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PURPOSE AND RELATION TO OTHER PUBLICATIONS

A knowledge of the properties of any material is essential to its
proper use. 1n recognition of this fact the Forest Products Labora-
tory in 1910 began a cofmprehensive series of tests to determine the
mechanieal, and some of the related physical properties of native
woods. Several hundred thousand tests have been made yielding
data in varying quantity on 164 species. This bulletin presents data
from this study, together with related information on factors that
affect strength properties.

The tests reported here 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 pieces 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?”

Information for application to such uses may obviously be obtained
by testing actual structural members or finished manufactured articles
under such conditions as obtain in service and with defects as found
in such pieces. Some earlier investigations by the Forest Service
included tests of this character. However, the results of such tests
accurately represent only the combination of variables existing in
each instance, are difficult to interpret with respect to the separate
effects of each variable, and cannot be applied to instances in which a
different combination exists. Furthermore, the combinations are so
numerous that it is impossible to evaluate them all by such tests,
consequently, the limited usefulness of the data was soon evident.
The plan that has been largely followed by the Forest Service has
been to obtain dats that are more generally applicable by testing
small clear specimens taken from a specific part of the tree and of &
standard size and form according to standardized methods and sup-
plementing the resulting basie data on each species by investigations
in which the effects of the more important variables are as far as pos-
sible separately studied and evaluated. The supplementary investi-
gations have related to the effects on strength induced by such vari-
ables as locality of growth, position in tree, rate of growth, knots,
cross grain, pitch pockets, moisture content, size and shape of piece,
duration of stress, preservative treatment, and kiln drying. These
and other supplementary investigations are the basis for the discussion
of factors affecting the strength of wood as presented in pages 31 to 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 States Department of Agriculture Technical Bulletin 158
(28).* Because of their popularized form, data in Technical Bulletin
158 are not suitable for such engineering uses as calculating 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
including results of tests of structural timbers, and (4) for grouping

8 Italic aumbers In parentheses refer to Literature Clted, p. 74.
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species into classes of approximately like properties for various pur-
poses. The present bulletin is based on the same series of tests, but
supersedes United States Department of Agriculture Bulletin 556
(87}, 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 adjusted uniformly to a
12-percent moisture content, thus making them directly comparahble
as presented. In addition to the data from the standard series of
tests begun in 1910 there is included herein results of sll earlier tests
by the Forest Service that 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 broad sense “strength’ implies all those properties that fit a
material to resist forces. In a more restricted sense, strength is
resistance to stress of a single kind, or to the stresses developed in a
particular member. Definiteness requires that the name of the specific
property be stated; as for instance, strength in shear, strength in
compression parallel to grain, or strength as a short column, If the
several strength properties had the same relation to each other in all
species, a wood that excels 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, Longleafl pine averages higher than white oak in
maximum crushing strength parallel to the grain, but lower in hard-
ness. Hence, it cannot be said that longleaf pine is “stronger” or
“weaker” than white oak without specifiying the kind of strength.
In comparing species for a particular use the kind of strength proper-
ties or combination of properties 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 resistance 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 consideration, Other
uses often require strength in combination with other characteristics.
Telephone poles, railroad ties, and bridge stringers must not only ca.
loads, but must also resist decay. In addition, many uses not ordi-
narily associated with strength depend to some degree on strength
properties. For example, 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 beeause the use may involve 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 material for test was identified botanically in the woods and
wasg brought to the Forest Produets Laboratory at Madison, Wis., in
the green condition in 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 development in studying wood
properties in the United States and embody some features of European
practice. Methods of Testing Small Clear Specimens of Timber
adopted as standard by the 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 countries. Detailed description of the pro-
cedure used, and of the methods of computing the results are presented
in the appendix, p. 78.

SCOPE OF TESTS

Many individual pieces of each species were tested in determining
the average values of strength properties as presented in table 1. In
all over 250,000 tests have been made, Only the average results for
each species are, however, presented here. 1tis diflicult to determine
how many tests should be made on each species. The larger the num-
ber, the nearer may the average values be expected to approach the
true sverage of the species, but also the greater is the cost. A balance
must be reached between these desiderata, so that a species usually
has been represented by only five trees from any one site or locality,
Two or more five-tree units, however, from different localities have
been tested for the more important species. The individual tests on
a gpecies vary in number from about a hundred to several thousand.

CONSIDERATIONS CONCERNING USE OF TABLE 1

The values given in table 1 are the best available valuations of the
true averages. Those for the less important gpecies, being based on
fewer tests, are less reliable than those for the common species. In
applying the data, too great emphasis should not be placed on small
differences in averages. The importance of such differences depends
largely on the use to which the wood is put. A discussion of variability
and the significance of differences between averages is presented
on page 17,

The results obtained in tests of clear wood depend not only on the
inherent characteristics of the wood but also on such extrinsic factors
as the size and form of spécimens, the rate of loading, and other
features of testing procedure, and in seasoned material on the moisture
content. Care 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 material 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
which the defects are limited with reference to their effect on strength,
allowable working stresses are preferable (29, 61).
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Hackberry (Celtis occldentalit) - oo Indians, Wiseonsif ... ——.-._ 50 | 11, ] Lise| L 2 ) 2ws|mome| 3 3) a0 | & i 1 1o
Haw, pear (Crataequs (OMEMOI0) - - —mvmmomorenoncscrsanees WISCODSIL - -oooooce oo 7,500 | L@ | L20 ) Zso| 26| el T G| B LE
Hickory, biglent shagbark (Ficoria [ociniosn)-....-.-o---o-o.. Ohio, MISSISSIppi- - - occcece (P00 | 197 10| 65 o {3:;'3% L ﬁ i ES EHE § 2, % 5 @l Swel Zm
) . - I . 117 70 5500 | 10, . -22 . . , . , .
Hickory, bitternut (Ficoria cordiformis).oo.oocoomuommnaeos 0h‘°4--1 -------- e v e e M 9,800 | 17,100 },ggg %7 ;2.:; .7 | 23,600 lg.g g %040 %ggg
T Pennsylvania, Mississippi, West 18 83 8, 300 , 100 s .38 . , 100 3 4 y s
Hickery, mockernut (Hicorizalba) .- ooooooooo . { Virgiynjg_ PP 2? _____________ 1,900 | 19,200 | 2220 3.41| 226 8u5 | 20,200 9.7 | g.!ml 2, 140
Hidkory, nutmeg (Hicoria myritticaeformis). ..-.remememnv.o. MISSISSIDDE - memmem e emceeeee 6] 2| 58 LU0 S| pBol Ll | mr|mse| &b B S| L
: . West Virginia, Mississippi, Ohie, e | 20| es 600 | 10700 | Leso| 134 | BL7| 86116800 8.8 8| 3050 | 4810 1,140
Hiekery, pignnt (Hicorts glebre) - —oooooooooooooe oo T S it il et W 1300 | 20,100 | %30 | 82| M| s s | 132 e
P ississippi, io, West Virginia, 24 19 86 5, 500 s > 570 .28 . 3 X! . s > ,
Hickory, shaghark (Ficorit 08afa) oo oo { Penmsylvania. . [\Dry.. 4 S LT 10,700 | 2,200 | 2100 | o1 2.8 el 90 @l f20 | %17
s - : st 2’ eT 6,000 | 10,700 ] 1560 128 . g | 13,700 . , . ,
Hickory, water (Hicoric aquafict) ——-ooo-ocooooooooooooooo Mississtppl oy T N lg,gnog 7,50 z,gzag z.?g {g. 3 %g g 8 g,ggg g.gﬂo l.g}g
5 3 3 . 8 . 3 3 3 3
T S - S5 T o i gie|man) L) Lm) fn) Beimee) ge) @) dme) pusl pi
ol : s . 8§ , 2 N .40 3 3 3 J J
Roneylocust (Gleditsia friacanthos)...oooooocommomoeinns oo Indians, MiS0UL....ooooooeee iy T Y R e s i | Lo | o | 3| st | 4 i) nae) Taw | 2
s . N 5 , 3 , . 5 . y ] s »
Hophornbeam (Qstrye tirgimiang) - ooooooooooo oo Wisconsin—ooooooooooo o (S T M nson | 16fo0 | Lm0 | 2gs| Mol SLa|iha | B @ 5| L) 160
S S — PO e i S0 | 1o | peve | | deg) |l el m | Aiw ) Sa) 2w
; - 1 : ) . A 5 . 5, . ,
Tronwood, black (¥rugiodendron ferreum) . - .ooummmroeemen e oo TRt 113~ IO MY a0 | 18,200 | 2w | Log e 17 16,500 5.2 1| %0l 8 u 2,50 | T - -
{forni i californicdd | oremen o |foveen.l{F e |1 ; . : ' 5, ! , , . . .
Laurel, California (Unnteltuiaria eatffornice).-...o..o oo oeeo Oregom. . osroomocramrcoce e 540, 5000 #0| Las| 82| 128|109 | 6.3 3| woea| a0 Lawo| sl Taw| Lae| 4 870
Laurel, mountain (Kalmie latifolia) - ____________ 55%%?] lg'igg L 3923 gﬁ }gg igg M:% ?E i’% Tomeees ‘é- g;g I'éég ;-3908 i-l;'gg B 1,870 S
. cy v iGreen. |8 T R %800 | 13800 | 1850 | =236 | 154| 30,9 18300 7.9 44| 6,120 &80 | La30] Ledo| Lem| 1,760 400 770
Locust, black (Robinia Peeudoacacia) -.-.oeemwmvmemcasmaenl o0 R 8 L L | 1400 | nose | 46| N4l d04isnie| s o o | dise| wawe| Lyl L0l x| M0 e
Madronae, Paciflc (Arbutus menziesi) o ooooooeoo N 23383 13,':8.6 L2 z'.ég 13;3 ;?:g 13243‘% ;.'3 B 5,30?3 21?23 Lex llggg 1480 1:&%3 b+ R i
Magnolia, cucumber (Magnolia ecuminata) - g‘ ggg lz ggg }: %ag 1 g? g E gi é 1§‘ ggg g; gz i’%g g: g{l)g g;g ggg ;% }'w, ggg g?g
Vil oot Qg ot : bup | Lao| n| mi) d|ww) syl 8| bk opws) e Ll oom) Lm)os e
i i - 'y s ' - 3 i s 3 4 s
Magnolla, mountaln (Magolie fraserd). .- -momoromrmmone : 680 | 10,00 | Lito | L8 le0) ISg|ixsw | b | b | sue el @) ew| Lfe| 3w 660
Mangrove (Rhizophors ARgLe) . - cooremosrenoisansenns s : 14000 | 2700 | 2960 : 880 | 1L8| 9|oo ) | 6170 | 0,950 | 3300 || 27| %se0 |7
Maple, bigleaf (Acer macroPAYHMM) - coooeeoemmnneee - 4400\ B4001 LIW ) Lo ST 42| B0y 28 B Bo0) a0 S Ll G| Lo s b0
i : 2100 | 7, 1330 | 70| 128 | 2008102000 38 8| 2 3,270 740 | ‘940 | 80| 1130 430 720
DA, Dk (A58 WU Iadhna : b e | Lo Am | mh B Wao) s| M) Lwe| see| L) um i) Da) ge) e
r 8013, - y A N - . 3 R L, y N 160 | 280 L.
Maple, red (ACer FUbIUM) - - - oo M isconsin. D N LU0 a300 | L0 | | n6 ] B | LS| SMel nmo| LM Wl LA B 0
e i Teen. .. - ) 5, 500 . . . 2.6 2 . »
Maple, silver (Acer saccharinum) .. ... Wiseonsin. o {D,y ______________________ X 6800 | L140 1M | &3 131 12,4 %9 25 4,360 5, 910 ! 1,140 Wl L4580 o 500

t The averages [or this species include datafrom tests representing an unknown number of trees in addition to the number indicated,
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Tasre 1.—Strength and related properties of woods grown in the Unifed States—Continued

