernl inches nlong the gl'tliu (yerticnlly in tho tree) nnd/o!' in tho 
direction of the ll11IillnL rings (eircumferentinlly in tho tree). 

Nath'e species in whieh pitch poekets nre found nre tho pines, the 
spruces, Douglas fir, western. lurch, Ilnd tllll1nrllt'k. Pih'h poekots in 
structurnl timbers Ol'(lillnrily lire not importnnt ns (1) their extent is 
not sufficient to {'/luse signifiellnt wenkelling in shcllr, (2) they do 
not cuuse serious deviations of grnin, nne! (3) thoy OC('lIPY only u 
smllil pl'Oportion of tho cross section of a pic('c. IIow<.'Y('r, 11tunerOUs 
piteh poekets in or doso to tho sllmo IlI111llnl growth Iny('l' ll11lY denoto 
tho presell('O of shnkes or mny be {'quivalcllt in efl'eet to It shnke. 

In smnll ll\{'mbcrs tho sizo of tho piteh po('kots mlly l'cpl'esent IlIl 

nPPJ'(winble pOl'tion of the ('ross SC('tiOIl Ilud be IO(,lltcd so ns to 1I1lvo 
n. mnrked efrcct 011 tho strcngth. 

Tho wellkening efred of pitch po('kets is more serious when they 
cnuso distm·tioll 01' lC dip" of tho gruin. It is, of ('oursc, llceessllry to 
limit pikh pod,ets 1n nir(,l'Ilft pnl·ts, nne! rules hl1 \'0 be{,l1 estnhlished 
COl' tillS purpose (58,55) but in genernl they nrc of importnn('o ehieny 
bCCllllSO of their efr{'ct Oil I1ppenl'llll('e. 

COMPRESSION FAILURF.8 

A compression fnilure is n loenl buekling of the fibers, essentinlly 
nt right nngles to the length, duo to ex('cssive ('ompression nlong the 
grnin. Compn·ssion fnilul'es nppellr ns wrinkles on the surface of 
I\. piece, Ilnd rnnge from a well-dl'lined buckling of the fibers visible 
with the ulluidcd eyo to a slight crinkling visible only with a micro
scoJ)e (7, £1, £5). 

Compression fllilures mny occur when stnnding trees nre bent 
sl)vefely by wind or snow, when trees nre felled over log::; or irregu
Inri ties of the ground, from rough hnndling of logs or SHwed stock, and 
excessive stresses in sQl·\'iee. They wen ken the wood in tension, 
and when on the tension side of a beIlIU produce bl'llsh nppenriuO' and 
sudden CHilures. Mnterinl contnining compression fnilures should be 
rejected fOl' uses in which strength nnd shock resistance nre importnnt, 
such 118 in handles nud lnddcr pnrts. Compression failures nre usually 
so inconspi('uollS that cnreful search is necessnry to detect them. 
Often tiltmg of It piece of wood with respect to the line of vision or 
sourco of light will help mnke them visible. It is seldom possiblo to 

• doteet them in rough-suwn mnterial. 
The results of sUltie bending tests on four specimens from a board 

contuining c.ompression fuilures suflicicntly prominent to be readily 
dl)tccted, us compared with tho nverngo of uninjured mnteriul are 
given in tnble 19. Theso dutn, whilo but fl'ngmentnry, illustrate tho 
serious reduction in modulus of rupture caused by pronounced com
pl'E.'ssion iuilures, the eyen grellter reduction in shock resistullcO as 
shown by work to nllLximuIll loud. und tho yariability in strength 
properties which they causo. 
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'rAHL.: HJ.-Re,wl/,~ of ,~lulil! bel/ding lest on 4 specimcns I frolll 1I board con/m'nillg 
prominent compre,~,~io/t failures 

KIUd~;~I::~r:'-=1speCIfiO u~~;~r~~,Moisture Modulus 
gmvlty' routent o( rupture \oa(\ 

-------................. d,w>e-_,. ... 
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I 'l'be hendlllg h-SIS wero IIIl1do on $peclmens :', h:; 2 by 20 Ineh~s. using e<lIIter loudlng and 1111 jS-lnch
spAn. Speclrnons 1,2.3, Ilnd 4 woro cut so tllllt the t'Ornpresslou (IlIhlres were 10ClIled lit the ('enler o( the 

sPj'gp.lcltlc gnll'lty hll~C,; "~I weight whell (ll"ell dry lind l'oluUII} whell green. 

COl\U'RESSION WOOD 

Compression wood, nlso knQwn us r('d wood (rotholz), is wood of 
u.bnormlLl growth lind structure, slightly uboyo the Ilycrage in weight, 
which is usually distinguished by very wide nud eccentric anllual 
l'ings, n, lnd\: of contrnst between spring Ilnd summer wood, and 11 

more or lcss d Iirk-reddish to brown color. This growth occurs on 
the under side of limbs Ilnd lenning trunks of coniferous trees (16,21). 

'rnbla 20 complu'escompresslon wood with normul wood in ponderosll 
pine, southern yellow pine, und redwood. The vulues giyen should 
not bo l'cgarcled as the true averagcs either for normal wood or com
pression wood, but u.s indicntiye of the relationships between the two 
types. The reason for this is that compression wood varies greatly 
~n degree from Il1nterilll bordering on normal wood to pronou!lced 
types. 'rho llormal woo(l represented was cut from tho same pleces 
us the compression wood, and hence was selected to match the latter 
rllthlJI' thnn to be represcnt,tltive of the species. 



TABLE' 20.-Strc7I(Jth l)rolJerlies of compression wvod COmlJal"cd with 7Iormal wood of redwood, p'lllderolla pitle, and southern yellow piue 1 

Hedwood Ponderosa pine 
Southern yellow 

pine. alr-dry 
Average values (Jreen Alr-dry Green Air-dr)' ~ 

~ NormallcompreSSlonl Nornl8llCompresslonl Normal/Compresslonl Normallcompresslonl NonllallcolIiPressioll Zwood wood wood wood wood wood wood wood wood ;vood 

---------.-----,---------
Specific gravity, based on oven·dr~· volume •• , •••••••••••••• "'1' .....,..,'., '.,...,.".,..,......,... ~ 

0.00Shrinkage. longitudinal. green to oven·dry ...........percent.. 0.14 1.1Il .•••••••• '" ••••••••• ..·ii.2i······· "0:Sj't:.~:::: :L:~::.::::. 0.
57 1
.4 2.5 :.-Shrinkage. radlnl, green to oven-dTY•••••••.•••••••••••••do.... 2.4 .. , ., ..................... 
 4.6 2.2Shrlnkage. tangential, green to oven-dTY•••••• " ...... ,.du.... 4.0 "''''''"0''

Static bending; 0.2 2.6 ~ 
Moisture content ......,.............................do •• " 114 102 9.0 10.5 133 88 12.0 12.6 11.0 1 12.4Specific gravity, based 011 volume as tested................ .38 .51 
 .3S .51 .35 .47 .37 .50 ~ Fiber stress at p,roportlOOaJ limlt•• pounds persqullreillch .......... '." ......... , .................... ' 3.010 ~m ;,250 6.620 "'8;500' ........6;520

Modulus of rupture... __................. __ .........do.... 7.310 7.470 10.210 8.800 
 4,040 ~rn 0.840 11.710 11.730 9.000Modulus or elastlclty .......1.000 pounds per square Inch.. 1,110 685 1.2.';3 788 
 1.074 ~2 1.345 1.019 1.495 994Work to proportionalllmlt. ..lnch pounds per cubic Inch ...................... __ .............. __• __ •• .47 .K 2.)9 .63 ~
~~"""~"'" T~.""_''''''''''~''Work to maximum 108d·· ...........................do.... 7.5 0.9/ 0.0 0.5 
 4.0 LS 7.6 15.7 8.2 5.5 t::1"·ork. total.."......................................do........... _....... __ ................. . 
 .014. 4 10.8 16.2 


!.folsture conten!. .......""'" ..................percent." 121l 

Toughness: 

89 8.8 9.7 121 ~ )0.0 10.6Speclllc grnvlty. bll-<lJd on volume as tested............ •••• .37 .52 .37 
 .49 .37 .38 .53..'1'oughnCS$ per speclmcn .................... loch·pounds.. 83.0 
 09.5 04.5 04.4 100.7 In4 79.2 100.4Compression pUf/lflel t() groin: 
Moisture content ....... ,, __ ...................... percent.. I126 100 8.0 10.0 13S 78 12.1 12. i 11. i ]0.8Speclllc grnvlty. hased 011 \'olume ns tested ................ 
 .37 .51 .38 .51 .35 ~ Crusblng strengtb at proportfcoaillmit .47 .37 .50 .55 .68 .... 

to;:pounds per SCluaro InCh•• , 3.950, 4,040 I 7,160 7.250 2,140
:r.fa:dmum crushing streng!h ........................do................................... Ul


2,340
Modulus of elastJclty .......l.000 pounds per square Incb ................................-1-•. - 1,470 ~: ~ L5:~~~~I::.~:~~~:~~~:[!:~~~:[:~:~~~~~~ o 

"';! 
I Exact species unknown. 
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Ul 
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It may be noted that compression wood is characterized by high 
longitudinal slu'inknge, by low stiffness, and for its weight,a general 
deficiency in most other Iu·opel·ties. 

'~VJlCn compression wood and wooo of norm!Ll structure are present 
in the sl1me IliaC'e. vcry hiO'h stresses are. sct up ill drying on account 
of the lUl'O'e dift'crence in longitudinal shrinkage of the two types of 
wood. 'l'11is cuuses bowing or other distortion and may even result 
in splittIng of the pie{~e. 01' in tension failure, in the compression wood. 

lNSEC'r HOLES 

'rho effoct of wormholes on strength is somewhat similar to that 
of knots 01' knot boles, except that they do not involve distortion of 
grain. IUflsUluc'h us wormholes found in lumber usually have only 
small diameters, occasional ones do not seriously weaken the wood. 

In lum bor which has been in storage for some t,ime wormholes may 
be morc serious 011 the interiM thnn is indicated on the surface. This 
is especially true of U10 sapwood of ash, oak, hickory, elm, and some 
otber IH1rdwoods that Ilre subject to attack by the powder post 
beetle (45). 

SAP STAIN 

Sap stains (blue, red, and yellow) ttre <:aused by organisms which 
germinnte ill the sapwood, absorbing starches and sugars. Most 
S!tP stains, unlike wood-destroying fungi, do not as a rule pellet,rate 
the cell ,nuls and consume the wood substance, and therefore sap 
stain is not in itself so serious from the strength standpoint. How
evel', severe sap stain of certain varieties causes sufficient injury to 
appreci!tbly- l'oduce the shock l~esistance or toughness. 

Sap stam exerts It marked effect on nppea,rance. Its presence, 
furthermore, illrucat,es thut the wood has boen subjected to unfavor
able (\ouditiolls and the possible development of wood-destroying 
fungi should be considered in tho use of such material (17). 
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APPENDIX 

DETAILS OF 'fEST PROCEDURE 

The information on strength and related properties oC woods grown in the 
United StateR, which is given in table 1, was obtained from tests in static bending, 
impact bending, compressioll parallel to grain, compression perpcndicular to 
grain, hardness, shear parallel to grain, tension perpendicular to grain, and 
cleavage. DatIl on weigh L and shrinkage were also obtained by means of stand
ardized tests. The foregoing 8 tests furnish iuformation on more thun 25 different 
properties oC wood. 

SELECTION 01<' I\fATEIUAL 

The material for test wus identified botunicuUy in the woods, and was brought 
to the Forest Products J.uboratory in the green condition in log form, The logs 
were gctlemlly 4 01' 8 feet ill length al)d were usuully tak(,D from each of five or 

Ulore representative trees 
of each species, the upperNORTH end of the log selected be
ing in most instances 16N" N 12 fect above the stump. 
T~aeh 4-foot log or bolt was

N9 f{ /0 dh·ided into sticks as 
shown in figure 14. Inso

1'171'18 far as was possible without 
testing pieces havillg im

tiS 1'16 perfections that would re
duce their strengtll, the 
following :procedure was 
followed: A test in com
pressioIl parallel to the 
grain was made on. a speci~ 

~ 2S' IS' ~ men from each stick and a 
test in static bending on a 

f1S' fS specimen from one stick of 
each pair. A pair consists 
of two tangentially adja~9S'SS 
cent sticks liS Nl and N2, 

li'S' 1 S' W7 and W8, and so forth. 
Tests in compression per
pendicular to grain wereO( S' 6>' 
made on specimens cut 
from one-half the sticks 
that supplied 1,he static 
bending specimens, and 

FIGURE H.-Methot! of rutting up the bolt nnel ntarking the sticks. hp,rdness tests 011 the other 
half. Sticks from various 

parts of the cross section were tested in impact bending, shear, cleavage, and ten
sion perpendicular to grain. This was the system followed when the tree furnished 
IIlaterialfor tests in the ,,'Teen condition only. For each species from each locality 
tests were also made on both green and uir-dry material from one or more trees. 
Two adjacent bolts from each of sllch trees were cut into sticks asi.ndicated by figure 
14. Two composite bolts each consisting of one stick Irom each pair from each 
of the two adjacent bolts were then formed. The sticks from one composite bolt 
werc tested in thc green condition, those from the other after air drying; the 
assignment of sticks to the various tests being as previously described. This 
system of division of logs and assignlllent of stil)ks provided tests of each kind 
from variolls parts oC the crOss section of the log nnd afforded for test nir-dry 
llllltcrint closely matched to that tested in the green condition. 
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A further fCllture WILS the tcsting in Il similllr 1111l111lC'r of grccH mllierial taken 
Ilt various heights nbovc the stump fr011l One or more trees of 1l11l1luber of species. 
The resulting datIL Ilro Hot tabulated herein but Ilre the hasis of the discussion of 
variation of properties with height in tree (p. 40). 

TESTING METHODS 

The dotnilcd procedure of t('stinr, conforru('d closcly to standards of the Amer
iClln Society for 'restillg l\1llterilll (/). Specimens lor mechauicul tCbts arc 2 by 
2 .inches .ill cross section und of different lengths, c\('pcndillg on the kind of test. 
Those for radial and tllngcntiul shrinkage Ilre ] jllrh thick, 4 inches wide, Ilncl 1 
inch in length nlong the grain, the width lwillg rndinl or tUllgC'lltial uccording to 

o 4 8 /Z 
I I I I 

SCALE-INCHES 

],'10 lTRlC 15.-l\i'etbod or conducting ~uIUc·bellding lest. 

whetilC'r rndiul or tnngentinl shrinkage is to be measurcd. Moisture determina
tions aremucle 011 all test specimens.

Only sgccimens free from knots, cross grain, shakes, checks, and the like were 
testt.'d. rhe effects of slIch characteristics on strength values has been investi
giltcd in other tests (9).

A brief outliue of the procedure ill making each kind of test and of computing 
the results follows. 

DESCRIPTION OF TESTS 

STATIC BENDING 

In the static-bending test rcsistunce of a beam to slowly applied loads is 
measured. The specimen is 2 by 2 inchcs in cross section and 30 inches long and 
is supported on roller bellrings which rest on knife edges placed 28 inches apart 
(fig. 15). Load is applied at the center of the leugth throngh a bard maple block, 
31~fo inches wide, baving a compound cnrvature. The curvature has a radius 
of 3 inches over the central 2}~ inches of are, and is joined by an arc of 2 
inches radius on each side (fig. 15). The standard placement is with the annual 
rings of the spodmen horizontal. A constant rate of deflection (0.1 inch per 
minute) is maintained until the beam fails. Load and deflection are read 
simUltaneously at suitable intervals. Fi!nlre 16 is a sample data shect all which 
stich readings are plotted and other information is shown, I1ndfignre 17 is a sample 
computlltioll dlltn card. In figure 16 it may be noted that a line is drawn through 
the origin parallel to that through the initial points of the curve in order to deter
mine the deflection at proportional limit. 
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Data 011 a uumber oC propertics nrc ubtnined frOIll stntic-bcudillg tests, the 
most. important of which nrc stress Ill. proportional limit, lilOdulus of rupture, 
modulus of elasticity, work to proportiolllll limit, work to maximum IOlld, nud 
total work, discu!!siolls of which follow. 

STHESS AT 1·I(OI'OHTIO~.\LLIMIT 

.\.0;; lIlll,}' be noted the first. several ploUed points ill figure 16 are npproxirnatcly 
011 11 straight. line showing ihilt the load is proportional to the ddlectioll. As 
th!' te$t progrciSses, howl'ver, the JO:ld ce:lsel> to jllcrNlse in direct proportion 
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FIGune 16.-DaLn sheet for sUltle-bending lest. 

to the deflection. The point where this occurs, at Il load of 1,050 pounds in 
figure 16, is known us the proporlional limit. The corresponding stress in the 
top and bottom fibers of the betml is the stress at proportional limit. 

Csir)g formlllt\ 1 on page £IS, the stress at proportionnllirnit for the specimen
represcllted byfiguro 16 is 

t' 3XI050X28 5 0 d • I
A,)PL=2X2.00X(2.02):=<,40 POUll sper square mc I 
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s'rRENCl'J'j-[ AND RELA'rED pnOPER'I'IES Ol~ WOODS Hi 

MODULUS O~· IIUPTUIU: 

Thc modulus of rupturo is computed by the stuue formula as stress at pro
portional limit, using the 1I11lximum 100Ld instead of the load at proportioIlal 
li!1lit. From formllia 2 (p.. 98), the modulus of rupture of the te~t ~pecimell 
of figure 16 ill 

3X l,575X28
11'=2:>< 2.0{) X (2.02)2 8,110 pouuds per squlm.l inch 

3oI0DULUS 01' ELASTICLTY 

Tho modulus of elll.8ticity is determined by the slope oC the strai~ht line portion 
of the load-deflection graph (fig. 16), the steeper the Iina tho higher being the 
mo~luluN.•1~rom formula 3 (p. 98), the modulus of elasticity of the test Ilpccilllell 
of hgure 16 IS 

1,050X(28)3 1757000 d . IE 4X2.00X(2.02)3XO.199 ' , poun s per square mc I 

Tho v/Llue of O.19~ uscd in this computation is tho deflection in in~·h(.'8 Ill. the 
proportiOlllLllilllit. 

STATIC BENDING 
t-315 S-8 100 D"I 
··/iOi'iiU:j' "(idOOJi07i" _ CE:NTER_ Loading -L.!L01.."Ni.~) 

"(r.c'h..T-ri!;Ci'- Statioll MADISON Date.t1J!.t;'·__~_ -·-/J,.1·tiu:j-
Speeic$..JI/J.I/.{i/..A§...flll._ Grade..££f.d.!L-. Seasoning...ti!l..ff.tI___._. 
Rillg$~..fL- Sap 0 ~Summer wood'!!'Q__:, Mo;sture ...J/,_1:_..;j, 
Span._g/i • ..!.!f.!..._ LeTlgtL.:JJ1:.l.Q.1N:.. Height •..?....QZ.lIi... JVidlh_Zll.lllM_lVeighUZ,5Lli,..... 
."C,rlC. GU"'TT. wo" TO WO".TO TOTAL 

~--0'1. D.'. p.'- .U. LOAD. WOIl.
', ..AT 1\ L. IHUIt. 
A"lU.---- .... ~ -- 

'Ml.Jt Q·~.1.4. _~LtL _::.?2 175~ ....E2..?_ _fMiL _7:1- ....?'Q:fL. 

MOISTUIERing': Up.! lIid. i Low·t_.__ DIITRIDUTION. 

Sum. wood: Up. t. lIid. ~ ___Low. t---

Defeell •__.... 
 ---- .. 19[Failure fl'.~€§..~Lq!Lf.?!:'£lJ.w...€P....Jl.Y____......_ 

__ SPUN7£1i.!IY.!LI§Jj§.lQ/i 
 D 

I'"IGUIUI: 17.-SampJe computation card for static-bending tcst. 

WORK TO PROPOItTIONAL LIMIT 

Work to proportionllilimit is the product of the nverage 10ILd up to the pro
portional limit times the deflection at the proporiionlLllimit. It is represented 
by the nrea under the load-deflcction eurve from the origin to a vertical line 
through the ILbscisslLe representing the deflection at proportional limit, alld is 
expressed in inch-pounds per cubic inch (fig. 16). From formula 5 (p. 98), 
the work to proportional limit for the test specimen of figure 16 is 

1,050XO.199
W PL 2X2.00X2.02X28 0.92 inch-pounds per cubic inch 

WORK: TO MA..'CIMUM LOAD 

The work to IIU\ximum load is represented by the ILrea under the load-deflec
tion curve from the origin to the vertical line through the nbscissae repretient
ing the maximum deflection at which the maximum load is sustained. It is 
expressed in the same units as work to proporiionlLl limit. 

1200gs°-35---6 
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Jo'rolll f(\rtUula (i Ip. 98), the work to Ulnxiululll lond {or the test. specimen or flgUf(! 1(j ill 

II ' 20X200XO.2 71' I I b' . I ..'n=2:60X2~02X2S= . me l-llOUIl( s per cu Ie Inc I 

(The aretl. ullcler the cun'e in 
tllc gmph reproduced in figure 
16 was 20 Sqtllll'C illches, unci 
with the sClIles used in plot.. 
ting, eneh squllre inch repre
senls 200 (pounds) times 0.2 
(inch) or 40 inch-pounds.) 

'l'OTAL WOIlK 

The toinl work is represent
ee! by the complete area ullder 
the oun'e from the beginning
of the test until it is discon
tinued. The test is urbitru
rity discontilllled in this series 
when tho lond nfter nttnining 
its lllaximum vlIIlIe first de
creases to 200 pounds, or when 
l\ deflection of 6 inches is 
reached, whicheYl·r occurs first. 

From formula 7 (p, 98), the 
totn! work for t.he t.est spcci
men of figure 16 is 

II' 59.2X40 209 
. 'I' 2X2.02X2S· • 

inch-pounds per cubic inch 

The totul areu under the 
curve in the original graph 
represented by figure 16 was 
50.2 square inches. 

IMPACT BENDING 

The impact-bending test is 
made to dctermine the resist
ance of bcaIlls to suddenly 
lip plied IQads. The I>pecimen 
is 2 by 2 inches in cross section 
and 30 inches long, and t.he 
span j" 28inches. A 50-pound 
ram or.hnIllIllerfnlIing betwccn 
two vertical guides is dropped 
upon the stick at the center of 
the spun; first from n height of 
1 inch, next 2 inches, and so 
on to 10 inchcs, then increas
ing 2 illches at n time lIntil 
complete f:J.ilurn occurs (fig. 
18). A stylus attached to the 
.hammer mo\'es against paper 
mountcd on a revolving drum 
and records the deflectiOll at 
each blow, and the position of 
thespecimcn when thehaIllIller 
comes to rest afterrebounding.
'nnls, datu afe obtained fOf 

, dcterminhlg vurious properties 
FU.lTJIlE .1S.-)ltlchillO us~ol {or Impact-wlllliQg test. of Ule wood. Figure 19 is a 

sample record taken on the 
drum. Figure 20 is it sample computtttion card, and figure 21 is a sample datu. 
sheet on which the test results are plotted to determine the strcss at propor
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tionnllimit nlld the modulus of elnsticity. Other properties on which dntl\ arc 
ohtnincd arc height of drop in impact bending nud work to proporlionnl limit. 

!!TJU~g!;l AT J'HOJ'OHTIONAL LIM 1'1' 

III figure 21, hcight of drop is ploth.'(\ ngninst thc squnre of t.he dellection' 
The first severnl points arc 
np})roximntcly 011 nlltrnight 
line, ILlld nrc used to 
determine the limit of pro
portionnlit\', Prncticlilly 
1111 the fuctors influcncing 
UII.\ ll~st tend to red uce 
t.\IIJ deHeciion for IL gi ven 
Ill'igh t, of drop, so thnt after 
finding the deHection nt 
proporlioIlllllimit n!l ui;ual, 
ti\(! heud or drop ut this 
d(.tll'ction is rend from n 
line pnssing through the 
origin nnd the point within 
tlw pro po rtio n n 1 Ii III i t 
which glvcs this liJl~\ tho 
ICllst slopc, From formula 
13 (p, US), the stress nt 
proportiollnl lilllit for the 
I:!(>N'imcn, I'€.'prellcllied by 
figure 2 L IS 

SI'I. - ..~.x.~.o_X1.:8~~.2~_= 
- 2.00 X {2.00)2 X 0,39 


10,(HO pounds pCI' square 

inch 


wonK 'ro 1'ltOl'OU'rJONAL 
1.lllIT 

Th€.' WQrk to proportional 

limit is cqu1\'ulent to the 

('I\crgy of the drop that 

stresses tho picco to the 

proportionnl limit. Frolll 

forllluhL 14 (p. OS), the 

wQrk to the proportio"al 

limit for tho test speci.uon 

of figuro 21 is 


lV1'L=~~~~~~=3.51 
inch-pounds per cubic inch 

IIEIOItT O~' DUOI' 

Tho heig1Jt of drop is 

recorded 118 the maximum 14'/ 

drop of the hummer causing
cOlllllleto fnilurQ of the FIGURE to.-Record taken on the dntlI! of the hnpnct-bcnding ma

chino in testing northern white pine In (\ green condition, A 
specimen, or callsing n Illllxlmulll drop o( 14 inches Is recorded. 
(i-inch deflcction. When 
it is nO(lC$sary to use a hammer hoavier tlllLn the 50-pound standard, the height 
of drop is converted to tho equivalent vnlue for a 50-pound hnmmer. 

http:lV1'L=~~~~~~=3.51


84 TECUNICAIJ nULLETIN 4;9, U. S. DEI>,}'. 01~ AGRICUlll'URE 

U. S. 	 DEPARTMENT OF AGRICULTURE 
FOREST SERVICE 
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FIGURE 21.-Datll sheet for Impnct·bendlng test. 
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COMPltESSION I'AR;\LLEL TO GRAIN 

III tho compression-parallel-to-grain test 
a 2- In' 2- by 8-inell block is com
prossed In tho direction of its length (lig. 
22) at 1\ constallt rate (0.024 inch per 
Illlnlltll). Tho load ill applied through a 
iipherical bearing block, preferably of the 
slIspended self-Illigning type, to insure 
uniform distribution of stross. On some 
of tho specimens, tho load and the def
ormution in n (i-inch ccntral gllgo length 
aro reud simultaneously until the propor
t;ulIllllimit is paiised. Tho test is discon
tiuued ",11(111 the lnllxilllulll lond is passcd, 
IIIlCl tho Cnihlro appenrs. Figuro 23 is a 
!Uunplo dlltn sheet on which tho test read
illgs nro plotted Ilncl figuro 2·1 is a sample 
comptltlltion datn cllrcl. 

An aitertlllto COfm of test specimen hill! ]o't!lCJlE 2'l.-Dlngrolllllllltlo sketch 01 comprcss
I~ circular crosllllection ll>'s inchos in dimn- omctcrulll!mcthodolcollductlllgcomprcsslon·n . Ilnluilcf.\o·groln tests.eter exccpt I\t tho ends whICh arc left 2 
inches aqulLro (4). 'l'his specimen requires less cXllCting technic thlln the squllro
prism, to got good rcsulf.s ill. tcsting, but is Icss simple to prepare. 

U. 	$. DEPARTMENT OF" AGRICUl.TURE 
FOREST SERVICE 
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COMPRESSION VNCHES) 

}'IGVRX 23.-Dnt8 sheet for compresslon·parollel-to grnln tes~. 
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Jo'IOUIlE 24.-SI111llllo computation curd f9r cOUlpresslon.pllrullo!·!o·gnlin test. 

'Dnta on stress Ilt proportional limit, stress at maximum loae! (maximum 
crushin~ strength),and modulus of elasticity 
nreobtamed. 'l'hedat,aon modulus of elas
ticity from this test, however, are not in
cluded ill tablo 1. 

STRESS AT PROPORTIONAL LIMIT 

Whon tho simultaneous readings of load 
and compression aro plotted as in fi~uro 23, 
tho first sevoraL points are approxlluatoly 

h;;;;l>!l-.... 	 on a straight line. The 
point beyond which the 
compression increases at 
more ra.pid rate than the 
load is the proportional 
limit, and the accompany
ing strcss is the stress at 
proportional limit. From 
formula 15, (p. 98), the 
stress at proportiOllallimit
for the test specimen repre
sented by figure 23 is 

SPL 15,000 3,810
1.97X2.00 

pounds per square inch 

MAXIMUM CRUSHING 
STRENGTH 

The maximum crushing 
strength is computed from 
the same formula as stress 
atproportiollallimit, using
the maximum load instead 
of load at proportionIII 
limit. From formula 16, 
(p. 98), the maximum 
crushing strength of the 
test specimen of figure 23 is 

o I Z J 
t J , t 16,000

S(:ALE -INCHes SC=1.97X2=4,060 
:rIOI1R& ~,-Method o( conducting compresslon.pcrpcndlcu!oNo-::; 

grnlll tost. pounds per square inch 

http:1.97X2.00
http:fl,.Q/.qt
http:Z.Il..1..fi
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COMPRESSION PEUPENDlCULAR TO GRAIN 

Tho specimen for the compression-perpendicullu·-to-gmin t.est is 2 by 2 inches 
in cross section and 6 inches long. Pressure is applied through an iron plate 2 
inchos wide placed ll'Jross the center of tho specimcn and at right angles to its 
length (fig. 27). Hence the plate eovers ono-third of tho sarrace. The standard 
placement is with the g-owth rings vertical. The rate of deseont of the movuble 
head of the testing maohine is 0.024 inch per minute. Simultaneous readings 
of load and compressioll are taken until the tast is discontinued at O.l-inch com
pression. The principal property dotermined is the stress at propOl·tionallimit. 
Figuro 25 is a BI\mplo data sheet and figure 26 1\ sample computo.tion card for 
eo\npression-perpendicu\ar-to-graiu test. 

STRESS .AT l'ROl'OltTIONAL LIMIT 

Figure 25 illustrates 1I. load compression curve. The proportional limit is 
lo(,:atcd M indicated from the straight-line portion of the curve. From formu!n. 
IS, (p. 9'», the stress at proportiouallimit for the te8t specimen represented by 
tigllr() 25 is 

SPL=2~O~.~1 =498 pounds per square inc11 
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COMPRESSION ~NCHES) 

1'I01,1nE :'IO.-Dntn sb~'1)t for corupress!on'perpendtcullll'-to-grnin teat. 
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....... (JIwbcd1_. ) 
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FIOl1UE 27.-Snmple computation card for cOlllprosslon·perpendicular·to-gruin test. 

HARDNESS 

Hardness is measured by the load required to embed a 0.44~inch ball (fig. 28) 
to one-half its diameter in the wood. (The diameter of the ball is such that its 
projected area is 1 square centimeter). The rate of penetration of the ball is 
0.25 inch per minute. Two penetrations are made on each end, two on a radial, 
and two on a tangential surface of the wood. A special tool makes it easy 
to determine when the proper penetration of the ball has been reached. The 
accompallyi,~g load is recorded as the hardness value (fig. 29). 

() , 01 I • 
J~I.£-IIi~HI.s '''&AU-}~4~ • 

FIGURE '28.-Mlltbod of conducting hardness test. FIGURE av.-Method of conducting shear-parallel.
to-graln test. 

SHEA'~ PARALLEL TO GRAIN 

The shearing-parallel-ro-grain test is made by applying force to a 2- by 2-inch lip 
projecting three-fourths of an inch from the side of a block 2~ inches long
(fig: 30). The block is placed in a special tool having a plate that is seated on 
the lip and moved downward at a rate of 0.015 inch per minute. The specimen 
is supported tJ.t the base so that a ~-inch off-set exists between the outer edge of 
the support and the inner surface of the plate. The improved shear tool has 

http:z.llf!.li
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HARDNESS 
~•.(.:.JL5.., .•..••••.f..:LQ.._ ....Ll)iJ.:lIL.

(!!kip. II ..) (B"'U'Oo) (Lob. 1100) 

........1......... . .. ..f!.:~.__ sl.,io...M11.P.i§.QIi.•••••____ lkll•.8.ll{i,.1.1,.... _._• .lZ!l. ..••._ 

(n.c. No.) ,1I&l1l) (ProJocc. No.) 

Spffi#,•••f2.flJl.{iJ.~.s•••ELR.____.___ GraU.•C./,./fLUL. Sea'o.i.g•••(i.{(Iif..!1.••••_ .••••••••_ 

/1ing••••••8..............._ S.p••_=_....~ S .... _, U,,).,,'.3.~.._...._.r. JloutU'""_.a.I.,:!_•.•..•% 


L••gth._.••.t?..(J.{•.lft......... Crou _tw,,-./!,.QO.LIf.•.._x _••t,.Q/J..IN:... Weight.••••£1..~..(i:••••••••••_ 


Ih'snncOu....r •• 
a.1>'A\' 'fAIIOUTI... ~. 


A,Tnl. Oy.III,),. 
 th:.r.u:a. SOIaun.• 8U"UI:L -- I 
1 ~zz. M2Z 46.Q 5..70 I 525 

2 520 460 I 500 

3 
 I 510 
4--------_.. ) I 5./0 

Avo•• 490 
, 515 I 5110 

Avo. R\b. A""ll TANU., 5.QZ 

FIGURE 29.-SruU(lIU t"OlUputatiou card (or homIness ItlSl. 

roller guides to reduce the friction of the plate, and an u.djustabJe scat in the 
plate to insure uniform lateral distribution of the load. 

Specimens are cut so that a. radial surface of failure is obtained in some 
al,d a tangential suriace of failure in others. The property obtained from 
the shear parallel~to·grain test is the maximum shearing strength. 

MAXIMUM SHEARING STRENGTH 

The maximum lor<l required to shear off the lip of the specimen is recorded 
in the test. From i-mula 19, (p. 99) the maximum shear strength for the test 
specimen represent. by figure 31 is 

3600 •
Ss 2.02X2.01 =887 pounds per square Inch 

(1Intoool-........,. .) 
....J.:.!l12- _E::1L 

(w.....) (_...) 

_-1_.__c..~ Statio/l MADISJ).N DateAf/.£..~.l.-...,. _J.2!1..••_ 
(~ ...) I .....) (Pro)..U'o.) 

Speci" _.lJ.fJ.JI.(iLIl.L.EIlL-"-___ Grade .kt.EI1ll.._._ Seasoning .fil1.EfHI.._ .....•. _ 


Ri/lgs __8_.__.._ Sap ••.2.5...•.._~ Summer wood._.2fL.....~ Moisture -.I!.Qd!......'f,. 


-z.o.i!.K...l:!lL _3.f!!l1L. __.8.1J.L ..... ---.--_. a §
--.--.. ---~-,,----- ~---.---. 


---.__...._- .." ......_-_..... ---..--....-....__........._------- -....---- 

---...............-..........._.._---_.....-....._..._...........---_...-...-..---.....--_....._---_......................-:.............--..........._......_...._-_..---

FIGURE 31.-Saruple computation ~Rrtl fM shenr·parallel·to·grtlln 11lS1.• 

http:2.02X2.01
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CLEAVAGE 
The cleavage test is made to determinothe 

resistance of wood to forces thnt produce 
a !lplitting nction. The spccimen is 2 by 2 
inchcs in cross sectioll, and 3%, inchos in 
overnlllength, with a cleavage section 3 
inches long. The forces are applied with 
special grips as shown in figure 32, the rate 
of motion of the movable head of the test 
ing mnchine being 0.25 inch per mil~ute. 
Tests are made on Rome spechncns cut so as 
to give a rndial surface of [ni!ure, and ~>n 
others cut to give a tangential surfncc of 
fni1ure. The value obtained fro m the 
cillavnge tf;'snis the load to cause splitting. 

'1'he maximum load causing failure of the 
speeimoll is observed. From formula 20 
(p. 99), the load to causo splitti ng, for the 
specimen represented by figure 33, is 

S(,l'=~:~~ = 182 pounds per ineh of width. FIGUIl1\32.-Metho([orcon<!uct(ng cleavage test. 

FonniIDSt 
(nuvl:lell Pte., ) ~......!.?......CLEAVAGE 
....L.:Jlfi. ...£.:1.i!.... .1(N.I.7.7....

(Sb(p. No.) (S11~" Nu.J (lAb. No.) 

......L .... _..c.:J..... Stalion_ ... ~~P..L~.Q~.............._.. Datdlll.G,.~I.."........ ••..1Z4..... 

(l'JI!1;.l'Iu.) pl.,") (ProJ~tNo.) 

Species .•.f?/)ll.(fl.fl . .s...F.I.R................. _ Grade _(I"ff.tlR"...... Seasoning _(M"ge.N.............. . 


Rings .....8................... Sap ....7.$........:(. Summer wood.J/L...._% Moistllre _.9.ldi... .... % 

l.tJ&l'l'lll,bclI 

WIMII.
']III~"T. \\"1t1TH, LCl'IOTH. n:ncJI.I M;~:'D'

2.98. 18.2---~ I 

I I 
.......................................--.........................-..........................--.............................._-................_--.._- .. _............._-. 

............................................................-...,.-........._--......._-_...._-.................__._-...............-_....---_......_-.....__ .......... 

_..................__...................._-_......--............................._................_-............_---_...._-............._--........--_........._-_. 


·......~ii3i-·· ...... •......--... · ..--·-···-·· .. ··-·-·..·-·--... ··-····........... -................ -......... -_... _-_._-_................................. -......

}'lGl'ltl-: 3:1.-SIlmplo computation card for cleavBl!e test. 

TENSION PERPENDICULAR TO GRAIN 

The tensioll-perpendicular-to-grain test 
is made to determine the resistance of 
wood across the grain to slowly applied 
loads. The test specimen is 2 by 2 inches 
in cross sectioll, and 2* inches in over-all 
length, with a length at mid..height of 1 
inch. The load is applied with the special 
grips shown in figure 34, the rate ofmotion 
of the mo\'able head of the testing 
machine beiJlg 0.25 inch per minute. 
Some specimens are cut to give a radial, 

and others to give a tangential surfaee of failure. 
MA.-":IMUM TENSILE STRENGTH 

The maximum tensile strength is the only property
evaluated. From fonnuls. 21 (p. 99) the maximum 
tensile strength (perpendicular to the grain) for the 
specimen represented by figurc 35 is 

FIGl;ltE 31.·- ~rcthod ur condUcting ten· 533 
sion'perpendfculnr·to·gMl(n test. STP 2.01 X 0.97 273 pounds per square inch. 
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rorm IIU 
(1In1ood J>ea.. ) _L... TENSION PERPENDICULAR TO GRAIN 
_f._:JJ..$__fi..:.lL.. _'/IJ.J.89___ 

(1IbJ1'1Io.) (S'!cl< 110.) (Lab. No.) 

_._1__ ...___c..:..~._ Stau,a MADISON _. Dat..d.P.k,lJ._••..__.L?5:_____ 
(PI... No.) (!II...) (Pn>J.d N •• ) 

s,m.6__il,0lLt;.1.J!.s:..E..t.L-____ Gra4B..C.UAIl.._ SftUoning...fi.t(£.({tI.._. __.._.._..... 

BiJlg6_.._./i__.__.____.. Sap__.8~", 5 .......... u","'___JJ}__.~ Noi:/ure___1_4!..iL___% 


lIu••u. Tunaw.IIUG.T. WIDfIi. LOOTU. LoAD. v....... ., .... 

Z.O/ 0.~7 533 273 

1'IOU1\& 35.-811111\110 COlllputation ('8r<1 tor tenRloll-Jler\1elll1icull1r-fo·~rnln lest. 

TENSION PARALLEL TO GRAIN 

The tension-parallel-to-grain test is made to determine the resistance of wood 
to slowly applied londs actin~ along the grain. The test specimen is 30 inches 
long (fig. 1). The specimen IS supported by the shoulders near the ends. The 
rate of motioll of thr.: movable head of the testing machine is 0.05 ineh per minute. 
Simultaneous readings of load B.nd of deformation over a 2-inch or 4-inch gage 
length are taken when it is desired to determine modulus of elasticity. 

MAXIMUM TENSILE STRENGTH 

From formula 22 (p. 99), the maximum tellsile strength parallel to the grain for 
the l:lpecimen represented by figure 36 is 

2,085 8 91)0 d . IS TPA =0.485:>(0.482= , ~ poun s per square me 1. 

TENSION PARALLEL TO GRAIN 
1326 1-3 __€-l21Z()

(QIp. H.;:) (l1IcIt Ho.) (Lab. Ho.) 
__6_____a__ 8taNm~______ ._M!QJ§Q-'~L____.__. Dall ___ _ ..124_ 
(~ Ho.) (bt) (Projoel No.) 

8p1t1u_ LO~LOLl Y ·P~/H=1!_____ 0rrdI CLEAR ••• 8e_nlng_~..€Ji.____ 

•RioIg....._-=6__ 8'P__'eIL-,. ·5 .... _ ",ood ~5 

~"""UJI TIlnIOlfCroA sictiort Lu... Lo&D Do.,....".'•. 0= :st~E3 
a485XO.4~~---- .~O~5 {l9Z0 Q I =0 --._--:-- 0: 5 =0 0c:::t=~ 
_EA!_fJ!R{L.f.P.1-.l!i..TEKL'i.(Lf..f../f..$J.QII..____________ • ______________ 

---~----------------------.-----------.-----------------

._--_._--------------_.-._-----

FIO~R& 31l.-Sllml,le C/ltnputs\t!on rnrll fOf tenslon-pnrnl1el-to·grnln test. 
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LlNEAIt SHItINKAGE 

Shrinkage measurements are made to determine the change in dimension with 
ohange ill moisture content. The test specimen is 1 inch thick, 4 inches wide, 
and 1 Inch in length along the grain. Two specimens are taken from each tree, 
one for measuring radial shrinkage, the other tangential. The width is measured 
in the apparatus shown in figure 37, which employs a micrometer reading to 0.001 

FIQURE 37.-~fetho<l of measuring linear shrinkage. 

inch. The width of the specimens is measured when green, and after o\'en drying. 
In some instances measurements are also taken at in~rmediate stages of drying. 

The linear skrinkage from the green to the oven-dry condition is the original 
width minus the width when oven-dry, divided by the original width. This ratio 
is expressed as a percentage. 

From {ormu!t\ 23 (p. 99), the radial shrinkage for the specimen represented by
figure 38 is 

4.006-3.808 
4.006 X 100=4.9 percent. 

Jl'Wm "1 
SHRINKAI3E-RADIAL AND TANGENTIAL /(11 ZO(l

_k.$..l5 ... 1(l119~ 
"""' MO.) <..... -1 _ .... 1._ ..._ ..._.d...._ STATION-MADISON. WIS. 

---L?.~._(PtlU 1110.) ( .......) 
 c..o.llC1' MO.) 

SPECIES .....P./JJ/.<iJJJ§_•.E.!R__________..._____•__._________.._______.._______:____..__..__..__ ...______ __ 

NOMINAl. ailE OF SPECIIIEN __.l.Llf..,.!.1:.IN..X.Llt!.___...__..,.•__ ......__..____•__________._______________.... 

I.A.oNINQ OATE' I .....
.1I.II,eM tG UteM""'... I % 'II\I"'J W,.," 

..." WOOD 

RADIAL 

GREEN ....r-JJ..ti,I£....!.....lL......-~Q..__·I....!1L_'-_4:flQ.L ._!l.!1....6_. J.9· 5 '1 

OVEN-Cfty ·~l:.~..··_I....··....._.--.-...- ..........·..·I··MWl.... _i!!ML. '_"__ 4.9 ___ 


.....__.......--.........__....--_........-._- - ........_.•: ..._._..._....-....__.---._---

TANGENTIAL 

GREEN _~e~,,,,___ ---I.~.-.I---~.L.L.,l4.---.I.-~~(J.I.6~I:-p.1&-.'..J.L!l.J..... 

--::~:.:~..~=::::=: :::===== :=:::::=I~~::::=~ :::~==r~!.~==:I==--=::~~= 

x II.\SED ON GREEN WIDTH 

FIGURE 38.-Sample computation card for linear shrinkage measnrements. 
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SHRINKAGE IN VOLUME 

Shrinkage-in-volume determinations are made 01\ specimens 2 by 2 inches 
cross section and 6 inchcs long. Volume measurements are made by an immertlion 
method (fig. 39) _ The specimens when oven dry are dipped in hot paraffin before 
immcrsion to prevent the absorption of moisture, the oven-dry weight being taken 
before tho paraffin is applied. These final measurements afford data for com
puting specific gravity based on volume when oven dry. 

FlOUR!:: 3U.-'l\I~thod of determining volume by moons at Immersion. 

SPECIFIC GRAVITY AND VOLUMETRIC SHRINKAGE 

··l~:;1:~~Y- -iiif.:,,6No'r 
STATION• •:':!~~!.~'!.......t1I1.1f1.gJ.".- .•••

-lfiii.·;'or --l~fft~1 
.I'£OIES_ •••• {!IHI..(il./i.oi••£.lIl._.__.___ 


NOMINAL SIZE OF SPECIMEN 1..ltl...X2.l11..x 6J.N. wSAP % SUMMER WOOD_ .-...._" 
FUNel WEIGHT.'4I1!IQHT~ % \'OLUME IP£ol,IODATE" L...'0' OR...... MGIIT c. •. GRAVITY %~OL. 
INOH PER CU.FT~ IHRINKAOIt 

GREEN iJJlt: "II 253 33.2 13.8~ ~~.J£L 
AIR DRY 

KILN DR... 

OVEN DRY SJ:P :J_1i _'l4/l190 0.554 "M.5 
X 14110 ON ORIGiNAL VOLUN. (0"••,.,. "'J".-cRY. JCU.H-DJlV) 1ST WT• •---__• 
"OTl-U'. '''QK 0, CA.AD 'OR 0"'...0,. IM .... IIIION. 

2D WT••_ ••---••••• _ 
MIlARQ, ••••_ •••••••••••••••_.___•___•••••••••••••____._._••••••_ ••_VOL............._ •••__ 

FlOt1RE 40.-Sample computation card ror specltlo gravity and volumetrlo shrinkage determinations. 
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From formula. 24 (p. 99), the shrinkage in volume for the specimcn reprcsented 
by figure 40 is 

398-343
FB 398 X100=13.8 percent. 

STRENGTH AND RELATED PROPERTIES, BY LOCALITIES, OF WOODS 
GROWN IN THE UNITED STATES 

In table 1 only average values for each species are presented. Table 21 records 
the average values, by localities, of the several lots of material comprising the test 
specimens for eneh species. These values were combined to form the species
averages of table 1. In forming the averages given in table 1 each value in table 
21 was weight0d. according to the number of trees listed in column 5 on the line 
with" grecn "in column 4. 

Tho values given in table 21 for dry matorial aro those for tho moisture content 
prevailing in the material at time of test. IIJld comprise the basic data. Because 
of differences in moisture content, ....;.iue!r given in table 21 for different lots of dry
material are not directly comparable but those for green material afford an oppor
tunity for comptuing localities. Wit.h the aid of the data on variability previouslv 
presented and discussed (p. 17) it can be estimated whether or not differences 
among localities with respect to the strength properties of a species are significant 
and thus can be decided whether one locality is to be preferred as .a source of a 
supply of the species undel' consideration. 

Important features in which table 21 differs from table 1 are the following: 
1. The data in each pair of lines represents material from a single county or 

other local subdivision. 
2. For "dry" wood tim specific-gravity yalue given in column I) and tho various 

strength values listed huve not been adju8ted to a moisture content of 12 percent 
as have tJle corresponding figure8 in table 1 but are the actual values as found 
from the tests. The values of moisture content in column 8 apply to specific
gravity (colulllll 9) and to the values in columns 24 and 25 under compression
pamllcl to grain. The actual value of moisture content at which other tests 
were mude differs. only slightly, usually by a fraction of a percent, from t.hose 
given in column 8. AJ!J may be noted, the moisture-content values for dry
material vary over a considerable range. This variability is for the most part
due to variations in the conditions under which the various groups of material 
were dried. These moisture-oontent values are accordingly not those to which 
the various species or groups of material would be dried by anyone set of 
drYing conditions. Under continued exposure to an ur.changing combination 
of temperature and relative humidity wood reaches a fixed moisture content 
known as the equilibrium moisture content for that combination. Values of 
equilibrium moisture content vary only slightly among different species. 

NOMENCLATURE OF COMMERCIAL WOODS 

The names of lumber used by the trade are not always identical with those 
adopted as official by the Forest Service. Where the names are not identical 
some confusion may result. Table 22 has therefore been prepared to show the 
standard commercial names for softwood lumber as prescribed in American 
htmber standards and the hardwood lumber names current in the trade together
with the corresponding botanical names and official Forest Service names used 
in this bulletin. 
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TABLE 22,-Nbmellclature of coltl1l1e1'cialwoods 

l!'orost Service nsme used In 
Commcrclal nnnio this bUlletin Dotnnlcnl lIame 

IIAl\llWOOnS 

l~cd ,llller......................... 


White ,ISh........................ 


111nck a..h ......................... 
Oregon 'lsh ....................... 
Aspon•••••••••••••••••••••••••••• 

Dasswood............. --••••• -•••• 


Droch............................. 

Dlroh............................. 


PUllor hlrch...................... 


Alnskn birch ............ -, ........ 
Buckeye••.• , ' •• _.' .•• 

Duth'rnut .,. -. . .''''. , •• 
("Itailln......... ,............. .. 
(,hcrr~· ........... _..... ' ......... 
(,hcstnut. .................... .. 

Chinquapin. " ............. .. 

Illnck cottoIlWQQII................ 


('ot tOllwood .............."""" 


Cucumber........................ 

Dogwooll .•• _..................... 

I'ncillu dogwood .................. 

Hock elm ......................... 

Soft ellll .......................... 


Dhwk gum........................ 


Red gum (henrtwoOlI only) ....... 
SliP gum (supwood ani),) ••••••••• 
llnekberry........................ 

llickory.......................... 


Holly............................. 

Ironwood••••, .................... 

Dlack Ironwood................... 

Black locust...................... 

Honeylocust...................... 

~radrono......................... 

Magnolia ••'....................... 

llard mapIQ...................... 


Sort mople ........................ 


A/nua rubra••••••••••_._._•••••••••• 
Alnlt3 rhomb/folia............._..... . 
Frax/rl1l8 "mericana•••••••••••_•••••. 
lora.rhll18 biltmorralla•••• __••••••••• ,. 
FraxHI'I8 Ptllll.~v/valliea IlIneeolata•••. 
lo'raxillll.' pt111lsplvlIll/ca•••__ ........ . 
j.ra.r/'nlI8 qltadrtl1lgll/otll••••••••••• o· • 

,loraxi/1It8 7Iiora ...................... . 

~'ra.rh1lt8 oreoono•••••••••••••••••• 
Poplilus (rmul./o/de.1••••••• ,,_...... 

Populus UrtlllClidentota........ •••• ". 

nlia glflbra••••••••••••• _'" ........ . 

nJ/a /Itiullpllvl/a ••_ . , ............ __ 

Fagus grtl1lfl/fol/a ......... _.•.• • , ••• 

Betulllltllea •••••••••••••••••• •••••• -
Betula lenla •••••••••_••••••• _. ...... 

lJetullln/gra.••••••••••••• .•••••••••• 

lJeluI1l1Japurlfera•••••• . ' •• , ' •••••• 
Belttla pO/ll~/lfolia ••••••••• -., ..."" 
Brill/a kdlla/ca............... eo. -. "". 


Ae$cu/us oelallllra.. .............. . 

A",eu/us Vlabra......... , ... ,. 

Jugilln•• clllfrca.......... . '." 

Cllia/pa sllfclosa.......... ,., ... ,.,. 
J'rII1lIl.uaol/na.. •••••••• . 
Caslullea (Iellialn•••••••••••.. 
Ca.<laneapIt1llIla............ , 
Ca.,lanoIMioHhry.,ophyl/a._ .. _, - , ,. 
POl)lIlll~trfchocarpa ... " ........ ' 
POJlII/II~ Irlchorarpa ha.,lata., . _.. , 
Po I' II Ius 7nacdollua/iL.. -" .. ,. ..... 
l>OPl(/us/rcmonliL .. _....... '. . 
POPll/us <lel/oi/IM virginiana., •• " .... 
Popu/lIs heltrop/lv//a ••.•••••. ........ 
POllullls bal.amlfera................ . 

Popll/u~ <lrlloille.__.................. 

Popu/n•• sarorlltii.................... 

"'laYllolia awlllinala................. 

Corn II.! Jlorida ..................., ... 

Cornu8 nUllallfi.................... . 

UI11Iu3 racelllosa..............._••••• 

U/mus a1Jlerlcana....._.............. 

Ulmu8/u/va••••••••••••••••••••••••• 

Nu..a 8/1lvatlea....................... 

NU8.a bijlDra........................ 

Liquidalllbar siuracijllla.............. 

Llqllldamber sluracijlua.............. 

Celtl8 accidenlali.............__ ._.... 

Celtis latvigola..............•• , ..... . 

Hleoria ovala........................ 

IIicoria lacilllosa..................... 

Iiicoria alba ......................... 

IIlcoria glabra....................... 

II/coria cordlformis.................. 

Ilicoria cord/formEs ciolloala•••••••••• 
Ila opaca ........................... 

Oslrua t'irginlana .................... 

J(rugiodcndron /trreum•• •• " ........ 
Robinia pseudoacacia................ 

GledUsla triacanlhos..........__ ...... 

Arbutu.s menzie.,i/ ..................• 

,Magnolia grandiflora................. 

..leer saccharum...................... 

Acer nigmm......................... 

Acer saccharinum.................... 


White maple (unstained snpwood). Acer sacchar'J.11I...................... Sugar mllple. 

Oregon wallie ..................... ACt' macropllvllum._._••••••· ••••••• 
Blglea! maple. 
Red oak.......................... tlercw borealis maxima............. Red oak. 


tltrcllS borealis..................... Do.
glIercu", vtltttlna..................... Dlack oak. 
Qutrc"" 3hIImardlL• •",••••- ••••••• Sbumard red oak. 

erCll" taalla _......_.............. TexllS red oak. 
Itreus pa/Ulltri&.................... Pin oak. ~WCIlS phcll08...................... Willow oak. 


cu81aurlfo/la.................... Lsurelonk. 

Quee,,,, rubra • ...................... Southern red o!lk. 

Qutrcw rubra pagrxIae/olla ........... SW!lmp red ollk. 

Quercw nlurd•• ..................... Waterollk. 

QlUrcw etllpsoldall! • ................ Jncko!lk. 

QlUrcus cocclnea..................... Scnrletonk. 

Qucrc/U marl/and/ca•••••............ D1l1okJnck oak. 


Red maple.Acer Tllbrum.............••....•.. .. 


Hcd,aldcr. 
Whlton\cicr. 
Whlton,~h. 
lliltmoru whlttlllsh. 
Oreen nsh. 
ned Ilsh. 
llluo ash. 
lllnck nsh. 
Oregon ash. 
Aspen. 
Lnr~etooth nsncn. 
IJllsswood. 
White bnsswood. 
llccch. 
Yellow birch. 
Sweet hlrch. 
Wvcr hlrch. 
l'tlllOr birch. 

Gray birch. 

Kennl birch. 

Yellow buckeye. 

Ohio buckeye. 

lluttcrtlUt. 

Hnrdy cntnl!lll. 

lilliek cherry. 

t'hestnut. 

ChlnflIlJlI,ln.

Golden c linflullpill. 
Hinck coltOIlWOOlI. 
Northern blnck I,ottollwood. 
!\fnctlouglll cottollwood. 
('oUol\wood.
Southern cottonwood. 
Swamp cottonwood. 
Balsllm poplar. 
l~nstcrn cottonwood. 
Collonwood. 
Cncumber mllb'lloll'l. 
Dogwood.
l'aciflC) dogwood. 
Rock elm. 
Amcrlcnn elm. 
Slippery elm. 
Blnckgum.
SWllmp blllck gum. 
Red gum.

Do. 
Ifnckberry.
Sugarberry.
Shagbark hickory.
Dlglen! shagbnrk hickory.
Mockernut hickory. 
Pignut hickory.
BItternut blckory. 

Do. 
Holly.

Hopbornbeam.

Blnck ironwood. 

Dlack locust. 

Honeylocust.

Pacific mlldrone. 

Evergreen magnolia. 

Sugar maple.

Black mllplo.

Silver maplo. 
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TABLE 22.-Nomeliclalllre of commercial woods-Contilllicd 

Forest Service name used InCommorcllli nume Dotnnlcal name this bulletin 

---------1------------1--------- 
IIAIIO\\'OOOM-contfnuc,l 


Red oak••••••••••••••••__.••• _ •••• 


Whlto ollk........................ 


tll"O ollk.......................... 


OSllgo-orllJl~" ...................... 

llcClln....... ~,.,,,. ~ ~ ............ ...................... .,_. 


l'ersIDllUon..........". '•. " ... . 
Sn..'ISI\lrtls.. .. ,......... ,."' . 
Silverbell. . ............. . 
SYclUllore •. '" ........... 
Tupelo•. ,. . ' ••.••••••••.. 
Jllllck wlIlIm! ,." ................ . 
Willow.......................... . 
Yellow Ixlplnr •••••••• '. 

Monwooua 

AI!lskll cellllr ..................... . 

Eustern rcd cednr................. 


Incense L'Cdur..................... 

Northern white cedar............. 

Port Orlord cedar ......... __ .••••• 

Southern whllecedllr..... ,....... . 

Western Juniper.................. 