. Shrickage from B Compression -
rarhy. Gren £ conaliion e o ponpack bondig | purslo o i | Gom. | ettt o Tons
y ry <ondlilon on
Mois- Ogr\z(’)l'l?lme— Wﬂight -Bsedv:.)él dim::; %em(;:l baﬁ gouﬁ-i?sch arall Cleav- pd?&?]eﬂr-::
. Moisture | Treag| BIDES| Suttiel per SlonswhenEr Waork Helght dieular | dlameter | tograin; |opoSional 1o gratn;
8pecies (common and botanical names Place of growth of material tested |\, - ot ol o3| per [ mer {oooC ——| cubie Stress Modu- Stress | Work | of drop | Btress | rayi. grain; IMAX- |4 eause | maxi-
inch | wood| fon Toot at pro-| Modu- | ‘Jug of at fo | gousing | at | mum %:ga‘:t shonring| SPUtting| mum
When Tan- Por- | W80l | alus | propor-t Maxi- brapor- propor-| complete |DroROI-| eryshing ) h tensil
N Volu- | Ra- - | tional |rupture| tin . tional | tional | failure | tional tlonal strengt strength
At test og.?n metric| disl %?:1 fimit ticity | tional | mum | Total limit | limit |(s0-pound| Lmit strength} Jimj; | End | Side ng
¥ limit load .
hammer)
1 2 3 ¢ | 5l s |7 8 9 10 n 4z | 13| 14 15 16 17 18 19 20 21 22 23 2 25 28 27 28 20 30
1,000 | In-th, | In-tb. | Fr.-th, In.-th
. Lb, per | b, per | per cu. | per cw. | per cu. | Lb. per | per cu. Lb. per | Lb. per | Lb, per Lb. per
HARDWOODS—Continued sg. 10, | 8. in. | in. in. tn. | &g, tn. in. Inches | sq.in. | sq. in. | ag.in. | Pounds| Pounds| sg. f;l
Maple, striped (Acer pennsyivanicum) Vermont 17' 3«03 }% ?.gg Rg i%g 1%’12.0 %g gg 780 % ?ii:l) prod % TS }:l!gg
. T RRREE L e, ; 3 , %3 S+l X 8o ,
iana, Peunsylvania, Verm 9,400 | 1,550 | 103} 13.3| 33.6|12,200| 4.8 40| 2,80 | 4,02 8001 L,070 | 970 | 1,480
Maple, sugar (Acer saecharumy ... {Indtana, Peunsylvaniz, Vermont, 15,900 | 1,830| 27| 15| 2.9 | 20,800 | 9.3 30| 5380 7emw!| 1,810 Lk | 1,480 | 233
i . 10,400 | 1,580 1 179! 8.1 10.8 18000 87 52| 4,980 | 65880 | z,8% | 60| 1,770 | T,em
Mastic (Sideroxyion foetidissimum) .. ... ... Florida oo 10,200 | 1,780 | 1.39 8.2 6.6 | 14,100 51 24| 3,040 | 6,930 | 2830 | 2,000 [ 1,790 | tan
. S 8,200 | LI80 | 102 | 12:2| 30.1[13,400 | 49 40| 2,720 | 3,470 g70 | 1,000 [ Loeo | 1,220
Oak, black (Quercus peluling) .o coe .. Arkansas, Wisconsin. ... 13,900 | 1,640 | 215 | 13,7 240 | 14,400 8.4 41| 4,76 | 6,520 1,166 | L3s0 | L2160 | 1,510
RS —— - e A U (R I (i R
» DUr (Quuercts MACTOCArPa)- - oo S , . . . . 4 ]
o ) o Californi 6200 740 | 103 8.8 | 160 820| 34 30| 1,880 | 2800] 'me0| ‘00| ‘830 | 1140
Oak, California black (Quercus telloggi) - oo ooeoeomeo oo regon, California._ ... 8, 700 o) | 2,28 6.6 | 10,01 8800 4,0 18] 3,300 | 5,640 | 1,440 | 1,180 | L100 | 1,470
. ; torn 10,600 [ 1,340 | L70| 144| 309|120 39 47| 3,040 | 4,600 | 1,480 | 1,650 [ 1,570 | 1,700
Oak, canyon live (Quercus chrysolepia) .o Californta. o oooooooomeee 2,900 [ Lew; 815 9,0 | 2135 (13000 5.5 37] 610 | 8,080 =260 | 2,580 [ 242 | 279
060 | 1370 | 00| 0.4 2204]12000| 26 35| 2,890 | 3,520 970 1, 210
Osk, chestnut (Quereus mondana} ... Tennessee . - ooeeeoeoeoeeee 13,300 | L0 | 288 | 1o 19.4] 18,608 | 7.7 40| 4,4% | 6,830 | 1,080 | L3250 [ 1,130 | 1,480
- o 900 | L3so! 86| 12| 283)10/400| 34 39| 2,650 | 3170 710 | 1,020 | 1,060 | 17180
Oalks, laurel (Quercus tourifolie) ... Loutstans o oeooeoeeo e 12,600 | LGB0 | 02| LR | 2851470 58 39| 4,640 | 6,98 1,300 1,230 | L280| 1,830
; irotni Florid 1,900 | 1,580 | 2.5¢ | 12.3| 26.0(17,200( &3 57| 4,170 5430 | 2,520 | L670 | 1,880 | 2,210
Osk, live (Quercus sirginiana) ..o T 1,400 | 1,980 | 2,19 | 159 30.1)20.380 | 112 3| &1% | 8,90 3500 3,150 | 2,680 | 2,860
7,700 [ C790 1 L51| 13.7| 2.8 | 10,300 48 40| 2,480 | 3,50 | 1,380 | 1,430 | L300 1,630
Oak, Oregox: white (Quercus garryana). .. oooooooooooooe OPegOL oo 10,300 LI, 22 8| w2 ILIO | 84 B %001 B30 2100 Lsw | Lém| 2,00
Osk, pin (Quereus paluatrie) oo Massachusotts .- ... 1400 | L0 =2 | 148 | 305 1Z300 | 38 45 [ 4,620°| 6,820 | 1,260 | 1,600 | 1,518 | 2080
Lonisl ,100 | 1,000 | L31| 110 25410900 | 41 44| 2,80 | 3,480 | 1,060 L150| 1,130 | 1,280
Oak, post (Quercus stetlata). .o Arkansas, Louisiana. .. -........ A0 LB 22| 132 04 IL00 | aG ) 30| e60) 1100 L3N L3 L8k
: Arkansas, Indiana, TLousiana y 1,35 . 13. . ! ] 3. 4 ) 3, v ' 1,21
Ozk, red (Quereta borealis) oo New Hampshire, Tennesses. 14,300 | LS | 23] G| 334 16N | 85 43| 4,880 | 6780 | 1,350 | 1,580 | 1,280 | 1,780
Oak, Rocky Mountain whit wtahensis) {A . penTe ) 5000 | 480 | L) i3l awal s0| 43 80| 1,330 [ 2es0| 1110 L70| L2s0| 1,530
ak, Rocky Mountain white (Quercus utahensis THEOIA. oo oo 8, 560 630 { 2.30 9.0 [ 133 14,100 5.2 -3 50| om0 | 2030 | Lo || T
. Massachusetts 10,400 | 1,480 [ TE1| 150 41¢|15,800{ 40 541 2,840 | 4,000 | 1,030 L170| 1,200| 1,410 20 700
Oalk, searlet (QUErcUs COLCINEE). - oomooooeomc i 83TBONISEHES. o oo 17,400 | 1,910 | 2,93 20.5] 43.9|16,100 | 6.1 83 5,560 | 8,330 | 1,330 | L,6%0 | 1,400 [ 1,300 450 870
Oak, southern red (Quercus rubra) Louisiana 18' 322 i iﬁg 1 ﬁ 32 i&‘; & 523 ?’é %g %’ ﬁfﬁ 3,040 &8 o 1 2% 30 250 i
2 T A R e = mmm e m e o e HRRIG e e s e » . . d 3 0
. Y Lvo| L32| 17| 380|1%z300| 38 54 | 31820 1
Cak, swamp red (Quercis rubra pagodacfoliay .| ____ A0 18,100 | 2,280 | 2,00 | 153 346 23sm!| 120 49 | 6,350
. 8,500 | 1,350 | 100| 128| 322(1p4de0( 32 45| 3000
Ouak, swamp chestnut (Quercus prinus) ... L T — 13,000 | 1,370 | 16| 20| 20019, 7.9 4| 4,400
Oak, swamp white (Quercus bicolor) ______________._..._... e G0 | 2o | 28| 18| Byleiw| as 0| T
. o 5900 | 1,650 | 114 11.1| 325|1,600| 38 30 | 3,260
Oak, water (Quercus Algra)--1.oooooooeoooo Lowisiang oo 15,400 | 2020 224 | 25| 334|880 &1 451 3,960
Oak, white (Quercus albay .. ... .. _______ Arkansas, Indiana, Louisiana_ ... ,2; 323 i 338 ;g? ﬁ;g g‘ﬁf }‘,’; 138 %‘E g? 2;223
. - 7,400 | 1,200 | .88 | 88| 2L3| 9 29 35| 2,340
Oak, willow (Quercus phellos) ..o Louisiang. .o oo e 1500 | L1980 | 26l | a4.6| 33 [150e0| 76 2| 1,380
Osage-orange (Tozylon pomiferum) ... OO i) It N IOl Ml ISl Al Il M e v Ml 1700 L) BR) S| MLTIISE0| B8] 1M0) 5980
Palmetto, cabbage (Subal palmetto) ... FIONA8. — e eeceeeeeeceeeeeenee D0l sl ekl 13 ks > R
Paradise tres (Simarouba glenea) . e e . B §; 200 E% 152 éj ? E: 3 }: 2 ; é; %33
_ . 0,800 | 1L,370{ L18! 18| 434 50 53| 3100
Pecan (Iicorit Pec@n)——omome oo e Missourf. oo 13,700 | 1,730 811 138 | s 8.2 44| 5180
o 10,000 | 1,270 | L.35{ 13.0| 3L2 4.5 41 | 3,180
Persimmon (Diospyros virginiena) oo B0 1,700 [ zel0] 349| 154 ]2 5.6 37 | 6300
Pigeon-plum (Coceolobis laubifoti)- . emwee oo .. L PSR 15.000 | 13| a6y | dog| hT|I600) i Rt
Folsonwood (Metopium toriferum) ... -oemameool T .- I ET R 13;;33 1,%;8 15 64 Zj? s 1 b=
Poplar, balsam (Pepulus batsmifers) Alaska, Vermont. _____________ I I Co | Lim| ie| a6l &3 3 IR
Poplar, vellow (Liriodendron tulipifera) . ... _________ | Kentucky, Tennessee_ ____________ { I N 3;%32 };%2 1;2§ ‘5;‘54 ég 23 éﬁ ;:2532
Rbododendron, great (Rhododendron mazimum).—.. _____ Temnessee . - . .oooeee { S woe | Lo | £ | 14| e Fr
Bassalras (Sessafras variffolium)  avaeeevmeneee | L 3; % 1 ?ég 1, 2? @7;: % ﬁ: § §§ §; %33
. 9 1 L8| 82| a7
Berviceberty (Amelanchier canadensie) oo .| A0 e T ] ;?2 13:333 1:333 344 13,, 4,,,*} % g' 3453

1 The averages for this species include data from tests representing an unknown number of trees in addition to the number indicated.
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TABLE 1.—Strength and related properties of woods grown in the United States—Continued

Shrinkage from - . Compression .
S?eciﬁc areen o ovens Static bending Impact bending parallel to gtain | o om. Har(_ln?iss{ 10:?—_
gravity, oven dry condition Om- | reunired 1o # Tenslon
dry, based ¥ 5 pression | bed a 0.444-ingh | Shear
Mois.| 0n Folume— | Weaisht based on dimen- porpen- | ball to X4 its | parallel | (. o g?mu‘]’:r
_ Moisture | Tregs| Fings| Sum- mo;: pe% 8lons Wiien green Wotk Height dicular diameter to grain; Bge.“i':ad to?grain'
Species (common and botanical names) Place of growth of matetial tested |, 0 qpioniteceeql por | mer [ D"y [ ER Btress Modu- Btress | Work | of drop | Stress | ppge. |boRTSIN max- 00 el e
inch + wood| yone foot ai’glfo‘ I}Iug%‘}' Ins of ot Bpt rip tg C%‘Si]ﬂge prglgor mum %;g‘;’)so;‘f slllneaug%g splitting] mum
‘When Tan- - elas- | Propor-| Maxi- Opor-|propor-| compla . *| erushing| % tengile
- Volu- | Ra- | tiomal |rupturel .; 1 tional | tionsl | failure | tiomal tional . streng| p h
AF test) ozen metric| dial | §551 | limit tielty | tional } mum | Totel | Yt | Yl |s0ponnd| limic | “TUEW| Gmit | End | Side strengt
harnmer)
1 2 3 4 | 5 6 7 8 9 10 1m {12 | 13 14 15 16 17 18 18 20 21 22 2% 24 25 2 7 28 20 30
" 1,000 | In.-Ib. | Fa-th, | In-th. . In.-lh. b T Lb., per
HARDWOODS—Ctontinued {;5:: ag. ?u" ig 1;181,' pe;ncu. pe:'nc.u. pc;'ﬂc.u. e | P g il s
62 . 6.1
Silverbell (Hualesia carofing) ____________________________ ;g S’% i; égﬁ (ll'“ 3% {3‘ 0 00
182 . .
Bourwood (Orydendrum arboreum) . ......._.. [N 22 1;:338 }jféff,' z.L 13,3 %‘,’_3
, 41 15,000 | Lg40 . . ___ 26| 483
Stopper, red (Eugenia confus) oo | Florida oo | B e 12 16,200 | 2040 [ . 0.6 | 19.3
R . 82 6, 600 810 120{ 30.7
Bugarberry (Celtis laevigata). . iory_ | T 12 9,80 | 1,140 218 | 1.2 6.2
) . 5,800 10 87| 1008 | 424
Sumeach, staghorn (Rhus hirta) T 2N DR SR i‘g 10,200 | 1, ?w 2.84 8.4 18.8
Bycamore (Platanus occidentalis) .. ... Indiana, Tennessee - %g !2'% i’ 2% 1.68 gg Hg ﬂ
; o8l 0,500 | 1,420 | 1.16| 14 .
Walnut, black (Juglans nigra) .. ... ________________________ Kentucky... - %g 14, 33[. Loz | 390 13,? i‘;’:gg é,g
z . 4|12 :
‘Walnut, little (Jugions rupesiris) B (li; 1‘2'%3 1, gég 2,60 I%% ﬁi’; : g
. L -| 130 3. 800 560 3 | 1008| 108 2.4
Willow, black (Salirmigra)_ . ... 1 12 6,200 20 1.54 ne| 11 3.6
‘Willow, western black {Salir fasiandra) . ..., B 1‘}2 2,% i; 2?3 137 13:% g;i‘ f?
Witchhasel (Hamamelis Firginione) - ......--occceceemen-o- - B 5300 | rase| agr| ag| BE[E0M bl Il oo
SOFTWOODS
e ] atdes Oreene irgreen...| 81 e8| ... 3| .42 46 3 | 9.2| 28| 6.0 3,80/ 6400| 1,140 T 0.2| 26.2| 9100 3.2 3,050 430 540 440 840 170 330
Cedar, Alaska (Chamaecyparis nootkatensis). ... Alagks, OregOn_ . —oooooooe iy 7| T N 1) a7 T P R 7,100 | 1L,100 | 1,420 | =06 | 10,41 155 | 12 200 5.0 8,810 70 0 580 | 1,130 150 380
. , 108 .35| .37 45 7778 aa b2 | se00 | 6200 s 94 64 8.8 | 7,300 24 3,150 480 570 390 830 180 280
Cedar, inconse (Libocedrus decurrens) . . . __. SIS R N 2 .87 ||y T 5, emg s,guog L0 | 1 gg ; 4 23.2 9,60 3.3 5, 213;101 730 830 470 880 {ooo.__ 270
, 43| a0 i 36{ 10.1f 46 69| 4.000] 6. 1,420 T4 YAy 3.0 31 350 460 400 830 100 180
Cedar, Port Orford (Chamaecyparis lawsoniana) . ... B 42 £ 7 P S N V00 | 11,300 | 1,730 | .97 R1| 10.5 | 13,500 5.0 8,470 760 730 560 | 1,080 220 100
, L 35 .19 37 TR 47| 30| 7,000 650 108| 150 347 7000 2.7 3,570 860 760 650 | 1,010 180 330
Cedar, eastern red (Juniperus virginiana) - - ooooooeooo_ B 4y 33 (... .| 3,800 | 8,800 880 | 1.01 8.31{..._ _._ 8, 500 46 8,02 1,140 900 900 b ___. 260 | ..
) 2 42 15 331777072240 s 000 | 8 400 930 | 157 88 107 | 10500 5.4 4, 360 910 810 520 | 1,190 210 400
Cedar, southern red (Juniperus 8p.}- - oommoomeeoeeoeoee 12 7Y N A B 7,300 | 9,400 [ 1,170 | 188 5.4 6.6 | 10,200 2 8,570 [ 1,000 | 1,010 610 T 3 P
. 57| a1 34 27| 77|24 50| 3200 5100 920 .63 60| 101 6900 25 9,750 340 0 270 710 140 240
Cedar, western red (Thuje plicata)—.- .| Montana, Alaska, Washington-.{ppe 27f 7| 7| 7 2] s 31 R I IR 5. 300 z,;gg 1,120 | 1.4 5.8 111.59 8, 800 a.(z) 5, 610 860 350 stgo|J 130 220
. L . 55 32 8| o[ 2 . 640 80 6.7 8.9 | 6300 2 1,950 280 320 230 & 140 240
Cedar, notthern white ( Thuja occidentalis) ... 2] .at| . >3 I I 4,90 | 6,500 800 | 172 48 8.0 | 7,100 2.8 3, 960 350 450 520 850 150 240
Cedar, southern white (Chamaecyparis thyoides} . .._.._..._. New Hampshire, North Carolina. i’g ,i; 3? §§ 7_7?1 ?g 52 i;g‘.}ﬁ 3:523 ;3500 1 f.} 2;2 lﬁ;g ?:233 3;3 f[% 233 ﬁ §§2 Sﬁﬂ }% ;23
L - . o1 { 42|78 51| 10.5| 88| a2| 4200/ 6600 1,18 91 6.6 139 8800 3.3 3, 680 500 440 390 810 180 300
Cypress, southern (Tavodium distichum). ..o Louisiang, Missouri__ ... B} 2] L4l -3 I I W 7,200 | 10,600 | 1, 2.15 | 8.2 1L9 | 10,400 3.9 6, 360 200 840 30| 1, 1] 2
- . N Green.. | 1 5 a5 |TIEL 38 | 118 | s0 |78 4 7,600 | 1,55 85 6.8 19.2| 9 800 . 3,860 510 510 480 160 240
Dauglas fir (canst type) (Pseudolsuga tazifolin) .. __ ‘Washington, Oregon, California._. {n;(;en 30 ]4 sl 48 5 S S I 7 8, %33 i | Lom| e §.8| 2290|1270 M 7,420 10 760 | 1 ] 150 300
. - T J2 | 42774 3800 6,800 1,350 .63 8| 13.1| 8 700 ' 1 4 10 1
Douglas fir (intermediate type) {Pseudotsuge fazifolia) ______. Montans, Idaho, Californla. .- ... {Si‘;‘i‘_‘ It W Il - € /Y - el el TE :;,ilm 1{,5’3« L& | 157 58 16,4 | 11,600 ¥ 33:3728 20| 10| dog 1, ] 190 ]
. . T T40 i5 35| 10, 82| 3600 | 6400 | 1,180 .65 6.8 | 37| 9100 3 2,060 400 160 350
Douglas fir (Rocky Mountain type} (Peeudsfsuga tarifolia)._ .| Wyoming, Montana._._..___.___. {%‘{.‘iﬁ’i__ 0y = G %ﬁ el 30 _____?_ 3? _______ 6,300 | 9,600 | 1 400 1,60 6.4 113112100 4.2 6,060 éﬁ ﬁ 830 1,073 12o 330
; . - 7| 31 32 28 [0 25| 71| 2400 | 4,400 39 44 52| 5300 i 2, 060 310 230 220 810 T
Fir, alpine (4bies iasiocarpa) oo Colarado 12 sl a8 || LT 7, 100 900 | ____ e z.g 3.5 g. ggg 2.3 1,330 680 s W[ 1,020 10 |00
] , . 17| T | LM 45| 10.8| 28| 6.6 3,000 | 4 960 . 4 691 6 23 2 400 210 200 20 810 130 180
Fir, balsam (Abies balsamen) oo oo Wiseonsin NN 26 || 5200 | Te00 | 1, gg 1, E 5 é 0.4 7 % 28 4530 380 510 [ 400 ne | . 180
. L . 62| .28 32 20/ 00| 26| 69| 25001 4200 . 4. 51| 56 20 2.010 190 280 210 150 300
Fir, corkbark (Abies arizonion) -« oo meoee New Mexico ph FEN I T I T I TR N 4,500 | 8, % i osn 1,09 4.5 5.3] 8, sjagg 2.7 L1100 470 470 280 840 170 280
. . . : . . A A » 300 5.8 : A 5 K
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Fir, noble (Abies nobitis) oo OTOEOR. oo 2 i 2 (| €000 | 10,100 | 1, ggg 1.& gg 14,0 | 11, 200 38 5, b8 40 e 410 950 156 240
. . . , . 108 | .37 42 48 |18 7387 6.9 4100 e000| L . ) 126 | 8 28 2,830 440 390 380 00 180 340
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Hemlack, western { Tsuga heterophylla).o-e . Washingten, Alaske, Oregon 2l el T - AL B eso0 10,100 | Lago | 182 151 158l 12400 54 8,210 880 840 s | 1,170 200 310