Western red cedar................ 
Red cypress (coust type).......... 
Yellow cypress (inlnmt type) ..... 

~~~~y;;)~\)r'::::.5~~~~~::~:::::::
Red tlr (Intermountnln type) ..... 
Red fir (Hoeky Mountnln type) •• 
Alplno fir ......................... 

Dn1snm fir ....................... 


Golden fir ....................... . 

Noblo fir .......................... 

Silver 1Ir.........__••••••_........ 

White fir......................... 


Eastern hemlock........... " ..... 


Mountnln hemlock............... 

West coast hemlock............... 

Western hrch..................... 

Arkansas S<llt pine................ 


Idaho white pine................. 

Jnck pine......................... 

J.obloliy pine..................... 

Lodgepele plne.__................ 

Longlenf pine..................... 

North Carolinn pine.............. 


Norway plne.......__............ 

Pond pine........................ 

Ponderosa pine................... 

Pondosn pine...................., 


QlltrCIU kel/O/lgll ..................... 

QturCIU ea/e&ooti .................... 

Qturcu& aloo........................ . 

Quercu, alellala ..................... . 

QtureIU lurala............... ...... .. 

QlUTeu3 bieolor..... ........... "."' •• 


IeTCIU 1ntuhl...b.rgii ... ........ "'" 

uuel'" ga~r,ana••••• __'"'' •••••_.•
~ rClllJprlfllllJ.................... .. 


Qlltrcmlllonta .. a .................. .. 

Qturem11lllcrocarpa................. 

Qturell.! utah.mll.................... 

Qtltrem wl8llu..U••• ..__............ 

Qturcm aprlfolia........... •••• ,..... 


Ct'" chr,&oU.pl••• • ' ••"""__ .... 


~elllJ vlrgl .. la ..a................... 

Ion pomlferum................. . 


lIicora ptcan...... ................. . 

llicora eordlformu................... . 

Il/cora cordiform;" elongola......."" 

]JloopVrOll nrp,i ..ia .. a.. ................ 

&J&3a/faJI varlifoliltm................. . 

lIal.&la carolilla...........__..... . 

PlaJa .. u., occidental!. ......__....... . 

NVI&a aqualica ................. . 

Juglam nigra.................. . 
&Jlix nlgra....__.................... 

Llriodtndron tullplfera............ ••• 


ChalJloecgpa,rI&.nootkat.lI&i3._........ 

Jumperu& Nrgmlano................ . 

Ju.. lptTlta/ltcapa .. a ..... __ ........... 

JlmiperIU 1nulca..a • ................ 

Lib«edrm deeurr.m................ . 

Thuja occid<1l1alil............._...... 

Chamaecgpar;" la relo..la..a........... 

Cha11llleCllparia thgolde& •••__.......__ 

Ju..lptrm utahemi8• ................ 

Ju..lperm fla=h, loea................ 

Ju..iperm 'co orum............... 

JIt..iJl<Tm oc dtntalll ............... 

TllltJa plicata........................ 

Taxodium di&tlchltm ......__ ......... 

Taxodlum di&llchu1ll ........__....... 

Taxodlum dutlchum................. 

P&<udotmgatari'-0lla ..__ ............. 

Pattu/oI3ltf/a tarif.olla ................. 

Paeudol&ugtJ tarifolia................. 

Able'la&,ioea[fl<I..................... 

Ablt& arlzOnlca...................... 

Able& baham.a• •••_................. 

Abie&frrutrl......................... 

Ablu magnifica...................... 

Abie& hobilu......................... 

Ablt& amabUI8_..................... 

Abi., eonc%r.......__............ .. 

Abie.! grandl8........__.............. 

TlU{la ca..ad.ml&.................... 

T&uga caroli .. la .. a ..........._....... 

TlU{/tJ m"ltll&ia..a....__ ....__....... 

7iuga hderophVUa................... 

Lari:c occid.ntali&.................... 

Pi..lU echinota....................... 

PinIU tlUda •• ........_.............. 

Pi..U& monticola_____................ 

Pinu", OO..biano..................... 

Pi"(J.& laeda ...................__.... 

Pi.."" comorta....................... 

Pi..m palmtrill., .................... 

Pi.."" taeda......................... 

Pi..m tchinala....................... 

Pi.."" Vlrglnia..a...................... 

Pi..U& alroom....................... . 

PifllU r<&i.. ooa_ .................... . 

Pi..,,& rlgida &troll.. a ................ 

Pi..U! ponderooa..................... 

Pin"" pa..derO&a..................... 


Cnllfornln blnek onk. 

Turkoyonk. 

WhIteoak. 

Post ollk. 

Overcup onk. 

Swamp white bak. 

ChInquapin oak. 

Oregon white ollk. 

Swamp chestnut oak. 

Chestnut onk. 

Duronk. 

Rocky monntaln whIte ollk. 

Blghfand live onk. 

COlISt live onk. 

Cnuyon live onk. 

LlveoQk. 

OSlIge-orange.

Pecan. 

Dltternut hickory.


Do. 
PersImmon. 
Sassafn.~. 
SlIvorbeli. 

Sycamore.

Tupelo gum.

Dlack wnlnut. 

D1nckwlllow. 

Yellow pephlf. 


Alaska cedar. 

Eastern red cedar. 

Southern red cedar. 

Mountain cedar. 

Incense cedar. 

Northern white cedar. 

Port Orford cedar. 

Southern white cedar. 

U tab juniper.

Alligator junIper. 

RockY monntaln red cedar. 

WesternJuniper.

Western red cedar. 

Southern cypress. 


Do. 

Do. 


DouglllSfir. 

Do. 

Do. 


Alpine fir. 
Corkbark fir. 
Balsam fir. 
Southern balsam fir. 
California red fir. 
Noble fir. 
Sliver fir. 
Whlte1lr. 
Lowlnnd white fir. 
Eastern hemlock. 
Carolina hemlock. . 
Mountain hemlock. 
Western hemlock. 
Western larch. 
Shortleafpine.
Loblolly pine.
Western white pine. 
Jnckpine.
Loblolly pine.
Lodgepole pine.
Longleaf pine. 
Loblolly pine.
Shortleafplne.
Virginia pine.
Northern white pine.
Norway pine. 
Pond pIne.
Ponderosa pine. 

Do. 

http:chr,&oU.pl
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TABLE 22.-NomellclatuTc 0/ commercialwoods-Continlled 

FQrest Sen'iro namo used inConullorciulnumo JlotllllkalI1lllllo this bulletin 

~OFT\\'OOlls-contllluc<l 

Short leaf plile ••••••••• , """ •••.• P(II/IS tc~(nata................._..... ShQrtiooC pino.

Slash pine ........................ Plllu~ carl/Hlta....................... SllIsh plno. 

Southern plno ................... . Pilillsta~dll ..................._•••• ; Loblolly plno. 


1'in1l8 pa/uslris•••••••••••••••••••••• I.ougicnCplno.
1'111118 rlglda serolina................. l'ond pine.
11m!S echi.lata......•••.•••••••-. •••• ShQrtiellC pine.
1111US caribaca.......... ............. SllIsh pine. 

Phltt.'l riuld".............. ........... 1'Itch pino. 

Pinu., glab"'......... .... ............ f'pruro pinu.


Su~nr pine........................ P/tlIlS lamb.rtiana..... .............. Sugllr plno. 

Hed \\'ood •.•••"'" ............... &"flUia 8.rn~rvirffl8 ••. _............ I<o<lwoo<l.

Enstefll spruce .................... 	 1'ict'll "'arlmla....... ................ lJIl\ck spruce, 


l'ice<I rubrtl.............." ••• ....... ned spruce.

Picclt Ulauca................. ........ White sprnrn.


}1ngclmnIlIl spnlcc... _..."' ............. "' ...... ... 
 Pic((1 f1IveLIwlflniL ••• : •••••••••__... ll~IIROllllnnn sllrucc. 
l'lcm fJIIlIgefl,f................. •••••• llluo spruce. 


Sitko spruco.................... . PfCtI18i1che11,,;,~...................... Sitkl\ spruce.

'1'nlllllrnck...................... . j,(lrl.r IlIrl<-11,"... ................... 'l'llIlIornck. 

PucitloyOIl'...................... . 7"lIlls bT(vif~lia.. .,................. Pucifio yew. 


FORMULAS USED IN COMPUTING 

LEGEND 

SCI.=strength in clcavngc, pounds per inch of width. 

Sl'1.=strcss nt pl'oportiOlltlllimit, pounds pel' square inch, 

S1'I'=stress in iCIl~ioll perpendicular t.o gmin, pounds per sqlll1Te inch. 


STl'A =strcss in tension parallel t.o grain, pounds pcr square inch. 
P'=load at propOl'tionallimit, pounds. 

P=maxillllllll loud, pounds. 

ll=modulus of rupture, pounds per square inch. 

S.=shear strl'ss, pounds per square inch. 

j'IJ= bending moment, in inch·pouuds. 

S=computed unit strcss, pounds per square inch. 


J =moment of illertia,illcheS{for a rcctantuiar beam J= b~;:). 
c=distunco. from ncutml axis of beam to extreme fiber, inches. 


IT= tutu\ verticnl shcar nt Ilny cross section of a beam, 'pounds. 

L=length. inchcsj ill stntie bending, L=-span, inches. 

b=breadth, inches. 

d=depth, inches. 

y=deflcction, inches. 

bl ;.;:- width of specimen whcll grcen, inches. 
bz= width of specimcn whcn ovcn·dry, inches. 


K1=voltunc of specimen whcn green, cubic inches. 

K2=\'oltune of Ilpecimen when oven.dry, cubic inches. 

G=spccific graVity. . . 
lr=work, inch·pounds per cubic inch. 


nTrr,= work to proportionnililllit, inch-pounds per cubic inch. 

lV.tn=work to maximum IQad, inch·pounds per cubic inch. 


WT=total work, inch·pounds per eubic inch. 

E=modulus of elasticity, pounds per square inch. 
 '.i 

A=area under direct stress, square inches. 

H=hend or total drop of hammer, plus impact deflection, inches. 

W=weight of hammer, impact bending test, pounds. 

A=impact dcflection plus stntic deflcction (0.01 inch). 


FR=radial shrinkage .from grecn to oven·dry condition. 

Ji'T=tangcntial shrinkage .from green to oven-dry condition. 

Fv=volumetric shrinkage from green to oven·dry cOlldition. 
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BENDING (SQUAItE on ItECTAXGULAIt BEAMS) 

LOAD Al'l'LlED AT C£~TEU 

3XP'XL 
2XbXd2 

3XPXL
R 2XbXctl 

p'xv
E 	 4XbXc(JXy 

3XP 

S·=4XbXh 


. P'U 
Wl'l, 2XbXclXL 

lV =area undcr curvc to maximulll load in inch-pounds 
ML bXdXL 

total area under curve in inch-pounds 
bXdXL 

UNIFORMLY DlSTIUDUTED LOAD 

3XP'XL 
SPL 4XbXctl 

R 	 3XPXL 
4XbXd2 

5XP'XJ.3 
E=32XbXcflXii 

ANY LOADING 

SI RIM=M"'B"'=c C 

3XV 
S'=2XbXci 

IMPACT BENDING 

S _3WllL
PL- bd2 j. 

lVll 
lVl'L= Lblt 

COMPItESSION PARALLEL TO GRAIN 

P' 
SPL= .Ii 

PSc=;r 

E=P'L 
.Ay 

COMPRESSION l'EItPENDICUL.U: TO GRAIN 

SPl.=~;, where A""urell of specimen under plnte, squarc inches 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 
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SIIE,\R PAItALLEL TO GRAIN 

p
8'=:4' where A=nrel\ under shenf, squaro inohes. (10) 

CLEAVAGE PAItALLEL TO <mAIN 

p 
SCL=7) (20) 

TENSION PERPENDICULAu TO GRAIN 


P

S7'r=:4 (21) 

TEN$ION PAltALLEL TO GUAIN 

P 
STI';I=::r (22) 

UNEAIt SmnNKAm~ (PI<:ltCENT) 

FH Qr F1.=b
,
-/ blX 100 (23)
II 

VOLUMETltlC snUINKAGE (l'I<:ItCENT) 

F' _](,-K2XIOOI'-K;- (24) 

SPECIFIC GItAVITY 

wtligh tin gmlllil 
G",,, (. J)crco1\t mOiS!;urU) '" (25)

1+ 100 X volulIIo III culm) cClltullctera 

U • .s, GCWtRNMEtif PRIHTINQ OF'ttCEl-IU' 
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TABLE 21.-Strength and related'properties, by localities; of woods grown in the United States 

SDeCltlc Shrinkage from Static bending 	 Impact bending Compression Hardness; load green to. oven· 	 parallel to graingravIty, oven .• Com· required to I)m· 
dry,b~ drycondltlon ---,..---,..---,..---------1--......,--......,----1----:---  presalon bed a O.4«-Inch Shear Tensionbased on dlmen· -

Rin S Mols· on yolum_ Weight slons when Im!8n 	 perpen. ball to H lis parallel C'u ~ Ship, 
ment SpllCles(eommon and botanical names) Place of growth of material Moisture Trees gs um· tore per 	 Work Height ~=; diameter toJ:t~; lIIe';i.:d t:, 1J'Illn: 

110. 	 tested condition tested ~h ::d con· cubic 1-----,.--·1 Stress Modu·/----:---,.---I Stress Work of drop Striisa Maxi stress at 1----;,..---1 mum toll8lU1! mul·
,tent foot at pro- Modu. I f at to csusing a1i\ ~ 
 propor. shearin)! IpUtting mumIus of :I~. propor. Maxi. propor· propor· complete prol',m'~ cr:gWhen Yolu.. Ra. Tan· tpor:. 	 tlonal strengtll temlleAt test oven. 	 Ion... rupture tlclty tlonal mum Total tlonal tlonal (aDure tlonal' strength Jlmlt End Side 1tr.Jatbdry metric dial ~~. limit limit load limit limit (liO-pound Jlmlt 
hammer) 

-- --'--------,------------1-----------1------- --------- ----- --- --- -----------------------------..-------- ------------ ----- ; 
3 4 II 6 7 8 9 . 10, 11 12 13 14 15 16 Ii 18 19 20 21 22 23 24 25 20 27 28 211 30 31 ___~______________.I---------I--.- --______1___- _____ _ ____.__. _____________ __', 

I,()I)() In.-lb~ In.·lb. In.·lb. l?i.·lb. 	 Lb.pt.T 
lIARDWOODS Num' Num· Per· Per· Per· Per· Per. Lb.l'er Lb. per lb. per ·per cu. per cu. per cu. Lb. per per cu. Lb.per Lb. per Lb. per Lb. per III. of Lb. per


ber ber cent cent Pounds cent cent cent &g. fn. &g. In. &g. In.' In. In. { .In. ag. In. In. Inc1rea ag. In. &g. ift. ag.ln. POUIld. Pound. I!/,In. willth &g. ift. 

203 AI<ler, red (Ainu! rubra).................................. Snohomish County, Wnsh.... Gr:.an... '6 10.8 """ 98.2 0.368 O. 434 46 12. 6 4.4 7.3 3,750 6,540 1; 167 0; 70 8.0 15.3 8,040 2.6 22 2,620, 2,960 , 313 554 440 770 217 * 
.U8 8;14' 1'.851 loW Z.17 8.5 '.S 13.14' 5.' z.a I.ft' 7." ..1 1.178 liZ 1.UI 1M III 
746 '\Plllo (,\Ialwl pIL11II/a var.) ••••_ .......................... Dotetourt County, Ya......... Dry..... ( II. Z8f~n::: 1~ "5:'ii :::::: 4~:: .606 ":745' "'''55' "i7~ii' 5. 6 10.1 3, 640 7,400 1,047 .75 15.7 36.4 7.590 3.0 33 1,P90 3,000 854 1,041 1,088 1,636 476 1105

.678 	 '.778 13.M' 1,277 %.41 ZU 4(.0 1'.810 8.5 « I.ID ...... 1.41S 2.... 1,8M 1.7" ·····343· .•••.. 5:ift2.57 ..\.$h, biltmore whUo (l"ra.rlnua bUtmortana}_ ......_____ ...___ ... __ Overton CO\loty; Tcon.. .. _..... __ Green... 5 16.6 49 	 41.5 .507 "~584' ·····45· "i2:'o' "4~ii' "ii~ii' 5, 5.10 9, 270 ' 1,335 1.31 11.6 27.4 11,930 4.9 30 3,530 3,930 875 953 853 1,2327._Dry..... 1 •••••• •••••• 5.4 .571 	 12. 11' 15.6llO . 1,7G1 '.11 11.7 17.2 1'.8141 10.4 1'.111 :t.m I.", 1.... l ••n 811411
Green... 6 23. 1 53 00. 6219 .A~h.bl8C1c (,f'rculillla nigra) ............................... Ontonagon County, Mloh ••••• 	 .447 ":526' ""'m' 15. 2 "s~ir 'T8' 2, 610 6,000 1,107 .42 11.3 28.9 7,230 2.5 " 35 1,720 2,340 400 610 552 866 2Il6 4110

Dry..... 1 ••••.. ...••• '.1 ::::::: ·····si· ................... 11.14' 11.1" 1.'71 :r.'5 17.' 43.6 	 « 1.'21 8,1" 1.17' 1.1'8 "' 1.714 .7 7tI
..456 	 13.15 .....<lo••••••••••••••••••••"................................ 1.taruthon CoUnty. "'Is....... GDreen... 25.0 78.9	 '2, 580 6, 000 007 .40 35.0 30 2,200 452 5654110 854 292 4110 


ry..... •••••• 11•1 .417 •• al' 11.U8 1,31$ 1." 13.1 17.' 'ii;iii' '''Ti' Z7 "i;iiii' I.'" . stl 1.181 m 1.... 
2"..!! .\sh, blue (Fr(lJ'jIlU! quaaranl1ulala)•••••••••••••••••••••••• Bourbon County, Xy•••••c... DGreen••• 5 12. 5 .9 39.3 .532 • 603 46 ··ii:f 3. 9 6. 5 5,700 9,650 1,241 1.47 14. 7 38.2 11,140 5. 0 43 3,580 4, ISO 004 1,140 1,028 1.544 '" 353 ..lI84 

ry..... 1 •••••• •••••• .,'~ • ~71i 8.1%1 !t,771 I,m ,1.00 .... 1'.1 10.851 1'.5 42 I.ID 1.741 1.'11 1.8'1 1.1M 1.111 

75 Ash, green (Fraxinus penruylrallica lanceolala)............. Richland Parish, La........... g~~~::: i 20.6 60 ti~~ 1._ '" 
.516 .590 ••• "47' "ii~f :::::: :::::: 4,450 8,880 1,319 .87 10.6 23.7 11,720 5.6 32 3,240 . SOl 842 732 1,202 349 ··"··oii 

.55:8 8.'50 II,. 1.115 :e.8Z H.G :ea.' 15.851 1.' n 5.181 ~~ ,1.123 1.&11 1.151 17Z 7U 
2:!3 •••••do••••••••••••••••••••••••••••••••••••••••••••••••••••• New Mndrld County. 1.'1:0.... Green... 5 'i3~7' 56 4!J.3 .636 .631 ' 50 "i3~3' 4.6 'Ti" 6,110 10,040 1,480 1.42 13.0 31.6 11,150 4. 4 37 3,&00 4,360 1.012 ' 1,073 1,007 1,318 345 liMDry..... 1 .••••. ••• • 1i1O 8.'7' 1 •• ,11. 1.118 I. IS 14. • n.4 18.11. '.0 31 5.6%0 7. 8M lI.m 1.87' 1.11% 2.... 741 
318 Ash, Oregon (Frar/nus oreaona)......___.................. Lane County, Oreg ............ Green... 3 12. 5 63 48. 5 .497 "~S75' 46 "i3~2" 4. 1 "ii~i' 4,2307,570 1,132 .92 12. 2 33.3, 8,920 3.0 39 2, 760 3,510 653 851 700 1,191 309 587 '"Dry..... 2 8.4 .568 	 1.", !t.54t· I.UI :r.58 15.1 1•• 001 e.! al 4.'1' 7.121 1. liS l,lIG ·1.HG 411 771"~55i' ·····40· "i2:'o' "3~7' 'Ta' 20.' 	 1.
2"-3 Ash, pumpkin (Frcu/nu" prOfunda)....................... NelVMadrld CQunty. Mo... . Green... 3 21.0 46 51. 4 .485 	 4,470 7,600 1,043 1.08 9.4 18.4 8,760 3.7 31 2,850 '3,360 989 885 752' 1,214 357 574
Dry..... 1 ...•.• ••••.. '.6 .5Z6 	 6.tsl 11.81' I.II! Z.11 7.S 14.8 U.I50 7.' ft 4.m 1,- 1,115' 1.5n l.m 1,1111 451 818Green... 5' 14.8 51 3S. 2 .550 .640 ·····47· "i2~ii' 4. 3 "iiT101 ,Ash,'whlte (Fr(lJ'/nua americana).......................... Stone County, Ark•••••••••••c 	 5,180 9,920 1,416 1.10 13.3 34.3 11,710 4.9 33 3,450 4,220 889 1,121 1,008 1,336 340 6Ii8
Dry..... 1 •••••• 10. Ii .510 	 1'.770 17.'" I.N! .. ,I.U 16.8 30.9 ".m 8.5 I( 8.U' 7.... 1,115 2.115 1,411 1.2" 588 8MGreen... 5 8.8 63 40.3 .582 "~7ii8' . ····5i' "i4~O' 5. 3 "ii~7" 6, 140. 10, 760 1'635 L30 16.3 41..9 13.7SO 5,9 .7 3,960 .,610 1,145 1,083214 Ash. white (sel'Ond growth) (FraxlllU! americana) •••••••_. Oswego County, N. Y•••••••• 	 794 1,664 440

Dry..... 1 ...... '.5 •637 	 11. 'I' IS; 83• 1;985 ue 17.0 11.9 %3,840 12.8 41 S.ISI '.421 2, ... 2.m 1.68' 2,U' '71 .;i:
Green... 5 17. 2 49 48. 1 .495 "~005' ·····46· "i2~2' 4. 1 6.6 , .4,.600 8, 310 1;285, .00 13.6 32.4 11,620 5.1 38 2,870 3,390 705 872 785 1,183 336 1)110256 Ash, white (FraxinUa americana).......................... Pocahontas County, ,,'. Ya ••• 


.554 	 SS1 15."' 1.8S( 3.16 13.4 25.' 1~.'S' lL' 37 0.54', 8.481 1,7U 1.811 l.ft( I. MIl II' 817
!lO4 .\sh white (second gro~·th) (Fraxinu. amuicana) {Bennington County. Yt., ••••• 8~len::: ~ 10.2 "'52' 4~:: .656 "~ii30' .... '40' 13.9 5. 5 "iiT '4, 720 9, 340' 1,482 .88 20.8 51.6 16.780 6.9 35 2, 750 3,840 1442 940 008 1,392 258 430, ." 	 ••••••••• Hampshire County, Mass ••••. '1._Dry.....:1 •••••• 11.. .611 	 7.7" 11,HO 1.~n 1.87 %1.6 a9.1 10.%81 7.2 5e 5,7%1 7.121' 1,114 I.W 1, liZ 1,877 IA 
;100 Aspen (Populua Iremuloidu}.............................. Rusk County, Wis•••••••••••• Green... 5 8.5 106.6 .360 ":422' ..···4ii· 11.1 3.3 6.9 2,940 5,280 ,840 .65 6.9 16. 0 6,880 2.5 28 1,600 2,160 200 206 818 625 116 182


Dry~.... 1 ••.••• ••.••• 6. Z .Ul 	 7.6411 18.771 1.2" !.43 7•• 18.471 4.6 14 all 84S 4n 811 ft, 1814.- I.'"46.0; ,....do••••••••••••••••••••••••••••••••••••••••••••••••••,.. San Miguel County. N.Mex.. Green... 6 7.3 •••••. 84.3 .344 "~383' '''''40' 11.8 3.6 6.6 3.340 5,000 877 .73 5.9 11.2 7,010 2.8 IS 1,720 2, 130 239 289 286 683 152 278Dry..... :I . •••••• 7.' .171 	 7.110 11.101 1,411 %.07 lU _••841 3,1 18 5,lii~ 718 I,IZI"7 118'.1
211 Aspon,lnrgetooth (Populu8gralldidenlala)•••••••••••••••• Sauk County. Wis•••••••••••• Green... 5 8.2 •••••• 00.4 .354 ":4iii' ""'43' 11.6 3. 1 "7~ii' 3,190 5,850 .. 1,185 .50 6.1 10.6 7,600 2.7 IS "!l;2io' 2, 720 269 443 366 813 ·····iliii· 394Dry..... % •••••• •••••• S.' .414 	 7,U' 11.8" , 1.635 1.81 '.7 13.1i 15.110 7.0 27 1.1" 7. lSI Nt 7l'Dt ZH -181I••' Green... 5 8.1 ••_••• 100.7 .343 '~;4ii' ·····43" 11.9 3.5 'To' ,2, 660 4; 950 1,.056 ,.38 5.2 14.5 7,220 2.3 1,830 	 '352 314 ]64904 Aspon.largetooth (S<lcondgrowth) (POpuIILS/lrandidtnlala). Bennington CoUI1ty. VL••••• N • 	 19 2,280 ,239 651 230Dry..... 5 •••••• •••••• 1%.1 • lSI 	 5.Ial 8,Y.0 1,3li 1.18 8.. lo.t !e' a•• HI 4U8," :.' 	 'HI 17' Z11".l65 ]las~woo<l (Tllla globra)•••••••••• , ..,••••••••••••••••••••••• Marathon County. WIs .••_••• Green... 3 21.8 115. 1 .3~\J "':374' 42 14.5.6.2 8.4 2, 370 4, 440 852 .39 5.9 8.6 5,760 2.0 15 l,ISO· 1,830' 191 283 220 654 146 '" 

.	 .. 
2118

.I(S 	 5.641 ,;zse 1.'" 1.05 3.2 4.4 I._ 1.8 8 1.421 4.8M 411 114 .1.111 278 
197 ,... do..................................................... Potter County. Pa••c••••••••• R~~n::: ~ 'i7~3' :::::: n:: ~ .331 ";4ii' ..···4i· 16. 5 "ii~ii" 9.9 2,S40 5.270 1,149 .41 4.9 11.3 6,590 2.1 Ii 2,000 2,450 221 292 263 626 149 282
Dry..... 1 7.' .m 	 8.121 11,1!6fI' 1.5!8 :U6 11.1 13. 7 14.3Gt, I.a Z1 I._ "' HI .n ,as 1,174 .. '".. 

,3, ;f80 1,2M
Dry•.~.. 1. •.. ••••• 13.1 8.141 1,,!lSI 1: Il3e ,2. 31 llU 41.1 17._ 8.1 41 .t.m 1,_ 1.181 1,411 I,Z17 1,H8 1,141 

19T ,....do._•••••••••••••••••••••••••••••••••••••••••••••••_ Potter County, Pa••••••_••••• Green... 5 iii.o •..:.. 63.6 .631 ··~64i· "···54' "i5~ii' 5.1 ·io~ii· 4,500' 7.720 1,131' 1.02 10.9 22.5. 9,130 3.3 38 2,300 3,080 609, 891 740 1.15& ~5 71& 

III Beech (Faglu grandlfolin)._ ••••••••••••••••••••••._ •••••• {Rrl~s~~~~.andMorganCoun·· Green... 5 'iii~ii' :::::: 	60.9 .656 ";600' ··..·56· 16.5 4.6 'iO~5' 4.490 . 8,610. 1353 .00 14.1 30.9 11,7£0 5.1 43 2,750 '.'" 005 1.012 1108 433 SOl 

Dry•••• ~ 1 ".", """ _. a .HI 	 '.8M 15.161 1.537 3, 61 11.0 18.4 2I.U' 1'.1 II 1.821 8,111 1.111 1.118 2.m ",'I,'" 	 1&1
Green~.. 7 10.4 •••••• 42.1 .5110 "~iiii3' '·'·'5:2" "i6~6' "5~4' 'ii~ii'Beech (second growth) (Fagu8 grandifoUa)••••••••••••••••• Dennglnton County, Vt...•••• 	 4,110,9,150 , 1.580.64 11.1 36.6 13,030 4.8 .6 2,590 3,940 765 996 886 1,3118 3D7 6IMIDry..... 4 11.7 .111 	 '.:!1' 16.7%1 1.8411 :1.71 17.1 11.8 11.4111 4.7 At I.'" 8.... 1,:278 1,11' 1,111 1,1"

Il{H tY'tM81SS Green.__ 12 15.2 •••••• 	 47; 8 .575 "~7i7' "·"53' 19. 1 5.7 'irr 3,200 6700 '9\12 .61 19.1 60.6 10,080 4.0 cloo 1.420 '.]leech, blue (Carpillu3 carotiniana) ........................ q;rannlngldln Coun y t"'--' 	 2,670 733 895 940 1,1114. 256' 350
\Ben ton c oun y. ••.•••• .177 	 1.750 '11: ese 1.on .71 '33.:1 73.7 2.lit 1.... 1.511 1.171 '" 10.17' 4.' 1.1" 	 2.tl1 184 
D31l Birch, Alaska white (Bdula ntoala!kana}.................. Near Anchoruge. Aiaska •••••. 8~n::: !~ '29~4' :::::: 	~~ ;488 "~5ii4' ··..·48· "iii~7' "ii~5' 'To"' ,3,770 7,000 1;354. .60 11.6 32. 5 9.800. 3.7 3i 2,050 3,030 4M 553 564 917 176
Dry..... 7 ...... ....•. lL I .551 	 8.181 14. ISO 1.850 2.03 14.1 ft.1 14.'%' 4.. 41 1.7%1 8.... 877 8M 811 1.... 

.448 "~552" ·····46· "ii'7' 5.2 :::::: 	 '" 865 BIrch, gray (Btlula populifolia) •••••••••••••••••••••••••••• StmlYord CoUnty, N. R ••••••• g~~~::: ~ ............ r.:~ 	 1,840 4, 920 401 ;47 13.9 37.8 7, BEO 2.6 59 1,080 1,860 249 435 482 ···i;.· ..···iii" ........ . 
• 118 	 1.121 ·•••21 1.117 1.t,l) 10.' 15.1 1'.1719 3.5 15 .2.7M ,.eat 1... '711 8. 

.• 473 ":600' ..···iii· "iii~3' 6.68. 8 2,920 5.770 1,013 .49 15.0 7,7SO 2.7 	 . 301 3(lO Birch, paper (&tulapapvrifera) •••7....................... Rusk County,1VIs ••• ~•••••••• g~~~::: ~ 5.5 :::::: 	7tg .36•.9 45 1.640 2,210 400 486 7841 239 882


.SSI 11 '" .1e.0'1!8 1.8l( 4. lIZ 13.% 1 •• % 11.841 '6.' U. _.141 _.&11 'It 1,487 1.278 
86li •••••do ••• _ ••••••••••••••••••••••••••••••••••••••••••.""" Strafford County, N. R •••••__ H~~~::: ~ 6.8 •••••• ft1 .494 '~~ooo' ·····49· 16.0 6.0 8. Ii 3:020 7000 1,328 .40 17.4 48.8 8,320 2.6 53 1,630 2,510 370 532 632 886 ·····isi· ::::::::: I.'"1._.118 	 7,311 14:_ 1; 7M1.83 18.! 13.121 4.8. 48 I.It' 1.1U US ... 1.11'.588, '·:698' "·"59' 15. 0 6.3 7.6 	 ".8 