1 The averages for this species include data from tests representing an unknown number of trees in addition to the number indicated, 126695°—36. (Face p.4.) No, 4
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Yew, Pactfle (Turus brevifolia) - o.oooooovomorooonnooooe s Washingtor oo {D,y_,_‘ S i 2] el b O I ceeee-} 9,300 15,200 | 1,350 | 3.58 | 18.7] 3L1|1%100 ] 55 31| 4730 | 8,80 | 210 o | Leso | 2230 T ——

17The averages for this species include data from tests representing an unknown number of trees in addition to the number indicated. 126806°—38, (Facep.4.) No. b
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" COMMON AND ‘BOTANICAL NAMES OF SPECIES (COLUMN 1)

For convenience, the species listed in table 1 are grouped in two
major classifications:

(1) Hardwoods, or trees with broad 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 terms ‘“hardwoods’” and ““softwoods”
are thus indicative of botanical classification. 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 confusion 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
States Forest Service has adopted such a nomenclature, designating
each species by a single common name, in addition to a botanical
name about which confusion rarely exists. The official names are
used herein and are those given in Check List of the Forest Trees of
the United States, their Names and Ranges, except for a few sub-
sequent changes. Page 92 shows the relation between this nomen-
clature and 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 were obtained. The locality of growth
has in some instances an influence on the strength of timber (p. 43).
That this influence is, however, frequently overestimated is indicated
by the fact that fully as great differences have been found between
stands of different character grown in the same section of the country
as between stands grown in widely separated regions within the
normal range of growth. For this reason 1t is considered better to
average together 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 region and those of the
Douglas fir from. the Pacific Northwest. Further, Douglas fir from
the so-called ‘‘Inland Empire’ * region is found to be mtermediate
in its characteristics between that from the arid Rocky Mountain
region and that from the Pacific Northwest. For these reasons
separate averages are given for Douglas fir from the Pacific coast,
intermediate type, and the Rocky Mountain regions.

MOISTERE CONDITION (COLUMN 3)

Both green and dry material 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 among the different species, all tests on green wood
were made at approximately the moisture content of the living tree,

1 Northwestern Montana, Idaho north of the Salmon River, Washington east of the Caseade Mountains,
and the northeastern tip of Oregon.
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which is above the limit * below which differences in moisture content
affect the strength properties. _

The strength of dry or partially dry wood depends greatly on the
particular 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 pair of lines beginning with
column 3. These values were obtained by adjusting values obtained
from tests made at various moisture contents. The moisture basis
adopted (12 percent) represents an average air-dry condition attained
without artificial heat by thoroughly seasoned wood over a consider-
able portion of the UInited 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 imncreased strength of the wood fibers is usually
offset by checks and other defects resulting from drying, so thai as
large increases 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 for comparing species,
because they are based on & Jarger 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 values for the more im-
portant species represent groups of trees from different localities.
Five trees of a species were selected, as a 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-
ter or radius of the trees from which the test speeimens were cut. Rings
per inch were counted along a radial line on the end section of each
specitaen. Ome ring, consisting of a band of spring wood and a
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 ® of the same species so
that within a species the proportion of summer wood is indicative

s Green wood containg “absorbed”, or “imbibed !, water within the cell walls and *'[ree” water in the
cell cavities. The free water from the cell cavities is the first to be evaporated in drying. The fiber-satura-
tion point is that point at which no water exists in the cell cavities of the timber but at which the cell walls
are stiil saturated with meisture. The fiber-saturation point varies with the species {/5), The ordinary
proportion of moisture—based on the weight of the dry wood—at tha Aber-saturation point is about 30
percent. Most sirength properties of wood hegin to incresase, and shrinkage begins to oceur, when the fiber-
saturation point is reached in seasoning. . A

¢ Numerons determinations have shown that in the southern pines specific gravity of the summer wood is
usually from 2 to 3 times as great as that of the 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 difficulty is
even greater. For this resson the proportion of summer wood is
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, the
selection of pleces showing one-third or more summer wood, such
material being awarded as a premium higher working stresses (64, 61).

MOISTURE CONTENT (COLUMN 7}

Moisture content is the weight of water contained in the wood,
expressed as a percentage of the weight of the oven-dry wood. Sinece
it 1s 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
weight or volume of water if the wood is heavy than if it is light.
Moisture content is commonly determined by weighing & sample and
then drying it at 212° F. (100° 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
18 subject to some inaccuracy, because the loss in weight includes that
of any substances other than moisture that evaporate at 100° C.
Also some constituents other than actual wood substance are not
evaporated. Errors from these sources are not sufficient to affect the
practical application of the data given in column 7.

The moisture content listed in table 1 for green material is the
average for specimens taken from the pith to the circumference of
the loc. Hence 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 12 per-
cent is entered as the moisture content of ““dry” material, because
the data have all been adjusted to this basis.

As shown by table 1, the average moisture content of the green
wood varies widely among species. Also moisture content often
differs between heartwood and sapwood of the same species and in
some instances varies with height in the tree. Many coniferous
species have a large proportion of moisture in the sapwood and much
less in the heartwood. Most hardwoods on the other hand show
much more nearly the same moisture content in heartwood and sap-
wood (p. 20). Extreme limits observed in the moisture content of
green wood range from as low as 30 to 40 percent in the heartwood
of such species as black 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 lngh at the base of the tree and becomes less toward the
top. For example, in green redwood trees examined at the Forest
Products Laboratory, the heartwood decreased in average moisture
content from 160 percent at stump height to 60 percent at heights
sbove 100 feet. In this instance the sapwood increased slightly in
percentage moisture with height in tree.
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SPECIFIC GRAVITY (COLUMNS 8 AND 9)

Specific gravity is the relation of the weight of a substance to that
of an equal volume of water.

The volume occupied by a specified weignt of wood substance
changes with 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-dry, and each is based on the weight of
the wood when oven-dry. 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

Additional data on the specific gravity of a number of species are
presented on page 30. For some species these data are more exten-
sive than those of table 1.

SPECIFIC GRAVITY BASED ON VOLUME WHEN GREEN (COLUMN 8)

Values of specific gravity, based on weight when oven-dry and
volume when green, are determined from weights and measurements
of specimens tested when 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 a moisture determination on the same
specimen,

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

SPECIFIC GRAVITY BASED ON YOLUME WHEN AIR-DRY (COLUMN 8)

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-dry material. The values for
air-dry wood listed in column 8 are adjusted to a volume basis cor-
responding to 12-percent moisture content.

SPECIFIC GRAVITY BASED ON YOLUME WHEN OVEN-DRY (COLUMN 9)

In determining the specific gravity based on volume when oven-dry,
the volume as well as the weight is taken after the specimens are
oven-dried 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 on the same specimens of which
there were usually 4 to 6 from a tree. ,

The difference hetween specific gravity based on volume when green
and that on volume when air-dry or oven-dry, is due to shrinkage,
and either specific gravity may be determined from the other if the
corresponding shrinkage m volume is known. For example, specific
gravity based on weight and volume when oven-dry equals specific
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gravity based on weight when oven-dry and volume when green
divided by

160

As the determinations of speeific gravity, based on volume when
oven-dry, and of volumetric shrinkage were made on only a few
specimens from each bolt, they are not related to specific gravity
based on weight when oven-dry and volume when green in exact
accordance with this equation.

(1 __percent, volumetric shrinkage)

WEIGHT PER CUBIC FOOT (COLUMN 10)

Changes in 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
per cubic foot, various degrees of dryness must be recognized.

Green or freshly cut wood, contains, as shown in column 7, a
considerable proportion of water. After being dried by exposure to
the air until the weight is practically constant, wood iz said to be
“air-dry.” If dried in an oven at 212° F, (100° C.) until all moisture
is driven off, wood is “oven-dry.”

The weights per cubic foot presented in table 1 are based on weights
and volumes of small, clear specimens taken usually from the top
4 feet of 16-foot butt logs of typical trees. Beeause the wood from
such portions is often heavier than that from higher in the tree,
material thus selected averages slightly heavier than the wood in
ordinary timbers, poles, posts, or railway ties.

WEIGHT PER CUBIC FOOT WHEN GREEN

The value for green wood as given in column 10 includes the
moisture in the wood as 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 average 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 accompanied by comparatively large variations in weight
per cubic foot of green material.

The weights per cubic foot in column 10 correspond to the average
moisture-content values listed in column 7. When in specific
instances there are large differences in moisture content between
heartwood 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 to a suitable moisture content. For example, the weight
and moisture content of ponderosa pine are given in table 1 as 45
pounds per cubic foot and 91 percent, respectively. The average
moisture content of ponderosa pine logs having 75 percent sapwood
by volume is computed on page 30 as 121 percent. The estimated
. weight of such logs is then
1004121

ekl L WYL E i
45 T00L 91) 51% pounds per cubic foot.
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WEIGHT PER CUBIC FOOT WHEN AIR-DRY

Weight per cubic foot depends upon the amount of moisture in
the wood which in turn depends on the species, the size and form of
the pieces, the length of the seasoning period, and on the rapidity of
seasoning as governed by the elimate. The average air-dry condition
reached in 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-dry
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
because 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 meisture 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 takes place because of the loss of moisture. At the same
time shrinkage reduces the volume. Conversely, both weight and
volume increase as moisture 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
inerease 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 source. Shrinkage and swelling
in the direction of the grain (length) of normal wood 1s only a small
fraction of 1 percent and is too small to be of practical importance in
most uses of wood.” 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 1s 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 shrinkage is less than the tangential. Hence,

7 Appreciable longitudinal shrinkage is associated with *compression wood”’, and other abnormal wood
structure (p. 72).
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. quarter-sawed {edge-grained) boards shrink less in width but more
in thickness than flat-sawed boards. The smaller the ratio of radial
to tangential shrinkage for a species, the greater is the advantage to
be gained through minimizing shrinkage in width by using quarter-
sawed wood. Also, the less the difference between radial and tan-
gential 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 heating conditions. The fact that time is required for
these moisture changes, causes a lag between atmospheric changes
and their full effect on the moisture condition of the wood. The lag
18 greater In some species than in others, greater in heartwood than in
sapwood, and is much less in small than in large pieces. It is increased
by protective coatings such as paint, enamel, or varnish. Some
specles whose shrinkage from the green to the oven-dry condition is
large cause less inconvenience in use than woods with lower total
shrinkage, because their moisture content does not respond to atmos-
pheric changes so closely. The shrinkage figures given do not take
into account the readiness with which the species take on and give off
moisture, and therefore should be considered as the relative shrinkage
between woods after long exposure to fairly uniform atmospheric
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 seasoning. 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 percentage
shrinkage or swelling of about one twenty-fifth of the value listed in
columns 11, 12, or 13.

MECHANICAL PROFERTIES (COLUMNS 14 TO 30)

Columns 14 to 30 inclusive list the asverage values obtained from
tests made according to the standardized procedure (pp. 4, 78). For
convenience and ease of reference, each of the column l’leadings is
discussed independently in the order in which it appears in the table.
The reliability of the averages and the significance of differences
between species is discussed in a later section on variability. Appre-
ciation of the significance of the values and of how they should be
modified to apply 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 LIMIT, STATIC BENDING (COLUMN 14)

The proportional limit in any test is the limit of proportionality
between load (or stress) and deformation (or strain). When load is
increased by a given percentage without passing this limit, deforma-
tion increases by the same percentage. With an increase in load
beyond the proportional-limit value, deformation increases by a
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greater percentage than the load. Both these facts are illustrated -
by the load-deflection graph shown on page 80.

In aeccordance with current practice (3) in the field of testing
materials this bulletin uses ‘‘proportional limit”, instead of “elastie
limit”, as used in previous Forest Service publications, to designate
the limit of proportionality between stress and strain or between load
and deformation.

The determination of the proportional limit in any test is subject
to uncertainty because 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 from the straight-line relation in such a
diagram as shown on page 80. Values of load and deformation at
proportional limit for wooden members depend on the rate at which
the load is increased and on the length of tume it acts on the member.
This is illustrated by the fact that stress and deformation at propor-
tional limit are much greater in impact bending, in which the speci-
men is subjected to instantaneous shocks, than in static bending in
which the load increases at a moderate rate.

Because a piece stressed within the proportional limit recovers
from 1itg deformation on removal of the load and release of the piece
from stress, the proportional limit is sometimes called the elastic limit.

Tests have demonstrated that loads in bending or in compression
parallel to grain that exceed the proportional-limit values as found
from tests made at the standard speeds (4) will ultimsately cause
failure if they continue to act on & wooden member. Thus, these
proportional-limit values of stress are upper limits to the stresses that
can be used in the design of permanent structures. In determining
safe working stresses, factors of safety must be applied to average
values of stress at proportional limit in order to allow for variations
below the average and to provide for the contingeney that the member
will be loaded more heavily than was assumed in its design. The
effects of duration and repetition of stress are discussed on page 59.

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

MODULUS OF RUPTURE, STATIC BENDING (COLUMN 15)

Modulus of rupture is the computed stress in the top and bottom
fibers of a beam at the maximum Yoad and is a measurs of the ability
of a beam to support a slowly applied load for a short time. The
formula by which it is computed 1s based on assumptions that are
valid only to the proportional limit, hence moduius of rupture is not
a true stress. It is, however, a widely accepted term and values for
various species are quite comparable,

* Since the modulus of rupture is based on the maximum load,
which is directly determinable, it is less influenced by personal and
other factors than proportional limit values.
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The modulus-of-rupture values are used to compare the bending
strengths of different species, and in conjunction with the results of
tests on timbers containing defects to determine safe working stresses
for structural timbers.

Like stress at proportional limit, modulus of rupture as found from
the standard 2- by 2-inch specimens requires some modifieation to
adapt it to square or rectangular beams of other sizes or to make it
applicable to beams of I, circular, box, or diamond-shaped cross section

(p- 63).
MODULUS OF ELASTICITY, STATIC BENDING {(COLUMN 16)

Modulus of elasticity is a measure of the stiffness or rigidity of a
material. The deflection of a beam under load varies inversely as
the modulus of elasticity; that is, the higher the modulus the less
the deflection. Modulus of elasticity is useful for computing the
deflections of joists, beams, and stringers under loads that do not
cause stress beyond the proportional imit. It is also used in com-
puting the load that can be carried by a long column, because for
guch columns the load depends on the stiffness, and not on the
crushing strength of the wood parallel to the grain.

Some of the deflection that occurs in the bending of a wooden
beam is due to shear distortion, the amount varying with the pro-
portions of the pieee and the placement of theload. About one-tenth
of the deformation measured in tests of the standard bending speci-
men is due to shearing distortion. The true moduli of elasticity are
consequently about 10 percent higher than the values in column 16.

WORK TO PROPORTIONAL LIMIT, STATIC BENDING (COLUMN 17)

Work to proportional limit in static bending, as the name implies,
is a measure of the energy that the beam absorbs in being stressed
to the proportional limit. Since work is the product of average force
times the distance moved, work to proportional limit involves both
the load and the deflection at the proportional limit.

Values of work to proportional limit may be used to compare the
ability of different species to withstand a combination of hmgh load
and high deflection without appreciable injury. Hence, they measure
the toughness of a piece to the elastic limit. It is a comparative

roperty only and cannot be used directly like modulus of rupture
m strength caleulations.

WORK TO MAXIMUM LOAD, STATIC BENDING (COLUMN 18)

Work to maximum load in stafic bending represents the capacity
of the timber to absorb shocks that cause stress beyond the pro-
portional limit and are great enough to cause some permanent
deformation and more or less injury to the timber. It is a measure
of the combined strength and toughness of a material under bending
stresses. Superiority in this quality makes hickory better than
ash, and oak beiter than longleaf pine for such uses as handles and
vehicle parts subjected to shock. Work to maximum load is closel
related to height of drop in impact bending as a measure of shocﬁ
resistance. :

Work-to-maximum-load values eannot be used directly in design,
but, like many others, their usefulness is limited to comparisons.
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TOTAL WORK, STATIC BENDING {(COLUMN 19)

Total work in static bending is a measure of the toughness under
bending stresses that cause complete failure. Like work to maximum
load, it is a measure of that quality which makes hickory a superior
wood for handles, and other uses involving shock resistance. 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 20)

The 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 impact as in static 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-bending test.

It is impossible from the measurements made in this test to find
the maximum foree between the hammer and the specimen or to
compute a maximum stress value analogous to modulus of rupture
in static bending. That such a value would, if determined, be con-
siderably higher than modulus of rupture is demonstrated by the
fact that stress at proportional limit in impact averages somewhat
higher than modulus of rupture. In a few tests in which specimens
were broken by a single impact and the maximum force acting on the
specimen found from records of the deceleration of the hammer, the
computed maximum stress was approximately 75 percent higher than
modulus of rupture of similar specimens tested in static benging (58).

WORK TO PROPORTIONAL LIMIT, IMPACT BENDING (COLUMN 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 involves both the deflection and the stress at proportional
limit. ‘Work to proportional limit is used to compare the ability of
a timber to absorb shock and recover promptly without injury. It
represents & quality important in such products as tool handles or
tennis rackets. The values apply only to the resisiance to falling
bodies or like conditions in which the stress is applied and removed
in a fraction of a second.

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

The height of drop of the hammer in impact 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
expressing the ability of wood to absorb shock that causes stresses
beyond the proportional limit. It represents a 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 which the ratio of length to least dimension does not
exceed 11 to 1. Tt is the limiting stress in compression parallel to
grain which should not be exceeded in determining safe loads. The
stress at proportional limit in compression parallel to grain is taken
into account in arriving at safe working stresses for short columns
and other compression members, determining design values for bolted
joints and the like. The stress at proportional limit averages about
80 dpercent of the maximum crushing strength, for coniferous woods,
and 75 percent for hardwoods.

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

Maximum crushing strength is the maximuwm ability of a short
piece to sustain & slowly applied end load over a short period. It is
applicable to clear compression members whose ratio of length to
least dimension does not exceed 11. This property is important in
estimating endwise crushing strength of wood, and 1n developing safe
Worllilik{lg stresses for structural timbers, design of bolted joints, and
the like. ’

Maximum crushing strength is one of the simplest properties to
determine. It is usually less adversely affected by various treat-
ments or processes apphed to wood than other strength properties,
and hence 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 in this test, wood does not
exhibit a true ultimate or maximum strength as in compression
parallel to grain and static bending; but the load continues to increase
until the block is badly crushed and flattened out. Ience, no

ultimate or maximum strength value is obtained.
- In the standard test procedure, the specimen is placed with the
direction of the annual growth 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 proportional limit 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 appears to be no consistent difference in fiber stress at
proportional limit when the rings are parallel and perpendicular re-
spectively to the direction of the applied load, appreciably lower
values obtain when the rings are at an angle of 45°. This fact is of
practical importance in timber design and use.

The fiber stress at proportional limit 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 8 component of tension parallel to grain at the edge of
the plate, in addition to the compressive stress proper. Values of
proportional limit lower than those obtained with the standard test
are found when the plate covers the entire surface of the test specimen,
and higher values result when the width of plate is decreased. The
metho§ of test employing a plate covering but part of the surface is
somewhat analogous to the bearing conditions in service where &
joist or beam rests on its supports.

HARDNESS (COLUMNS 26 AND 27)

Hardness is the load required to embed a 0.444-inch ball to one-half
its diameter in the wood. It represents a property importantin wood
subjected to wear and marring, such as flooring, furniture, railroad
tieg, and 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 members, as can such prop-
erties as modulus of rupture.

Hardness tests are made on end, radial, and tangential surfaces.
End hardness values are given in column 26. There 18 no significant
difference between radial and tangential hardness, and they are aver-
aged together as “‘side hardness’ 1n 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 Joad.
Likewise the end-hardness values reflect a component of side-grain
hardness. Although end hardness is usually higher than side hard-
ness, it is evident that the two are closely related.

Although hardness is the best available index of the ability of wood
to resist wear, it is not so good a criterion 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 mnot
" available.

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

Maximum shearing strength is the average stress required. to shear
off from the test specimen a proéect'mg lip having a length in the direc-
tion of the grain of 2 inches. Shearing strength parallel to the grain
is a measure of the ability of timber to resist shipping of one part upon
another along the grain. Shearing stress is produced in most uses of
timber. It is important in beams, where it is known as horizontal
shear—the stress tending to cause the upper half of the beam to
slide upon the lower—and in the design of various kinds of joints.
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It is diffienlt 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, the
same effect in varying degree obtains in other methods in use or pro-
posed. In obtaining the average shear values presented, & uniform
distribution of stress throughout the shearing area is assumed, al-
though it is not certain that uniformity obtains. The maximum
shearing strength also varies with the amount of offset between the
shearing force and the line of support of the specimen. - Compar-
able values are obtained by standardizing the test procedure as in
this series of tests.

LOAD TO CAUSE SPLITTING, CLEAVAGE (COLUMN 29)

Cleavage is the maximum load required to cause splitting of the
standard specimen. It is expressed in pounds per inch of width,

It is evident that the maximum load in cleavage depends on the
width and length of the specimen. In order to insure comparable
results, the standard length of 3 inches is always maintained. The
cleavage strength, like some of the other properties cannot be used
directly for calculating required sizes of wood members or in similar
design problems, but 18 useful mainly for comparisons, This test
differs from the action of nails in splitting wood when driven, and
should not be taken 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 maximum 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 a true tensile strength. They are; never-
theless, useful for comparing species and for estimating the resistance
of timber to forces acting across the grain.

VARIABILITY

Variability is common to all materials. If one tests pieces of wire
from a roll, the loads necessary to pull the wire apart will vary.
Likewise, the breaking strengths of different pieces ofp the same kind
of string or rope are not the same. Materials, however, differ con-
siderably in the amount of variation or the spread of values.

The growing tree is subject to numerous constantly changing
influences that affect the wood produced, and it is not surprising that
even the clear wood 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 the same species,
are not exactly alike. The differences most commonly recognized
are in the appearance, but even greater differences in weight and in
strength properties occur and may be of greater importance.

126695°—35——2
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The variability of wood can be illustrated by considering as an
example the dats on specific gravity of Douglas fir 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.

TasLe 2.—Results of specific gravity determinations on 1,240 samﬂes of Douglas fir
(const type)

Specific gravity ! group limits Pieces in group Specific gravity ! group limits Pieces in gronp
Percent Percent

0.300 to 0.309 0.18 .M
0.310 to 0.319__ . 56 B. 97
0.320 to 0.329.. .48 5.85
0.330 t0 0.339__ L2 4. 82
0.340 t0 0.349__ L05 3.71
0.350 to 0.359_-. 1.85 3.31
0.360 t0 0.369_ . 2,02 2.42
0,370 {0 0.379. 3.06 1.85
0.380 to 0.389__ 3.70 .97
0.390 o 0.399__ 516 .73
0.400 to 0.409__ 8.06 .81
0.410 to 0.419__ 6.86 .32
0420 to0.420__ 6.13 .08
0.430 to 0.439_. 7.98 A
0.440 to 0.449__ 8.08

0.450 to 0.459 7.6 100. 00

1 Rased on weight when oven-dry and volume when green. A verage specific gravity equals 0.445; highest
ohserved specific gravity, 0.549; lowest, 0.308.

The manner in which the values are grouped about an average is
called a frequency distribution, from which the chances that a random
piece will differ from the average by a given amount can be estimated
by computation. Such caleulations, for example, assuming that the
specific-gravity values conform to a so-called normal distribution,
leads to the expectation that one-half of the Douglas fir samples would
be within 7.9 percent of the average specific gravity, or within the
limits 0.41 ané) (.48 inclusive, and that one-fourth would be below
0.41 and one-fourth above 0.48. 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 a gpecific gravity between 0.41 and 0.48, whereas 25.4 percent
(315) were below 0.38 and 21.9 percent (271) were above 0.48. Thus,
as might be expected, 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 & like manner. ,

After tests have been made it is, of course, easy to determine from
the results the proportion of the test pieces within any given range,
but one can only estimate the reliability of the averages and the degree
to which this test data applies to other pieces. One would like io
know the true average for each species, a quantity which cannot
actually be determined. The best that can be done is to assume 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 varisbility by means of data
presented herein.
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It would be desirable to present a measure of the variability of each
property of each species. However, the extensive calculations in-
volving all properties and species have 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 that
they are enough alike that estimates made on the assumption that
the percentage variability in any one property is the same for all
species will be sufliciently aceurate for approximate caleulations.

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

(1) What is the significance of the differences between average
values for two species or what is the likelihood that the averages will
be changed g specified amount by additional tests?

{2) What is the range that includés a specified proportion of
material of a species, or what is the likelihood that a piece selected
at random will be within a specified range?

VARIATION OF AVERAGE VALUES

The probable variations of observed averages from the true averages
enables one to appraise the significance of differences between ob-
served averages. The estimated probable variation of the observed
average from the true average of a species, when based on different
numbers of trees, is given in table 3. The percentage probable vari-
ations listed in table 3 being average values for & number of species,
an occasional species may be considerably more or less variable than
indicated.

TABLE 3.—Perceniages probable variation ! of the observed average from the irue
average of a species, when based on malerial from different numbers of trees

S o number__[ 1 2 3 4 5 10 ] 151 20 | 30 | 40 | 50

|
|
|
|
|
|
|
|

Specific gravity based on volume when
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Fiber stress at proportional limit.____
‘Work to proportional limit .._..__.._
Height ofdrop......________________

Compression parallel to grain:
Fiber stress at proportional limit
Mazimum crushing strength.__

Compression perpendicular  to
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Hardness, end .0 ... aooacaoa

Hardness, side_. . ____._______._________
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! The percentage probable variation of the average of a species is a figure such that there is an even chance
that the true average is within this percentage of the observed average in table 1.

The observed average is always the most probable value of the true
average. The importance of the differences between species with
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respect t0 averages depends on the magnitude of this difference in
relation. to the probable variation of the averages, as well as on how
exacting the strength requirements are for the particular use under
consideration.

If the averages of any property of two species of table 1 differ b
an amount equal to the probable variation of the difference,® there 1s
1 chance in 4 that the true average for the species which is lower in
that property on the basis of present data equals or exceeds the true
average of the other. There is also 1 chance in 4 that the true
average for the higher species exceeds that of the lower one by as
much as twice the observed difference. When the averages differ
by amounts that are %, 1, 2, 3, 4, or 5 times the probable variation
of their difference the chances of the true average of the lower species
equaling or exceeding the true average of the higher, or of the ob-
served difference being at least doubled are given in the following
tabulation: :

Moudltiples Chance
b e 1in 2%
b o el 1in 4.
2 1in 11,
B 1 in 486,
U 1 in 285
B e e 1in 2,850

As an example, consider the average values for modulus of rupture
of 9,300 and 9,600 pounds per square inch for Biltmore white ash
and blue ash, respectively, in the green condition (table 1). These
averages being based on five trees of each species the probable varia-
tion according to table 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 averages. The probable variation of the difference between
the averages is then +/ (372)*+ (384)% or 535; the observed difference
in the averages for modulus of rupture (9,600-9,300)} is 300. The
ratio of the observed difference to the estimated probable variation
being less than 1, it may be estimated from the tabulation that the
chance that the true average modulus of rupture for Biltmore white
ash equals or exceeds that for blue ash is somewhat greater than 1in 4.
There is the same chance that the true average of blue ash exceeds
that for Biltmore white ash by ag much as 600 or twice the difference
in present average figures as shown in table 1. Therefore, the differ-
ence in modulus of rupture between blue ash and Biltmore white
ash is not to be regarded as significant.

As a second example, consider the figures for modulus of rupture
of 9,400 and 8,300 for sweet birch and yellow birch, respectively
(table 1). The figures for sweet birch are based on 10 trees, those
for yellow birch on 17. Krom table 3 the probable variation of the
species average 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 trees and 20 trees).
Following the method of the preceding example, 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-half times its probable variation of 320. The tabula-

¢ The probable variation of the difference of two average figures is the square root of the sum of the

squares of the prabable variations of the averages. The probable variation of the average of any property
may be estimated from the fignres in table 3. o prope
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tion indicates that the chance that the true average for modulus of
rupture of yellow birech would equal or excel that for sweet birch 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 one-half
of the material of a species would be expected to fall may be esti-
mated from the following tabulation.

Estimated probable varigtion of an individual piece from average for species

Property: Percent
Specific gravity based on volume when green_ _ . ____________________ 8
Shrinkage: :

Radial ______________ 11

Tangential _____________ 10

Volumetrie_ . aoo_ 12
Static bending:

Fiber stress at proportional limit______________________________ 16

Modulus of rupture L _____ 12

Modulus of elastieity L ____ 16

Work to maximum load_______________ e 23
Irnapact bending:

Fiber stress at proportional limit______________________________ 13

Height of drop_. __ o ___._ 18
Compression parallel to grain:

Fiber stress at proportional limit___ ___________________________ 18

Maximum crushing strength_________________________._________ 13
Compression perpendicular to grain: Fiber stress at proportionallimit___ 21
Hardness, end - _ e 13
Hardness, side _ . .-« oo e 15

As an example, congider the modulus of rupture of red alder, when
green, which is found irom table 1 to be 6,500 pounds per square
mch. The tabulation lists the probable wvariation 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-hslf 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 pounds per square inch in modulus of rupture.

Considered 1n another way, there is 1 chance in 4 that the modulus
of rupture of an individual specimen taken at random 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 greater the
_probable variation, the greater the difference that may be expected
in 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.
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SELECTION FOR PROPERTIES

The fact that a piece of wood 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 specific use requirements. Fortunately,
strength is frequently correlated with weight and to a lesser degree
with other physical characteristics, and these relationships some-
times afford a basis for grading and selecting for strength.

Aside from 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 mechanical 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, flooring, or other uses for which the higher
measure of these properties particularly adapt them, while the lighter
pieces may preferably be used for such purposes as trim or heat insu-
lation; or selection may be made at the lumber yard when material
‘of high weight or that of low weight is desired. By means of selective
methods the variability 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 be 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, phincipally tension paral-
lel to grain and torsional properties is sometimes needed. A brief
discussion of these properties, and of a special toughness test that may
be used as an acceptance method follows.

TENSION PARALLEL TO GRAIN

In order to get reliable data on tension along the grain, special
care must be exercised in preparing test specimens, a,n(%Tfor this and
otherreasonslittleinformation on this propertyis available. Further-
more, the true tensile strength of wood along the grain is less impor-
tant in design than other properties because it is practically impos-
gible to devise 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 generally the ultimate
tensile strength considerably exceeds the modulus of rupture. Hence
the modulus of rupture may be used as an estimate of the ultimate
tensile strength parallel to grain for conditions whers a uniform dis-
tribution of tensile stress obtains over the net cross section of a mem-
ber. Uniform stress distribution, however, 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 parallel to
the grain on several species.
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TaBLE 4.—Resulis of tests to determine the ullimale tensile strength parallel lo the

grain
Ureen Alr-dry
Species . . N .
Mois- - Ultimate | Mois- : TUltimate
ture | Tests Sp?cﬁtﬂﬁ tensile ture | Tests S;_l:i?tﬁcl tensile
eontent EVILY | gtrength |content ETBVILY Y ctrength
Numni- Lb. per
Pereent | ber 8g, in.