197 Birch, sweet (&tula/tnla) •••••••••••••••••••••••••••••••• Potter County. Pn•••••••••••• {g~~~:~: i .~~~. :::::= 	6U 4.610 8,590 1,490 .8i 15.6 36.9 9,540 3.1 44 2,660 3,560 625 1.023 894 1,220 =······552 

.W 11.9 lB.GH 2;131 4.'56 17.' Z1.8 =-.7" lI.l 48 1'.180 1.7M 1.481 Z.C8t 4N

.614 .c:72ii' · .... 55· 16.3 6.7 9.4 5, 000 '10 190 Ii.810 	 -.. . 3,930 
·Z.... ······ii7865 .••••db••••••••••••••••••••••••••••••••••••••••••••••••••.__ Strafford County, N. H ••••_. g~.~::: .~ ...... ...... 	tl:: LOS 15.8 45.9 11,550. 3.2 52 2,810 643 1.125 1,010 1;270 257

•lSI 8.li8· 15;_ 2,21« 1." 18.1 :13.8 48 I.1ft 7.47' 1,In ,1.818 1.411 Z.lll IA IIU 
165 Bln;h, yellow (BlIula lufta} ••••••••••••••••••••••••••.•••• MarathOn County. wIS....... Green... 5 19.7 71.8 ;545 ":ooi' 58 "i7:0' 'To' "ii~o' 4,190 .8; 390 1,097 ..62 14.2 33.7 'ii;ii8ii~ '·"3:'8' 36 2,MO 3,400 439 827 754 1; 146 2DO 48eDry..... 1.. •••• •••••• lB. I .• IU 11,set 1'.4411 Z,3ct 4.18 17.' 41.5 18.:tt 8.1 A 1.111 1.... 1.542 1;Z8I 1,'28 1,111'.-	 '" Ill. •••••do••••••••••••••••••••••••••••_•••••••••••••••••_...... Potter CountY, Pa............ Green... 5 17.9 •••••• 	 63.9 .554 •6i4 57 16.7 'Tii' "ii~o' 4,970 '8, 810 1,490 .l1li 19.0 52.1 12,240 5.2 44 '3,'240 3,520 469 808 736 1,084 316 470
Dry._.. 1 •••••. t. fl .137 11.set 18,4Ct 2,'11 ,lUS m.1 ,•• 1 24....11.7 U 8._ .... 1,481 1.10 1,1M 2,- m 
OO! Dlrch, jellow (second growth) (Betula lutea) ••_••••••••••• Bennington County,Yt_••••• g~~~~::: I 11.0 •••••. tt~ .546 ":652" "~'~57' "iii~5' 7.0 9•.6 3;640 7;770 1; 447 .54 15.3 44.3 11,220 4.2 59 2,240 3,260 633 810 822 1;094 2.'0 852.m 	 '.lIlt 16;'" 1,805 2.61 ft. 7 D.' n._ 4.1 54 1.200 8._ 1.228 1.1M 1.1D 2.171 '" 

.S30 '~nii3--""74' "i5~ii' 6;2 "oT 5, 540 11, 110 1,'546 1.16 12.3 39.0 15,870 6,8 42 3, 7GO 4,940 1,869 1,568 1.703 1,373 278 
1." 

752. Blackwood (~ricennia nitida}•• _••••••••••••••••••••_ •••• Dade County, Fla••••~....... g~~.~:::! ~~~:~~ =:==:=liJ .831 8. 31' 15; 760 2.G25 I.H 17.1 71.1 	 8,- Z..... - IMI2 


.326 •383'--·'49' "i!i~o' 3. 5 "7~ii'm Buckeye, y~ii6'" (.-lt~cuIU8 odalldra)...................... Sevier County. Tenn•••••••••• {g~~:::ii .~~~:. :::::: 14i~ 	 2, 650 4, 8."0 9S1 .41 5.4 10.5 2, 050 1 
 =····m·l····:· "'~=' .....~. --."..= .181 ------- -------- ------ .. ------ '------ 7.... ,•• 3M 1.2841 %.21 U I.' 	 5.871 
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TABLe 21.-Strengthand. related properties, by localities, of ·woods grown in the Ullited States-Continued 

Shrinkage (rom Static bending 	 Impact bending Compression Hardne,';s; load 
Speclftc 	 parnllel to grain COf.h- required to em.green to o\'cn·gravity. oven dry condition ----;-----;-----;----------�----;----,----�.---,----� pt"eS(.lon bed a 0.444·lnch Shear Tensiondry. based based on dlmen· 	 perPtl'l- ball to ~~ Its parallel Oleav m:

Mois- on volume Weight sions wbengreen 	 Work Height dicullll' diameter IA) Ilt"Blin; 8ge· load to gnwrShip. 	 Moisture Ttoes Rings Sum- turePIaCl) o( growth of materlnl 	 Stress Work o(drop Stress tograln;I ______ max - lo~use maxl-'ment S(lOOIes (commonl1nd bOlanlcal names) 	 Stresslested condition lested I~~ \\~:d con· 1--__,.---1 ~o 	 Moduno. 	 tent (oot at pro- Modu- at to causing at Mood- stress at S~rn" splitting mum
lusoCluso( propor- propor- oo::tfulete propor- ~Tng ~~~~r 	 tensile

When ro:r- 1!las- Propor- Maxi-	 h 

A t test 0\' oil
Volu- Ra- Tan tonal rupture tlclty t101llll mum Total ~~l \t;k~ (~~~d \\':nnr~ strength limit End Side strength strength 

dry melrlc dial ~i~i llmlt limit load hammer) 

--1---'---------------1---------1--------------------------------------------------------- 
1 	 .{ 5 8 9 10 11 12 13 15 16 17 18 19 20 21 22 23 25 26 27 28 29 30 31 

--:-~---------------I---------I--- --------.- ------------- ---------------------- --- --- ------ - -- 
1.000 In.-Ib_ In.-lb. In,-Ib. In.-lb. 	 Lb. per

Lb, per Lb, per In. ·0/ Lb, per].tum- Num· Per- Ptr-	 Per- Per- Per- Lb'f,er Lb. r,er Ill. per per cu. per cu. per cu. Lb.~er per ro. Lb'frer Lb,~er
DARDWQODs-tontinlled 	 m, sq. ·n • Inches 8g. II. 80, n. ago in Pound, Pounda '0. in. width .g. In.bcr bet C<IIt CC'm Pound! cent cent cent • 0. 11. "Q. 11. 80, in. in. m. i1'. 	 1.700 •________________________ -_________________

3.700 .6.330 
752 Dustle CD/pholll .allclfalla}_.--____________________________ D;ldll County, Fla. ___________ tg~~~-~::: t ':::::: :::::: 1:J 0.001 77 ---- .. -- -_ ... -- ... _---- 6. illO 12.3OO 1,8OO 1.00 17.1 .........---- -iii;iii- ----i;i- -------iG" 


.88:i 	 4,17' 1,.!It ----·258- '---m- ----394" -----7iii" -----225- ------iiii 

.354 -o~3ii7" -----45- ---jj~4- --3~ii- --n~7- 'Ti40' --5;87U- --i;OO8- ----~iii" ----ii~r ---ZiT 6.000 2.3 21 2.130 2.580211 nutt~rllnt (Jugla11.f clnerea) _______ +__ •• ___________________ Sank County. Wls____________ .DGrr~_n__-_--_ ~ D.l ------ 1O~. 2• __________ ._ 8.0~ .S8! 8."' 11.... I.Ul Z.8' ,.~ 8.6 13.84t '.8 II G,"" 7,11ie 711 nl ... I.U7 .tI7 "I 
226.•__ ._do___ •________________________________________________ Soyler County, Ttlnn_________ • m~~::: j __ ~:~_ :::::: 10~: ~ .364 --:.iij -----.7- 11.1 -To- -'6:S- 2,610 4.880 931 .43 7.9 19.9 7.700 2.7 26 1.910 2,250 287 400 I 379 750 225 443 

.461 1.'%1 I. 75 11.1 II.I U.Nt 4.7 It I.Ut ',180 741 .77 m 1. liZ ZIt 4n 

.094 --:85i- -----04- 14.6 ','" 7.440 1,192 LOO 15.6 14.000 I,"' ______________._____ ._.__ -_______. ________ _6.4 -Ts- 4.l!6O 
1.- 6,2 6.8 40 3.000 4.110 1,139 1.079 1.111 1.222 366 471

752 Bultonwoo(l (C011ocarpu. treela) _________________________• Dade County. Fla____________ {g~-~::: 7 ------ ------ 47.2 
• '08 	 '.S!O 1,IU U8 I.. 

---49~7- -"8;tioo- ---Tti- -------58- --i;iioo- 7....--:548- -----ii) --T6- --3~2- -Tii- '.&81,496 3,360 6, 3~'O 631 1.U. 13.4 	 3,270 ~ ~ nl LU2 ~ ~w318 . Cr.scara (RA4T11nua put4Manti)____________________________• r nno County Orcg loreen.o- ~ ,-itiT :::::: ~i:! 1.7 11._ ... If 6.1111 1.1" 	 lI.... I, 7ft ,,181 1.181 ' . -----.----- Dry_____ ". 8,'" I.HI 	 -----200- -----·404,------ ------ .6!t 	 II.'" 3.18 
.370 --:4i~- -----40- 7.4 -T7- --~il 2,590 4.940 801 .48 6.S ---i9~8- 7.360 3.2 31 1.440 2,280 .284 404 398 649105~ Qiltalpn. hardy (Catalpl: .petlOlla) ________________________ • Henry Caunty. Ind_____ • _____ g~~~::: l~ __~::____~_ IU 
.AU ..... ..... I.UI 8.~ 11.. 11•.,• 4.' U 2.... ..... 118 lit 1_ 1.1421 t8I 181

--:436- -T2- --iT •• 2.530 377 443 432 ns 258 472
lOO~ _____do__________________ • _________________________________• Hancock Counly. Ind__ . ______ g~.~::: f :~_~:~____~_ ~U .396 42 7.1 2,980 5,630 90S .56 10.0 3S.S 7.730 3.0 42 1.480I 	 .Ut i.'18 1'.'1. 1,%111 1.11 12.1 11.. le,_ U I .... '.At .72 148 111 I, ". UI 171'.1 

.471 --:~- 45 --1i:5- --3:7 7.1 4, 180 8.030 1.30S .80 12. 8 31.8 10.180 4.1 33 2.940 3,540 444 754 664 1.127 330 574 
10i ChUrry. hh\ck (Prunll.....rotinal _____________________ ..___ • Polter County. Pa____________ tg~n.-- ~ _~~:~_ :::::: 5:J 

_514 ---\~ .... -T8- 10:3- u.... D.8!1t 1.... 4.48 11.. 11.4 14.7111 6.' %8 7," 8.S71 l.m I.... .... I,m IU 6111 
17{ 296.361 --:42S- 33 12.8 2,880 5 940 1.U.2 .47 6.2 18.3 6,580 2.1 22 1.810 2.170 265 435 386 678 

226 Cberry, pin (Prunu8 ptlln.Ulranica)_______________________ Sevier County, Tenn__________ grrej.~_:-_- -_- ~ ____ 5.8._ ______ 45.7 	 ,.. .11 in !ltl~• --.--- G.; ••18 	 7.7" 11:7. I,_ 28,' 1=.111 i.1 H 6,IU ..... I,:U 118
--:«ii- ll." ••• 	 366 493 402 740 234 398226 Obestnnt (Ca.lanea den/"Ia) ______________________________ , _____do_________________________ {DG~~_n__-_-_- ~ 11.8 51 133.4 .338 57 --12:9- --3~4" 6.8 2,840 6,230 910 .63 6.7 14.8 7.870 3.0 24 1.890 2.230 

~.• ______ ______ 8.' 	 ..... .... I,US :1.16 .. 3 11. • 11._ I • 4._ ..m 8U 7111 HI I, In 111481.at --:459- --3:3-	 ••• 23 2,260 2,710 400 liil 448 846 246 {71.4U. 53 10.4 6.6 3.270 6.010 949 .05 7.' 19.2 8.000 2.6
245 j ____do_____ --__.-.---__ ----------------_-----------_---_._. Baltimore Counly. Md _______ {g~~n--- ~ __~:~____~~_ 1~:~ .44' 	 7.... 1',1. 1,411 :1.17 '.6 II.' It.~ 4.7 18 ..... '.Sit I,m 77. 'I! I, 138 118 411 

.417 --:483- 61 13.2 -Tii- --7:.- 7.030 ·1,016 1,09 9.5 20.4 8.8~ 3.4 31 2,030 3.020 491733 602 1.014 2:14 477 
318 Cblnqunpln, golden (Ca.,ano!»u.chmophVlla)-----------. Lane County. Oreg_,, _________ {g~~::: g _~~:~_ :::::: ,l~:~ .4!1i 	 It:: If.110 1,41: ..., '.1 18.1 b.I!It :II '.l1li 7••7. sat IN 884 1,(" -----m- ------408--:433- ----4ii-	 •••.372 14.1 --ii~ii- --li:2- 2,880 .5.200 .1.013 .49 7.3 16.9 7.100 2.3 21 1.740 2.280 242 383 344 682
36S Cottonwood. ea!ltern (PopalU4 dtlloldea}__________________ . Pemlscot County. Mo________ {g~~::: ~ __~:~ :::::: ll~A 	 11,1:11. 1,..7 21.lI ,.... z., 1. I,m 7. SIt m '44 Mi I.U' III 1188,'11 ".. 7.','2~

.315 --:368- 46 --ji-4- --3.0- --ii~6- 2,860 4,830 1.073 .44 6.0 12. 7 6,820 2,2 20 1.700 2, IOO 204 277 253 fI02 170 274 
26:\ Cottonwood, northern black (~opulua tric/locarpa has/ata)_ Suohomlsb County, Wash____ {g~~::: ~ __ ~:~_ :::::: 13t.tg .358 	 ,,181 1.111 I.n 7.J I.... 11.811 n 1,_ "7 ... 181 1.151 m au'.518 	 I.'" 

Oreen	 .638 --:790- M '-19:ii- --7:1" -ii~:i- 4,820 8.700 .1.175 1.11 21.0 49.1 7.000 3.0 58 3.MO 1.033 1.413 1.408 1,616 -----m- --------.22tl DogwOOll (Cornuajlorlda)-_--------_••-••--..----_._____• Sovler County Tonn.-------.- {D .-- S 24.1 ______ 6~6 	 10.1 1.181, ry_____ _-____ "'.S 	 z.m5 ---_._ 	 11.77' 18.act 1.81 .... 18.11 11.' 
'" --i;Ni- t....1 •• -	 --T298- 335 736.17' --:7iii- --17:2- --il:'-	 17.0 ".- 3.6 2,410 3.640 872 9791J.82O 56 	 1. 140

31S Dogwood.PnclflQ (Cornu.lla1tallii) _______________________ Lane County, Orell___________ m~-~::: ~ _:~:~_ :::::: 5H .578 55 9.6 4.220 S. 210 1.000 .92 38.7 " 	 Z.'" .,1 ________ _ 
.1S2 	 1..... n.IS' 1,715 1.:11 11.1 It.. ...... 1.8 U I." ll.at. t.418 lI.111 I.'" 
,464 --:570- --j';X --4:4 9.0 3,400 6,590 9()1. .72 8.8 30.7 7. !ISO 2.9 38 2,380 3,OW 519 758 718 1. 092 318 116265319 Elder. hlueberry (SatnbUcU4 cocru((o). _____________________ Douglas County. Oreg________ {g~~::: g ii,7 ------ I~:: 181.17 til.552 ------- ------ ..----- 7.111 U.act I. lit :1.11 11.' 12.1. ... 1.1• ..... 292 536 486 -----825- --------- ------578 

Ii Elm. Amerl= (Ulmua omericana) ________________________ Marathon County, Wis_______ {g~~::: :::::: ~~~~~~ :::::: I~J .421 ---... --- 45 ------- ------ ------ 2,850 6.9fO 1,052 .44 lL8 28.0 -ii;iii- ---Ti- •34 
4.... 

2, 700 m 811 .n I, 44' -----iir ...I.IN 1.71 1:1.4 11.1 	 II 1.84tII••" 
197 ••• _.do _________ •_____ •_____________________________________ Potter County. P8____________ {g~~::: ~ 18.5 31 D~J .438 .537 52 --j•. --.::i" ---jj:6 3,830 7,010 1.020 11.2 27.2 8,120 2.9 34 2,200 2,920 410 625 546 !122 310 558.- '" '.'" .85 

_517 	 '."1 15.- I.st If.! II.' 1,._ 10.' .. 6.01 ·7.111 874 1,.711' 1.811 U. 1111--:008- --i4~8- ---...- -----1 
~ 390 ".tIII .83 12.3 32.1 8.830 3.0 42 1.630 2,930 486 743 708 1,098 3113 626534 ••• -.do____________________________________________• _______ Oratton County. N.H________ {g~~~::: g ~:~:~~ ~~~~~ ::~ .480 57 	 4.130 1.202,.sa It_ I_If IZ.7 ••2 13._ II 4.121 6 till t.. l.m 8ft I.... ast '51.iN ------- ------- ------ -- .. --- 1.'11 	 '.1 

.579 62 	 4,290 9.430 1,212 .110 19.4 52. 5 6.0 48 3:740Ii Elm, rock (Ulmua tacemo8G} ______________________•_______ Marathon County, Wls_______ {g~~_~::: :::::: _~:~_ :::::: 1U _... ... _----- ------ ------
8.... 1'.111 1.715 1.11 ..' III., -ij:iii- '.1 51 -"t:-I 7.'" 1,: 1.= l.m kfJ -----iii- ----i:_ 

4.1 b9 3,820 813 1,013 . 988 1.276 4011 662300 ____do____• ____ •______-____________________________________ Rusk County. WIs___________ • ~~;:~::: ~ _::~____~~_ 5~i .569 .1158 M 14.1 4.8 8.1 4,800 9,550 1,165 1.20 20.3 47.2 10.900 
••78 .. _----- 1••7. I.... 1.4n n.' ".1 IS.7. 1.8 .. 3._ !.Ift 1.811 1~18I :e.118 au In·

3.m 	 412798--:ii3ii-	 .1/.510 1.32 11.7 36.1 11.700 4.0 40 3,450 '.- 730919 722 1.186lit Elm, slippery (V/mIU falDO) ________• ____________________• Hendricks County. Ind_______ Green___ 1 8. • OS ~7. 6 .Ml 53 15.5 5.1 9.9 li,l!6O 1.314
Dry.____ 1 ___ •__ ._____ t •• 	 11.111 I.m I •• 1i_7 I..... 8.5 I.Ut 7.111t 1.1" HI .7 

'-II U., 	 .. I.". I.tl' iI.....111 
.474 .654 66 	 3, 7M) 7,710 1,215 •. 72 16.1 .38.6 8;640 3.1 48 2,l!6O 3. ISO 468 71/1 653 11 •• 0907.' 373 .614211 ____.do________________________._____________ .______________ Sauk County. WIs____________ o~~::: ~ _~~::____~~_ ~:~ 	 --ia~4- --i-li- ---8:7 '.Nt 

I.m 1,144 811 _ 11& 118,Ul ------- ---- ...... -- .. --- --_ ...... ..... 15.UI 1.111 1.11 17.' '!.I 1,._ 5.7" 7••11 646 615 582 _________ .-------__________--------- ... ................ 2,630

752 fIg, golden (Ficu" aureQ)________________________________ Dade Co.• Fla_____.___________ g~-~::: 1:::::: :::::: 8U .438 61 -- .. --- .. ------ ------ 3, 100 6;840 597 .92 6.6 15.2 ...-.._---- -------'.'... " •••11 

:!36 Gum, bluek (NfI"a 8r.Wa1ica)_____________________________ Sevier County. Tenn __________ {Green___ 5 26. 9 ---.-- 64.. 9 .462 .552 13.9 'T.- ---7:7 4,040 7. OW 1.O:U .111 8.0 15.3 2, 4110 ·3.040


.... -----.s-	 7.... 81& 1.17 ••• Jt.~ --ii;81ii- ---To- -------30- -----wg- ----m- ----042- ---i;OOii- -----334- ------67(-.tory_____ 1 ______ ______ 7.1 I.m 1.8& 11.12' '.1 I. I.- 7.... 1.... 1._ 811 1.111 118 '".hI --:796- -----70- --22:'5- -"7:&- --i5."3 '.- 1••- 6.' '_1 	 M) 1; 019 I, au 1,344 I, 546 36~ M5.1125 	 7.610 11.230· 2.006 L6,~ 13. 9 38.6 14,100 4.7 4,840 6,250
29t Gum, binI' {ElIca/JPtIU g/ob"I1~.)--.--------.------------.- .Alameda County, ColII_______ {g~,::: ~ :::::: :::::: 7U 14.111 Z...1 _.11:1 11.' 11.1 U._ II.' 4Z II.'" D .... 	 ~.IU ••811 1._ 1.1ft -----3-211--- ------.-12.!IU --:530- -----M- ---jj:i .;'" 	 3,9 33 2,300 2,Il00 455 634 522 1.072 u_-152 15.0 6.2 3,990 7230 l,1M .81 9.4 21.7 10.050388 Gum. red (Liquidamba~ IIl/raciJlua}________________________ Pemlscot County. Mo ________ {Green___ 5 lL' ------ 90. 6Dry_____ I __ .._____.__ 8.' 	 n I.m In I"I~ 7U' 1.711 '" __hi 	 -~--.. '.-. 1~:1. I.... 11.8 I... II.' '.571 

_--______.do..__________________________________________________ 	 ------- ------- -- ....-- .. ••• 1•• - 2, 110 2, 6110.430 46 	 3,4IlO 6,fSO 1,138 -------......-- ..-- .. --~---:"~- .. _------ ..------ .. -_ ... -------New Madrid Co.• MO---------1Green--- ------ 20. 0 .--___ 71.0 	 ------- ---_oo- -----.... 	 7.1111 It••• .1."1 ---i:iiii- ----7:8- ---iii:r --7~ii5i1 ---"26- -------25- --2,"320- I.m ----~.si" ---:iiii~ ----700- -:-i;03i: -----328- --- ---8M 
175 Gnm, tupelo (N,,,Q aquatlca). ______•__________________ --- St.lohn the"Baptist Parish. La 8~ii::: ---'i- -is.-ii- :::::: 1~~ .475 .M5 55 --i24~ --4:r ---7:i 4,300 7,380 1,U.S 	 3.500 

Dry_____ I ____________ n,8 ,;.... 	 '.111 8.171 1.181 1.7' 1.4 1'.1 11." ••• 17 ..... '.sat 815 l.m !li7 1.177 llffl 1ft 
368 ._.__ do______________._______________________________ Pemlscot County, Mo________ Green___ 5 8. 6 ---.__ 112. 0 .451 .520 M 12.5 4.2 ---7:6 4.220 7.290 1,054 .98 8.4 17.1 0.330 3.5 31 2,760 3.330 100 802 710 1, 2ZT 346 t;g6 

____ 00-_Dry_____ :: ______ ______ '.S .11' 	 11._ 11.811 1._ &.IS .....2 II." 8.4 Jl '.- 8.UI t._ I,IU 1.112 1.818. 1M ------iiSi-------	 288 286 2:lII588~ 1_752 Gumbo limbo (81mtra .lmorubca) ______________________ 	 .305 --:320- 38 8.6 2.3 3.6 1.1160 3,290 556 .4S 3,5 4.1 6,030 2.3 13 930 1.510Dade County. FIa____________ g~::: ~ ------ ------ "t.~ 	 I." :I....' •.Nt 1,781 714 411l1li 811 tit III.as 	 I .... '178 .If iU 8 lI.... 
111 Hackberry (QUi, occident,,'!') ______•_____________________ 	 ./iIK --:578- -----.7" --ii"ii- --i"2- ---8:"ii 3,320 7.800 1.170 •56 19.6 52. 2 10. 420 4. 5 62 2. 760 3,310 575 829 784 1.128 4211 'n6 

Hendricks County. Jnd-------Im~-~::: } --8.T ---'io- rlJ 7._ 1&.171 ..at 	 1." 1.111' I, UI I.'" 181 7ft1.11 18.' II.' 17.111 8.8 IS '." '.:~I--:5M- -----00- --i3:S- ---8:"ii 	 2,520 475740 817 1,058 33l 607-Nt ______________________ 4.9 2,840 6,210 911 .58 13.5 35.4 7,300 2.8 45 1.930211 •__ ••do___._.____ •__ •__ .,._~---.-.------------.--------_•• Saule County, Wis____________ {g~~::: ~ ~~~~~ ~~~~~ 6~:' '.M n._ 1,111 ,,1' 11.1 aI.' IS.... 8.' 1'6,_ .... 	 1,111 1.'" 887 1.7811.' HI 
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TABLE 21.-Strength and I'elated properties, by localities, of woodA\grown in the United States-Continued 
I;, ' 

Sll8clfto Shrinkage rrolll Static bending 	 Impact bending Compresslon Hardness: load 
green to oven· 	 paroUel to groingravlty, oven 	 COIll' required to elll' 

" dry, based dry condltloll I__~;-__;-__;-________.I---;_-"'"'::_---II--_';:__-- press.lon bed. a O."'·lnch BbMZ' Tension 
Mols- on volume Ig based on dlmen· 

Sblpo 	 We ht SioOBWb6ngre8n ~~~ ~~~~~t8pamUei. OlMv.~~~-
P~ of growth of lDahrlal l\toLiture Trees RIDgs Sum· ture 	 Work Helgbt __--.___I logralnl '!Dent SPllcies (colllmon and \)(I~cal D&lDes) 	 ._g_._.. , 8118' load tolPaln' 

DO. tested condltloD tested ~h :~ con· 1---.--'1 ~o 1---;---'-;---1 Stress Modu-I~--c:---.,.---I Stress Work of drop Stress Maxl- w ...... ,_ max· to_ maxi.' 
tent root at pro- Modu- I r at to causlDg at stress at sh~~~ IIJlllttln& .mUlO 

When Tan· IUB of ~~ Propar. Maxi. propor propor- colllplete propor- cr:~f:.g proper· s':::':::"h tenBUe 
At test oven· Volu· Ra- gen. tFo~~1 rupture tlclty tional WUIll Total tional tional rallure tlonal StreD th tional w....... .>_n'"'h

limit EDdSlde ow.......

dry metric dial tlnl limit IIllllt load limit 	 limit (OO-pound limit II 

bammer)
--·1---------------------·1------------1·--....,-----------,---.-- --- --- ---------------------------------- _______________________ 

2' 	 3 4 5 o 7 S 10 11 12 13 14 15 16 17 ]S 21 22 23 26 27 28 30 3t
----------------1---------1-------,.- - --.--------------- -----------------------__ -_- ---______ ~__ 

1,()()() 1n.-lb. 1n.·/b. 1n.·lb. In.·lb. Lb. ptr 
'lIAKDWooIls-contl::.ued.. Nflm' Mbum. Ptr· Ptr" Ptr· Per· Per· Lb. per Lb. ptr lb. per per cu. per cu. per cu. Lb. ptr per cu. Lb. ptr Lb. ptr Lb. per Lb. per In. 01 Lb. per

(ltr er cent Icent Pound, Ctl1' ctm cent 11/. In. 11/. In. 'a, In. 	 In. In. In., ,g. In. In. lncher .g. i'li. II}. In. 1I}.ln. Pound. Pound, ,g. In. wid/A Ig. In,
211 lIaw, penr (Cra/atgu~ tomtmosa) __________••____._••_____ Sauk Oounty Wls foreeD... 2 10,0 •••••• 63.4 0.623 .----.. 64 ••___ ._ ----.- •••• __ 3,880 7,660 964 O. S9 22.7 62.0 .. _____••••__ .._ ._. __ •__ •• ___ ••___ 3,110 OSO l,21S 1,204 1,356 ...... __ • ________ _ 

, •••------... Dry..... • '1'3'.'S" "'7'1" 8.1 .115 t,m 17,m 1,118 I." ,a.8 •.• 13.* 5.5 28 4.7M 8a"'260H .,88Q I.'" ••175 
43 Ulckory, blglellt.shllgbnrk (lIIcorJa laclnlCl.!o). ____•••____•• Fulton County: Ohio Oreen__ • 9 58.0 .647 --.---. "---M' --20~ii' --i:o' --i4:2 4.S00 9880 1 090 1.23 36.2 00 0 14 360 7 8 130 1 820 1000 ---i;ili2' •• -- •• --. ------.-. 

, ---•••--- Dr)-.__ •• I U .734 • %68 21;_ I'. f." I u.a ., . I"' U:'" %.71 :::::::: :::::::: Z••8 ::::::::: :.::::::::
42 .....do_______________________••______•••____________•__ •___ Sardis Miss Oreen___ 10 -23~ii- '--00' 63.2 .600 -----.. -----iii· --ii~ii' -T4' '-ii:ii 6:370 l1,llO 1:562 U7 24.3 ---iii·(j' 'iii'iiill ----ii-ii· 80 --3~57(1 4,520 '004 1,162 


, ----------·-7----- Dry_..__ 1 'ii~4" ---7(1 .... 18.... " ••1. "... M;860 U:5 1. '.3111 ~::::::: :::::::: I.II!
8.4 	 .8.151 3.M 68:8 8.551 ::::::::: ::::::::: 

43 nlckory, ~Itternut (flicorla cordl/ormi.)._.________________ Fulton County, Ohlo. ___ ..... 	g~~_~::: It 'ia:j- --'69- ~:g :m ~~~~~~: ~~~~~~~ ::~~~~: ::~:~: :i~~~: 1~:m ~~:~ Ii a: ~:r. ~:~ ~u ~:m lU ~~.;330- 1::~~ z.: -------'1-"-----· ~':a: ---"---' --------= 
48 Rlckory, lDockernut (IIlcoria alba) ..__....__ •____•__ ._~___ Chester County, PIl•••____ .. __ 	 groon__ • It liK' ~ •ffi 6,650 11,110 1,608 I.iiO 31.7 84.4 lii,300 6_ 1 120 3;000' 4,320 958 :::::::: :::::::: "-1;282' ::::::::: ::::::::: ry.____ __..__ ______ • • ___ •__ • ___________________________ U._ 1l1.lst :1.655 4.M U.~ 74.1 %4,131 H.8 II ."___ ._. 1',40t1 2.111 
42 •____ do_________•___..__•________•______ •__ ••_._.___ ...____ • S.U'dis, MIss..________________ •• g~~D--- ~ 19.4 65 S:. ~ .~f= . 62]6. 6 6. 0 10.4 5,000 10,840 1,625 1. 22 18.6 58.2 14,670 0.8 44 3,600 4,600 1,065 :::::::: :::::::: ---Ef~- ::::::::: ::::::::: 
46 ...__do_________ •________•____________.-••_________..______ Webster <::ounty, W. Va. ____• 8~~~~~ ----~. ~:;.:~~ ~~~::~ -4&7-4;~- --~:. ~~~~~~: :~~~:66:0~~ :.' :_-:_-_:_:_:.: ;.-:.- :_- '.:_:'.: -.: -_::.:.' :.' '.: ·:4~-,:S~60----!0~·,:0~002~- ,-ZI~-':8~29-- ---:11.:00;!' --'~:8!----:::.·98 !- :]~-':-':7~8O~~: ::::6~:.·~1-: :::::::6~;: ~~63~~"6~20~~~ -':3~":9~8O~~' :::~:0~3-8:: :::::::: :::::::: :::1:-,'03:;:.': ::::::::: ::::::::: 
42 1IIckor~', nutweg (Ulcorla mvrl.lic(,~.fiJrml.l--•• --.__ ------- Sardis, MIss.____________•____ • Dr" 1 8 .. 81" •• .... 58 2 • ---.---- ----.-.- --------. ---.---- 

0'----- '22'ii- ---63- '0 '67 ',1_ 11.271 1.8U %.40 Z•• 7 .------- -------- .------- --------•• -----.-. ,.... ',311
46 Hlckory.l!lgnut (Wcorla Ulabra}_ ..._________________ ..__• Webster County, W. Va._____ DreeD... 1~.. 62..,~ ------. -----63- --2i~:f --ii:ii- 'ia:s' 6,860 ll,810 ],769 1•. ]2 30.6 SO. 7 19,520 10.6 74 3, fi20 4,820, 1,114 :::::::: :::::::: ---i;3oo- ::::::::: ::::::::: 

42 d ".... O~~--- 4 ·j7:3----00· -iio:ii- '626 ------- ----~62- --j6:o---ii~ii---9:8· 1~.~ i1'~ i'~ ~.!~ ;:.~ ---65'1" -iii'iiio- ----8·7· ~~ ''3'450- 1:'*8(19 ~,~~~ -------. --.---.-, 1'~ --------- -...-------.. 0___.,________.._______-_________....__.____________. "",dis, Miss__________._________ Dry_.::: 1 ______ ______ 1.4 : 131 	 12:... U:'II ': 5H ,: 14 za: I 58: 8 25:_ 13: 6 58' 1.:7" :Il: 175 -------- -------- , --.----....---.--. 

43 _____do.__________ ..._____•_____________..._________________ Fulton County, Ohlo••_____ •• 	 0ort'iln... 10 ]8.9 63 55.0 • ~5r ---.--. ----~M- --iii~a- --ii~3- --ii:ii' 6,820 12, 360 1,553 1.71 27.7 88.7 13,520 7.9 98 --4;iiiil 4,760 1, 224 :_:.=.-_.,:_::.-_- '_,:_:.:.:.:.:_:_ '--i,.·~~' -.':_:.:_:_:_-.',::_ :.:.:_:.:_:.-..:.... 
ry_____ 1 --.--- ------ ---- ••••• _. -- __ 11,681 :n.8Oi 	 2.58!I 3.40 ta.S 58.. 22••30 '.9 7' It, 118 ~tM ••~ 