Ash, white._________________|________ 1 0. 535 16, 150
Beech ______.____. 53 1 . 568 12, 530
Cedar:

Port Orford____.________ 34 34 . 283 11, 380

Westernred ____.______ 40 14 . 300 6, 200
Cypress, southern_________. 78 15 424 8, 720
Douglas fir:

[03: G| S, 24 48 . 425 12, 980
Fi “Inland Empire”_ _____ 30 9 400 9, 380
ir:

Noble. o 20 11 . 3563 14, 750

Californiared ___.______ 168 14 .378 9, 040

White_______________.__ 48 ] . 387 8,030
Hemlock, western__...__.___. 87 20 . 380 9, 860
Maple,sugar. ... _.___.__ 48 5 LBTT 15, 660
OaK, Pl oo 80 3 L578 16, 260
Pine:

Loblolly. ... 47 2 446 11, 570

Ponderosa. ..o _____ 89 11 . 364 8, 3
FPoplar, balsam____ 108 3 . 298 7, 640
Redwood 4 29 LB77 9, 780
Spruce:

Easterm? ... .. __.___ .. 34 14 . 366 13, 650

Sitka. o 49 17 . 385 8, 110

! Based on weight when oven-dry and volums at test.
1Ezxact species not known.

Figure 1 illustrates the form of specimen on which table 4 is hased.
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 the usual formulas, are approximately one-third
greater5than 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 grester on the proportional limit than on the maximum 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 max-
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 grain. Until definite values are available for other species,

aratio of one-seventeenth appears
- . conservative,

) -2 -l A third shear modulus that does

2 not come in play in torsion about

-4 an axis parallel to the grain is asso-

™ ciated with stresses that tend to

4 roll tlé?_lrwoqd ﬁbers_bljlr ea,chlother

- In a ection at nght angles to

SECTION 5°5 the grain. This shearing modulus

‘ is extremely low but is of little im-
portance in most design.
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TOUGHNESS

14

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
L of determining toughness from relatively
small samples. The test affords a means
s of comparing species, and a basis for se-

o * lecting stock of known properties by
A 2 It_i'_ testing small specimens from pieces of
=3 wood intended for use. The machine
, ., (ﬁgl. 2%)0p9r:ﬂ;(§ onfthe peﬁldulumdplrin-

.4 ciple, but it differs from other pendulum
SECTION A-A mI;chEes in that the striking:? force is
1— applied through a cable attached to a

‘ drum mounted on the axis of the pen-
dulum. The specimen, which is % by %
inch or % by % inch in cross section and
. is supported over an 8- or 10-inch span,
~ . 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-
N ceptance requirement for wood, it is
0 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
Fieves 1. Detalls of tonsion-parallelt0- within a certain tolerance below this

minimum must pass in addition a min-
imum specific-gravity requirement; (2) must show a limited range
in toughness values for specimens from the same piece, and (3)
must pass careful visual inspection,

30

M-




STRENGTH AND RELATED PROPERTIES OF WOODS

F1GURE 2.—Forest Producis Laboratory toughness-testing machine.

TABLE 5.—Resulls of foughness tests

[
e

b

[Specimens 36 by 54 by 10 inches tested on an 8-inch span]

25

Face to which load is applied
Bpeecific |-
gmvi:;iy . Jial R
. Moisture [{oven-dry Radial "angential
Specles content | based on
\'glum;a - —
at test, Tough- ) Tough-
Tesls ness Tests ness
Num- |In-th. per| Num- (In.-lb. per
Bireh: Percent ber specimen ber specimen
Alaska white____ .. . _______.____ 9.8 0. 56 14 184 16 180
Yellow. oo éé 9 . % lg 223 lé 330
. 1 1 1 181
Catalpa, hardy.. oo (s -4l 18 164 17 124
Cedar:
Alaska o Lil.. 10.4 | .48 10 109 10 122
Westernred - oo 3% 2 . g 21 gg gé 70
. 51 112
Douglas oo { 10 .46 36 86 36 151
: . il .31
Fir, corkbark oo { b0 .31 £ o . 5
Hemlock, eastern_ 12.3 .41 13 56 13 46
Hemlock, western. 1.1 .38 31 60 3 86
Maple, sugar___.__ 13.8 .64 11 194 11 192
Oak, pin_ oo .. éé ] . 23 ég 2% 13 225
. . 139 206 176
Pine, loblolly. o ooooom { Lo sl 93| 168 140
. . 39 183 B 232
Pine, longleaf. ..o { B3 5 39 0 13 143
" 48 106 140 71 191
Pine, shortleaf ... { 12.9 50 75 77 71 120
" 78 it 72 185 73 238
Pme,slash. ... 16 w6 109 63 167
. 1 . 1 58 96 106
Redwood.- o oo 1L 4 | 104 9 0 75
Spruce, Sitka 0.8 .44 33 83 37 121
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TABLE 6.—Minimum accepiance requirements for aircraff woods based on lesis!
in the Forest Products Laboratory toughness machine

Minimum sverage acceptable
toughness

With specifle gravity | Withont

Bpecies of wood Size of specimen | - Span limitation specific
gravity

Hmitation;

Minimum | Minimum | minimutn
specific average average

gravity ! | toughness? | toughness?

In.-ib, per | In.-lb. per

Inches ~ | Inches specimen | specimen
Whiteash. ... .. ____ i by 84 by 10 8 0. 66 150 175
Yellow bireh_ .. ___________________ 44 by 3{ by 12 10 .58 225 260
Donglas fir___ ) sbyseby 10 8 .45 a5 115
White cak._ _._ ---| 3 by3 byl12 10 .62 175 200
Sitka sprues_ . _._| S4byisbhy 10 8 .38 75 0 .
Black walnut-_ .o e 24 by 31 by 12 10 .52 150 175

1 Load applied to the tanﬁan tial face of the specimen.
? Based on weight and velume of oven-dry wood.
2 Thess values are to be applied tc the average of 4 or more test specimens, and the range in individual
test values used in arriving at the average should not exeesd 1 to 214 among 4 specimens.

The procedure 1s simple and tests are made very rapidly., 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 further simplified by the fact that when testing dry wood
the moisture condition of the specimen may be ighored, as tests have
shown that toughness 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
acceptance method, in addition to the necessary machine for making
the tests, is a kmowledge of the species with respect to minimum
toughness requirements. The recommended values presented in
table 6 have been established from tesis made at the Forest Products
Laboratory.

PROPERTIES OTHER THAN STRENGTH -

RATING OF SPECIES IN SEVEN PROPERTIES

Tt 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. 8). 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
decay, and ability to hold paint. The classifications are approximate,
and only in some instances are they based on technical research. In
others they are based on observation, experience, 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 available to prepare even such
a general classification of species. Information on properties other
than those presented in this bulletin, insofar as available, may be
obtained by writing the Forest I'roducts Laboratory, Madison, Wis.
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]
TasLe 7.—Approzimale comparison of 7 properlies of cotmeretal species of wood

Key to classifieation of woods: Columns 2 and 4 represent a gradation of properties in the various woods
from those which ean be dried and worked with comparative ease (elass 1} to those which present some
diffienlty in those respects (class 4). Column 3 represents 5 gradation from those woods which possess
the greatest abilit¥ to stay in place under conditions of actual use {class 1) to those species which de not
possess that ability to the same extent {classes 2, 3, 4, in the order named}. Column 5 represents a grada-
tion from those which possess the greatest nail-holding power but have the greatest tendency to split
(which necessitates the use of smaller nails) {o those having the least nail-holding ability but which are
less likely tosplit. In column 6the woodsin elass 1 are known to be used commereiallyin glued construc-
tion, Class 2includes species about which little is known hui which are not believed to be difficult
toglue. Class 8 includes species which sre known torequire s little more attention in gluing than clags 1
woods in order to get best results. Class 4 includes woods which are known to present real difficulties in
gluing, and class 5 those species about which little I8 known but which it i3 believed would present sotne
difficulties in view of their similarity to species of known properties, Column ¥ presents comparative
values for resistance to decay of heartwood when used under conditions that favor decay, class 1 being
most decay-resistant. Column 8 represents s classifieation ofsoftwood species with respect to ability to
hold paint when used outside, class 1 species holding paint the most satisfactorily. Ability te hold paint
is more important for putside than for inside use. The hardwood species are not commeonly used for
exterior work requiring painting and have not yet been classified]

. Resist-
Ease of | Ability . Nail- ance to | Ability
Species kiln tostay | WOTE- | poiding | Esseof | 4.5y | 1o hold

drying t | in place ability ability gluing (heart- paint,
wood)
L6V (2 @ Y 64 @ (7} (8}
HARDWOODS
2 3 ) O ) N P
3 4 F 20 SRS RS UPR) FARpEEOSS (R
2 3 4 2 3 4|
2 3 2 ] 2 [ P,
2 3 2 5 1 5.
4 4 4 1 5 4 Gl
2 4 . 2 R — L P -
2 4 4 1 3 4 | s

3 4 2 & 1 [ 2 I .
2 4 2 5 1 F: 2 I,
2 & & 1 F: 2 T S
3 5 4 3 ) S N PR
3 5 L TR, N [ [
3 & 4
12,4 4 4 3
2 4 E: N P,
4 & & 1
4 2 4 1
Hophornbeam. __________..___ 3 ] 5 1
Laurel, California____________ ) 3 4 |
Madrone, Pacific..____________ 4 § 4\
Magnolia, cucumber_ ... ______ 3 4 3 3
Maple: .
igleat 3 3 N
3 3 4 )
3 4 4 1
4 3 F S
34 5 4 4 1
145 4 4 1
Persimmon.__ 4 4 b 1
Poplar, yellow_. 2 2 2 4
Sycamore ..__. 4 4 4 2
Walnut, black__ 4 2 O
Willow, black. ___ 2 3 2 i

L Boftwoods are in general easier to dry than hardwoods. A softwood given the same numerieal ratinga
8 hardwood is, therefore, regarded as slightly easier to dry. ‘These ratings are based on ease of removal of
moistare without visible degrade but do not take inte account susceptibility io reduction in strength in
drying under high tetoperatures (57).

2 2 refers to sapwood and 4 to heartwood, known commercially as sap gum and red gum, respeciively.

8 4 refers to the upland type of vak and 5 to the lowland type of oak.
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*

TaBLE 7.—Appreximale comparison of 7 properties of commerical species of wood—
Continued :

Resist-
Spocie oot | A0 | wonk | A | B | 20010 | by

drying | in place T | ability | EWng (beag:)- paint
WO

0 @ @) @) B ) @) &

SQFTWOODS

Incense.________

Northern white_

Port. Orford____

Westernred ___
Cypress, southern.._ .
Douglas Ar_ . __________
Fir;

Vo

1

-

»
D G BT B
0303 1 B e

'Alpine and balsam . _______
{rand, noble and white___

MR M SRR
LS
Wi DIk GO e

Lodgepole______
. Northern white_

Redwood____.__
Spruce:
Engelmann___

-
‘EDJ

BHEE W - WER

GO RS R O BICO TS W GA00 D00 b e ek e ek fud

CORRN RN Do MI0eo 2
Wb SRR BRI BRI RIS HRTIE BIBY B ARSI R DO SS
PO BY e b b5 RO e B B

-

i

o

Lg refers to materia) from upper logs and 3 to material from batt logs which are generally susceptible to

pse.
5 2 refers to dense Douglas fir and dense southern yellow pine.
8 3 refers to material from upper logs and 4 to sinker stock from butt logs.

REQUIREMENTS FOR MOISTURE CONTENT OF WOOD IN BUILDINGS

The satisfactory use of lumber frequently depends upon the char-
acteristics of the stock in its entirety, such as the size, kind, and
number of defects as well as upon the properties of the clear wood,
and may be further influenced by sizes available, degree of seasoning,
and marketing practices. For 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 an 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 desirable that the average moisture content be near the
value given in table 8, it is far more important that the moisture
content of individual pieces of a lot be within the specified range.
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TasLE 8.—Recommended moisture-content values for various wood items af time of
tnstallation

Moisture content (percentage of weight of oven-dry wood)
for—

Dry southwestern | Damp southern Remainder of the
Tse of lumber States coastal States United States
Range for _ | Range for _ | Rangs for
Aver- | individ- | ATe™ | individ- | A" | ‘individ.
ual pieces usl pieces [ 28® | al pieces
Interior finishing woodwork and softwood
flooring . L} 4-9 11 8-13 & 5~10
Hardwood flooring__ 4 58 10 9-12 7 6-9
Sheathing, framing,
9 11 NS 9 7-12 12 14 12 0-14

MOISTURE CONTENT OF HEARTWOOD AND SAPWOOD

Average moisture-content, values from green specimens consisting
entirely of sapwood, or entirely of heartwood, are listed in table 9,
for a number of species. These values show the variation in moisture
content among species, the relative equality in moisture content of
heartwood and sapwood in several hardwoods, and the large differences
commonly existing in softwoods.

TasLE Q—Avemge meisture content Jor green hearlwood and sapwood of 19 species

Average mois- - Average mois-
ture content ture content
8pecies Trees Species Tress |~
Heart- | BSap- Heart- | Sap-
wood wood - wood | wood
HARDWOOD3 Num- SO0FTWOODE—contd.
ber FPercent | Pereent Num-
Ash, white______________ 12 38 40 (| Hemlock: ber | Percent | Percent
eech._____ - 6 53 78 Eastern_____._______. 5 58 119
Bireh, yellow____________ 9 68 71 Western.__..________ 13 42 170
Elm, Ameriear_.__._..._ 3 95 92 i
Gum, black_____________ 4 50 8l & 34 94
Maple: ] 36 113
Silver____________.__ 4 60 88 18 34 99
Sugar.__ ... i} 58 67 Norway._ 4 31 135
& 36 117 Ponderosa ———— 4 49 148
SOFTWODODS 3 133 136 Shortleaf . _________ 8 34 108
Spruce:

Douglas fir______________ 5 36 117 Engelmapn_ _.__.____ 2 54 167
Fir, lowland white______ 3 91 138 Sitka__ o __ 2 33 148

The moisture content of green heartwood and sapwood varies
greatly among trees, and varies within the tree at different heights.
The sapwood of the softwood species was consistently higher in
moisture content than the heartwood, but some hardwood trees were
found in which the heartwood was slightly higher than the sapwood.
Because of the variation in meisture content of green wood, the values
presented should not be taken as rigid averages for the species, but
rather as indications of what may be expected.

The values in table 9 may be used in specific instances to estimate
the average moisture content of logs. For example, if ponderosa pine
logs in a shipment are observed to have 75 percent of sapwood
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by volume, the average moisture content would be estimated as
(0.75{148)4(0.25X40)=121 percent. Average moisture-content
values computed in this way are likely to he more accurate in such
instances and a better basis for computing weights than the average
values listed for green material in column 7 of table 1 as these latter
values may represent a quite different proportion of sapwood. The
proportion of sapwood and heartwood in trees varies with the age
of the stand and with growth conditions.

OTHER DATA ON SPECIFIC GRAVITY

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 States (471). For a number of species the sampling from
sawmills was more extensive than that used in obtaining specimens
for strength tests, and the data are of interest on that account. In
addition, data on heartwood and sapwood were segregated, whereas
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 10.—Comparison of specific gravity (oven-dry, based on volume. when green}
of mill-run samples with that of specimenz used for mechanical tests

-~ ! Specimens for mechani-
MillTun samples cal tests
. Specifie
Species gravity | po1. | Specific | Specific
8peci- hasr;;ld ble va- g;av;’:y gravity Treeg | SPoCi- Spec.iti:ic
mens | woo o eart- sap- mens vi
sapwood riation | Good wood Eravity
combined
4Y] 2) @ @ (8} @) N & {0}
MNium- Num- | Num-
. ber Pereenl ber ber
Cypress, southern________._____ 377 0.38 10.0 0.39 0.36 26 479 0. 42
Douglas fir:
ashington and Oregon____| 2,764 4 8.1 g .43 34| 1,028 45
“Inland Empire” _______.__ 178 .44 [0 T (Y A, 10 113 .41
Fir: White. .. ___...._ - 133 171 1,33 133 45 278 .35
Hemlock, western .39 6.8 .39 .39 18 689 .38
.45 7.5 .45 .43 13 214 .48
1527 110.3 L &7 L 48 34 808 LG5
.34 5.7 .36 .34 18 289 .34
.30 6.6 .39 .38 5 128 .44
.37 8.7 38 .36 31 579 . .38
1,47 185 L&l 1. 46 222 (21,190 2 46
.33 6.7 .33 .32 9 191 .36
.36 5.8 .38 .36 14 211 .36
.36 9.7 .15 I 16 564 . 3%
.36 6.9 36 .33 251 1,392 .37

L The mill-run specimens wers classified according $o commercial species designations of the lumber and
not according to botanieal classification, although in most instances the two are approximately the same.
The seuthetn pines are the principal exception as there is no known method of distinguishing the several
species botanically from the wood slone, and hence species are mixed in the commercial designations. The
samples used for mechanical tests were taken from trees identified botanically in the woods.

1 Values for shortleaf and loblolly pine combined.
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It was not possible in all cases to identify these samples as to species.
Consequently, the data are classified according to commercial designa-
tion of the ﬁlmber and not according to exact species. However,
except for those names to which footnote 1 is appended, the designa-
tions are probably the eorrect species names.

Table 10 shows for comparison values of specific gravity taken from
column 8 of table 1. In general, the values in coluinns 3 and 9 of
table 10 gre 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.
Further 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
taken mainly from the top 4 feet of 16-foot butt logs, whereas the
samples collected at the mill (column 3) represent mizxed material in
which wood from all parts of the tree may be 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 1s
often discarded because the extra weight makes handling of the logs
difficult. On the other hand, Sitka spruce is an example of a species
whose specific gravity varied but little with height in tree.

In genersl, the differences between the values listed in columns
3 and 9 are not greater than are to be expected from the causes just
discussed combined with the effects of chance in sampling.

Table 10 also lists some data on the specific gravity of heartwood
and sapwood, and the probable variation in gpecific gravity of the
mill samples. It may be noted that the specific gravity of heartwood
is in general 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 WOOD

The numerical data presented in table 1 were, as has been shown,
derived from tests of small clear specimens taken from a specific
part of the tree and tested under a standardized procedure.

Most uses of wood involve pieces differing in size and shape from

those tested; clear material may not be available or may be more
expensive than a contemplated use justifies; conditions of use may
differ radically from standard test conditions; time limitations may
require kiln drying; need for permanence may point to preservative
treatment; the user may have erroneous concepts of the rate of growth
as a 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 may arise require consideration in order to properly interpret
the numerical date 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, in the
preparation of specifications covering the use of timber in engineering
structures, and in the selection, classification, and use of wood for
mannfactured products. A brief discussion of various factors affect-
ing the strength of wood is accordingly presented.

RELATION OF PROPERTIES TO STRUCTURE

Wood is a 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 & central diameter
about 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 thers 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,

The shape, size, and arrangement of the fibers, the presence of the
wood rays, and the layer effect of spring and summer wood make
wood a nonisotropiec material with large differences in the properties
along and across the grain (19, 43). gertain 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 of elasticity
across the grain, may be only one one-hundred-and-fiftieth as great
as when the load is parallel to the grain (10,200 pounds per square
inch for 45° angle (p. 35) as compared to 1,570,000 pounds per square
inch in eolumn 16, table 1). There is an increasing need for informa-
tion which will permit a closer correlation of structure and properties.
Such information is of value in accounting for and remedying and
preventing certain difficulties in the use of wood, and for giving a more
precise basis for timber design through a better knowledge of prop-
erties and stress distribution.
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TaABLE 11.—Average resulis of lests showing influence of position of growth rings on the mechanical properties of Sitka spruce, Douglas fir,

and loblolly pine

Sitka spruce Douglas fir
Loblolly pine,
l . green
Properties Green Air-dried Green Kiln-dried
Position | Position | Position | Position | Position | Position | Position | Position | Position | Position
Al B! Al B: Al B1 Al B1 Al B!

Static bending:

Moisture percent 2. 45.2 45.3 12.2 12,2 30.6

Specific gravity 8_.__ e e L34l L343 370 . 372 . 427

Fiber stress at proportional lHmit. . pounds per squareinch__ 3,160 3,150 5, 800 5, 800 4, 810

Fiber stress st maxitnmm lead______________ pounds per squate inch._ 4, 890 4, 960 8,470 8, 450 7, 280

Modulus ofelasticity__.____ -1,008 pornds per squareinch. 1, 104 1,124 1,370 1,374 1,475

Waork to preportional limit__ ..inch-pounds per cubieinch__ .52 . 52 1,46 1,49 .81

Work to maximerm load___ - -inch-poirnds per cubic ineh__ 5.2 56 7.5 7.5 6.3

Worl, total inch-pounds per cubic inch__ 15.8 L 2 O 15.0
Impact bending, 50-pound hammer:

Moisture ———— 45,8 4.4 12,7 12.5 304

Specific gravitys___ e e e . 343 . 350 372 L3718 . 422

Fiber stress at proportionallimit___________ pourds per square ineh__ 7,870 7,860 10, 150 9, 900G 8, 870

Modulus of elasticity.._...___. 1,000 pounds per square inech__ 1, 277 1,274 1,618 1, 662 1,480

Work to proportional limit_________.___ inch-pounds per cubicinch__ 2.7 2.7 a7 3.4 3.0

Height of drop causing complete failure - inches. 20 20 21.0 20.9 20,4
Compression parallel to grain:

Moisture___. ..Dercenti__ 45.2 46,4 12.7 127 29.6

Specificpravity 3 el . 339 . 341 .363 .370 .428

Rings per ingh____ 14.5 16.7 4.5 16.3

Fiber stress at maximum load. ... pounds per square inch __ 2,220 2,210 4, 490 4,670 3,810
Hardness &:

End._.. ceece——_...pounds.._ 357 347 482 701 440

Bide pounds. . 289 283 436 462 452
Compression perpendicalar to grain: Fiber stress at proportional limit

pounds per square inch._ 227 227 548 582 456
Shear parallel to grain: Shearing strength______ pounds per square inch__ 713 668 184 1,202 883
Cleavage: Cleavage strenpth. . ... ______ pounds per square inch__ 122 B4 242 189 133
Tension at right angles to grain; Tensile strength
poirnds per square inch . _ 208 130 466 357 179

! Position A and B refer to placement of growth rings with respect to directions of application of load, as illustrated in fig. 3.

2 Percent moisture based on weight of oven-dry wood,

3 Bpecific gravity based on weight when oven-dry and volume at test.
+ Adjusted to drop for 2- by 2-inch cross section.

® Load required to imbed a 0.444-inch ball to 14 its diameter,
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POSITION OF GROWTH RINGS

In the sawing of lumber and timber the position of the growth
rings may be made to assume different directions with respect to the
surfaces of the piece. Any effect of position of growth rings on the
properties 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
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Figurge 3.—8ketch of standard mechanical tests which afford choice in placervent of growth rings with
respect to direction of application of load.

that the bending tests, which were on specimens 30 inches long, show
little difference in the properties listed, whether the rings as viewed
on the end of a piece are vertical or horizontal. Some of the other
properties listed, however, show significant differences between the
two placements of rings resulting not only from the difference in
structure due to the rings themselves, but af;o the difference orienta-
tion of the other minute structural elements of the wood with respect
to the direction of stress.
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The values from the tests in eompression parallel to grain, which
were unsaffected by the placement of growth rings because the speci-
mens 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 on properties,
as evidenced by the growth-ring position, 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 table 12,

TasLe 12.—Modulus of elasticily in compression perpendicular to grain as
influenced by direction of growth rings

[Specimens 114 by 114 by 6 inches loaded on the 134 by 1L4-inch face]

Medulus of elasticity when the growth rings with
3 ) respect to the applied load are at an angle of —
Species Specific {Moisture
gravity | eontent 7
14 2214° 45° 6714° 90°
Lb.per | Lb.per | Lb. per | Lb. per | Lb. per
Percent 8G. M. &g. in, 3q. in. 2q. in, 9. i,
Redwood..____._____.________ 0.34 11 78, 400 28, 800 17, 100 27, 500 106, 600
Douglas fir__________._____ - .45 37 58, 200 21, 400 12, 200 26, 800 83, 400
Spruce, Sitka_.________________ .42 13 62, 400 18,100 10, 200 22, 400 110, 300
Hemlock, western_________.... .44 88 45, 400 11, 600 8, 300 14, 100 71, 500
Bireh, yellow... .68 - 831 48,000 | 39,000 34,000 55 600 81, 200
DO .67 13 1 106, 400 82, 300 80,800 | 113, 200 158, 000
Qak, red oo . 56 119 66, 200 57, 800 58, 700 77, 400 110, 300

It may be noted that there is a large difference in the modulus of
elasticity in compression perpendicular to grain with position of
rings, amounting to as much as 11 to 1 in Sitka spruce between ma-
terial with the rings at 90° to the direction of the load and that with
rings at 45°. Proportional limit and maximum crushing strength
perpendicular to grain are also affected by ring position, although the
indications are that the differences are considerably less than for
modulus of elasticity.

In the Forest Products Laboratory toughness test, in which speci-
mens one-half to three-fourths inch square and 10 to 12 inches long
are used, some marked differences have been found, depending on
whether the load is applied to the radial or tangential face, In
some species avarage differences of as much as 50 percent of the
lesser values were noted (table 5), the higher values resulting when
the load was applied to the tangential face. These results as com-
pared with those of table 11, indicate that size of specimen may be
an important factor in the influence of position of rings.

SPRING WOOD AND SUMMER WOOD PLACEMENT EFFECT

Significant differences with ring placement may become evident in
properties not appreciably 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 16-inch specimens of southern yellow
pine and Douglas fir containing large amounts of summer wood,
modulus of elasticity being determined (without stressing the speci-
men beyond the proportional limit) by placing the specimen with the
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rings horizontal and then vertical. The modulus of elasticity of
specimens with summer wood layers on the two faces averaged 12
percent higher for southern yellow pine, and 16 percent higher for
Douglas fir with the rings homzontal (load applied to tangential
face} than with the rings vertical {load applied to radial face). On
the. other hand, with specimens having spring wood layers on two
faces, the modulus of elasticity when the rings were horizontal (load
applied to the tangential face) averaged 9 percent lower than when
the rings were vertical (load applied to radial face) for southern
yellow pine and 13 percent lower for Douglas fir, These differences,
it should be observed, represent a spring wood and summer wood
placement effect rather than a pure growth-ring placement effect,
Theoretical calculations based on the assumption of widely different
properties in spring wood and summer wood check these observed

values closely.
SPECIES OF WOOD

Some species of wood differ greatly from others in their average
specific gravity, strength, and other properties. Certain species,
such as hickory and ash, excel in toughness and shock-resisting abil-
ity. Others, such as southern yellow pine and Douglas fir, are high
in bending strength and stiffness for their weight. Still other species
are soft, uniform in texture, and easy to work. Such differences per-
mit a choice of species to meet the requirements of diverse and exacting
uses, Comparative data on important properties are presented for
164 species of wood in table 1.

The average differences in strength properties between species
ordinarily competing for the same use are often quite small. Never-
theless, there may be decided differences in structure and in behavior
with respect to moisture relations, drying, and manufacturing char-
acteristics which make it necessary to vary the handling procedure or
manufacturing practice to best suit the wood under consideration.
In this way as satisfactory service may be obtained from species not
generally regarded so suitable for a use as from species that give a
good account of themselves regardless of care or of lack of eare in
their handling.

SPECIFIC GRAVITY (OR DENSITY) AS RELATED TO STRENGTH

The substance of which wood is composed is actually heavier than
water, its specific gravity being about 1.5 regardless of the species of
wood. In spite of the fact that the actual wood substance is heavier
than water, the dry wood of most species floats in water, and it is
thus evident that a considerable portion of the volume of a piece of
wood is occupied by cell cavities and pores. The specific gravity of
a piece of dry wood is thus an excellent index of the amount of wood
substance it contains and hence is an index of the strength properties.

The relations between specific gravity and other properties of
wood may be considered on the basis of (1) different species and (2)
different pieces of the same species.

SPECIFIC GRAVITY-STRENGTH RELATIONSHIF AMONG SPECIES

The general relation of specific gravity to strength is illustrated by
two widely different woods, mastic, & very heavy species growing in
Florida, and balsa, a very light species from Central America. Com-
pression-parallel-to-grain tests on green material gave the results in
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table 13, and show that mastic with average specific gravity 9 times
as great as that of balsa was 9 times as high 1n crushing strength along
the grain. Weight for weight, the crushing strength parallel to grain
of these diverse species are substantially equal.

TaBLE 13.—Comparison of the specific gravily and the mazimum crushing sirength
of mastic and balsa

Specific grav-
ity, based on Maximum Bpecific
weight and crushing sirength

Species volume of | strength par- | (eclumn 3+
wood when | allel to grain | column 2)
oven dry

1 ‘ @ @) )

I Lb. per sg. in.
Mastie. .o [, e ! 1,03 5, 884 5,710
‘ 11 644 5, B50

The average specific gravity-strength relations based on 163 species
of hardwoods and softwoods show that some properties, such as maxi-
mum crushing strength parallel to grain, increase approximately in
proportion to the increase in specific gravity, whereas others increase
more rapidly. Modulus of rupture, for instance, varies from one
species to another as the 1% power of specific gravity. Other proper-
ties are related to specific gravity by equations of still higher powers;
for example, the exponent of specific gravity for relation to hardness
is 24%. It is evident, thorefore, that small differences in specific
gravity may result in large differences in certain strength properties.
For example, one species twice as high in specific gravity as another
has 4% times the hardness.

Approximate average relations of specific gravity to strength proper-
ties among different species are given in table 14 (38),

TaBLE 14.—Specific gravity-strength relations among different species !

. ) Moisture condition
Property Unit Air-dry {12-
percent
Green moisture
content)
Static bending: .
Fiber stress at proportional limit_...___ Pounds per squarsinch.__.____ 102003 1.3 16700G ¢ .2
Modulus ofrupture____._______. ) R : 17600@ 1.38 257006 1.25
Work to maximum load - Inch-pounds per cubic inch.__ 35.6G 1.1 32, 4G L.78
Total work.. ___________ S S doooo e 103G 2 727G
Modulus of elasticity... _..____________ 1,000 pounds per square inch__ 236042 2800
Impact bending:
Fiber stress at proportional limit Pounds per squareinch.._..__ 237006 1,28 31200¢F 1.2
Modulus of elasticity. . __ 1,000 pounds per square inch. _ 2040G 33807
Height of drop Inches. ... _____________ 114G 1.74 4.6 1.7
Qempression parallel to grain:
Fiber stress at proportionallimit _.____ Pounds per square inch_______ 52500 8750
Maximue ernshing strength__ I i ¢ 6730Q 122000
Modulus of elasticity .| 1,000 pounds pet square ineh__ 20104 33800
Compression perpendicular to grain: Pounds per square inch_______ 30000 2,28 4630 .26
stress at proportional limit.
Hardness:
37404 2.28 48004 2.2
338047 225 3720 1.8
46067 1.2 3820G 2.2

! The values listed in this table are to be read as equations, for example: Modulus of rupture for green
material=176800¢7 1 -3, where @ represents the specific gravity, oven-dry, based on volnme at moisture
condition indicated.
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Some species of wood contain relatively large amounts of resins,
gums, 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 reasons, two species which average
the same in specific gravity may exhibit different strength character-
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FioURE 4.—Relation of modulus of ruptitre to specific gravity for green and air-dry material of various
species.

istics. This fact is llustrated by the scattering of the points in figure
4, The values for Douglas fir (coast type) and red gum in table 1
illustrate an extreme example of variagtions 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
osak, is about equal to the oak in bending and compressive strengths,
and excels it in stiffness. However, the oak averages much higher
than Douglas fir in hardness and shock resistance. Hence the spe-
cific gravity relationships among species represent general trends and
not uniform laws. Departure of a species from the general relation-
ship often indicates some exceptional characteristic which makes this
species particularly desirable for certain use requirements.

14000
- <
r
- ©
o o
12p00}— 8
D B o &£
S - P °
E3 L o 9¥,°
w B °
o o %, .
< /q000— g
S', : o % > 0@
b r k- Co
¢ f %
o
éad,ﬂﬂa— © 0/ Van 8
B c /050
2 - 03»
By - o
W B o
S o]
§6,aoo~—
) = o
N B
u —
] 4poof—
SJ -
a B
§ F &
0
- » . o©
® 2000/ R
[ %
oL il e g tea e by e g baa sl
17 a1 0.2 0.3 0.4 0.5 7.6 a7

SPECIFIC GRAVITY
F1GURE 5.—Relation of modulus of rupture ¢f white ash (green) to specific gravity.