48 ••__ .do•••-___---_.....______•____•_______-----------______• Chester County, Pa_________•• 	 0DrOOD.-- 271 .18. G 67 '&1. 0 •~I - • --·--64 --iii~ii--Tg--iii:ii· 6,140 11,450 1,6115 ].34 34.9 87.9 16,270 7.8 95 'T2io' 4,820 1,130 •__ • ___________• 1,358 ._•• __._. ____••••• 
ory----- -----. ------ ..---- ... ----.-- .--- -- 12,Il10 U.... 1l.318 .3.8. 33.7 to.t 2"I~O 14.6 72 11,13a 1,118. __ ••__ ________ 2.JI' ____••_.....__..-. 

Snrdis,MIss------------------. reen.__ 4 20.4 61 64.0 .000 ·----ii2 --iii:0 --ii:5 -io:2" 6,220 11,330 1,638 1.3<1 16.7 64.2 14,380 0.6 52 'Tiiiii- 5,000 1,158 ________ ________ 1,262 _____ •__• __ • __ •__ _ 
Dry____. 1 .----- ._____ I.' .711 _____ __ 1!.220 :IlI.7ot 2, U6 3.8S 28.7 18.1 17,810 8.1 ts 10,1211 Z.I.7 ________ ________ Z.... ____ •______• ____.. 

Fulton County, Oblo_________ g~~D... ~ Ii. 1 70 liS. 0 • ~J -- -----iia --i8:'4- --7~ii- 'ii:4' 6,430 10,000 1, 3~6 1.27 34.1 86.4]2, 460 6.5 100 --2;ii40-4, 300 ],080 __ ".___ ________ 1,421 • _____ ._. _____ •__ , 

'V b t C t 1"" {Orren':: 10 -2O:ii---·04· ~.~ '647 ------. -----65---iii-ii- --o-5--'ii'1' 1:·m ii':\ ~,!~ i'~ ig '--;;2:3' 'jii'ooo' ----i:!i- ~~ --3,'730- 1:.6" Z'9'71~ ----0--- -------. ---j--;;;;:;- --------- -.------.600, e s er oun y, •• \ s _____ • Dry'. t' G •73' " • 'so' d • , '3SI 	 ,. ~ -------. ---.---. ,~'n --------- -------..Or --.-. 1 'iii:2- '--oj' 64'1 '609 ----.-- ------ii- ------- ------ ---.-- 13.3 n,9OI 2;113 4.ft 211.3 -------. U,. U.' Gt •• --.--- 11.* 	 :t,17' ____• ___ ._______ ".1It --------- --.-----. 
4~ .._~.do_________________________________________.___________ Chester County, PB________.__ { 1 " 1 : 110 6 ----.-- ------ ---.-. 5. =10,170 1,392 1.61 11.9 ,75.3 _______ • ________ __________ 2,780 4,3iO ___"____________________• __________________ •______Dr~~:~: 	 __ 

42 lUckory, ,vater (Ilicoria aqua/ica) ____ ._.__ •____________ ••_ 
Sardis, Miss.____.---._________ ig~~~::: i ~~~:~~ ~:~~~: 8g: ~ :~~ ::~~~~: ~:~:~~: ::::::: :::::: :::::: :tm~:mtmk~ Ii:! '--i~J :~~:~~~~ :~::~~~~ -------~r -TrJ- IH~ Hi ::::::: ======= :::~:~~~~ ::::::::: :::::::::

226 lIoUy (Ila opaca) _________.-_____•__________________•_____ SevierCounty,Tenll-..__•__ Orc:n___ 6 26.9 ------ SI. ••603 0.006 li1 16.2 4.5 11.5 3,370 6,540 897 .72 10.8 26.1 8,000 4.4 51 2,050 2,640 610 858 792 1,130 362 606 
DOr~ __ ._. Z ------ ------ I.' .~" -__________________________ ' ______ 8.0!O n.780 1,2'!8 %. 15 lB.' .0.1 U.7S0 8.5 27',2M 7.8H 1. n. t,77' 1.151 Z.155 _________ ,,~ 

111 liono)' locust (Glcdllsia trlacantho:) ________...__ ••_____• __ _ Rendricks County,lnd _______ i reeD___ 1 3.6 8-l 52.8 .liM .759 66 8.6 -----. ------ 6,020 12,300 1,732 1.28 17.3 64.4 ]3,400 4.8 66 4,300 4,970 .1,684 ],S02 ],846 ],990 581 1,289 
368 _____do._____________..__________________•__• ________•____ _ Pewlscot County, l\10_._.___• D8;~eii::= ----5.. -iO~3' ---37' -65:ii- '-~~7ii- --~6i8- -----59- --ii~3;{i4:'2- --ii~ii' '-5;510' --jj;iiiill --i~20i- ---i;42- ---ii~i' '--28~4- 'ii;-iiiii- ----4~ii- -------4ii- 'TiiiO- '--4~3io- ---i;3ii6- --i;355' --i;2iiii' ---i;mii- -----4ii- ------Sij

rY'_____ S --____ --.--- 6.8 .W ______ • _____________ tl." 1.IH 3.1' 12.6 38.3 18.... t.3 40$ I," , 6211 it _ 11m 1 ill Z $8i lSI 81IJ0 ___________ .. ".'" 

300 lIopbornbenlD (O.'trlla~irginlo'71al ____•.-_.________••___••_. Rusk Countv, Wis..________ {grt'iln__ • ~ 28.8 -----. 5i·g ·rJ .762 00 18.6 8.2 P.6 4,540 8.5401,153 1.02 13.3 39.1 ,]0,580 3.5 73 2:670 3:5iO '733 ]:]57 .]:170 ]:374 334 4ro 
• - - Orr-.-- -----' ------ ·S • ------- -------- ----------.-- -----. la•.,. IS.'" :t.lI; G.1t U.. 27.' 18,5&1 7.6 4t 8,810 1I.7st :e._ a.lts ".'" Z,I"

752 Inkwood (Erolht" panlculata} ________________ •_______ .____ Dade County, Fln ___________ • tD~':n--- i ------ ------ ~~. I •~.i .917 71 18. 8 . 6.6 ]0.9 	 7,200• ]0,660.. 1,535 1; S8 ]6.0 64.1 15,230 6.8 60 3,310 4,480 1,001 ],3111 1,436 1,748 --·--450· ::::::::: 
8 80a --.--- ------ ----.. . • ------- -------- ------- --,--- .----. ..... 14,1 ·1.'" I.A 11.' :1%.8 ____• __________• "'.i7. 8.... 	 :t.... 1,1'1 '.HI 1.111 ______.-. _______ 

75~ IroD\vood.• black (Krugiodtndron Icrr~um) ________, ________ _..__do_________________________ 	 D~~y~D-.- 4. -----. --.--- 8;- ~ 11. 04: 1. on 81i 11. Ii 6.2 8,0 10,120" 16,300 2, 195 2. 64 12.6 37.2 18, ~ 1.1 35 6,600 7,570 3,462 ______ •• _______• ______ .~. ______.• _. _.____ .._ 
1 11	 1.---- ---.-- -----.~. • ------- -------- -~.---- "~••- --- -- 8. 17,5311 2.58& 1••' 8.4 :21.:1 n....... 5.8 18 S.KO _.1.. ~.M 


319 I.tlurQI, Galilarnia (Vmbellularia calilornlea) _______._______ Douglas County, Oreg________ 	 gre?n.._ 5 5.5 ------ 70. ~ .51; .589 54 11. 9 is 8~1 3,8700, 6iO 715 1.23 18.8 45.6 8,280 4.1 57 1,980 3,020 801 --i;iiiii---i;ii03----i;272------42if ------776 
or~_..._ % '24.':5-:::::: .'0 .586 ..--T---------..----------·--·-· •. 7•.11,011 rue G.8 8.2 ~ 4.151 R,I" 1.... I.'" 4%3I,ll' 6.% 1%,001 	 I.M Z,.' N8

.226 Laurel, mountain (Ka/mla lalifolia) ______________________• Sevlor County, Tenu________ .. reeD... 5 62..61.74 62 14.4 1):'6 S.8 5,86t1 '8,440 924 2. 03 12. 6 28.6 10,230 6. 232 __ 4,310 1,110 1 '401 ] 200 ] 6611 
Dry____ 1 -irr ---iii' i.' .n. -~---.- -- -- - 1•• N' 13,1" 1,1" <t.77 '.1 II.' 17.4';9 '.3 4' '~i;jit 7.IH 24n Z"7I ,,'m '. --------- -------- 

226 LllCust, black (Robinia p.oreudoacacial _____________________...___ do___ •_________•____ •____ •• 	 Oreen.._ 3 40..~ .659 .70$ -----58 ---ii~8 --4:4--'ii:~- , 8.760 13, ROO 1.84:1 2. 36 15.4 39. II, ]8,270 7.9 44 6,120 6, 86!l l' 426 ]' 637 l' 6fJ8 ---i;755--·-·-:toi'l ·-----772 
Dry_____ z 10.8 .6~ . 13,S!O .,1M "... 5." It. I n.i 2•• 58' te.. 5' I,m 118S1 Z'511 I;,n I:m 2.714 IH ea

3111 Madrono, p,.ci!lc (,-lrbutlU menzit8li)______________________ Douglas County Oreg__ .. ___ • 0DreeD.-- 5 --9:7' :::::: 62. 9 .583 --:ios' -----iiii---ii:ii--·ii:ii--ii:-ii· 4,700 7,580 844 1.49 11.9 23.4 10,560 5.1 42 2, 370 3:340 •817 1,158 970 1,456 440 788 
29.( _____ do___._.______________________________________________ , ry...-- 2 ----- ______ •. 1 .7U ______ II." n.,,,. t,t85 a.It 7.7 8.' •••11 3.' 18 1.211 1I.ne :t.711 2.111 •• 187 Z.117 551 

Dutte County, Calit_____•____ iODreen.-- 1 10.9 ------ 00.5 • ~r ..641 -----00- --i6.~2- -Ti- 'JJ:7' 4,680 1,410 l'.O{2 1. U 7.9 14.7 8,180 2. 6 282, 720 3,230 51/4 954 771 1,226 370 ------678 
1ry----- 1 ------ ..---- 4. •__ - ___ -- __ 1t,7111 12i781 	 'I.'" a." '.8 8.1 14.310 11.6 17 7i.' '.810 ie.BU =.4" 1.115 "' 

22(.;, l\.tngtlQlin. cucum~ (Magno/la acuminala)________________ Sevier County, Tenn 0Dreen--- 5 13.0 ----.- 79. ~ .442 .5is -----49 --i3~ii' --ii:2- -Tg' 	 4,220 7,420 I, S65 .66 10.0 21.8 11,200 2. 9 30 2, 810 3,140 408 695 515 ----·wi· 21)2 ------.38 
---------- ry_____ ! ______ .,____ I... •.., _..____ __ .., II.CS8 15,.4~ I.,NII a.n IS.' :ft.7 U.s.' 7._ .7 1.1" 8,541 815 1.151 ," 1.611 .. 811 

258 M!1gtlolill,e~n (.Vagnoliaurandlfloral____ ~__________ WinnPsrish La____________• {ort'iln.._ 2 14.6 ______ I04.S .460 ;530 ----'59· --i2:'~- -T4~ --ii:ii- 3,610 6,780 ],106 .67 15.4 34.8 8,820 3.2 64 2,100 2,700 570785 738 I,1K4 344 612 
, Dry..___ 1 -~ -- 8.8 .51S . . 7.sst '" 12,11' 1,175 ~. U.S II.J Ii," 7.J> %$ J.871 .... 1,m I,IIIS 1,118 1.711 4ft I8J 

226 l\lllgtlolla,lDoun~,\ln (,\Iagnolia!rcutnJ ____________________ Sel'ier County, Tenn...._____• {ODreeD.-- 5 -is:3 ::::-- 88.8 .400 ·-:477-----·47· --ia:ii---iX -T5- 3,360 6,120 .1,193 .65 8.3 16.5 8,000 2.9 23 2,270 ~610 330 674 603 827 259 461 
ry••--- :Ii ------ --...-- 1.4 .418' -' I.m 12.118 ;1,515 3.%7 11.' U.5 18."" 7.4 IS 1,_ 7.$81 Ga~ I,. 188 1.1It III 7tt 

ODrCIlrn __ •752 Mangrove (Rhlzophora mangle}___------.-- _____________.__ Dade County, Fla.__________• t 4 --.--- ------ 39.3 .886 Tiif,a------77- '-iii~ii- -'5:4- :::::: . O. 700 15,]9() '2, ~ 2. 3G 14.6 38. i' .20,520 8. 2 62 5,200 6,400 2; 456 2, 0122. 236 1,80. _________ •________ 
y----- ,,------ ------ U.!! .... ------.- _____•__ '_..___________. __ ." __ 11••7. lIl.581 I •.Nt •• n 17.8 '1.8 n '.1" 1. Btl aSI8 1.711 a._

2Il3 Maple, b!gle.'l~ (ACI1r macrophulluml_____________________ _ Snohomish Connty, Wash___• 00reen..- 5 ]2.3 ------ 71.S .440.513 471' 11.6 3.7 1..1 	 4,370 7,390 1,09li 1.02 8.7 1402 --8;"520- ---·2:ii- 23 2,510 3:240 '.554 ----762- 62' 1,108 ·----324- ------597 
ry_____ 1 ---___ ------ 8.3 ~'" _______ ________ _______ ______ ______ 7." 1%.151 1.581,i 1.tl7.' 11.% .• I.sse 7. lSi 1.115 t.m HI Z••11 4U A5 

III Maple, black ("letr rJurum).._____________________________ Hendrick~ County. Ind.______ {ODreen... 11 17.1 ------ 65.0 •.520 .020 54 .14.0 4.8 0.3 4.000 7,920 ],3:18 .70' 12. 8 29.8 'iii;'i6i>' --'''3:ii- 48 2, 800 3,270 742 0.16 83ft 1,128 429 717 
ry----- ------ ------ 1'.3 .571 ----__________________________.__, 8,151 1,... 1.157 ~ 11 12.5 •• 8 11,751 1.8 '. 4.HI 7 III 1 IH 1.811 1.- ':1,"'. .7 

1\ Maple, red (..teer rUbrum) ___ ,_____________________________ Marathon CoUnty, WilI_____ •• {ODreeD--- ------ 20.0. -----. 69.9. • r.D5 ------- 54.__ ~_______ .~ ._••". 4,450 8,310 1,445 .78 9.8 20.. ____•______"____ 28 ______ ._ 3: 680 •oo.~ 766 748 1,232 21)7 _____• 
ry..--- -.---- ------ ------ 1:1. .14& ______• ________ _______ ______ ______ 8,,.. II.'. l, 711 :t.17 H.4 It.' 17,110 8.5 11 !i;11' 1.11' 1."1 t,gl.~!~ 1,781 ". - - 8Ii 

1266115°-35. (I1\?llow p.1I0.) No.3. 
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TAll,LE 21.-Strength and related properties, by localities, oj llJOods grown in the United States-Continued 

f\peclfte Shrinkage from static bending Impact bending I Compression Hardness; load 
gravity. oven green to oven· paraliel to grain Com. requlre<l to em

dry. based dry condltlon . I bod a 0.444-lncb Sh<l6l' Tension 
bnsed on dhnen·Mols· on volum~ Weight 	 =~ bali to y" Its pamllel Clonv· :~

Ship. 	 P/oce of growth of materM Moisture Trees RInIlS Sum· ture per slons when I1rOOn Work 
Species (~ommon nnd botnnlcal names) ment 	 tested condition tested I~h ;:3 con· 1---;--__1 CUbic 1---:---:---1 stress stress Work ~~~ stress I ~1~~;f~-d-lnm_;_e-te-r--lto~~; ~e;,;~ t~;

no. ""d tent foot at pro- Modu· .Modu· 1---;----;----1 at to causing at Max· stress at s:a~~g 5pllttlng mum 

Wben par IUStOf I~~.f Propor.Maxl. propor'
I
propor· complete propor· c~'f!~g ~rpo~, strength tensileVolu. HR' Tan· UenolAt test oven· 	 rnp ure tielty Uonal ulum Tolnl W:;:~I \l~~1 (5~~~~~d \~~rW strength uo;;l't End Side strengthmetric dlnl ~f!t limitdry \!m1t load 	 hammer) 

�---------------------�-------------�--------------------- --- --- ---------,-.-,--------------------~ --------- --- ---- --- 
3 	 6 8 9 10 11 12 13 1{ 15 16 17 18 19 20 21 22 23 2t 27 28 29 30 !il 

--I·---~~-------------I---------I..;'------------- ---------- --- ------------ --------------- --______ 
1,000 In.·lb. In.·lb. lri.·lb. In.·Ib. 	 Lb. per

qNum· Num· Pq. Per· 	 Per· Per· Per· Lb. per Lb. per lb. per per cu. tnr cu, per cu. lA. ~r per cu. Lb. per Lb. C Lb. per Lh. per fn. 'of U, pern.l.nDwOoDs-contlnued btr ber cent cent Pound, cmt cent cent Ill. 111, Ill. in. 311. III. In. In. in. 30. m. in. Inch., 30. ill. 311. 11. 8(/. In. Poufllh POUndl 1IIl. In. width 1IIl.ln. 
t C I P [Green Ii 11,5 ...... 70.0 0.404 Q.539 49 12.5 3.8 8.1 3,770 7,470 1.395 0.00 11.3 23.6 11,900 3.7 31 2,370 3.090 451) 715 003 1,084 334 765

191 I Maple, rod (,.lcerrubrum)_ ••••••••• _••••••••••••••••••_.. 	Po.~er oun y. 11..._........ ~Dry••::: 1 ...... •• 8.5 .5%1 • ....... • • •• ...... '.I~' 14.8%1 1.111 a.I5 11.1 28.0 11.0%0 7.' al~. 710 7.'10 1,288 1. At '7& 2.111 '81 "5 
St 1I roC t N H tGreell••• 5 8.8 ::.:.: 51.4 .404 ".552' 47 13.7 '4~2 8.3 3.430 7,410 1.330 .70 12.9 29.4 0.030 2.9 35 2,100 3,100 461850 746 1.154 256 635W .....do................................................._... ra ° oun y, ••••••••• Dry._.. a 14.0 .m 8.... 1%.8%1 1.6" 3." If. $ 33.8 •••••••• ........ 31 1.188 5.841 f.:IO' t'~I = 1.828 481 1."7 

! II (. h / ) S kC t WI Green... 5 'Tr :::::: 65.7 .430 .500 '''''45' 12.Q ":l;'o' "7~r 3,120 5.820 1143 .61 11.0 22.3 6,830 2.6 29 1.930 2,490 (51) 1,053 802 6M
2111lIlple.svcrAcUlaccarnulIl ...............__....___•• au' ouny. s···· ..······Dry_••• 1 ..... _ S.J .47' • •••• 7.88t 1'.I11t 1.2M 2.01 7.0 11.215.* •• , 245.'" ..... 1.181 '1.371 U' 1.71' III 
 .8. 

M'I t I d( 1· I I ) iIll\lllPShlreCoullb,MnsS..... Green... 4 11.6' ::-=: 35.3 .438 ::.:::: 37 12.3 '3:2 8.6 3.620 7,230 1,080 .68 10.1) 13.4 8,740 2.3 31l 1.700 2,920 400 1i00 ........ I,H6 .................. 

·001 .' I1.P 6, 5 r po .. c~r ~nll.fV II<In cum ............-........ 	nennllll{tou County. Vt....... Dry..... 3 •••••• ...... 13. % .{62 ••••••• ........ ....... •••••• ...... '.116 10.7" 1.3.1% 1." ll.3 11.7 11.310 5.0 :21 ........ 0, ZOO 754 .,. ... •................__......._ 


III MllpJe. sugar (Aeer saccharum) ........_............___ .... 	H~~~~e~J.nnd Morgan Coun· g~~~.:. ...~. ~~~:~....'-..~:~...:~~. .:~~......~...~~:~...:'.~...~:~...:'.~~~...~~~...~~:~.....:~:....~::~....~~:~..~~.~~.....::~....__..~~...~~~~....~:~~~......~~...~~~.....~~....~~~....._~~..__._.:~~ 

Green:.:' 6 22.2 :::::: 67.1 .IiM· .671 IlS 14.7 4.8 0.2 5.110 9,490 1.524 1.25 13.6 35.6 ,12,370 0.3 42 3.200 3.870 104 1,005 920 1.380 436 700

191 •••_uo...........................................__........ PottcrCuunty. Pa............ Dry..... :I ............ '.1 .612 11.760 11,'" 1,131 '.54 U.~ :It. 8 23.210 11.8 .. '.8D '.~ 1,8'1 Z.110 1.5M 2.m 148 81. 

) ) I C Vt Green 7 9, II 49.7 .1lS1 "~695' 54 15.3 4.9 10.0, 5.2tO 9.960 1.672 1.02 15.9 45.7 13.550 4.1 51 3,430 4. Zio 917 1.200 1,095 1.612 436 785
904 Ml\plc.su~ar(secondgtowth (..tctr~lIccharulll ••__ ....... 	Denurigton ounty•••••••• Dry~,::: ' , ...... :::::: 13.7 ..., 8.s.;0 16.041 I.m 2.11 I... 3'.5 ._.............. II 4.4~ 7.3-1' ',.18 1.17' 1.61! Z,IU '101 I.," 


• 'I I ( 1 h l 	 1\[ th C t Wis Green... •••••• 22. 0 ...... 62. 0 .560 ::::::: 07 ::::::: :::::: :::::: 4, 620 8.820 1.437 .8Ii 9.6 17.1 ....-••••",••• , 28 ........ 4,020 870 005 ........ I, 434 ""'o;;s'~ ......... 

~ .. npe.sul;!U' ,·Ctr.3acC arum ........-..-.......-........ nra on ouny......... Dry•••••••_.........._•• _. 12.5 .G21 9.110 U.t1S8 1.'10 2.... 13.8 21.3 17."0 8.5 29 6.360 7.370 1.755 1.1Ot I.U! '.112 ... 

'dJ') D t\ C t FI OrcclI •• _ 5 •••••• .••••• 38; 6 .880 1.034 •..··77· 11. 7 "ii~r 7.0 7.070 10.300 1.576 1.79\ 8. 1 111.8 18.000 8. 7 52 4,950 6.880 2, 679 J.667 1.766 1.667 428 I; WiI S752 l.Iustd Idero.z:v/onJoelJ .JlmU1ll_.______• ___••___••___... no OUllY, 0............. Dr~·..... 2 •••_•••••••.,10.8 .836 6,6,\0 10•• 1.'14 1.30 6.0 6.0 1a.teO". 112 3.83t 7.041 %.84% 2.158 1.71IG 1,"1 ISO ft8 
,. ( I I ) M 'h C t "'1 Green... ...... 19.0 ...... 8-1.5 .538 ::::::: 62 ::::::: :::::: :::::: 3.720 7,650 1.121 .71 13.2 33.4 12, 250 6.6 35 ••••••__ 3,080 802 .8-17 1.000 1,292 ••••••••••_•• , ....k blo Oa·. nc.;: Quercuu'l; III na .......-.........-..........-•• 0\11. on oun y, ,,' 5....... Dry......___.............. 11.' .S'3 	 8.:ne 14.070 1.Ml 2.31 1 ... 2 2 •• 3 15.'10 7.3 30 '.650 7,120 1.248 1.618 1.2es %,118 &88 8•• 


• k Grool1._. 5 12.5 71 76.7 .569 ":009' 63 "14:2--'4:5' 11.7 	 5.060 8.070 1,219 1.20 11.7 28.1 10.0'10 4. <1 43 2, fJOO 3.700 912 1.093 1,057 1,179 424 828
101 ••___do,....._••__.........._.....__ ........._...._.:-._..... Stono C,ounty. ,,,r •••-........ Dry..... I 11.8 •6~5 7. BiiO 13.7110 1, Gl2 2.11 13.4 %3.6 la.7" 5.8 47 4.6" G, alit 1.11% 1,275 1.2es 1,81t 313 111 

k C ''I Green... 0 'i2:i' '--S9' 69.6 .1lS3 .6il 62 12. 7 4.-1 "ii~s' 3,640, 7.180 877 .89 10.7 26.1 10,020 4. 7 44 2.380 3.21JO 886 1.111S 1. lOS 1,354 428 804
211 Oak. bur (QI<CTCII.'lIll'ICrocllrpa)•• __........................ SIIU ounty.·; ~............ Dry..... 2 ...... .... 10.~ .M' 7,001) 10.. 1,0641 2.11 11.6 1'.2 lS••'O 8.6 27 3.81' 6.610 1.61% 1.4IJD 1.4" 1,'18 31Z SiS 

k k (Q k I /') tt C .... ' C 'Ilf Grcen....~ 20.1 48' 100.. 9 .491 ":547' .....ii3. 13.6 4.1 6.4 3.210 5.740 786 .81 7.5 12. 1 8,320 3.1 28 1.800 2, 530 ·696 807 728 987 334 609
294 On. Cullfornla blae uorcu" ·tlGl/O 1._..._.___........ Du 0 oun'J. n ••••••••••• 	 Dry..... 1 •••.•_ •••••• 5.3 .flO5 10.8S0 i2.9.0 1,284 5.31 7.3 13.1 8,780"'0 IZ 6.0%8 '.328 1.6" 1.2&7 1.331 1,"1 an 818 

Green •• _ 5 11.9 55 104. i .529 ··:&OS· os 10. 6 "3~i" "ii~8' 3.640 6,630 684 1.25 10.2 20.0 8. OliO 3.6 31 1,960 3.070 1.093 1,020 980 1,298 360 784I C t 0319 •___.do••••••••_.,_.......___............._•••••••, •••___ •• Doug us DUllY. reg......... Dr)·..... 2 1i,2 .1108 6.1W11 8••6. '1.0.51 2••' 4.1 i.2 9.058 4.:; l% '.0'0 7. 5~O %.830 1.4SO 1. %U 1,18Z 41% 84' 
'_~I 11 tt C t Cnllf {Greon.__ 3 12. 9 :::::: 61. S • 702 ··~S.18· 71 16. 2 "6~4- 9.5 6,330 10,550 1,340 1.70 14." 30.9 11.150 3.9 47 3,040 4,690 1,475 1,592 1,570 1.600 625 974,<> Onk.eonyolI!lvl) (QlllrcuHhrgso/tpl.I) ••••• _••__ ........... u e ouny.......- .... Dry••••• I Ii. 0 .Sr.! II.... ".Illt 1.810 4.0' 7.8 11.011.%80 6.7 32 '.888 13.388' :e.8" , 3.158 a.l4I !,7#.' ns 

I C T {Green 5 '23~4' '--lio' 71.8 .57:1 ":671 ---"iii" 16.7 5.5 9.i 4,630 8.030 J.372 .90 9.4 22.4 12,010 4.6 85 2,890 3.520 657 Oil 894 1,212 383 ···--·686 
2"-6 	 O,lk, chestnut (Qllcrcu.\' monlana)._....__ ..__ ............. Sever ountr. enn•••••••••• Dry••::: 1 9,5 .1;18 1..... 15.'" 1.615 3.8S 11.5 18.8 21._ '.0 '2 4.838 7.840 ,,118 1.3111 l.m I.... IS! 


O k J 
 "',.. I iJi"'!) 	 '''I P 1 h L ~Greenc.. 0 'irii' 61 84,3 .564 ":703' Oli 19.0 4.0 "Ii:o' 4.520 7.040 1.393 .86 11.2 28.3 10.350 3.4 39 2.650 3.170 707 1.019 !l96 1.182384 770
238 ;1,-, nure! \,<ueTCII.I aUTI In a .....-......- •••-......- ... 	 "nn nr s, n,••••__••••••• Dry••_.. 1 9,6 .eu '8.680 14. OliO 1.778 %.47 12.0 28.8 15.%11/ 5.' 3D 5.:no 8.%111 t.'" 1,%75 1.%11 :t.m Sil m 

• i I ) 	 'I I C t Flo Green.. 5 "8.'2' ...... 49.7 .810 ":97:;' ·..··76· "i,i::;' --6~ii' --0~5' 8,440 H.1130 1.575 2.54 12.3 26.0 11.200 8.5 57 4,170 5.430 2,517 1,674 1.882 2,210 550 1.041O k 	 11 Q751 a.• ve( llerCIl81'1ronana •••-•••--..............--...- "aron ouny••••••••••• Dry_.:. 2 13.' .Sl' 8.710 18,t80 1.1511 !.%I 18.6 38.4 21.... 11.0 II 6.810 8..... 3.6%8 :&."8 %.118 2."4 118 1,'1% 
. (Q ) D I C t 0 Green... 10 16.3 '''49' 71.6 .6t4 ":748' ·..--00· "i3:4' 4. 2 "ii~ii' 4.630 7.720 792 1.51 13.7 29.8 10.2tlO 4. 8 49 2, 480 3.570 1, 375 1,432 1.392 1.634 449 94.1

3t9 OI\k, 0 regonwhlte lIetclL3garrVano ••• _ ••••_....__..... ougas ouny. re~. ___••_. 	 Dry•••• .: , 6.1 ,.710 7,7S8 1I.14DI.%'7 :l.7J 8.6 I.... U.7ZI 5;7 %I 4.881 8.67' %."'8 2,'" J.181~.fIt3" 81. 
Green... 5 --9:ii- '--68' 75. 2 .577 '--ii77' "'''ii3' 14 5 "4:'ii' 9 5 4 000 8, 330 1.318 .71 .14. 0 35.2 11.920 4. 2 48 3,680 883 !l96 1,074 1,293 410 804 

IKI-I Oak. pili (Pinu8 palu.lris) ........................._....... Hampshire Couuty, Mass••••• Dry.....:; ll.' .621 . . . 8:"0 It.!~1 1.114 2.11 14.8 38.2 U.28I' I.' "--';77i- 7;131 1,%81 ,,"2, I,AI 1,111 5%8 1,8'"19' 
. 0 . I ) t C 't • k Green... 5 ·iir.· 61 64.5 .500 .732 61 ".iii~ii· "5~7~ 10.6 4, 720 7.380 913 1.39 9.1 18. 0 11,2tlO 4. 4 38 2,750 3.330 1, 148 I, 139 1.074 1,29\l 420

lilt nk. post (QUlrcuule lala ....--.......---.--.-.-••-.....- S one DUD y.Al·•••• _ .._._._ Dry~_._ 1 11.2 .tl17 7.811 U.184I 1,121 :l.1II 11.. 1'.2 11.1" 7.1 44 a,m I.Me 1..1. 1,184 1.281 1.888 '" 8111 
''InnP I'sh L Green... 5 '2i~' "'47' 73.6 .602 "~745' ·..··05' 16.0 "5~2' 'Tu' ,5.230 8.180 1.2501.23 13.0 32.8 10,570 3.7 49 2,936 3,620 .964 1.172 1.182 1,2M 405 .56

238 .....do..................__......_..............._........_." ar, .n.............. Dry••_.. 1 11.% .881 7.811 14.811 1.77. 1." 11.0 a.. I..... I.,' ~8 4.28I7.Ut "8M 1,111 1,48' ....Z 'II .14 

Rich' "-d P ish L Green... I) 'jij~i' 70 90.7 • .564 ::::::: ""'.67" ...... , .•..•..-.... 4.370 8, 120 1.474 .76 ,g. 8 27.6 10.200 3. 3 40 2,680 3.460 682 924 892 1. 053 .~ 735 
75 oak. rod <quercus boreall3} ............_••_._.............. . 1W1 ar 	 • B.......... Dry..... 1 11.1 .7" '.511 15,111 1••1. %.'1 14.. .... ;:3.. U. 741 '.1" 7.'" 81. 1.m I.'" t." .... 

, {Green._. 5 'iri----ii2' 83. 8 .566 ":002--""05' "ii'5- '-i'2' 8.3 3, 890 8, 100 1.2f8 .10 12. 7 32. 6 10.800 4.2 48 2, 550 3.440 8" 1, 139 1,042 1.22() 406 770
lOl _._.,do.____....._.........._ ........................._••• 	 stone County. Ark•••••••••••• Dry...._ 1 1'.1 ••1. 1.:10 1%.1 11.' 18,811 7.8 31'.'" 8,151 ••381 1._ 1.US 1.NS In .1Il
.',. .,....:e,...

' 	 ,{HendriCkS and Marlon Coun· Green... 6 'iii~7' '-'iii' 19.9 .567 --:600' 64 "iifi' ":i:7' -'ii~3' 3, 490 7.780 1.268 .60 lL 4 25.0 10,580 4. 2 36 2, 310 3, 210 807 1,107 1.011 1.164 425 756111 d••••• 0._......_...........__...................__._••••__• ties. Ind. Dry:..... 1 11.' ••11 ..14., 12.111, '1.'71 Lit 11.7 U.I 18.1" 11.1 D a.1M 1.7" 1._1,1iI 1.11111.7'8 14% ." 
I · C t T' {Green... 5 'irs' 52 8406 •529 "~ii27' ....·iii· "i6~3' '~3~7' '-ii~3~ 3.210 6, 700 1,170 .54. 12.l 32. 9 10,020 3.8 41 1.870 2, 700 554. 892 854 1,020 388 8113

Z.!6 ...~.do._••_...._...._••••••_.........._•••••_........_.... Sover. oun Y., enn._......~ Dry_.... 1 '.8 ,.ftl 8." 11.1"1,7" %.41 I'.' as. 8 18,1" 8.' 46,,11%0 8.... 1,111 I." .1,'111. I.as _ ... 
d Grafto C . t' N n· Green•• - 7 11.0 63 72.11 .6M ,649 61 --.i3~2· "4~4' 'Ts' 4, 920 11.160 1.514 .94 15. 3 41.4 11.380 4. 0 48 2, 330 3.7aO 806 1.021 1.006 1.338 45Il 7.0t.3t ..... o.........~__._...._•••__•••________, ...__••••__••_. n oun y. • ........ iDry..... 7 1... .111 ..... 14.... '1.811 %.1' IS.' ".1 18.'st '..48 5.ZlO'.7. ..147 1,..5 I.nt 1.117 .n au 

8I)5._~.do~_.___....____........__.............._...........__ Stralfor!l County.l'{. H ••••••• g~~::: ~ 'Ti' '--ii7' IiJ :~ ":688~ ""'ii3--'ii:7' 'Ta' "S~2't=~~ 1::= trJ :dt K: ~:: ~~:=U it ~~ .::~~ ..:: ~:= l:m ~:m m 837 
, Green... 3 '23"S' ...... 61. 0 .617 ":70i' ""'62' --ia6' "4~i--T27 3, 220 6.900 480 1.23 11.3 27.2' 8.080 4.3 80 1.330 2, 940 1, 106 1, 213 1.278 1, t.31 374 7.g

463 Oak. Hocl;:yl'oIountnio. white (Quercuautahen6l') .......... CQoonino County, Arlz._..... Dry..... :I • •..... It.. .7UI.sa. '.141 m I.ft 11.. lL' 14;111 1.1 %21 5.'" 2.'1' I._ 1.481 