SPECIFIC GRAVITY-3TRENGTH BELATIOE&I%ISP AMONG INDIVIDUAL PIECES OF A
SP

While a general relationship 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 relationship of pieces within a species is
usually represented by a power of specific gravity slightly higher than
that representing average values for different species. Furthermore,
departures from the average relationship are less marked. Figure 5
illustrates the relation between the specific gravity and the modulus
of rupture for individual pieces of white ash.
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THE TREE IN RELATION TO STRENGTH
HEIGHT IN TREE

The wood from the butt of the trees of many species is higher in
specific gravity than that from higher positions. Since wood of
higher specific gravity usually has the better mechanical properties
regardless of position 1n tree, the height in tree ordinarily needs to be
taken into account only in connection with other factors (fig. 6).
Sometimes, however, notably in hickory and ash, material from the
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SPECIFIC GRAVITY (BASED ON THE WEISHT OF
THE OVEN-DRY WOOD AND THE VOLUME WHEN GREEN)

FIGURE 6.—Variation in specific gravity with height for virgin-growth and second-growth redwood,

butt shows superior toughness or shock resistance for its weight.
On the other hand, wood from the swelled butts of certain swamp-
- grown hardwoods 1s usually low in specific gravity and of inferior
strength properties, whereas that above the swelled butt is more
nearly normal.

POSITION EN CROSS SECTION OF TREE

Position in cross section is not in itself a reliable guide to the
strength of the wood. As in other instances, the wood of highest
specific gravity has the best strength properties.
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In coniferous species wood near the pith of the tree is often of very
rapid growth and low specific gravity, whereas that in the outer part
of overmature trees is of slow growth and likewise of medium to low
specific gravity, the wood of highest strength most frequently being
that in the intermediate zone. The many factors influencing growth,
however, result in wide diversity of wood formation and preclude the
drawing of rigid general rules (fig. 7).
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OISTANCE FROM PITH (INCHES)

Fraurg 7.—Variation of specific gravity with distance from the pith for three different virgin-growth red-
wood trees at a heipht of 20 to 30 feet ahove the ground, showing (A) increase in specific gravity with
distance from pith for greater part of diameter (B) little or no change, and (C) decrease, Solid and
dotted lines represent specimens taken from opposite sides of the pith.

In the hardwoods, wood of high density may be produced at any
stage in the life of the tree, depending on the growth conditions at the
particular time the wood is formed {39). In some hickory trees, for
instance, wood of high density is found near the pith, and in others
farther out in the eross section.

HEARTWOOD AND SAPWOOD

The trunk and principal branches of a tree consist of a central
portion called heartwood surrounded by a layer of sapwood.

All wood is formed as sapwood and as the growth of the tree pro-
ceeds the inner portion becomes heartwood. In most species the
transformation is accompanied by an infiltration of various sub-
stances that cause a change in color and in some species by the plug-
ging up of the pores with a frothlike growth, known as “tyloses’ (13).

In the many tests which have been made on the various species of
wood, no effect upon the mechanical properties of most species due to
change from sapwood to heartwood has been found. In general the
conditions of growth that prevail when wood is first formed determine
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its strength properties and whether heartwood or sapwood is the
stronger 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-
ever, asshown in the discussion of extractives, heartwood and sapwood
do differ essentially in strength properties.

The heartweod of many species 15 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 conditions 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 another 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, the greatest observed difference in
average specific gravity between individual 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
entire range were from the same county. These data indicate that
the growth conditions affecting individual trees within a single site,
and perhaps inherent differences in strains or types of trees, are of
much greater importance in causing variations in specific gravity than
geographical location within the normal range of growth of the species.

Probable variation of random iree from average for species
Property: . Pereent
Specific gravity based on volume when green _______________ . ___ 4
Static bending:

Fiber stresa at proportional limit_____________ e 9

Modulusof rupture____ . ___________________________ e 7

Modulus of elastieity . ________ . _____ 9

Work to maximum load___.____________________ el 15
Impact bending:

Fiber stress at proportional limit______________________________ 8

Work to proportional tmit_______ S U 12

Height of drop___ . ____. 13
Compression parallel to grain:

Fiber gtress at proportional limit______________________________ 12

Crushing strength___ _____________________ 7
Compression perpendicular to grain: Fiber stress at proporticnal

dmit e 14

Hardness:

Eod_ . _____ 10

Shearing strength parallel to grain
Tension perpendicular tograin_____ . ____________________ . _________ 12
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The preceding tabulation presents an estimate of the probable vari-
ation of a random tree from the average for a species, for a number of
physical and mechanical properties. The values are general figures
derived from a number of species,

LOCALITY OF GROWTH

In considering the causes of variations in properties of wood, it ma
first be noted that many factors affect the growth of trees. Sue
features of environment as soil, so0il moisture, climatic conditions,
and competition for light and food, vary widely within small areas,
and are subjeet 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.
This is indicated by the finding of significant differences in strength
properties between samples from adjacent areas, among trees grown
within a few yards of each other and between the inner and outer
portions of the same tree and the observation that samples from widely
separated regions may be very similar (29). This is illustrated by
the discussion of redwood on page 42,

A further example is noted in Sitka spruce. Samples from two
localities in Oregon show an average difference of 12 percent in specific
gravity and 20 percent or more in modulus of rupture. In contrast,
samples from near Ketchikan, Alaska, tested in a green condition,
average the same in specific gravity as samples from near Portland,
Oreg., and the difference in modulus of rupture was only a few per-
cent. These and similar observations lead to the general eonclusion
that, in the absence of specific data concerning & given lot of material,
average data for the species is a more reliable estimate of the strength
properties of that lot then data on samples from adjacent localities
or from sites that appear to be the same. However, there may be
differences apparent in the grade and quality of wood from different
stands, especially old-growth and second-growth stands in which
prevalence of defects, seasoning characteristics, and the like, are
sufficient in importance to justify marketing preferences.

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

A few instances of significant differences in the properties of a
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 specific 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.

Another significant effect of growth conditions on properties is that
resulting from inundation. Some of the hardwoods, notably ash
and tupelo gum (44) grown in the overflow bottom lands of the lower
Mississippi basin develop swelled butts, the wood in which although
of rapid growth and relatively good appearance, is low in specific
gravity and poor in mechanical properties compared to average mate-
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rial of the species. The characteristics of the wood from these
swelled butts are so unlike those of the normal wood of the species
that it cannot be satisfactorily employed for the same uses. Wood
above this butt swell usually is normal in properties. Hence one
utilization problem is the proper classification of such stock according
to its properties and potential uses.

RATE OF GROWTH

Rate of growth as indicated by the width of the annual rings is of
some assistance in appraising the physical and mechanical properties
of wood, but it cannot be regarded as an efficient criterion for selec-
tion. Density or specific gravity, as explained on page 36, is a much
more reliable criterion of strength. In any species, wood of excellent
mechanical properties may vary considerably in rate of growth, but
such material will quite consistently be of good density.

Among the ring-porous hardwoods, such as hickory, ash, and the
oaks, the production of wood with low specific gravity is caused by
some unfavorable condition which interferes with the normal growth
of the tree. As a rule, wood of fairly rapid growth put on at any
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Figure 8,—Relation between specific gravity and rate of growth of the heartwood of redwood.

period 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
growth hag intervened, or if the outer growth is slower than that
about the center (39). Hence, in the ring-porous hardwoods fast
growth (few rings per inch) is generally indicative of good strength
properties, although slow growth does not necessarily indicate 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, sugar maple trees pro-
‘duced dense wood during early age whether their growth was rapid or
slow. In some of the yellow poplar trees examined, wood of more
rapid growth near the center was lighter in weight than that from the
rest of the cross section, while other trees growing on rich alluvial soil
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did not exhibit this difference. Accelerated growth following a period
of slow growth resulted 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 rate of growth, but usually the strongest material is associated
with a normal growth rate. ~ Exceedingly rapid or exceptionally slow
growth is most %Il.{ely to be attended by low density and low mechanical
properties. The lighter weight, slow-growth material shrinks and
swells less with moisture changes than the heavier material, and
usually stays in place better because of its greater freedom from inter-
nal stresses, so that it is to be preferred for many uses not primarily
involving strength. ‘

Figure 8 illustrates the relations between rate of growth (rings per
inch} and speeific gravity for redwood (24), and figure 9, the relation
between rate of growth and modulus of rupture and work to maximum
load for hickory.

TIMBER FEOM LIVE AND FROM DEAD TREES

Sound wood from trees killed by insects, fungi, wind, or fire is,
unless unduly checked, as good for any structural purpose as that
from trees that were alive when cut (20).

If a tree stands on the stump after its death the sapwood is likely
to become decayed or to be severely attacked by wood-boring insects,
and in time the heartwood will be similarly affected. Such deteriora-
tion occurs also in logs that have not been properly cared for subse-
quent to being cut from live trees. Because of variations in climatic
and local weather conditions and in other factors thai affect the rate
of deterioration, the length of the period during which timber may
stand dead on the stump or may lie in the forest without serious deter-
ioration varies. Tests on wood from trees of one species that had
stood as long as 15 years after fire-killing demonstrated that this
wood was sound and 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 several decades.
On the other hand, decay may cause great loss of strength within a
very brief time, both in trees standing dead on the stump and in logs
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 render them unsuitable for use. In considering the utility of
timber from a dead tree it is helpful to remember that the heartwood
of a living 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
still affect seriously the strength of a piece of wood. For this reason
and also because 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 produets, notably poles and piling, often require that only live
trees be used. This requirement is difficult to enforce unless inspec-
tion is made in the forest, because wood cut from dead trees before
weathering, seasoning, discoloration, decay, insect attack, or similar
change has occurred cannot ordinarily be distinguished from wood
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takon from live trees. Many specifications omit the live-tree require-
ment, depending entirely on inspeetion to determine the suitability
of timber for use.

EFFECT OF RESIN AND OF TURPENTINING

Resin is formed in some of the conifers, especially the southern
pines. Amounts up to 6 percent of the weight of the dry wood are
common, and pieces with g resin content up to 50 percent are some-
times found.

Tests at the Forest Products Laboratory on southern yellow pine
indicate that resin will slightly increase some strength properties but
the effect is too small to be of any practical significance (70). An
excessive amount of resin is sometimes associated with 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 a special Investigation, involving mechanical
tests, and physical and chemical analyses of the wood of turpentined
and unturpentined trees from the same locality (10}, show that (1)
turpentined timber is as strong as unturpentined if of the same weight
(table 15); (2) the weight and shrinkage of the wood is not affected
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 unturpentined trees, the exu-
dation of resin occurring only from the sapwood, and therefore the
resin content of the heartwood is not affected by the turpentining
process,

TasLe 15.—Effect of turpenitning on the sirength of longleaf pine

Relative | o ot e
specifie us o
Ttem Tests gravity of | rupture (Sgﬁ?}%ﬂo
test pieces grain)
Lb.persg. | Lb. per sg.
. Number ?ﬂ. fn

Unboxed (not turpentined) trees_.________.______.__.._.__ 400 1.00 12, 358 7, 166
Boxed (turpentined) and recantly abandoned.___________ 300 L7 12, 961 7,813
Bozxed (turpentined) and abandoned 5 years. ... ... 535 1.03 12, 586 7, 576

" 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 substance.
They are referred to as cold-water, hot-water, 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 extiractives is probably accountable. The extent to
which extractives afect 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 properties examined, maximum crushing strength
in compression parallel to the grain showed the greatest increase as
the result of the infiltration of extractives accompanying the change of



48 TECHNICAL BULLETIN 479, U. 8. DEPT. OF AGRICULTURE

sapwood into heartwood, and shock resistance the least, with modulus
of rupture intermediate. In fact, under some conditions shock resist-
ance appears to be actually lowered by extractives. That extractives
may sffect 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 smaller percentage
of extractives (23). 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 dursbility 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, may be very import-
ant. During the summer, for instance, seasoning proceeds more rapidly
and is more apt to produce checking than in the winter. Insects,
stains, and decay-producing fungi are more vigorous in the summer
and the freshly-cut wood 1s most subject to attack st this time.
Winter cutting, therefore, has the advantage that more favorable
seasoning 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 winter and in summer,

MOISTURE AS RELATED TO STRENGTH

Wood 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 some of the pines to over 200 percent in some other
species. Part of this moisture is held absorbed by the cell walls and
part is held within the cell cavities as water is held in a container
(15, 47, 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 “fiber-saturation point.” It variesfrom 25 to 35 percent moisture
content.

Increase in strength begins when the cell walls begin to lose moisture;
that is, after the wood is dried to below the fiber-saturation point.
From this point on most strength properties increase rapidly as drying
progresses. Thisincreased strength of dry over green wood of the same
dimensions is due to two causes: (1) Actual strengthening and stiffen-
ing of the cell walls as they dry out, and (2) increase 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 to 5-percent moisture may add from about
21 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 factors mentioned is the one
chiefly responsible for the increase in strength.

The increase in strength with seasoning is much greater in small
clear specimens of wood than in large timbers containing defects.
In the latter the increase in strength is to a large extent offset by the
influence of defects that develop in seasoning.
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The various strength properiies are not squally affected by changes
in moisture content. Whereas some properties, such as crushing
sirength and bending strength increase greatly with decrease in
moisture, others, such as stiffness, change only moderately, and still
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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 =o 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. .

126695°—35——4%
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The following tabulation shows the average variation of the strength
properties of wood with change in moisture content, and figure 10
shows graphically the effect of moisture on certain strength properties
of Sitka spruce.

Average increase {or decrease) in value effected by lowering {or raising) the moisture
condent 1 percent
Property:

Static bending: Percent
Fiber stress at proportional imit. - ________________________ 5
Modulus of rupture, or cross-breaking strength__ . ____________ 4
Modulus of elasticity or stiffness____________________________ 2
Work to proportional limit_________________________________ 8
Work {0 maximum load or shock-resisting ability __ ___________ %

Impact bending:

Fiber stress at proportional limit - . ___ ___ __ __ ______ 3
Work to proportional Ymit__________________________.______ 4

Height of drop of hammer causing complete failure. ___________ —14
Compression parallel to grain:

Fiber stress at proportional Ymit.______________ . ____________ 5

Maximum crushing strength____ . ___________________________ 6
Compression perpendicular to grain:

Fiber stress at proportional limit____________________________ 5%

Hardness, end grain_ ____________ . _________ 4

Hardness, side grain_______________________________________ 214

Shearing strength parallel to grain___________________________ 3

Tension perpendicular tograin_._. . ________________ 1%

METHODS OF MOISTURE-STRENGTH ADJUSTMENT

It is often desirable to adjust strength values for wood at one mois-
ture content to what they would be under some other condition. This
can be done quite accurately when the data apply to small clear speci-
mens which are quite uniformly dried so that the moisture content is
approximately the same at all points of the cross section.,

hree general methods, differing materially in their accuracy, and
in simplicity and facility of application, may be used for moisture-
strength adjustments. These are referred to as the (1) approximate
method, (2) the equation method, and (3) the graphical method.

APPROXIMATE METHOD

The approximste method of moisture-strength adjustment consists
simply in an application of the percentage figures of the tabulation
above for the property under consideration, regardless of species.
For example, if the maximum crushing strength of Sitka spruce at
12-percent moisture content is 5,610 pounds per square inch, what is
the approximate value at 10-percent moisture? From the tabulation
it may be noted that the average change in maximum crushing
strength for 1-percent change in molsture is 6 percent. For 2-percent
change in moisture content (12-percent moisture to 10-percent mois-
ture) the average expected change in maximum crushing strength
would consequently be 12 percent. Since this property increases with
decrease in moisture content, the approximate increase in strength is
12 percent of 5,610=673, and the approximate maximum crushing
strength at 10-percent moisture is 5,610-+673=6,283 pounds per
square inch,

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

Studies at the Forest Products Laboratory (60) have led to the
derivation of a formula for strength adjustment, the numerical solu-
tion of which affords more accurate estimates than any other method.
This formula, known as the exponential formula is based on the fact
that for any one species and strength property, moisture-content
values within certaln limits and the logarithms of corresponding
strength values have been found to conform closely to a straight-line
relationship.