nt" 0." I ' (Q • .) F--'-'I C' t 'M'ass Green •• ~ 5 'i3~ii' "'62' 6U •603 ":7ii9~ ----·62· "i3~S' ".,T "~~7" 4.540 10.420 1.476 .81 15.0 41.9 11,880 4. 0 54. --2;840 4.090 1.030 1,171 1.200 ·'-i;.i!· "·--.i9· 700 ....,. -. scar et "orCWI coccmto ........- .................-. <........ n. oun y. •...... 	Dry 4 ILl .lI I. au 18,'" 1 Nt 1.%1 liLt .... 1,,4" I.. U i 7" 8... ,,"1 I,m 1 In 


45' 811 
...0 	 Green::: 4 '2crr 46 89.7 I :521 -·:iiZ4..····02..·i6:'3" "4:6---&7' ';220 6,920 1:141 .93 8.0 16.5 9.100 3.1 29 i220 3:030 670 912 '862 I..'"

934 285 476""" Ollk. southern red (Quercua rubra)_•••_.................... 	Wlnn Parish, La...._••_•••••• Dry...._ 1 1&.1 •• "III 11.81' 1.65 '.7 11.8 1'.121 8.1 HI.... 1,811 1.11' 1,848 I,t..·
I.... 2.m .. ftI 
"". 0.'-, swump r-~ (QuerCU3 rubra pagoda..'olio.) ••••• _ •• _. ___~ .....do__ ........._............ 	Green... 3 -T6' --'ii3' 78.4 .607. '-:708--'-"68- --i6:'4' --ii~2"iii:s' 6,490 10. 850 l.71IO 1.32 14. 7 38. 0 12, 300 3. 8 51 3.820 4, 620 944 1.267 1,244 1. 321 oi56 795 

..",".. "" J' 	 Dry..... I II.' .111 U.Q:et 11.111 2,30 I." .18.8 It.% 2 •• _ 11.2 ,41 ','11 •• ne 1,7. 1,'" I.AS :e,lsa aN 818 
.,.. . 	 Green.__ 4 'ii:7' IlS 76.0 .595756 --'''65' --igT ''fi"g' -'gT 4,850 8,480 1.350 1.00 12.8 ;:\2.2 10.400 3.2 45 3,000 3,540 707 1.101 1.llJ6 I, 262 308 .672 ...., Onk,swlll1)pcb\)Stnut(Quercuaprinu.t) ..........._._...........do••••-.............-..... Dry_.... 1 If. I ••11 __: ................: ....:~.....: •• 7.481 14•.,. 1,811 1.75 ,IL' ....1 1 •• :41 .11.1 'I ',HI' '.5841 1.'%1 ".1. 1.ti7 1,187 IQ _ 

• • I' Q bl I ) JI --drl" C t Ind Green... 1 '.5."5- 71 74. 1 .637 ,792. 60 17.7 5.5. 10.6 5, 380 9.860 1.593 1.05 14. 5 34. 7 13.270 4. 8 50 3, 1lS0 4,360 943 1,205 1. 158 I, 200 482. 863
111 Ol\il:. swamp wb to ( UtTCU' co or ....--...........-.-... e.. c.a Dun Y. •...... Dry_.... I 13.% .711..........___....__••••. / ......._ '"'._" ','1' 17.11.1.121. %. 74 .18.. 47.' %1.7%1 1'.7 41 5.sse 8._ 1.418 I..... 1.$11 1."8 ,,. 811 

'. . ,{Green... I) ''9:ii' '--iii' 81.1 •M6 ,685 63 16. • 4. 2 11.3 5,1i8O 8, 1110 .1, M2 1. 14. 11. 1 32. 5 11.630 3.8 39 3,2tlO 3. 740 -'166 1,046 1,006 1.240 «6 8le25It Onlt. water (QuercU8l1lgra) ................................ 	"Inn Parish. Ln.............. Dry....~ '1 __.'" __••_. 10.8 .Ill ""'" ........ _••~........___•••~ .~_ '11,., :e.... %.11 =.. 11.' lJ."' 8.' '4 '.... 7._ 1.111 l.,a: 1.213 
 it,'I"l1 ta7 
126695·-'35. (Follow p. 99.) No. 4, 

http:8I)5._~.do
http:4.28I7.Ut
http:1.2501.23


'rABJ,];l 21.-Strenglh and related properties, by localitie/l, oj woods grOWt~ inlhe Un;tetl Stales-Continued 

Shrinkage from static hendlng Impact bcmllng Compl"llSsion nnrdDcss; loadSpecific green to oven. plimllel to grain Com· required to \1m.gravity. oven dry condition 1---.,---,---,---------1---.,---.,-- pression bM a O.f44-lncb BblllJr Tensiondry. based based on dlmen· -~I----:--~ pcrpcn· bal\ to ~ Its para\lel. CII!!I\" ~.l!J'~Ion volume- WeightShip. Plaeo of growth of material Moisture TnieS RInKS Sum· ¥::- Slollswhengrooll Work lIelght diculllr diameter tom~II~' nge; \ellld to grain; 
ment Species (l'OllImon nD11 botanical Dumes) __-:-_...,-__1Btress Modu.I---,..---.,----1 stress Work ofdrep Str6SS Ma I tl)llmln;I___,..-__1 - t I 

no. testell colldition tested l:t :!t con· --~--I c::ic lit pro· Modu· IllS of at to callSlllg ut X· stress at mum °lcalttUllIe mUx •lent foot mum "ro)lOr BheurJJlg aJl 11K mum( I• R". Tlln· por· Iuso elns· I'ropor· lIfaxl. l·ropor· propor· comp e~ propor· orushlllg 'U.onnl' t I tensileWhen Volu l
At test oven· metrlo dl;d ~1~i \II~~~I rupture lIclty 1\~::~1 f~!:r 'I'otal W:n"l't W:::rtl rE;R~~~~ \~':nnn.1 strcllgtb \lmlt End Bide s rcngt I strength

dry 

1---------------------1-----------1--- - ~---- ---- --- - -- - ----"'---~,--- ------------.- --- --- -- - - - 
3 4 6 7 8 9 10 11 12 13 J5 16 17 18 111 20 21 22 23 24 25 26 27 30 3t 

I---------------------I--:...-----'---~I~--.-.--------.--------. --,',-~-------~-------------------------.---.----~--
/.000 In.·lb. In.-lb. In .·Ib. In.·lb. Lb. per 

~um. Num· Per. Per· ptri Per· Per· Lb. per Lb. per lb. per 1"r cu. per cu. p.r cu. Lb. per per cu. Lb. per Lb. per Lb. per Lb. ptr In. 01 I..b. per
lIARDWOODS-COlltillued cr btr Ctm cem Pound, cen cem ctnt 'II. In. Iq. In. 'II. In. In. In. In. 'II. In. In. Ineliel 'II. In. tg. In, ~g. In. Pound: PO!lnd, Iq. in, ,oldt/, 'II. hi, 

Richland Parish LII Droan... 5 16.0 61 is. 5 0.600 0. illl 66 10.0 4.8 0.2 4.410 7.760 1.19. O. M 8. II 20.2 11,750 5. 2 3.~ 3.000 3.400 1. OM 1,183 1,155 1,26& 422 8M75 Oak. Wh!t6 (Qu<rcus alba)................................. 
 ., .......... Ory••••• • ••_~;.• l •• "'65'" lL' .m .....,...........,................ '.1181 .5.181 1.711 %.5' 15.' It.' 17.758 8.' "5••" 7.581 .,185 1.1" 1.5ts 1.148 '88 ~71
fO101 .....do.................................................... Stone County, Ark Dreen... j i:: ~ .501 .704 68 15.8 0.2 8.3 4.320 8,090 1.137 .95 12. 1 31.4 \1.860 3.8 40 2.980 3,520 820 1.113 98G 1.1114 420 G86 

ll d I It 1>1 I ........... Cl ry..... 5 '1_5'.6" "'60'" 62.5 .... ....... ........ ....... ...... ...... 7.4Sf 11._ I.'" 2.ft ILl! n.' H.... 8.1 %8 I-~ 1.581 1.'Sf I••n ••111 t." '84 818 


111 .....do.................................................... en rOc s. tl nr1ond,nlldMor. Dtrooll... 1 .-.8 .603 .600 61 U.3 4.9 9.0 4.780 8.&10 1.311 1.18 13.3 31.4 10.980 4.3 45 ,,;-130 ;\.530 7Z1 1,087 1.048 1.306 424 814

{ gan oun as. II • ry..... .... • ..... • .185...... • ..... 7.7" II••" 1.N8 t.'7 14.3 n.lI 17.'" 7.S %5 I.'" 8••" I.'" I.'" 1••n I.," '" 814 

258 .....do.................................................... WlolIParlsh I,u {ODroon••• 5 14.7 49' 71.8 .591 .732' '''63' '16.11 "6~4' "ii~5' 5.430 8.690 1.344 1,26 11.9 20.6 10.390 3.3 40 3,250 3.700 757 1,083 1.039 1.243 416 782 
............... ry..... I U.' .181 ..... 15.n. 1.'" t.51 18.% 3'.t t8.7" 8.' 5' 4.71' 7.tSf 1.11' 1.UI !.I" t.'" Its 8M 


!!S8 Onk.w!lloll' (QltqclI'ph(tlo,.) ..................................do........................ {ODlrOO 2 'ii.'7·"'66' 94.3 '.~ ,,3"7°. 1.7.~ :tl.~ ,.88 .8 ~.1.3. 197'~ 2.9 35 2,340 3.000 15t 1.022 g78 1.184 404
y.II... ..:688··....iir ..iag···s:o··Tii· 14 ... 8. 1110 
..... ...... ...... '.8 ......... _...... ........ .. ... .__......18 ~ • .~... '.3 «4 4.'%0 8.ne ••It I.'U I." 1.* .................. 


groon... 6.6 82 31.2 .761.s3s 62·!!.9 .::::: ••: ..: 7.760 13,660 1.329 2.53 37.9 101.7 15.520 8.9 120 3.980 5.810 ~200 1.838 2,037 ...........................
111 OSRge-orange (To:c:ulon porn/!erum).............. , .......... Morgan OOUllly. Ind.......... 

o~!iu::: ·..·ii· :::::: :::::: i33~6' --::i7:.i" ":.53' ..•..5i' "25~ii' :::::: :::::: "i;iiio' ":i;75O' •..·485· ....:45· "'To' '''iii:s' "6;000' '''T7' •·..·..iii· "i;iio' '''i;750' · ....isa· ..··333· ....281' ·....67i· ··•..m· """22i 

751 Palmetto. cabbage (SaIxJI palmetto) ........................ .Marlon COUllty, Fin.......... Dry..... , ............ I... .38' ....... ........ ....... ...... ...... I.m 4._ 171 ".7 4.1 !t.2 8.380 :t.' 16 1.4" Z.21lt 171 m ." In n 114 
75:) Paradiso-tree (I:;'frnarouba g/quca) .......................... Dade County. Fla............ greell... 42 ............ 81.2 .~~:.359 38 8.6 2.2 5;2 1.910 3.490 600 .40 1.8 2.4 5,400 1.9 7 1.200 1,810 265 349 246 711 149 308 

ry..... ...... ...... 8.1 ._ ...... ....... ........ • ....'.m I.... 877 ... S.4 4.4 6.518 t.5 7 2.5S4I 3.511 '" 884 188 513 U8 

3tJ8 Peenn (IIIcoTlapecan) ..................................... Pemlscot County. ?fo........ g~~.~::: ~ 12, 1 63 6~g :~~ .694 61' 13.6 '4.0' 8.U· 1~:= I~:r.~ U:I U~ lU ~U i~~~ tU ~ 3.100 1~:= 11511 1.m 1.308 1.482 "'''.20' 677 


3tJ8 l'erslmmon(DltMpVrosvirqinlana)..............................do......................... DOroon••• 5 'ii'S':::::: 58.5 .639 ..:710......03..-18:3..·7:5..i0'8· 5.600 10.030 1.367 1.31i 13.0 31.212,J20 4. Ii 41 ;:~= 4,170 Nt: ~:m i:~ ~~~ m · .... ·770 

ry..... % ............ 6.1 .~tZ....... ....... 11.4It %1.7" !."' 1.7' II.' 11;4 ZZ.!%O 11.7 15 '.Ut' 14.068 I.MII 1.7" 1,178 I.... 718 I.W 


732 Plgeon·plulll (Coccolob/s/autl/oIla) ......................... Dade County. Fla...,_....... tg~~::: g:::::: :::::: fiJ :~~~ .tl5i '''73" '15.7 T4" "7~ii' t= .t~~ u: Ui ~~ ~ 21. 7 15.970 6.8 40:::: ~:~tg ~;m 1.734 l:iii 1, ~10 3\19 853 

7~2 Polsollwood (;\fdopluln tariltrurn) ......................... .....do......................... Oroon... -1 ...... ...... 70.6 •~1l ":553' '''''54' "ii~ii' ''4:2' "7:2' 3, 160 6,120 407 1.36 5. 0 ....7~2· "8;070" '''Tii' ·......in· 1.220 2.100 900 ••..:i98" 2Q8 .....iiii8.....·isa· ......3M
D

ry..... t '''''' ."... '.8 .511........ .•• . ..... • ., 5,47' 1e.lllll 1,1%% l.ZJ t.' '.1 i.n. 7ft 

004 Poplar. bnlsalll (secol\(! growth) (J>opulu! bal3allll[tTa) .._. ncnnlngton Oounty, vt...._. g~;:.~::: ~ ..~~~. :::::: liU JYk .331 .. 42' • 8.0 To' ii~4" ~~ ::= 1.= :~ U ~J 'T~~' ..··H........j~..·H~f i:~~ ~ ..··ru....·~ir··..~· .....~.......1ft 

1130 l'Olllnr. bBlsrull (J>opllltu lxJ/3o"'l[tra) ..." ................. Ncnr Olrdwood. Alnskn ....... greeyn... 5 ............ 103.8 .296 ·:363....··38· ..iii~o· "4:o"T7' 2,090 3.680 696 .37 4.2 6.4 5,740 2.2 13 1.130 1.660 178 214 ·203 4lI6 120 148 


r ..... 3 ............ t'.7 .341 ....... ........ ....... ...... ...... '.11t 7,'" •• UI l. tl 4.' '.G 8.610 %.6 U 1.1" ..... 184 381 1t7 8tt IN •• 

2'2t\ .PoJllar, yellow (Lirjodendron Ju/ipi/rra).................... Sevier OOUllty. Tenn.......... Oroon... 5 14.° ...... fit. ° .3il .4111 36 11.4 4.1 6.9 3.150 5.570 1. 'Jl1l .48 6.6 9.2 8,050 .2.6 J7 2, 030 2, 550 310 418 338 788 260 4M


Dry..... 1...... ...... •. 1 • 'il .... • • ........... 8._ 11, SIt I••t. t. 51 7.5 le.. lS.tH 8. • H 4.11t 7. '81 7.. I" "8 1,114 HI .7. 

634 .....do..................................................... Breathitt Coullty. Ky........ 0Drooll... 0 ....., ...... 63.9 .381 .434 - "':iO' 13.0 To' 7~2' 3,570 5.210 \191 .74 5.3 ........ 9.000 3.8 19 2,31!l 351 359 3U 710 202 442 


ry..... • ."........ lA.S .... .... .. _ ........ " •• 1IIt '.fo:!t t.... 1.41 7.' It.' 13,1" 5.'" &.7" H8 m IlQ 1._ 188 •• 

Orooll... 5 Z1.ii ...... 98.8 .501 .uiii· . 'iii- '16.2 '6.'3' iiT '.630 16••• ~ 872 1.38 12.1 32.4 26 3.470 886 1.000 864 1.240 ••-...............
220 Hho<lodclIl!((lII, great (RhododtndToll llIa.rfrIlUIll)........... Sevier ('ounty. 'I'enll.......... 
 Dry..... • ...... ...... ... .ft7 ".,,,................ """ ".... 8.'" .... 1.17. .... lU I'" "i;i8i' ....i~i' I. "i;ii,' ',HI .,.llm !III 

Orooll... 5 19.4 48 67.4 .424 .473 -14 10.3 4.0 6.2 3, 080 5,980 911 .80 7.1 22. 2 8,470 3.5 37 2, 400 2, 730 459 ....600· "·'524' "'''osif 303 622

i:lUSSllfrus (Saua[rua IIIITII/"lIl1m) ......, ..........................do......................... 
 Dry..... 2 .......... a.8 .4t! ..__......... ............... 7.7" t..... I.Ht :11.71 '.5 %5.' 1I,1St •• 1 31 3.7%0 •• no I.m n. 188 I.ast III ..t 

Or~... 5 19.4 ...... 47.9 .656 .791 '61' 18.7 ii.7 10. S' 5.630 9.620 1.635 1.08 16.2 37.9 12, 230 4.1 63 3 250 4. 080 78.~ 1.249 1.2f4 1.250 402 ?2!I226 Service berry {Arne/aneliitr canad.n.b) ........., .......... .....do......................... 
 Dry..... 2 ...... ...... 8.4 .77' ......._..... __...." ,. ....... 11,Ut %8••t. I.Ia 4.83 1'.8 53,' :4.'" 11.:1 58':'" It." :e••l l.ts1 2.m 1." 

Oreen.._ 5 20.5 ...... 70.3 .418 .475 44' 12.0 3.8 7.il 3,510 6.490 1.163 .62 8.8 16.1 9,100 3.3 Z1 2,140 2.8.'10 428 552 470 1131 ···--282· ......iM

2:.'1\ SUverbell (Ilulula carolina) ....................................do......................... 
 Dry..... 1 ....., ...... 8;1 .11'.... ....... .. 7.11' '.8tt I._ t.H I;t I••••6.'~ 8.0 U 4••!It •• 8" !lit l.ti7 ..8 I••t. 141 48A 

226 Sourwood (Oz,dtlldrum arbomtm)......................... .....do......................... Orcen... 5 23.8 ...... 68. 7 .506 : 5D3' ""63' 15. 2 "6:'3' ag' 4, f46 7.680 1,316 .82 9.8 20.0 10,770 4. I 38 2, 700 3,2!iO 678 859 728 1.157 400 713 


Dry_.. Z ...... ...... '.8 .i;' ""'" __ ......................... It.SSt 1,,8M 1.14' 1.87 lL. zz.4 :e..... lL5 38 5.'" 8 ... 1.17' 1,184 I.... t." 176 "' 

752 Stopper. red (Eugenia cOII/ma) ............................ Dade County. Flu............ g~::: ~ ............ 1~:~ J~t .918 72 13.3 6.2 9.1 ........ ~a~~ ~::: ~U 1:: ~ ........ ........ t 0: 140 2.450 ......•..·';iiii· U~~ 1116 


36!t Pemlscot County.1\{o ........ g~~~::: g :~:~~~ :~~~~ °i:: :m ~~:~~ ~~~~~~~ :~~~~~~ :~~:~~ ~~~:~: 'Iitr It: ..U: dl ii~ ~J '~B~' ....~J ~~ "~:=' tm ::iii' ";::r.,I~ ~;~ "·"itt· :~:~:~~
SugarbmTy (CeUu (atuigala) ............................... 


211 Sumach. slnghorn (Rlltu llirta) ............................ 
Sank County. Wls ............ lg~~::: : .........._. 4t~ :rs~ ............~~. ::::::: :::::: :::::: .=;: 19J:~ ..m d~ lU tt: :::::::: :::::::: .:.:.:.:.: "i;iii' t~ I.~ ~ ~rs ::..::... ::::::..:....:::.. 

111 Sycamore (Platanm lICCi4Itmalb)........................... Hendricks County. Ind....... g;~~::: ~ 19.2 ...... ~a :::: .626 51 13.5 4.9 7.3 •.= d~ U It: 1~;~~ U" "i~ ~~ ~~ .::i m m 't~r ~ .... =
t= t= 
226 .....do..........., ................._ ..................._. Sevier Coullty. Tenn.......... g~~.~::: ~ ~~~~~: :::::: S:-.: J~ ~~:~~~ :~:~:~: ~:~~:~: ::~:~~ :~~:~~ u: l~:r~ ~',= a:~ lU ~J tUi2 U i: i:= ~:= I.m ~ =....~......~1~......~ 
386 WBlnut. black {Juglam ni¢:a)............................. Kentucky..................... g~~::: ~ .~:::. :::::: 8U :m ..:~:......~...~~:~...~::...~:~.•t: .~:= l::W U: It: ~U l~:= IU ~ ;:= 1::= 1.= lJ~ 1.= 'U~: =' ~l 
.ro Walnut, mUe (Jug/ansNl1"MriS)............"............. Coconino County. Ariz ....... m~~~::: : :::::: :::::: ~:~ :::i .613 55 10.1 4.4 4.6 1::~ li:= I,~ ,:U :~: 1::: &m tg ~ t= 758 ...........--...........----............... 


211 Willow, black (Sallr lligra)c............................... Sank County. Wis ............ {%~~~::: ~ .~::. :::::: 14~J J~ ~:~:~ ~~:~~~~~ ~:~~i: :~~!~ ~~;~!:~:= ~:= ml zJI ~J it: ::m u t: %.= l:~ ··..·m..·..~r ....lli....~:=--....~~~..--·..m 

3tJ8 _ .."do_.................................................. Pemlscot County. Mo........ m~~~:: ~ ..~:~. ::::::I~J :~~ ~~ ~~ .,~! ,::: t; 1::~ ~:ru t~ i~ ~;m i;~~ m ru ~ 1.= m tal 


319 WillOW, western blnck (Saltrla.tiandra).................._. ,DouK.1as County. Oreg ........ {g~;:.~::: i 5.3 ...... IO::~ J~ ··:.i3......00..·i:i~8..·2.'ii..To· t~ .~:W: i:2ii t:= 1~:: iU I~:= U ~ l:~~ tr~ m 1.= ~ 1.m ~ "''''jiI 

226 Wltch·lmzel (]]arnQ"'~lu vlrglniana).................._ ... Sevier Colinty. Tenn.......... {g~::: ~ ~~~:~~ :::::: li :~ ~~:!~~~ ~:~~~~~~ ~:~~~~ :::::: :::::: .u: a::~l t~ u: ~U ...~:~..~7.~~~.....~~~........~~. "i;iii' &~ :e.i~ km l.m ...~~~~~. ::::::::: ::::::::: 


SOFTWOODS 
'2143 22.8 ...... 34.7 1.418 .77 8.8 30.0 9.890 3.3 Z1 2,800 3.330 468 674 506 

939 Cedar. AllISka (CllarnatcrPQTis nootkateml.!) ............... Near Ketchikan. Alaska ...... {g~:=: % ....., ...... 11.' .," 2.18 la.' II,' H .... 4.2 • .... 7._ .55 188 ,.. III 

517 408 1425 30.6 ...... 39.9 1165 .77 9.5 23.9 8,fltO 3.2 ,.Z1 2,320 2,880 409 

:II!! .....do..................._...............................~••• Lune County, Ortllg........... {g~~::: ,.. 7._ 8,_ !ItS 181
I ...... ...... '.1 1,411 l.a7 8.1 11.7 14,181 '" 1266115°-35. (Fonow P. 99.) No.1>. 



TABLE 21.-Slrength and related properties, by localities, of woocis grown in the UlIitecl States-Continued 
~~----~----------------~.~~.--------------~----~~--,-~--~------.---.--------.-----------------------.------------~------_r--_T------_T--~~--~~ 


Speclllc Shrinkage (rom statio bending Impact bendlug Compression Hardness; load 
gravIty. oven green to oven. parallel to crain COni' required to em· T'-"

dry. based pression bed n O.444-lnch Shear """""ndry condltlon 1---.------,..--..,...---- 
based on dlmen· 	 --.,-------1·-......,,..,...-- pcrpen. ball to U 1f.5 Parallel. Cleav. m: . Mols· on volum&- WeightSIIIp	 slons when greeu Place ilr growth o( material Moisture Trees Rings Sum· ture per 	 Work Height dlculnr diameter togmlll, age'lond to.ll'llln'ment SpoolllS (common and botanlcnl namll3) 	 ertested oondltlon tailed ,P6_[ wmood oon·I---.._-1 cubic 1_____-- Stl'CS!l 	 __-;-__1 Stress Work of drop Stress .Muxl tOt grain} ."__ ___ Wllrl; to rouse maxi.' no. 	 n M Odll' 1\fodl\. ut to causing nt • s ress n. mUll spllttlug mum- ~ ~ 	 d~ 

Ius or I~~r Propor. propor· propor· completQ propor· mtb'r Ilropor. shenrlug tanslleWben Volu. nil' Tan· tFo~~1 rupture LleUY tlonal 
I\[ru:l· tlonal Hanni failure tIonlll crus nh

g tlonnl l'~Jl(1 SId strength strengtllAt talt oven· 	 mum 'fotalmetric dial ~Y~i limit 	 limit limit (liO-pound limit s rcngt limit. edry 	 IImlL lond hammer) 

-----------------~-·I-----------I---~---- - --~-- -- --- _.-- - ..~ --- --.--. --- --- -..... --- - --- _. - - --- 
3 5 6 7 8 10 11 12 13 14 '15 16 17 18 19 20 21 24 25 20 27 28 30 31

1-----------1--- ------------ ------ -- .~-- ,-- --- --.. -.--.- ---- ._---- -___ --_ ---_~ _ -_,_______ 
f,OI)!) In.·lb. IIIAb. 111.·/b. 111.·lb. 	 Lb. p<r

Num· Num· P<r· P<r' 	 Per· Ptr· Per· Lb. per Lb. per lb. per ptT cu. 1M cu. p<r cu. l~b. p<r per cu. Lb. per Lb. per Lb. per Lb. per· In. of Lb. perBorrwoouM-contluuctl b<r ber cenl unt Pound8 unt Ctnl unl 8Q. In. 81/. In. 8fJ. In. In. ill. in. 8'1. tn. in. Inches sq. in. 8'1. In. aq. in. Pound, Pound8 .g. in. u:ldlll 1'l. In. 
Oreen... 4 17.4 ao 135.8 0. 332 0. 365 49 i. i 3.3 5.2 3,920 6,400 926 0.94 6.4 8.8 7,320 2.4 li 2, 9~0 3,270 39:\ 570 :lSO 834 100 284 

318 Collar, incetlSo (Llbacedru. decufrtnl) ...................... I.nno County, Oreg_•••••••••• Dry..... Z ........,... 1.1 .311 ""'" ..................... "'... 7.378 •••11 .,2'6 2,31 '.9 7.8 11.121 6.2 17 6," 7.He 8U I,'n 5%1 "' ......... 118 


•••••lIo••_.......................__............"..... ""'" Wood. Cnll! ••_•••••___......_. g~~::: :::::: ,~~:~. :::::: .~~:~...:~~. ::::::: :::::::: ::::::: :::::: :::::: ..~~~~~...~'.~~.....~~~. :::::::: :::::::: :::::::: ::.::::: :::::::: :::::::::: :::::::: ...:'.~..__..~~~. :::::::: :::::::: ::::::::: ::::::::: ::::::::: 

319 Oreen... 6 23.6 25 52.0 .411 .470 39 10. 7 5.2 8. 1 3.920 0,800 1,497 .59 7.8 21. 1 11,330 2.7 25 2, USO a.280 385 M5 475 881 164 	 240C~"I~, Port Orror<1 (CAalliaeruparl'law~lIlana)........... Douglas County. Oreg........ Dry..... I ...... ...... I.' ••" .. .... • .. •.• .... 8.880 U.510 2,03, 2,25 12.1 23.6 17,600 7.2 3t 7.368 7.751 1,12$ 118 6tt1 I,'H »II Al 

.5.1:.1 •••••<10•••••_.....................,....................... ••• Coos County, Oreg............ Oreen... II 22.. 39 38.2 .392 ":.423' - iW' iI:i . 4:2' - 6.3' 3.1/80 6,840 1.375 .1/8 7.2 9,080 3.2 19 2,050 3.040 332 414 364 808 78 142 


- - - . Dry__...' 1'.1 .ttO 	 7.170 10,010 1,6U 2.20 8.0 1~.3oe ,.. 23 ',U8 93t 707 528 1!4 211 III
nn' C I ., (J' I I I ) n I to C t Vt Oreeu... 6 'i2;'ii :::::: 35.1 .442 ":492" · .... :i7· "Tif 'Ti' '-ri' 3.430 7,030 649 1.08 15.0 "':i4:7' 6,990 2.7 :15 "2;'540' a,570 864 760 646 1,008 170 	 331 
"'" ·0I1l~, etlStarn ro" 1L7IIPCTUot r ru n alia .................. enn nC n oun y, .,..... Dry..... 3 15.1 .484 3,G7I 8,280 81% 1.03 t., 8.040 1.0 U 4, Zit I,'" 810 IU 

751 Green... 6 'i:i:4' :::::: 25.0 .m ":453' ·· .. ·33· "'7:0' 'T2' 'To' 5,050 8,350 02\l 1.m 8.8 '--io:i' 10,&10 6.4 18 'Tiiio' 4,360 Oil 809 ....580· '''i;iiis' 208 ..····398 


COtllll', ~ouLberu rud (JIUllptrUd sp.) ....................... Marion County. Fla.......... Dry..... 2 I!.' .448 7,'!tO 8,450 I,IG' 1.88 S.' &.6 10.~70 '.3 n 5.ISe 6.370 .811 .,'17 688 758 

2'.l4 ColI!U', western rl"l ('17,u111 plica/a) ...__................... 
1\1lSSOUIIlCounty,Mont..•••• 	 Oreen ••• 5 ·20:0....42· 32.8 .294 ":327--""24'''Tii''"2:a''Tfi' 2,890 4,750 686 ,51 4.5 7.1 6,360 2.0 10 2,380 2,630 2iS 394. 246 698 ..•..i32..·----:iiii 

Dry.__.. I •••••• ...... 7.3 .31' ............................ """ 5.440 8.880 1.220 1.31 4.' 1.0 0.980 3.8 10 5.tto 6.... 55. :w an 8~ 1~ ~: 
:!O.1 Cudllt, western (TIIU}a pl/cala) ••••••__ .................... Snobomlsh Count'".. Wash..... 	 Green... 5 19.5 31 45. 2 .326 .360 30 8.6 2.5 5.0 3,020 5,730 1.021 ,74 5.6 10.3 7,820 2.9 18 2, 700 3.050 351 02 272 7 


J. Dry..... 1 ............ '.5 .3$8 '.878 '.5%1 1.281 1,18 '.1 ILl 9,158 3.1 U 5,7~0 .,UI 8.. 875 4%8 181 U8 

930 .....<10....................____.....__........." ...__•••••• " .,. tchl"- Al ,.- Gl'OOn... 5 17.5 ...... at. 0 .311 ":340' ""'ii' "To' 'T2' -Ti}' 3.040 4, SSO 850 ,0:1 4.11 12.0 0.1i50 2.li J7 2, 330 2, IiOO 37a 430 289 091 158 ·"·· .. 279 


• ,eaJ'48 .....11. as""...... 	Dry..... :a '.8 .33' 1.200 8.500 1,1&1 2.07 6.' ta.I 8,320 3.. I. 4.8te 5.688 7ft ," lit 118 In .. 
18.5 C dQ1' tI hi (n J Id / I' ) SII C t Wis Oreen... 6 '23~4" '''00' M.O •293 "~m' '--"28' --To' 'Ti' --4:7' 2, 000 4,250 643 ,60 5.7 B.9 5.290 2.0 IS 1,400 1,000 288 321 226 010 144 238 c ,nor lorUW Ie Ilaoc~ ena .. ........--....... nWllIIo oun y. •....... Dry.__.. 2 .• .. II.! .311 ....__..... __.........",••• 5.1" 6,7:18 811 l,st '.7" 5.9 7.200 2.8 12 .%,nl 4,140 38. ... 338 Hf U' 
 m 
on' C·' t~ "It (,.. i /< td ) l' kl ham C t N Ii' Oreen... /j '2!Yo' :::: .. 37.1 .320 ":36(1 27 • 7:5 3:2 1;'0 2,000 4,400 641 ,45 0.3 15.0 5,220 1.8 20 1,160 2,220 275 413 300 O\l!l 114 	 150""" ou!U'.sou .. ornwue ""amaecvpan"vo t& ....., ••••• ,oc·og ouny,. ···Dry..... S .LI .323 	 3,~1 5,831 8.lZ 1.1l 3.8 '.77.8S0 2.8 14 2.... '.371 Gt, An 37% 718 n. de

Green... 5 'irii :::::: 33.4 .299 ··:345....··25..--D~4" "2:5"'5:4" 2,940 4,980 B63 ,57 5.4 11.4 6,730 2.5 10 2,160 2,560 326 394 278 fl90 131 208891 •••_.tlo..................................................... Pasquotank County. N. C.. .. 
Dry..... , __ ....__ 13,1 ,3!t ••__• ,_ •••__............. __ •••• 1i.11lt 7,31l11 1.... I." 4.4 '.1 7.S11 :t.O 14 %.818 4.... "' 488 3n 811 lit %II 
1',5 c· ( '. _.,. . I) (St. John the Baptist Pnrlsh, Green... 4 '24:8 38 79.4 .452 '~513 51 11.5 3~8 6.0 4.430 7,110 1,378 ,90 5.1 14.3 8.290 2.7 23 3,440 a,960 518 460 351 818 100 246,$ press, southern '1 lUuulU11I II 8/lChlllll ...........--...... Ln. 
 Dry..... 1 ........ n.l .413 ....................__....., __• 8,4" 1I.3tO 1,7%. 2.73 7.8 18.0 It.17. '.6 n &.161 '.Nt 71& '51 61t H' I.. fU 


Green... 0 "jj~o 26 92.4 .386 -':439 40 10.1 ............ 3,7iO 6,000 1,001 .79 7.3 19.7 7,800 2.0 25 2,750 3,J70 42~ 474 463 R2'i. 188
3tl..<! •. "tlo..................................................... Pemiscot County, Mo........ 	 310 

Dry..... % ............ I.' .'u .................................. 8,861 11,221 1,'11 3.%2 7.0 lZ.6 11.230 4.7 %7 ..... '.771 I.m 8Jt 464 I.I~ 178 US 


6103 •."do...........................__..........__.......,..... St. Bernard Parish, Ln........ 
 Green........, 23.0 52 89.0 .443 .510 5210.7 3.06.2 •• 230 6,420 1.181 .93 5.4 12.8 0,3·10 3.8 26 a, ilO liOO 448 408 l82 1M 270 

Dry....................... 1%.. 8 .'st .............__.............____... 7.080 .1,788 1.'5,) I.D8 8.7 '.9 16.7'8 3.8 25 ',Iat 14' 1148021 I,N' I.. IN 


734 •.•.do............................................__, ..... AscenslonP!U'lsb La GreeD......... 22.9 26 98.3 .. 4J( .457 61 10.0 3.7 6.4 4.470 6,750 1.182 .110 9.0 9.S 11,240 3.5 25 3,610 lila 3.1~ 3iO 848 194 380 

. , .......... Dry........... __.......... 11.. 8 .441. ..........................., ...... ',181 ',IIC 1.211 I.st 7.' 8.. 1 1,111 3.S H •__..... 0.'" .n /i83 448 818 IN 21. 

316 I) I fl ( LL ) (P /0/ I rfil') lAlwlsC ty Wash t 8 12.3 32 36.0 .474 .514 40 12.3 5.0 1:1.3 5.320 8,040 1,627 .. 98 0.8 21.3 9,470 2.8 26 3,780 4.130 558 lilO 480 006 162 232Green... 

oug as r l'OIlS Ylle Stll! >Ilga ax 0 1U .........._.. oun. • ......-- Dry..... Z .........__• ••• .'" .............__ ................... n,m 1I,stl 2,3t~ 3.'6 '.i 3&.:8 15.521 Ii. 8 ".'.m n.l" '."" .,8Si8 I.U' _ 


318 ....,do..................................................... Lane County Oreg Oreen__• 5 10.8 36 35. 2 .401 .530 39 01.3.2 6.7 7.6 4,800 7.860 1.0iU •• 80 7.0 20••4,9,850 3. 1 ~7 3,440 14.080 641 li3B.. 5,!' • ,2 J02 

• •.......... Dry..... Z --.... '''''' '.1 .'2' .........--....................... U,S711 15.251 %••80 ... 38 '.! 3&.V.m 8.' ,% I._ t."1 .,114 I .1 .1 1 ""'1''''' 


3:!5 ......do.........................." .........__.....__........ Chehnlls County Wash loreen... 5.8.8 39 39.7 .4H .473 30 12. 5 4.4 7." 4,280 7,010 1,407 .74 0.1 15.7 B,890 2.7 22 2, 780 3,. 410 ~8.l 484 4'~6 1.2~ uu 

, ....... Dry..... I __.... __.... S.I .411...... ........ ....... ...... ...... ',51a ...... l,i5' 1,67 4.' ILt 10.... 3.2 II 7,. 8,1" .,114 888 • • 1ft 


"""2iii
351 •••••do........................................" ........... HU!lIboldt County, CaUL... g~~::: ~ .~~:~....~~. 4t~ :~ ..:~...__.~~_ ..~~:~...~.~...~:~. 1~:~~ lI:m l:m d~ IU it~ lU~ U ~ ~J~ 1~:= ~ = = l.m t~ 	 .,

172II~ .....do.......................__............................ Clatsop County, Oreg......... 	g~~::: :::::: .~~:~....~~. iN ::i: ..;~~......~~_ ..~?:~. :::::: :::::: ~:rJ lU~ ::~~i d~ ~:: 15.4 Ig:~ U ii 3,:<ru ::~ ::s ;~ ~~ I.~ t:: 
 iii 
321729 .....do.................__................................... Washfugton County, Oreg••__ 	 g~~~::: : 15.~....~. ~J :~ :~......~~ ..~::~. :::::: :::::: U~ .~:~ ~:~~ dA IU ........ ,~;~: u i~ ~:~ ~i ~:~ m/ l:m m 
 1M..Oreen... 3 'is:1 37 30.4 .~29 ";477 35' U,5 4.8 7.5 4.&10 0,800 	 1.411 .85 6.0 0.8 11,000 4.5 23 3,470 471 508 44(1, 8(9 190606 _.._.(I0...................................................... Clark County•.Wash.......... Dry._..' 11.' .U! 1.stl 11.451 1.'" ~.t8 10.8 11.1 U.m 1.1 n ',Iii H' III 5I\l'l .,1" _ 3M 

973 D ~Ias 11 (I t r n'ldl t t ) (P. dot.! I iji Ii ) LI coin C unt M t Oreen... 5 'iii~3' :::::: 48.8 .430 ":003' '''--:to' "ii:2' 'To' "7~i' a.890 7.110 1,437 .00 7.2 15.0 9,620 3.0 25 "2,"iiio' 3.450 518 541 48:1 888 226 :wou" r n e ' ..Il a YIlt! 3tU uga an oa .... n 0 y. on ........ Dry..... .. •• """ •• , .'71 ............................... 8.n. 13.4tII 1.78% !.M 10.6 IS.S lS"" S.. 3t .... 8.ut 1.188 III' '15 1. III _ til 
97 ' ., Shash Co ty ldah Green... 5 'iii:6 ...... 35. 9 •390 '~450 33 10."6 4.2 7.0 3.290 0,390 1.239 .50 0.5 11.5 7, BIO 2. 5 19 2, 310 3.040 485 S13 448 859 m 344....._"0..................................................... one un. 0...__. Dry••_.. I . '.8· ••21 ',861 11,3" I.SfI 2.22 7.2 15,3 U.4lI0 t.' tt '.14' ',121 1.1M l.. .28 I. lilt 171 IN
331 do Plumas Count carn Oreen... 5 'iDT'--34' 00.5 .401 ··:4ii~······40· ..ii:7..·4:5···ii~i, 4.:«0 6,1180 1,376 .78 fL2 12.3 8,610 2.7 21 2,790 3.420 447 485 123 781 III 222 . "'" ••••---....................... ...................... y', ----..... Dry..... 1 ........ I.Z .... __.. ''''.............. __ ••__ ..... 13,8St 1,8'~ 2.73 11.2 H.' 12.no 5.' 217.81' ',171 1.1" 8H II. 1.1" m 

2. Douglas fir (Rocky ~[qufltain) (P8eudOlauga taxifo/ia) ... ____ Johnson County, Wyo ... __ .. ____ Green... 6 'i7~3 22 32.0 .418 ":458 34 • 10.9 3.7 6.6 3,570 6,3~0 1.242 .59 7.0 14.9 8,870 2.8 20 2.410 2,920 427 415 408 B56 133 

m 
Dry..... I .2,1 .W I.... •.•::8 	 1.ln L'8 6.3 13.5 lI,M'. a.. 27'.771 ',1It ,.. m 81. I,JIlt 1ft ......34ij

3iO .....do..._ ....__...........__............................. Missouln County. Mont....__ Oreen... .5 '26:2' "'32' 45.0 •392 ··:~33· ....·a5" "10~3' "3~5' 'Tl" 3,130 6,410 r,I2i .71 6.5 12. 6 0,260 .3.3 20 2,600 3,090 m 482 393 897 lD5 

Dry..... • ...__....... 1.8 .,~ ............................. 1,11' 11.410 1.6~' 2.18 I.' 11.1 Hint 7.1 18 5.'" 8.1. 1.1&8 '8% ... 181 ..8 11& 


:!5 Flr.nlplne(Able'/fl8locarpa) ....................__........ OrandCounty,Coloc__••••••• Green... 5 15.0 """ 47.0 .306 ":32i 2S 9.0 2.5 7 . .1 2,360. 4, ..450. B821 1. 39 4.4 5'i 5.280 1.6 ,9 1,690 ~ooo 307 284. 219 1 ill .1..32 

Dry..... I ...... " •••• II.' .321 ...................... """ ...... ',821;;, ~7 .73 3,. 4. ..... f.l • I,SIt ..... 5N 4% "' ..... 


300 Fir b"---C'bl',ba/ 1\ ) SaukC ty"'1s Green... 5 12.0 26 117.0 .335 .414 45 10.8 :l.8 6.6 2,1180 4.900 964 .52 4.7 0.9 0,900 2.3 16 2,080 2,400 210 2811 291 012 130 
 ......ii6 
, """"" .... .8al ta .......--.............------... oun ," ......-..... Dry..... 2 ...... __.... '.8 .IM 	 1.110 I.... 1.4311 ~.ll 6.' 13.' 8.... t.' 13 5.81' '.'" •• ," 1M 788 
 181 

1082 Fir. eorkblil:k (Abita arli07iiCa) ............................ Taos County. N. Max........ 	 Oreen... 10 13. 9 ...... 62. 6 .285 ":iii6' ....·29· '--ii:o' "2;'6" '"6:9' 2,520 4,220 1>17 .43 4.2 5. 1 5,640 2.0 12 1,630 2. OlD 194 279 210 695 ""'i5i' :!lie 

Dry..... • ............ ILl ••' ........................... """ '.UII I,H' .,133 1.1: 4.5 6.3 8,_ f.7 n '.'1. '.:181 "I SI2 IN 6" .n 171 


224 Fir, lowland whltQ (Able~ grandi8)_.................~..... Missoula County. Mont...... 	 Green... 529.2 36 l56. 8 .376 ~431 37 10.9 3.5 6.8 3,MO 6,090 1,311 ,57 6.2 17.6 7.000 2. 5 25 2,510 3.030 316 448 375 135 146 222 

Dry..... • ...... -'•••• 7.4 .&11 ................................ '.UG 12,151 1••1t t.1I 1 •• ' 11.7 14.78' '.8 It 5.17' ',74' 114 'U ... I,m ... IU 


319 .....40.........__.........._...__..................-..... Douglas County. ORlg........ Green... 5 7.4 24 130.2 .363 : 4lY1 52 ]0.2 2.9 7.li3, 620 0,030 1,286 .1i0 6.0 121 S,270 2. 7 19 2, 760 ~,020 355 387 348 786 1M 	 248 

Dry..... Z '.1 .IN ',stl 1,8" 	 ....8 1.17 5.11 :It. 8 11,m '.1 U 1.1.1 7.~' 1,171 881 1= t8S ... 218 

270 Fir.lIoble (Abill nobll~) ................................... Multnomah County. Orec.... Green... 5 '22:'9' "'if 41.2 .350 ":4Oi' ""'ai' --13:6- '"4:9' --jj:r 3.420 6.690 1.281 .53 0.2 14.8 7.800 2.0 20 2.390 2.700 309 305 2M 098 1311 182 

DlY..... 1 ...... ...... 8.' ... ....... ''''.__. ....... ...... ...... 7.... 11.'51 •• 701 t.n t.' 1 •• " 1%. I,. 4.' :n.," 7. fll 811 811 4IJ 1,'" 1M .11 


616 .....<10.................. __.........._ Green... 4 8.3 42 28. 6 .353 .3IIG 28 11.2 4.0 7.2 3;940 ... I, ~ 1.71 5.8 191.4130 3. 3. ~81 ~ "/SO 3~ 365,.. 3! I sr. 176
__......, •.•••• ............do..............._______.__ 	 15•920 ... 2114

Dry..... ,.-........._ I... ..71 .....__ ........ __.... ...... ..... ',. 	 1,5.a .88 t.' . " 3. _. ',a too " __..... 	 IUON 

126601jD-lm. (Follow p. 99.) No.6. 



:}' , 

TABLE 21.:-Strength alldrelated properties, by localitieil, oJ woods orowll in the United States-Continued 

Shrinkage from statio bending 	 Impact bending Comsrossloll Hardneil8; load S~Ulo 	 parallo to grain green to oven· 	 Oom. rO~Ulred to em·IIl'BV ft' oven 	 Tension 
dry. IIS8d 	 dry ollndltion pressloll be a O.""lnch Shear 

baSed on dlmen· )lCr~I\' ball to~lts parallGIMolS- on volume- Weight 	 OJeav· ~ Sblp. 	 alDns when green Work dlcular diameter tograinlPlaee ot growth ot material Moisture Trees RinI!J Sum· ture per 	 Heigbt age: load tolBin;ment SP!lCles (t'QlDmon lind bolanlclIl names) mer 	 Work stress to grain; maxi·tested condition tested con· cubic Stress stl'C$S otdroP 	 to CRllse maxi·Modu· 	 MIIXI· stress Rtno. 	 I~ wood teut foot at pro- Mo<lll' nt to enuslng lit mum splitting nlUDlIUBOf 	 mum propor· nhearJngIllS 01 	 propor·When 	 Tan· r,::r. elas' ProllOr· Max/· propor· propor· comiC/ote crushfrig tlonal strength tensile 
Volu· Ra· tonal rupture tlonnl tlonnl la uro tfonnl 	 strenghtAt test oven· gon· tlclty tional Iuum Total 	 ~tren!lth limit End sidemotrlc dial limit 	 lIuilt limit ~50-pound lhultdry tllll 	 limit loud !Bmmer) 

-------- -_.,. ---	 _. 
<I-	 -.- ------ --.--- - --- - --- --- - --- ------ --- ----

I 2 	 3 4 5 6 7 8 0 to 11 12 13 14 16 16 17 18 10 20 21 22 23 24 26 26 27 28 20 3IJ 31 

~ 	 ~ --	 ------------ -- --- - ----- -.-- -......- ------ - -------- --- --- -'- 
1,0011 In.·lb, In.·lb. 	 In,·lb. In.·lb. Lb.ptr

Num- Num· P~r· Per· Per- Per- Per· Lb. per: LIT.£er lIT. per 	 per ca. Pfr ca. perca, Lb.£cr pcr ca. Lb.£er L6.~.r Lb. r,tr Lb. 1::.1' In.ol tb;ptt80nwQOI>:l-contiuuod beT ber Cffit cem PouIllU ctnl cent cent sq. In. sg. n. sg. In. in. in. in. s,.Jtj In. Inches 8g. n. sg. n. sq. n. Pound. Pounds sq. n. Ivltll ,g. In, 
Groen ••• 5 10.8 39 101.1 0.372 0.421 48 U.8 3.8 0.9 4,140 6,980 1,065 0.95 U.7 12.6 2.8 22 2.830 441 387 3I!0 923 191 MO5111 Fir. Cllllrornla rell (Ablts magnl.lica)....................... Plumas Oouuty. Calif••••••••• 	 Dry••••• .nl S,'IO _,8st 1,181 1.U 8.8 13.' It: 9flO 33 --i;sar 1.871 ~ 114 1,_ IH III
I •• ' • 	 ••• "IGrecn••• 6 ·i2.".f "'ii' 65.8 .351 "~4i5' •••••30. --iri' ".:6' 'io~o' 3,MO li,600 1,257 .00 6.0 12.6 pao 2.2 21 2,380 2.67U 289 362 310 67f 146 238263 Fir. stIver (Ablts amabllls) ................................. Snohomish C(1unty, Wash, ••• 
 Dry••••• 1 '.a .nl 	 7,'3' 10.57' 1,IM 1,73 10.3 24.0 1 ,9311 5.3 %, 5,U. B,", 678 11. m 1,181 II• ··....2~Grecn••• S 'To' '''30' 156.5 .350 ":388" ""'00' --iii:ii' ..tr 'To' 3,880 6,970 ,1,131 .77 b.? 15.7 1,230 2.2 18 2,610 2,800 44" 381 328 732 J66147 Fir. white (Ablea concolor)................................. Maden\. County, Cnllf•••• " •• Dry••••• I .S7& 	 7,eso I.... 1.8_ 6.5 13.0 8.... 3.2 H 41.07' 7Z1 m ... 17. till
'.Sot 	 I.'"••• ":300' ·····43· '--0:0' '-:ri' --0:0' 	 ',16'Orecn••• 5 'io~6" 20 122. 8 .312 	 2,940 4,920 918 .M li.l 7.6 1,000 2.9 18 1.810 2.210 200 309 278 734 150 262465 .....dC)••••••••••••••••••••••••••••••••••••••••••••••••••••• SM Miguel County. N. Max •• ..Dry••••• I 	 ....._... ... -...-.... '.%40 '.U' 1.%11 1.83 8.0 U 10.41. 4.3 15 ................ 5.... 778 '18 "I I.Hl
••• .m ":420' ·····43· '''ii:ii' 

.. -	 ·•..·isi"Green.•• 10 'ii'o' "'iif 1l0.7 .365 	 -......_- .........-... 4,2110 6,050 1043 1.02 6.1 .....~- ........ !I,1i1O 3.3 25 ................ 2,020 3SO 381 366 760 3~
•m •••••do..................................................... Plumas County. Calif••••••••• Dry••••• 1. ILl .188 	 •• 71' 1:125 1.7' 7.~ 1:1.2. '.1 %1 G.SH ill ,~ .11 .IS ,7&
I"
"~3ii" ·····40· '''0:2' 'T3' 'To' ',43' 	 "'iilT 6,330 2.2 17 "2~i40' 2,750Grecn••• 0 'ii-iT "'ai" 120.0 .340 3,410 5,770 917 .73 6.6 	 420 463 344 802 160 2U7165 .Hemlock. eastern (7"lIua tanadtnBl8) •••••••••••••••••••••• Marathon County. WI~....... 	Dry..... 1 '.1 .ns i,380 7,51' 1."8 1.65 S.O 8.' 8,%~ 3.' 11 3.a71 6,7" m bID .., J.U8 JJ. 

Grecn... 1\ 'io:,i" '''iiir SO. 8 .4211 ":501' ·····.8· "ii:o' '"3:s' '"7:8' 4,000 7.600 1,330 1,02 6.0 23.4 U,490 3.4 21 3,350 3700 574 ~f8 468 051 160 ·• .... ili7 
226 c••••do..................................................... Sevier County. 'renn.......... 
Dry••••• 1 7.i .415 	 '.fl71 11.13' 1.557 2... G.7 16.9 10.710 8.3 31 7.37' 8:38. I.M ~1' i8A 1ft1.=Groen... 5 'i7:8' '''a6' n9.3 .358 ":398' 49 '''8:6' 'To' 'Ti" 3,400 5,910 l,nt4 .64 0.2 14.5 7,240 2.4 20 2,MO 2,830 382 485 432 142 ·'."'20& 
865 •••••110_................................................... Str.lIfor<i County, N. H ••••• :. 
Dry••••• I 	 ........ 8.8 .380 ..U' 8.%8' I.US 1." 7.4 10.% U.3OI 5.1 f8 3.SH 6,'" ..8 SIZ Sf. 


Grecn••• 5 . iii: ii .. - 114.1 .392 ":431' ··•..52· "'ii:5' 'To' 'Tr 3,460 6,390 1,032 0.66 8.2 16.7 8,600 3.4 23 2,350 2,970 3116 476 ~61 838 ·· .. ·i..· . """3)i
001 Hemlock, en.~tern (second growth) (Tauga candenBl') ...... Dennington County. Vt••••••• 

!~:: 
5 

.. _-
1%.1 

. 

.411 ... .....•.. "iii:s' 'Tr 'Ti' 
_••11 '.810 1.151 1. 7. 7.' I.' 0.278 

7.1 

3.' II '.581 6.87' 

1.'" 

761 ~II 

." 
'" ron I.=~ 

I" 

* ..1M 
5 '22."6" "'45' 70.1 .418 "~480' 3,490 .6,030 936 .78 9.4 30.8 8,770 3.6 36 2,fi50 2,890 3911 679 464 lro 362224 Homlock, mountain (1'mlla me'ttnliana).................. Missoula County, MonL ••••• 
 Dry••••• 1 8.. 	 7.448 11.441 I.lse :e.7t 9.1 12•• 13.... 38 ~.4" 7.11' 1.%81 1.211 

Grecn••• 5 '20::r .... -
.450 ":531" 43 "irii' '"4:4" 'T6' 4,080 1.217 .80 0.8 26.5 ~,360 3.4 ~ 2, 530 3,410 645 611 544 936 201 am930 _...... _~do .... _............._.._.... _............___ .......'*- ....... ___ .. _ .................... _ ... _ .... _ ..... Near Girdwood. Alaska •••••••• .... -- .. - M.l 	 7.150 


Dry••••• 3 lU 	 8.S11 12.581 1.521 lI.7I 8.4 13•• I .8~ lI8 6,'ft 7.7%' 1.178 1.112 812 1.18$ 1M.." 	 5.' .. 
Green... Ii 'io:ii' "'27' 71.1 .376 "~43r 40 "ii:ii' '"4:6' 'To' 3,450 6.070 1,102 .58 6.0 13.1; 1;800. 2.4 20 2,3~ 2800 300 643 '32 .r,os 168 2M32.'; Hemlock. w\l8tern (Tsuga AttcTopA'lla)•••••••••••••••••••• Ohehallis County, Wash•••••• Dry••••• :a .... ---- 6.' .417 	 8.'" It•• 1.5U %.48 6.1 18.1 1~.t3t ••• 28 7.7. 7:.10 81a I.m .11 l.nJ .. ···igi" n. 

0:111 .......... ~tlo". ...................................................................... _.......__ ................__...._.. Near Cordova, Alaska •••••••• 	 Green... 5 21.0 .. -.. --- 78.6 .360 ":m' 40 "irr 'Tii' 'To' 2, 970 5,650 1,117 .48 7.0 17.0 7,700 2.7 21 2,460 2,780 3!lS _ 440 376 769 334 

Dry..... 2 '2i:o' ............. 11.' • at' -----.... .......--...... ---- ....... _.... _- .. ...... --- '.130 t,U' I.'" 1.st 1.' 13.6 1:1.1" 5.4 %3 4.8H 6.811 UI .1• '%7 1.178 tt7 &7 


939 ... _.... _do. __ ........._....................... _...... _......._....................... ____ ..... ___ ..........."' .. Near Ketchikan, Alaskn•••••• Grecn... 6 ---- .. - 65.8 .~7 .472 42 12.5 1.5 1.8 3,700 6,580 1,316 .62 7.3 21.0 8,510 3.0 26 2, 640 3,240 458 559 484 840 207 331 

__ w ..... _Dry••••• 2 11.2 .~ 	 ......_-- 8.110 11.'se 1."5 ~.~o B•• 13.·7.. '.2 3t 8.1%1 7._ 1.'71 "7 I.I$S ID2 341

":436' ·····45· ""irS" 	 17.'Green•••. 2 'iLs' '''4i, 01.5 .380 	 3760 6 ISO 1 273 .62 6.6 .. ................. 8,990 3.1 20 .. ......_-_ .. 3,IHO 323 fHl 3115 711S 168 300
5U3 •••••d(1.................................................... Orogon........................ 
Dry••••• 2 .....-....... --- .. -- lU .4.4 ,:". .:.70 • :535 :t.N 7.' 13.1;t 6.0 %, 6.%7' "I 8A! In I .... IN .3 

41).1 JUIlIt,.-r, ullfgutor (Jllniptrll;s pac~uphlota) ................. Coconino County. Arl~ .••••••• Green ••• 3 --_........ ............ 39.6 .477 ":M5" ···..42" "Til "2~7' 'Til 3,640 6,560 450 1.67 13.4 "'iii:r 6,810 3.9 21 ··2;'ioc• 3,730 1,029 963 !l23 1,281 ..........---- .. 


Dry..... I 'u,'il '.1 .5t8 	 5.740 •• 16' .81 2.1& S.8 &.581 :U H •• ft. 1.1l« I.Ut 1.* • .... i68· ••....22tI 
Green ••• 8 37 611.2 :496 ":~r 61 ""ia:ii 'Tit 'Ti' 1.870 7,630 1.369 1.01 7.1 '''is:2' 1/,380 3.7 24 "3~3iKi 3.8iO 1iIi9 466 4~2 ""'liit"

2'/6 r.urch, west6rn (Larlj;o(c/Jenlalls) ......................... Missoula County. Mont•••••• 
 Dry..... 1 --_...-... -_ ......... 8,S .JlS ... ..... -- .... 	 ..... _- 1'.180 la.M' 1.8ao a. .. U 18.11 17.... 8.' 3l 8.17. I.ISI 1.181 lIN I.m III .. 

Grecn_. 	 ·.....2· --- .. _-- .. ---_ .. ... -

7,2[>0 ................ 3,030 '.'" ...._....-_ ....
5 20.0 -----.. ~O 	 .460 -----_ .. .. .. -_ .... ----_..... -- ... ~-- 4,270 1,310 3,700 ........-........... ..---........ .. ---- .. -- -....-..-........
........ .. •••••do.................................................... Stevens County, Wash_••••••
~ Dry..... U.8 .411 &.0" 11.%31 1.1i85 	 4.t,. 6,JII 
Grecn... ····6· "7:r "'30' 11l1i.0 .394 ··:.j61' •••..50' "iii~r "3:r --irs' 5,UO 921 .... -·..~5r "'To' ·--2i~0' ··7;ti5ii· ""sT •....,·30· 2,180 2,580 ..···37S· ....378" ....36il ....·750· ""'i76' . ·····3083.000300 Pine, Jack (~i1u. oonk8lana) .............................. Barron County, Wis.......... 
Dry••••• 1 LI 	 '.17' 1.415 1.81 6.1 8.8 13.1H •• 8 31 7.77' 1.1M 811 7. tl' ut 
Grecn ••• 'is:3' "'iii' 101.1 ."' ";425' ··• .. 47· 'Tf "0::;' '.M' 4,960 982 .60 4.7 14.1 7,100 2.6 2,050 2,370 353 319 3t2 ....·694' 156 2685 .371 9.9 3,170 	 2\m Pine, Jeffrey (PlnU8}tffrtvl) ............................... Plumas County. Cam......... 
Dry••••• 1 8.7 .41' 	 8. 8ft U.8" 1.11S 1.4% 1.1 It.J 14.%51 I.: %0 5.1" 118 741 III 1.45! 178 

.3U ";.j2() ·····39· 	 '. fill·'i4:r '''24' "2:T "5:i' 	 2.6 18 1,~00 2, 410 316 312 737 'I'Grecn••• 2 67.8 8.2 3.860 6,260 795 1.08 5.2 8.3 7.140 	 299 170 268465 Pine. limber (Plnu. jlcz/lia) ............................... San Miguel County, N. Mex•• Dry••••• .... 	 S••S, II.Z40 7.6 8.8 13.... •. a 1. 7.... .17 81. 488 SZI %88 HI
I 7.' 	 I.... Z.78 
Grecn ... 10 "s:ii '''42' 71.8 ./iOl ":693' ··..·M· "i2:ii' 5.5 "7."5" 4,680 7.620 J.431 .89 8.0 26.0 9,400 3.1 32 "2;870' 3,670 M8 405 45l! 9!H 186 284314 J>Jne,Joblolly (PlnuJ tatdll) •••••••••••••••••••••••••••••••• NSSSIIu COllnty. Fla.•••••••••• , 	 14,_Dry••••• L' .17' 	 n.7H n.m t.l. a. 7. '.0 II.' 2~ 8.%7" 11.... 1.615 I.m 8. 1.7Z1 !II Ilt··itf '''32" 	 I.'Green... 10 88.2 ••55 "'~536' ·· .. ·53· "i2."9· 'To' ""8:0' 4.000 7,440 1,415 .66 8.8 26.2 8,580 2.8 29 2,760 3,560 4i8 434 457 8i4 173 1611010 •••••do..................................................... Wicomico County. Md•••••••• 
 Dry..... II --_.. - 11..' .114 	 ".HI I,M8 t.5% 11.7 17.' 12.710 4.1 33 5.$51 7._ 1,'18 ," n. I,'" all as 
Green ••• 10 9.6 

.. '''36' 108. /) .465 ":MS' ···..iii" "i2:ii' 'Ts' "iT '.'"3,S10 7,610 1,461i :59 8.5 28.3 10,120 3.9 31 2,400 3,670 421 439 474 956 1M 1661016 .....do__ .................................................. Beaufort County.~. C....... 
Dry..... II lU .617 	 8.181 13.6H 1.8~7 t.I' 10.' 17.' H.l:/1 '.5 It '.'81 7._ I.m 81. 7ft I, lSI fl. III 
GrecD••• Il "ii:ii' '''ai' 81.3 • 4f!3 ":533' ·....52· "ii~3" 'To' ":;:0' 4,280 7,330 1,382 .76 8:4 24.4 9. blO 3.3 3t 2, 300. 3,410 59l! 436 H7 798 222 3881006 •••••do.................................................... Grecnwood County, S. 0 ...... 
Dry••••• 1M 	 7.IH 1%.840 1.8al U. 11.0 17.' 1~.31' 4•. 1 3f 4.U' e.84' 811 S88 175 1.:" Z8t CIt• 	 -.Grecn••• 10 9.8 '''a2' 75. 3 .468 ";53il ·....5i· "i2:i) "4:ii 6.8 3,980 7,220 1,412 .64 S.3 22.0 8,170 2.4 29 2,450 3,410 457 412 440 790 188 33&1321 •••••do.................................................... Nansemond County. Va•••••• 
 Dry..... II 11.' 	 '.ut 13._ 1.851 1.71 11.2 17.8 11. til 1.1 31 '.'H 7.1" 7.. 7" 1.118 ttl K8 
GrllOn••• 10 60.9 .U8 3,720 1.322 .50 7.6 	 424 7501326 .....do..................................................... Bertle County, N. C•••••••••• "ii:1' "'32" •• ";sii' ·· .. ·45· "iro' --.:3' '"7:2" 	 10.3 7,0~ 2.3 23 2,310 3,lro "' 4H 4Jli 181 30f 

Dry••••• I. H.S .477 1,.1. 1.1$1 1.51 IU 18.Zit 3.1 27 '.lSl '.51' 877 751 1%8 1.311 118 421 
Green••• 5 30.3 "'if 58;3 .371 "~.j07' 37 "io:i" 3.6 5.0 2,750 5,170 912 .45 6.3 10.6 6,410 2.1 16 1,990 2,400 332 316 311! 714 226 

If:= ••• 
23 Pine. lodgepole (Plnru cOlllorla) ••••••••••••••••••••••••••• 10hnson County. Wyo•••••••• 	 · Dry••••• :I 	 8.75' I."e 2.11 S.2 5.7 10.851 '.4 n .,IH 6.W 1m .n 4n 874 1M · 5 '2i:o' "'20' 12.' 	 .- ··:.is· 33 '.- 6,130 .54 7.3 2.3 2,lro 364 312 141Green... 4-1.0 .370 "ii:a' '"4:2' 'Ti" 3,980 1,0/5 5. I 6,B70 16 2,530 288 71027 •.••••<10.................................................... Gmnd County. Colo.......... 	 · 
Dry••••• I ...._..-.. .In 	 7.21' '.2(0 1.2)' 2.31 8.3 7.' 7.... lI.' 15 4.5. $.IU 73 AI .Sf .n 111 .....22tI

·2ti~0· II.' ·....39· "i2~0' '"5:0' "6:9' 	 7,350 21 2,180 2,770 · Grecn " S 20 69.6 .388 .462 3,170 1i,800 1,142 .50 6.3 14. Ii 2.3 	 286 Mil 347 666 140323 .....do..................................................... lefferson County. l'olont ----	 Dry ••• , .U' ll••se 11.130 1,1" ••1$ 8.6 18.' la,l8I 1. 8,84' 8.870. 1,918 ,.. IU I.... :eat W
••• ··:.is· ""'.7' "jCo' --4:6' ""O:S' 	 "IGreen " S 
-----
17.4

.. "'25' 100.2 .372 	 2,970 5,430 1,128 .45 4.9 15.1 7560 2.5 26 1,970 2,670 299 300 323 680 130 198332 •••••do..........................~.......................... GallatIn County. Mont....... 	Dry .,. , u .411 ":453' ...... i" "irS" "6:0' I.m 12. :SO 1.41;5 3.87 1.6 13.' ":7M 7.6 24 5.... 8.1" 1.118 IU M8 In Jt8 ·'."'22{Green .. Ii '23'-S' "-22' 611.6 .3112 6.5 3,170 6,730 1,981 .53 6.0 10.7 7,4~ 2.4 22 2,160 2,800 290 au 350 670 138333 •••••do...................................................... Granite Oounty. Mont ............ 
 Dry ... a -----~ .._---- 4.' .U7 	 I%.ftt 1.5S& Ua 7.0 fl.1I 10•• 4.5 %0 G.1ft 1.7%1 I.U8 771 III 1.... til 
"~5W' ·····M· "i~8' "0:0' 'Tii' '.U' 	 ······iiiGrecn .. 5 16.5 37 63.3 .528 	 5980 8,630 1,662 .88 8.1 36.3 3.0 35 3,470 4,280 491 574 512 1.006 184176 Plnll; longleaf (PlnU8 paltwrl.)...._...............,........ Tauglpahoa Parish, La -_ ...... -
Dry ••• 1 .Ift 	 U._ 2.m :t.7' 12.' ft.lI II 1.41a m 7t8 1.188 21. 174IZ.' "~59i' ··· ... i· ··ii.-o· t.:". 	 1~:= '.2 8.'" 8.1'" 

Grecn " '17:a- "'iii' 30.2 .52:l 	 4.8 '"7:S' 4,730 7.730 ],406 .116 7.0 25.3 9,9liO 3.4 31 3,540 4,020 613 466 526 1,034 1723IIl ..,,__ ~o---....._ .....-.... -...........--.........-........-.., ......___ .._~....____ ..... _..__ .. Near Hattiesburg. MIllS••••••• 	 ..27' 

Dry •••• .....---- .MI 	 8.1%1 1%.771 I.'M :ua '.1 n.... '.lI %8 8.1Sl 1.41$ t88 810 I.'" 181"'39' 11.' 	 If.' 5.'"Green... 16.1 29.0 .557 "'-642' ·..··.6· "liT "s:r 'Tii" 5,810 8,930 1,663 1.08 8.1 20.4 10 li60 3.3 31 3,990 4,550 628 524 595 1,002 174 211830\1 •••••do._..._•••~••••••••••••••••••••••••.••••_••••••••_ ••• Near Lake Chatle!.La•••••••• Dry....................... 1%.8 ••76 .........._- ---- ..-... --......-......-.. -..........., 1,'1' 13.819 1.811 .2.51 18.3 1'.$ 1.:8H 6.7 II 5,1St 7.... J,m I.'~' HI l.a71 111 III 
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TADLE 21.-Strength and realted properties, by localities, of woods grown in the United States-Continued 

Spooll1c Shrinkage from Stetlc bending 	 Impact bending Compl'eSSlon HlU'(\nesa; load 
parallel to grain Com. required to em.'green to oven·gravity, oven 

dry, bl\S4ld dry condition --.----;---.----------11---.---:----1----;;----1 pnlllSlon bed 11 0.444·lnOO Shoor Tension 
based on dlmen· 	 JlMlletl. ball to ~ Its parallel Cleav. ~.

Rln sum Mols- on volumfl WeightShl ... Place of Ctllwth of material 	 Moisture Trees per mer' ture per 510115 when green Work Height dlcular diameter togruln; age' load to grain'
!Dent Species (oommon and botanical names) k-sted condition tested Inch wood con· 1--_--1 cubic __-:-_-:-_1 Stress M d 1--_:--""";'-,-__1 stress Work of drop Stress Maxi. ~~t;1----,.---1 maxi· to Cause maxi· ' 

nQ. tent foot at pro· Modu· 0 U· at to causlrill at 8 ...,.., a s=~g splitting mum 
par· Ius of I~i!~f Proper. Maxi. propor· propor· complete propor· o:stt%g ~fP(t tensileWhen Tan·Volu· Ra· tional rupture tlclty tlonal mum Total tlonal tlonal failure tlonal strength IlonaI End Side strength strengthAt test oven· 	 gen·metric dial limit limit load limit limit (50-pound limit m tdry 	 tlal hammer) 

1---------'------------1-----------1---...:.."------------------ ---- --------------- ------------ --- --- ------ --- --- --
2 	 3 4 6 8 10 11 12 13 15 16 17 18 19 20 21 23 24 25 27 28 29 30 31 

-1--------------1--------1------------------------------------------------ 
1,000 In.·lb. In.·lb. In.·lb. 1n.,lb. Lb. ptr 

N,~m· Num· Per· Ptr· lb. per per cu. per cu. per cu. LII.per per cu. Lb. per Lb. per Lb. per Lb. per In. of Lb. per
sorrwooos-continued bet ber ce1it cent ,g, in. in. in. In. aq.ln. In. 1ndit8 ag. in. ag. in. IiI. In. Pounda Pounda aq. in. WIdth 1If/.ln. 

1,615 1.02 7.6 29.3 11,150 3.6 33 a,860 4,340 576 . 542 602 1,006 177 27431i }'Ine. longleaf (Plnu8 p~lu8trl.)_._."'••••••••••••••••••••• Nassau County, Fla.......... 	Green... 10 23.6 43 41.6 _••IG 

Dry..... "1'4','4" "'38'" G.' 	 2,In •. a 11.8 24.1 18,821 7.6 M 1%,711 I,'" 1,1$8 I,m I,SSI 24. "8Green... 9 63. 8 	 1.752 1.00 8.9 34.1 11 400 3.8 39 3,R80 4,620 707 597 ~ 1,150 222 32434a .....do•••••• __............................................. W'ashington Parish, La••••••• 
 2,688 ".7 11.8 II.' 10: II. '.5 15 1'.~O 13,1" 1,7" l,lt! 	 I.tlt 1.118 112 """(288:!iii.::: ~ '1a~ii' '''41" 7~:~ 	 1,717 .95 11.2 38.8 10,400 3.1 40 3,300 4, 710 714 597 6U 992 248

105\1 •••••do..................................................... St. 'l'ammany Parish, Ln.•••• 
Dry..... /I •••••, •••••• 11.' 	 2,1S1 ~It 1", 2%.' 17.61t 17 7.1" I,m A$~~ Itt 1.'. US 1187.' '.il'1,335 .84 9.6 30.0 8,100 2.7 M 2,370 3,640 547 562 562 !196 254 448100.' •••••do......................................,.............. Columbia County, Fla •••••• 	 Oreen... 5 5,1 40 117.4
Dry..... 5 •••••• 11. 7 l,iII .. 7' !!.Ii 18.2 13. ito 5.4 15 7.1M 1, 148 8.. 81~ I,m III l1li 

•••• .10. 10' 2 1,549 ,85 10.4 34.8 2.4 36 '.'" 531 574 2388,600 2, 780 	 548 955 382J~ •••••do.................................................. '" Olmrle8ton County, S. Q 	 Doreen... 7; 6 40 88
ry..... ...... •••••• .. Z I,m 1.18 U •• lIU 1t,1" 5.& 37 I.Sill ti~ 887 ". 7!1S I,MI 1M 5H 
Oreen... 5 15,2 29 74. 7 1,271 .94 8.1 25.2 10,210 3.8 29 2,980 3,540 659 478 494 956 201 321226 Pine, mountain (PlnUII pung.n..} _ ...................... Sevier County, 'I'enn •••••" 
 Dry..... 2 •••••• 8•• 	 1. lSI 8.' 11.. 15.... 7.' 2t I._ 8.... 812 711 I. 2M III 178I." 	 1,~1Oreen... 5 16.2 31 73.9 	 1,073 .62 0.9 13.4 6,490 2.1 18 2,430 2, 720 304 296 644 152 255185 Pine. northern white (Phllu Itrobw} ...................... Sbawano County, Wis•••••••• 
Dry..... 2 •••••• ...... t •• 1,417 1.t! '.4 Ill.' 1,181 3.3 18 i .... I,IM 71i' '" 1.072 211 831 
Oreen... 13.0 28 74.7 ,980 .61 4.1J 6.7 8.020 3.7 16 2,350 268 296 298 674 154 363615 •••••do...............................................,..... Near Eunkley, Mlnn __ .. .. e Dry____ _........__......__ 1',.0 	 10,.540 i.4It ,.. 1••u IN 377
_ 1. :ItS 1.SI 	 185.' '.5 5.' 	 '" 

Gil 

411 

865 Pine, northern white (virgin growth) (Pinu3 slrobIM) •••••• Strofford County, N. H ••••••• Oreen... 5 13.4: 28 52.5 
 I,OM .52 5.3 11. 0 6,810 2.1 16 2,470 296 303 300 668 141 238 

1.140 1.8% 7.0 11.1 10.... 3.' %0 5.m 181 671 U. 814 m 218865 PI ( 	 8~!i;::: ~ 'iii:fi' ==::=: 7:: f 934 .45 4.7 10.5 5.890 1.5 16 2,380 257 318 322 653 132 158no, northern whlto si)conu growth) (Pinus 3Irobw) ••••• •••••do•••••••_ ••••••••••••••• Dry..... Z ••.••• t •• I,m 1.M 10.8 t,1It 18 	 H8 ne .. 78. III 3107.' '.1 "2,'4iii' '.8"oreen 5 22. 1 41 54. 0 	 1,384 .59 5.S 28.4 7,480 2.2 28 3,080 358 355 342 776 158 192185 Pine, Norwny (Pinu8 mln03a)............................ Shnwano County, Wis........ 	Dry••::: 1 ••• •••••• 1%.:; 1,787 z.es .., 11.1 1&.... II 0.110 7.18' 811 HI in 1.11% 418 
Oreen 5 11:7' 30 85 3 1,118 8.5 0,120 3.4 29 3,640 610 458 950 2'JO 3M226 .Pine, pitch (PinU$ riolda) ................................. }	 .75 30.5 '.3 2,370 484 =" 


Sevier County, Tenn ••••.• Dry••::: 2 7:. 	 1,418 8.7 1", U.150 18.7 18 '.118 7.... I.U' 811 1.6IlI 21iS 571110 
1,530' 2,860 378 459 772 154 202004 Plno pitch (seeOl d th) (Pi . 'd ) F kll C 'f ~orcen 5 '1.i:r "'27' 72 3 1,281 =.s'.60 9.8 25.3 8.820 3.1 26 300 

31 PI d (Pi 1 • I .) Oreen 5 '12:8' "'35' 55 7 1,2lI1 .93 7.5 26.8 9,350 3.2 33 2,940 3,000 544 455 510 936 186 280 
, ' I grow nIM nOI a •••••••••••••••• ron n ounty, u ass •••••• Dry••::= i 18:6 	 1,_ .... '.6 n.' 11.280 "1 15 '.770 6.* I.m 24Z at 1.418 %78 488 

4 ne,l,on nus r yu a seralana ••••••••••••••••••••••_•• NUUSSau County, Fill......... Dry••::: ~ G' 2 

%,'58 1.41 '.'2 n.1 1$,710 8.3 %8 •• UI 1I,ut 1,178 1,121 88. 1,716 271 411 

Oreen 5 'a1:ii' 40 92' 	 1,053 .59 6.0 11.5 6,910 2.2 20 2,240 2,600 410 315 331 700 1532S :PIne, ponderOSll {Pi,nusponderolUJ) ........................ Douglas County, 0010.••••••• Dry••::::: •••••• .1.':~ 
 1.%63 1.71 7.' 8.i 8.120 lI.7 18 '.ftC 71' 118 4Sf 1.'1G !to'.ZI'1,160 	 2, 770 299 •••••••••••••••••••••••••••••••••••••••••••31 .....do•••••••••••••••••••••••••••••••••••••••.••••••••"" stevens County, 'Vash........ Oreen... 15. 9 37.6
Dry••••••••••• """ •••••• 11. 2 l.m 	 ..... 781 
879 .47 ····4:'9· '''ii's' '"6;iiiii' '···iT ·······i7· "i;S70 2,220 342 ""alO' ····a14· "'''002' 100 ······30iHO •••••tlo. __................................................. Coconino County, Ariz••••••• 	 Oreen... .; 21.4' 26 98,5
Dry..... 1 •••••• 11.8 1,183 lI.t! 4.8 '.3 8,1" 1.1 I. 1.811 i.m ,.. itS tIS I, .. Zts m 

H2 •••••do........ ,............................_.............. Madera County, CallC........ Oreen... ,j 13. 0 31 125,3 1,111 .52 4.3 15.6 7.070 2. 5 21 2, 130 2,420 326 316 314 696 174 241 
Dry..... 1 ..••.• ..•.•. i.7· 1.m 2. iii 8. Z It.' U. fit f.' 11 5.'" H.l A3 GIG 1,211 m ... 

2,370 	 674Oreen... 5 17.9 32 119,4 	 865 .59 5.2 15.4 6.500 2.3 19 2,050 ','" 313 308 322 176 302m .....<10.............................._..................... Missoula County, .MonL••••• 
Dry..... 2 •••••• 7.8 1.~ %.14 8.' 11.7 n.stt •.• 1. '.'" •• 710 8fZ ii' '88 I, .78 1" 181 
Oret'n... 6 ~2. 6 21 75.4 • 74 5.1 7.8 7,080 3.4 21 •••••••• 2,000 428 258 286 682 168 310OM •••••do.................................................... Sierra County, Callf. ••••••••• 
Dry._•• ' 6 •••••• •••••• JO.5 1.117 1." 8.1 8.1 11.$111 $.' It .•...... 4.788 848 ." 473J••n ZIt '7a 

75t Pine, snliU (Plmu clama) .................".............. Marlon County, ~Ia.......... Oreen... ' .; 6.8 30 36.1' 1,024 .95 9.6 20.6 0.790 4.6 25 2,670 3,440 556 465 477 1,143 ••••••••• 370 
Dry..... ' ~ •••••• •••••• 11.' l.i2i .:.14 '.6 11.7 n.ne 5.' 18 1.118 7.180 1.1U 1.118 811) 1,183 ••••••••• :est 
Oreen... •••••• 13.4 52. 0 	 1,395 .76 •••••••••••••••••••••.•••••••••••••••••••••••••••• 3,570 400 •••••••• """." 708 ••••••••••••••••••u Plt,lc, shortlel!.! (Plnu8 tchinala). .......................... Neer Mal'\'ern,Mk••••••••••• 
Dry..... •••••• l4.lI 	 1,7n 1." '.181Greene.. 6 10.0 40 75.4 	 1,506 .82 8.7 "'30:8' 'ii;2io' '--To' ·······30· --3;WO' 4,050 =' 494 558 g~ '-"'214" 330342 •••••do~•••••••• ,........................................... 'VlIShlngton Parish, Ln ••••••• 


2;14' 1.11 11.1 II.' 1 •• ite 1.1 31 7.1" 1 •• 1.181 M' 88{ 1,149 %i2 ..,"8i!iIi::: 1~ 'in' '''26' 7~:~ 	 1,069 .DB 7.3 20.2 7,0002.4 26 1,810 2,860 34(J 360 364 7118 164 2461012 •••.•do .................................................... Burlington County, N"I••••• Dry_... 10 •••••• 12.0 
 .., 451 

1020 •____do....................................._............. lredoU County, 'N~ 0 ..•.c.... Green... 10 11. 4 ·31 00.5 


1.318 1.7' 18.8 If.' 11,... 4.1 18 4,m i .... ,.. iN 1.1H Z78 
1,505 .43 8. 8 24~ 2 ~, 300 2. 7 28 2, 140 3.480 425 410 457 878 218 360 

Dry..... "10, •••••• 12.0 1,7'8 2:11 12.:; 11.3 1»,'Ie i. • U '.'" •• no 148 m 181 1.U8 18:1 m 

lOtH .....<10.................................................... Jacksol! County, Oa.......... Green... 10 10.7 32 101. 0 
 1,526 .70 8. 2 27. 6 8, 780 2. 9 '30 2, 840 3,480 494 398 414 8.10 210 3f.6 

t.MI ".7 1'.7 15.... , 5.7 14 5,ne 7•• ... 7" nt 1,117 Z7' "'l.i'
3\4 PI I h (Pi u bo) N C F 	 8~~ii::: 1: -i6:o' ·..4.· ~~:~ 1,631 1.10 7.9 31.2 11,300 3. 0 37 3,800 4,470 592 574 628 1•.004 100 294 . ne,s I\S n .' carr ea ............................... asSllU ounty. In••••_ •••• Dry..... ,2 8.8 
 2.m S.1iS lS.. 2S.. 18." 7.:1 AI '.1" 11._ .. m 1._ 1.1st l,n, ......... III 

7112 .....do.................................................... DadA County. FIII............ Oreeu... 5 10.7 50 32. 4 
 1509 1.70 9. 1 25. 2 14, 770 6.7 36 2, R80 4,960 820 807 871 I, 186 2M 511 

Dry~.... :: ••••,. •••••• 13.% 	 1: till Z.7. t.7 13.1 18••1. 7.8 • 5.11' 1.811 1.111i I.Z(II 1,14' •••••••• In'..1,640 '.....85 9. 7 28. 1 9, 800 3. 1 33 2, 830 , .~"~~ 660 5511 570 920 24{ 403J(M9 •••••do. _.................................................. st. TamlllJUlY Parish, La..... On:en... 10 7.0 39 73.0
Dry••_.. ••__ ••••,... 11.' 	 :e._ 12.1 2L' '14,IZ1 ••• 17 '._ 8•• 1.177 s.. sn 1,681 :ell iit 
. \3, 9001,515 .81 10. 4 35.1 9, 720 3.237 2, 910 675 551 . 572 958 23G390 

Dry........................ 12.4 1."& Z;41 11.7 n.t! 13,781 •• t ea '.1" '.~.t8I 1.1n I,MI .17 1,181 .. III1003 .~...do•••••••_..........._ •••••••••.•_•••••••_........... Coltimbla County. FIa,....... Gre,en... 10 6.1 45 85.1 


966 .00 6.0 11.1 6,740 2.3 17 2,390 2,600 353 334 	 324 'l08 178 272H2 Pine, sugu[ (Pin,,~ tambcrlianc i ".......................... M;adera County, Calif••_..... 	Orcen... 'Ii 11.9 3( 123. 2

Dry..... 1 •••••• U.' 	 1.%1% 1.71 Ii;' '.7 1 •• 11. ,.. 17 I ••• 5.1. ... lSI m 1,f81 111 IN 

004 .76 5.9 •••••••• 8,240 3.0 18 •••~•••• 2,450 349 294 	 286 640 186 2755.$1 •••••do••_••••••, ••••••••,................................. P!timllS County, CaIlL....... 	Oreen... 4 14.5 29 154. 2 
. Dry.,...' ............ 1&.4 	 1. ZI' 1,4t '.1 ••• 11.... f.B l!i •••••••• ,n III 118 1.11' 181 us
".8. 
1.329 .5! 5..1 ,17.9 7.590 2.3 23 2,820 3,070 303 334 333 712 168 2462'J4 Pine, western white (Pinu8 momicom). _.........._~•••••• MissoUla County, Mont•••••• ioreen... 52;. a 33 5S. 2 
. '_ Dry..... 1 •••••• •••••• 7.' '.187 1.11 11.' n.' 14,_ i.8 • 5.... 7.MI 81t '7.... 1D 


510 •• _ ..do••••___•••••••• ___•••••••••_.................-...... Neur Keeler, Idaho........... Oreen ••• """ 16. 4 •••••_ 51. 2 
 1;078 .57 5. 0 ........7.680 2. 7 17 ••_••••• 2,420 .288 293 300 liD3 153 269 

, Dry"... ••••.•• ...... •••••• 1.7 	 1,11& 1.58 '.7 __ ..... ____ 11," '-I 11 _.. .£............ III '77 37. 1,... 171
'.17' -126695°-35. (Follow p. 99.) No.8. 
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TABLE 21.-Streflgth and related propertie3, by localitiea, oj woods grown in the United Statea-Continued 

II 	 I 
s~c 

Shrlnkago from Statio bend!ng Impact bending Com~resslon Hardness: load 
~o to oven· 	 paralla to grain Com· required to em· 

dry. d ry (:ondltlon. pression bed a O.H4-lnch Shear Tension 
on volume- llerpeo· ball to ~its. \l8roUel 

gravt~en 
hnscd on dlmeo· PIlQlllo·

Weight sioos when green Work diameter Cloav· dlcullU'Ship- Rlogs Sum. MoIs-	
Height dleu1a~ to grain; agoj load Placo of growth of materlni Moisture Trees ture 	 tOgralo;QMlot Species (COIDIIIOIllUld botanJcallWDllll) 	 per mer Stress Stress Work otdrop Stress togm!n; ma:.:!·Ie$tOO oondltion lasted coo· c~c Modu· 	 }.faxl· tocaWlo maxi· 

00. 	 Inch wood tent foot at pro- Modu· nt to causiug nt stress at mum splittingI09et 	 mum Iliumproper· shearlog10901When TBO' elBa- Propor- Max!· propor· propor· complete propor· crushlog 	 tensJl&
Volu· Ra· t~~ rupture 	 tlooal tlool1l (BIlure tionl1l tlonal strength

At test oven' geo· tlelty t100aJ mum Total 	 strength limit End Side strength
dry metric dlnl limit 	 limit limit ~peund limittIBI 	 limit 101111 mmer) 	 I 

~ 

2 	 3 -l 5 6 7 S 9 10 11 12 13 14 15 16 17 IS III ro 21 22 23 24 25 26 27 28 29 30 31I 
~ 

1.()()() In.-lb. In.·lb. In.-lb. In.-lb. Lb. f)tr
Num· Num· Per· Ptr· Ptr· Per· Per· Lb.ptr Lb.~r Ib.f)tr per cu. per cu. per cu. Lb. per per cu. Lb.~r Lb,~tr Lb. ~er In. ofSoITWOODII-contloued 	 Lb. 1:.' Lb.rn:ber 	 ber cent cent PouruJ. cent cent ct"..t Ill. in. 1iII. n, Ill. in, In. In. In. 1Il.ln. In. Incliu Ill. n. Ill. n. 1Iq. n. Pound! Pound. .~. n. width 1Iq. n. 

areen••• 3 17.3 22 63.3 {).602 0.567 51 11.9 4.6 6.2 2,610 4.sro 649 0.61 1.6 23.0 8.190 4.2 21 1.810 2,690 475 512 596 918 -................ 462
463 	 PllIon (Ping! tdulu) ______...__••••___•• __••••____••_••_.•- Cocooloo County, Arlz__ ••••_ Dry••__• Z •A7 	 l.ta %.%8 4.' '.8 8.&. %.8 If 8.181 t.11l 1,ft88.' 	 '.'. 8._ 
Green.__ '33~0' "'2r 164.1 "~422' --..·6i· "2:"7-	 "3~;;80' 

II. --'-198' ""'i57' "-"'248550, 	 9 .398 6.7 4.1 5,030 7.640 1,1iS L33 7.6 16.3 9,310 3.4 22 4.2\10 524 569 422}RedWood (&quota .e1IIpm-irtlU)••_. __•••••••••••••••__••• Mendocloo County. CBlIf.....
1265 	 Dry,•••• 11.1 .U' 2,'11 11,.tt I,m :.. u 8.8 11.lit a.. 'ino e.... .. 8ft .11 J,1.8 .,. UI----...• '25:2' '''''00' "'6:8' -T6' 	 ••GreeD-._ 7 119.8 .301 .411 'Til' 4,6ro 7.350 	 1.175 1,64 7.4 14.0 8,520 3.0 20 3.630 4,110 623 569 405 800 179 26-l1267 ..._do•••••••••••••__•••• __...............- ••--.--•••••••• Humboldt County. Callf...._ Dry.. __• 2 ......-..- 11.' .181 I.W Lta ... 8.: .... .,. 18 '.5841 ..... ssa 2 • fl. III m 
1265 fledwood (serond growth openly grown) (&quota ~tmper· }Mendoc\no County, CI1IIL... ----- ""'34' --i'a' ",i'0' II." '.'" * 28SGreen ••• 2 :U 90.3 .300 .32S 6.9 3,340 5,530 SOl .SO 6,1 7.2 1J,/i1lO 2.6 H 2, 160 .z,NO 4<14 <148 3M 716 179 

plrt'll.). 	 Dry..... : ......-..- U.I ....--..---.. -.- I.:m 2.'11 tal L" 5.1 .. I 8.~t8 1.3 1. ..... 4.... III I.. 181 1.'18 17& m.m 	":31ii' ""'46'Green ., 4 2.S 173.0 .272 6.0 .... -_ ..--_ ......- 2,460 4,130 563 .62 4.7 5.8 5,000 2.2 14 1,640 2, 100 248 357 274 GO! lf4 2M12117 	 .....do...._ .............._................._.............. Humboldt County, CBIlf•••••• Dry..._ , ---- ...... .m I,.tt 5.... ... L. 4.2 I.: 6,1211 Jo& ~I 1.&1' S•• 5M 1N2 an 8. t" =e 
redWood (second growth clo.<ely grown) ($tquola Itlllptr· ~Mendoclno County. CI1IIL••• Green .. 3 ";;~3' 100.0I'" .347 ,3116 "'''.3" 8.5 2.6 'T4' .,030 6,930 1.208 .7S 6,7 10.7 8,060 2.8 19 3,360 3,780 376 522 31>4 7M 178 2711265 ,'rem). 	 Dry_•• _ J --0:2' .._--...- 11.: .an -"--.1' '-iT ',m ',4. I.'" LU I.' .1.% '.5:8 3.. It 4._ 5.181 .i. '1' m M8 I" m

Green .. 5 l19.0 .300 .340 6,7 2.2 3.270 5,&10 879 .70 5.8 l1.0 6,740 2.3 17 2,530 2,980 331 436 330 764 178 302•••••do.............._._•••••___......__.................... Humboldt County. CI1IIL•••••
1267 	 Dry.. ". :; ..----- ---....... 11.1 .Ul ..... 2,'" Lft 6.2 11.:1 a., 1& •.a,. '.81l1 ., 2.2 1M 'M tA %18
--4:i' 	 8.'"Greer.... 5 14.9 _..-- .. - 3i.5 .376 .428 ""'s2" 11.3 6.S 2,000 6,360 .45 .7.4 20.4 6,800 1.8 24 1.540 2, 570 175 430 370 602 117 10-l865 	 Spruce, black (Pitta marlal\a>.......__••••__•••••••••••__• Rockingham County. N.lL•. Dry_... S .... G.2" a~ '" LIS 1 •• Ii :L' 13.'10 "21 U 5.I!t -."1 1,- '12 INI I, IItG
'.S ":359' --.--2ii. ".ZIt 	 "1 .. .............--

Green ••• s 'i7~i" "-33' 45.0 .325 10.5 ":i:i' 6.9 2, 74.0 4,SSO 866 .60 4..8 6.0 6,300 2.1 13 1,820 2, 170 302 272 :m 6IG 122 .. .._---..... 26 Spruea. Engelmsnn (Pi«d tnlle/mannll}................... Orand County. Colo., ........ Dry..... 21 U.8 .:liZ 	 5.119 '1,~" ,,1'& 1..12 6.& U 8._ 1.5 .. a.1NI l,iM 581 .~ SM l.ut t.. ......-- .......
"'·'.j8· "iii~3' "3:0'Green ••• 5 11.3 "'37' 155.5 .2\19 .335 	 6,2 2, ISO 3,850 798 .36 5.0 6.6 5,350 I.S 15 1.530 1,800 279 231 221 569 .....do•••••_........................__ ............._••••••• SBO Miguel County. Colo..... 	 136 --.. ,.. ..........
29 	 Dry..... 2 '''8 .2" ---....--- ··--·sa· ------- ---_.... ------ a./i. S,set ... ,.81 iU I;i '1,'110 %.8 J( %,'1lI a.... ", %IS m 8U 1.1 
Green ••• 6 '2i:r "'27' 34.9 ;1I89 ...-- .... -- -----_ .. .... ---.. ------ 3.550 5,960 	 1.166 .63 7.5 7.100 2.3 17 2,700 318 -lIS 368 760 129 ---"'ili2

1 Spruce. red (PlWI rubra) .........__••••••_ .....~•••_...__ Coos County. N.lI........... 
Dry••••• 1"8 • liZ ,,2. 1.,_ 	 1,'" L" 8.'1 '''i6~r 11. :sat '-& D "i;iii' i,"1 5U ISS m I,!" US :N~
OrL-en_. •5 'ia:3' "'21)' 52.6 .367 "~.ii3 ""'35' --ii~8' ":iT "7:8' 3,310 5,000 	 1.215 .62 6.2 14.6 7,220 2.3 19 2,340 2,600 368 4-l6 346 71lt 1-l6 _.._.,. ...do.....__....... __........"'......,_ ....,.._ ........___......_..... _.. _....___ .. _... ~ ............ --.., Sevier County. TenD......... 	 2ZI 
~ 	 Dry••••• 2 '.8 ."7 8,_ ".m 1,51' S.5 ILl 11.5" i.6 %8 5.... '.311 '2" ,.. iii I.KI! 18& 
Green ••• S "9:ii' 24 lia.O .342 "~37ii' ·•·..33· "ii:2' "iT 7.4 3,020 5,490 	 1.185 .M 11.4 21.8 7,940 2.5 29 2,270 2,000 326 433 370 m 14S 216325 	 Sllruce. Sitka (Plcta .ittAerld.) •••••••••_.........._....... ChehBIls County. Wash.__••-- Dry..... I ... -......... 8.' .32' 1.111 " L'8 " II.' ZI.' 11;8.. i.1 II Ii,'" 5."1 2111 53% I,ZIU 115
'.UI ",. 	

411 

__......do___......"..____• ____,.._______......-.. _____..__________......___.... 	 Green••• 4 'i5~3' ------ 44.6 .310 ":'379' ""'3i' "iii~7' ":i:8' 7.0 3.160 4, oro 1.092 .53 5.4 15.3 7.810 2.7 ro l,oro 2, 180 1·.~1 350 280 696 lOS 172SOl CJatsop County, Oreg........ 	Dry••••• , t:U .sn ··..·sa· "i2:8' .........-.. _.........- '.W .8,_ US '.& '.- a.1 II _...-...... -- ',5'1 wf HI "2 1.%11 UI US
Green... .31>4 -- ..-- .. ...._-.... 6,0'.10 1.455 ,58 24 ... 355 118 1623 13.6 "'47" 36.1 .4« 	 3.680 ". 6.2 11.1 9.640 3.5 .. .._-.....- 2,S-lO 478 350 7iS563. •••••do•••_........................................._....... OregoD-...................... 	Dry.____ 
 J II.' .4t' 	 1,718 Ln .... ---_......- la.Sit 5.7 %8 ...-..----- 1,- 84• ill 1,148 tl' US'·0:6' --'41· 34.0 ..--at '.'" ll,. 	 ,"Green... 3 .368 --~4i2· · --ii:i' 4..4 --7:9' 3,6olO 5,SSO 	 1,311 .59 6.5 9,270 3,9 23 .._-- ...--- 2,930 353 478 348 US 164 296•••_do••_.............................................._••• •••••do_.......................
6M 	 • --_.....- C•• .181 1.2" '.. l,tK t.11 8.& "'0:;- 12._ 5.1 U '.421 8t1 MI. ,tI 1,!II ll. ~ 

5 '23."3" ------ 30.2 .3!/<t .'156 34 "ii...- ",iT ";;:ii' 3.350 6.830 1.138 .56 6.7 18.1 8,350 3.1 23 --2,'i9ir 2,710 -l2O :195 334 7SS 150 326939 .....do••••_............._._......__....................... Near Girdwood. Alaska....__• 
 Dry••••• 21 -_ ... -... - ... a .4.%1 ~,'" 11,288 	 1,1ft L. ".:1 11.1 11,1" 1.8 Z1 5.U" I._ 2af au 6ft t,l. tn :uar~::Green ••• 5 'ii"8' ---- .... 3\1.1 .31>4 ":431" "'--sa' "ii~ii· 'Tii' 'Ti' 3,340 5.SSO J.21i5 .51 6,3 2O.S 8,270 2.9 23 2,330 2,810 375 ~ll5 3116 778 190....do............_._._.......................__ •••••••• Near Ketchikan. Alaska...... _.. __ .... 	 29S
!l.19 Dry__• Z .... .4ft -----..- --........- --......... 2,2" 11.'" I,IIZ U8 1"1 .... l',m 1.3 .. 1,'1' ',581 2ft I. 1M In l,UI ~ ... 

1 Spruce. white (Picea ,laur.a) • __•••__...................._ Coos County. N. H........... GrOOl1••• li~2' "'22' 

52. " .354 ------- 34 ..-....._-- --_....... ---.....- 3.290 5,670 1,060 .61 6.7 "'n.T ";;iji' "";:i' ·..··--ii· "';'71' 
2, <140 27S 3U4 345 676 126 216


Dry..... !Z.. ."7. 5,7%1 8," 	 I,M 1.37 7.1 4.S" Ui 51' 414. I,Ul t.. W·~--·3ii···~46i· .....__ ..do....._ ....... __ .._.._......._.._"'-"'..........__ .._______... __.. _... _________ .. 	 Green... 5 22.1 .. ... -.... _- 60.2 .ass "i2:"ii' "5~8' "ii~i' 3, 170 5,660 1,149 .51 5.8 17.4 7.580 2.7 24 2,230 2,720 330 371 352 710 170 231
Near l\lBtBnuska. Alaskll.....931l 	 Dry..... Z tL8 .DS ......__...... _.. ---- ,,7%1 1..... 1,. L88 8.1 U.& 11.07' U n 1,_ .&,'11 7.' M. iN t,m_ :m ..
S ·ii.T "'2ii' 48.4 .3n --:431' 35 "ii'S" 3.7 7:3 3,370 5,410 988 .69 5.4 14.2 6, 760 2.0 20 2, 140 2,550 267 296 278 691 134 198300 .•_.do___............._._••••, .................._....... Rusk County, WIs...•••••••••• {Green ••• 


Dry••••• 1 1.5 .m 	 2,_ ne 1M lit,,
{Marathon and Shawano Coun· IGreen ••• S 19.9 "'38' 52. 0 .491 '~:EM' ..···47· "i5:ii' "5:7' ··7.T "riiii' "7;i70' "i;2:iii' "":84" ----7:2' "'28.'"8" "7;700' ..··2:7· """'28' 2,930 3, oC8O M 401 375 163l~ }TIIIlUII'llclc (Larlr larid""} ................................. 	 S63 255 
,, __ w. __" IllS 	 ties. Wis. {DrY••••• 2 ILl .Ul .. _... ----- -- ..---- .. -.... -- ---..-- 8._ U.III 1,_ 1.11 7.1 1&.& 11.... 5.7 U 2._ 1,181 7U AI ft8 ,n·2ti.T -_ ... _--

Kl .601 4.0 5.4 6,520 10.I-lO 2.-l6 	 6.2 38 ". 4,650 1,040 1,17ZjGreen.•• 5 ..._---- .673 lit U.7 	 989 ro.2 1i4.3 13.110 3.«0 1.342 1. Ifill 1;621 2-lS1Il3 Yew, 1'acit1/l (Tv,., bfmf~Ia)~ ........................... Snohomish County. Wash.._ 	 4liO

Dry_••• % .._...... -... ------ '.~ .al 	 ..... 11.71' ..... a.tt 18.' :n.1 II,M' 5.' II I,.. I.UI 2,181 ".ft ~7M ".'li I.. .. _-_......_.. 

126695°-3(1. (FoUow p.99.) No. {). 