The formula may be written

Log Sp=log S¢+ (C—D) %S_ﬁ__‘gf_ﬂ

where A, B, C, and I}, are values of moisture content and Sy, Sg, Se,
and Sp are corresponding strength values; 8¢ is the strength value
from tests made at moisture content €' and S, is this strength value
adjusted to moisture content /). The expression

log (85—+8.)

A—B
which is equivalent to
log 8p—log 8.4
A—B

measures the change in strength property caused by a change of 1
percent in the moisture content. Required for evaluation of this
expression are strength values 8, and 85 found from tests made at
two different moisture contents A and B on matched specimens;
that is, specimens that can be assumed to be alike except for the
single factor of moisture content, such as specimens from closely
adjacent positions within the same annual growth layers.

When in any instance a strength value is that for green material,
the corresponding moisture content to be used for the species under
consideration is listed in the following tabulation:

Moisture conltent

Species®: Percent
Ash, white_ _ . . 24
Bireh, yellow_ __________________________________ e 27
Chestout.__________________ . . IR 24
Douglas fir_____________. O 24
Hemlock, western______________________________________________ 28
Larch, western_______________ . _____ . ___.__ 28
Pine;

Loblolly._ . ___ .. 21

Longleaf_ _ 21

Norway. .. . _____ .. 24

Redwood ______ o _______ 21
Spruce:

R 27

27

24

? The exact value has been determined only for the species listed here. For gther species the value of 24
percent may be assumed to apply.
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Three types of moisture-strength adjustment differing with respect
to the source of the data for evaluating the expression

log (Ss—+85.)
A—-B

- are defined and illustrated in the following paragraphs:

Tyre 1. From tests on matched groups of material at two different
moisture-content values, a strength value corresponding to a third
value of moisture content is computed, the data for evaluating the
expression

].Og (S B+S A)
A—R

being supplied by the tests on the material under consideration.

Example: The average maximum crushing strength of Sitka spruce
as listed in table 1 is 2,670 pounds per square inch for green material
and 5,610 pounds per square inch for material at 12 percent moisture.
Compute the maximum erushing strength corresponding to a moisture
content of 14 percent.

8§,=2,670 from table 1, and A for green material is 27.

Sr=5,610, B=12. ( may be taken either as 27 or 12 with corre-
sponding choice of S¢; that is, either the value for green material or
that for material at 12-percent moisture may be adjusted to 14-percent
moisture content.

D=14,
Taking C—12, and Se=5,610.

Log Su—log 5,610 (12 —14) 12 (3,610--2,670)
=3.7490—2><(—].—31252—"4
=3.7490—0.0430=3.7060

Then S.=santilog 3.7060=75,082.
or ’

Taking C=27 and 8§,=2,670

log (5,610--2,670)

=3.4265+13X(L3~125EL

=3.4265+0.2794=3.7059

Then §,,=antilog 3.7059=5,082 as before, and the maximum erushing
strength of Sitka spruce at 14-percent moisture content, as obtained
by adjusting to this moisture content the average values given in
table 1, is 5,082 pounds per square inch.
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Tyre 2. A strength value obtained at cne moisture content is
adjusted to a second value of moisture content, the data for evaluating
the expression

log (Sz—+S,)
A—B

as found in other tests on the same species being assumed to apply.

Example: A specimen of longleaf pine at 9.8-percent moisture con-
tent was found from test to have a modulus of rupture of 13,500
pounds per square inch, KEstimate the value of modulus of rupture
that would have resulted had the test been made at a moisture content
of 12 percent.

Values of moedulus of rupture on matched specimens of longleaf
pine are given in table 1 as 8,700, which is equal to Sy, and 14,700,
which is equal to Sp, pounds per square inch for the green and 12-per-
cent moisture conditions, respectively. A, from the tabulation (p. 51)
=21, B=12, (=98, and D=12. -

Then substituting in the formula

log {14,700--8,700)

Log Su=log 13,500 (9.8—12) T

—4.1303—2.2% 2 2278

=4.13656—0.0557=4.0746

Sip=antilog 4.0746=11,874
and the modulus of rupture at 12-percent moisture as estimated from
the value determined at 9.8-percent moisture is 11,874 pounds per
square inch.

Type 3. As in type 2. except that the data for evaluating the

expression
log (Seg—+S4)
A—RB

for the same species not being known an average value as computed
from tests of other species is assumed to apply.

Example: The modulus of rupture of a sample of a hardwood
species tested at 9-percent moisture content was 11,700 pounds per
square inch. Estimate the walue at 12-percent moisture. Here
8c=11,700, =9, and D=12. No values of S, and Sz for the same
species bemg ava.lla.ble, it is assumed that the strength-moisture
relationship for this hardwood is similar to that for hardwood species

in genera.l and 1.59, the value of%— as given for modulus of rupture
a

of hardwood speeies in tabls 16, is used forg,— A=12 and for B the
. B

value of 24 from the tabulation on page 51 is taken. Substituting in

the formula;

log 1.59

—12

=4 0682— SXO 2014

=4.0682— 00503 4.0179
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. 8 . . .
TABLE 16.—Average sirength ratios -SE) Jor species in drying from a green condi-
o

tion to 12-percent moisture conient

Hardwoods | Softwoods
Froperty {113 species) | (54 species)

Static bending:

Fiber stress at proportional limit - 1,80 1.81

Modutus of rupture.._______________ 1.59 1.61

Modulus of elasticity . ... _ 1.31 1.28

‘Work to proportional limit__________.__ e 2.45 2,58

Work to maximum load . _ . 1,05 1.13
Tmpact bending:

Fiber stress at proportional limit_______._________ .. ___________________.__. 1.44 1.39

Work to proportional Umit. . 1,68 1.59

Height of drop causing complete fallare_. ... __________ .89 1.03
Campression parallel to grain:

Fiber stress at proportional Ymit .. ... ... .. 1,74 1. 86

Maximum erushing steength_. .. ... .. ... 1.95 1.97
Compression perpendicular to grain: Fiber stress at proportional limit_________ 184 1,06
Hardness:

End. i 1. 55 1.67

3 U 133 1.40
Shear parallel to the grain: Maximnm shearing strength_____________ e 143 1,37
Tension perpendictlar to grain: Mazimur tensilestrength__ . 1.20 1.23

Si;=antilog 4.0179=10,400

Obviously, adjustments of type 1 are most and those of type 3 least
accurate. The inaccuracy in types 2 and 3 is due to the assumed
values of the expression

log (Sp+8,)
A~B

not being definitely applicable. '
In types 2 and 3 the accuracy of the computed or estimated value
decreases with increase in moisture difference for which adjustment

is made.
GRAPHICAL METHOD

The graphical method consists of using a chart (fig. 11) for the
solution of the formula descrtibed under the equation method, thus
avolding the use of logarithms as required in the arithmetical calcu-
lation. This method 1s, therefore, simpler than the equation method,
but due to the personal equation in reading the chart and the small
scale of the chart, the adjustment is less accurate.

The procedure 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
consideration. This ratio should be deterrnined from one of the
three following sources, with preference in the order named:

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

{6) From the data for green and dry material of table 1.

(c} From the ratios of table 16. 7

2. Determine the difference in moisture between the value to be
used for green material (table 1) and the moisture content of the dl('iy
material on which the preceding dry to green strength 1atio is based.
(For all species listed in table 1 the moisture content of the dry
material is 12 percent.

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



BTRENGTH AND RELATED PROPERTIES OF WOODS 55

be made. This difference represents the range in moisture over which
the adjustment is to be made.

4. Locate on the chart a point corresponding to the difference in
moisture content as determined under 2 and the ratio K as deter-
mined under 1. From the line joining this point with the lower
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DIFFERENCE IN NMOISTURE CONTENT GDE.?CENT)
F1auRE 11.—Chart for making strength-moisture adjustments.

left-hand corner of the chart the ratio corresponding to any difference
in moisture content can be found.

5. Locate on this line, the point that corresponds to the difference
in the moisture content as determined under 3, and read the corre-
sponding new strength ratio K on the left-hand scale.
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6. {(¢) If the adjustment is being made to a lower moisture content
than that at which the tests were made, multiply the strength at test
bylthe new ratio (as obtained in 5 above) to get the adjusted strength
value.

(b) If the adjustment is being made to a higher moisture content
than that at which the tests were made, divide the strength at test
bylthe new ratio (as obtained in 5 above) to get the adjusted strength
value.

Example 1. Tests of matched specimens of Douglas fir gave values
of maximum crushing strength of 3,940 and 10,680 pounds per square
inch, respectively, for green wood and wood at 6.2-percent moisture
content. What is the strength at 12-percent moisture content?

. 10,680

1. The ratio K= 3,040 =271.

2. The difference between the moisture content to be used for
green material (tabulation on p. 51) and that at test is 24—6.2=17.8
Whji:ih is the difference in moisture conteni to which the ratio 2.71
applies.

3. The difference between the moisture content of the dry material
at test and the moisture content to which adjustment is desired is
12—6.2=5.8.

4. Starting with the ratio 2.71 on the left-hand margin of figure 11,
and following horizontally to the vertical representing the 17.8-per-
cent. moisture difference, {r()cate a point.

5. Following the converging line on which this point is located to
its intersection with a vertical corresponding to the moisture differ-
ence of 5.8 (step 3), and thence horizontally to the left-hand margin,
& new ratio X of 1.38 is found.

6. The maximum crushing strength at 12 percent moisture is
10,680 ‘
1.38
percent to which adjustment is made is higher than the moisture
content at test. Consequently the strength value at test is divided

by the ratio.

Example 2. The modulus of rupture of a sample of hardwood
species tested at 13-percent moisture content was 10,030 pounds per
square inch. What is the estimated value at 9-percent moisture?

1. Since data on matched green and dry material are not available,
the average ratio of strength when dry (12-percent moisture content)
to that when green for a hardwood is taken from table 16, and is 1.59.

9. From the tabulation on page 51, the moisture content to be
used for green material is assumed to be 24-percent moisture content.
The ratio of 1.59 applies to material at 12-percent moisture content.
The moisture difference is, therefore, 24— 12=12-percent moisture
content.

3. The differences between the moisture content of the sample at
test and the moisture to which adjustment is desired is 13—9=4
percent.

4. Starting with the ratio 1.59 on the left-hand margin of figure
11, and following horizontally to the vertical representing 12-percent
moisture difference, locate a point.

5. Following the converging line through this point to its intersec-
tion with the vertical corresponding to the moisture difference of 4

—7,740 pounds per square inch. The moisture content of 12
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percent (step 3), and thence horizontally to the left-hand margin, the
ratio K of 1.165 is found.

6. The modulus of rupture at 9-percent moisture contentis 10,030X
1.165=11,680 pounds per square inch. In this instance the moisture
content of 9 percent to which adjustment is made 1s lower than the
moisture content at test and the strength value at test is multiplied
by the ratio K. :

LIMITATIONS TO MOISTURE-STRENGTH ADJUSTMENTS

When the strength data are from tests on material in which the
moisture is not uniformly distributed in the cross section, moisture-
strength adjustments on the basis of the methods just outlined cannot
be considered as reliable, and no acceptable general method for the
adjustment of such dats is available.

COMPARATIVE STRENGTH OF AIR-DRIED AND KILN-DRIED WOOD

Some wood users contend that kiln-dried wood is brash and not
equal in strength to wood that is air-dried. Others advance figures
puwrporting to show that kiln-dried wood is much stronger than air-
dried. However, comparative strength tests, made by the Forest
Products Leaboratory on kiln-dried and air-dried specimens of 28§
common species of wood, show that good kiln drying and good air
drying have the same effect upon the strength of wood but that
severe conditions in the kiln will lower most of the strength prop-
erties (66).

The belief that kiln drying produces stronger wood than air drying
is usually the result of failure to consider differences in moisture
content. 'The moisture content of wood on leaving the kiln is gener-
ally from 2 to 6 percent lower than that of thoroughly air-dried stock.
Since wood rapidly increases in most strength properties with loss of
moisture, higher strength values may be obtained from kiln-dried
than from air-dried wood. Such a difference in strength is not per-
manent, since in use a piece of wood will come to practically the same
moisture condition whether it is kiln-dried or air-dried.

It must be emphasized that the appearance of wood is not a reliable
criterion of the effect the drying process may have upon its strength.
The strength properties may be seriously injured without visible
damage to the wood. Also, it has been found that the same kiln-
drying process cannot be applied with equal success to all species.
To insure kiln-dried material of the highest strength, a knowledge of
the correct kiln conditions to use with stock of a given species, grade,
and thickness, and a record showing that no more severe treatment
has been employed, are necessary.

TEMPERATURE AS RELATED TO STRENGTH

The moisture content of wood determines to a large extent how it
is affected by temperature,

Lowering the temperature of wet or green wood decidedly increases
its stiffness and its strength in compression parallel to grain.  Freezing
temperatures have resulted in increases of from 5 to 25 percent as
compared to values at normal room temperature, the results varying
with the strength property considered, the species, and the moisture
condition (12, 47). gimh effects are much less pronounced in wood
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whose moisture content is below the fiber-saturation point and become
comparatively small at very low moisture content values.

Tests in compression parallel to grain have shown values for green
wood at 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 tested immediately after soaking
in hot water and other matched specimens that were tested after
cooling subsequent to over drying to expel all moisture, This illus-
trates the importance of establishing comparable conditions of mois-
ture and temperature when making comparisons involving strength.

Aside from the current or immediate effects of temperature as just
cited, tests have shown that heating to or above the boiling point for
several 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-
dition. The amount of this lowering apparently depends on a large
number of variables including species, size, and moisture content of
the material when heated, the temperature, and the duration of the
heating period (22, 42, 59).

Steaming 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 ususlly 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, crecsote-tar
mixtures, and creosote-petroleum mixtures are practically inert to
wood and have no chemical influence upon it that would affect its
strength (6). The 2- to 5-percent solutions of zine¢ chloride com-
monly used in preservative treatment apparently have no important
effect.

Although wood preservatives are not harmful in themselves, the
treatment used in injecting them into the wood may result in con-
siderable loss of strength to the wood. Green wood conditioned for
the injection of preservatives by steaming or by boiling under vacuum
may 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 satisfactory absorption and penetration of the pre-
servative (59). A gage pressure of 20 pounds (259° F.) is sufficiently
high for steam conditioning. No advaniage 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 wood that is soft from long heating is 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
than 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 besring
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-
stance, 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 failure if applied for alonger time. Inimpact-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 standard static bending
test where the maximum load is reached in a few minutes (4, 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 wooden beam must be determined in accordance with the
loading 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 pregents an interpretation of some data on the influence
of rate of loading from tests of small clear specimens. A tenfold
increase or decrease in the rate of loading produces approximately s
10-percent, increase or decrease, respectively, in bending strength.

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 made (30).

In tests made at the Forest Products Laboratory 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 having square cross sections.
Sometimes the fatigue limit of wooden beams with circular cross
section is expressed 2s a ratio to the static modulus of rupture of
beams also of circular cross section. Expressed in this way the ratio
is less than one-third, since a beam of circular section has a form
factor of 1.18. These tests involved over 300,000 stress cycles
(table 17).



FATIO OF MECHANICAL PROPERTY T0 SIMILAR PROPERTY TESTED IN STANCARD STATIC

LOGARITHM OF JECONDS OF DURATION OF STRESS

FIGURE 12.—The relation hetween fther stress at proportional limit in statie bending and modulus of rupturs of Sitka spruce, and duration of stress. Each point is_the
average of the results of from 5 to 10 tests. Duration of stress is the total time between application of load and reaching the proportional limit or the maxunum load.
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TarLe 17.—Resulls of static lests and faligue rolating beam lests of wood

Estimated
Static mod- | sndurance
uiusf of rup- I%mit. tsmta-
: MMoisture | Specific- | ture for speci- | ting beam
Kind of wood content gr%evclty 1| ‘mens ur%?r« test speci-
cular cross | mens of eir-
section cular cross
section}

Ratio ofen- | Ratio of en-
durance limit{ durance Hmit
to modulus | to medulug
of rupture of rupture
of beams of | of beams of
cirenlar cross | square ¢ross

section section ¥

Percen Lb.per 3q.in. Cycles
Sitka spruce. . ...~ 13.8 0.38 12, 100 3,200 027 0.32
Southern white oak .. .. __ 82 4 .58 10, 600 3, 200 .30 .35
Douglas flr ... ____ 14.3 .50 15, 000 4, 000 .27 .32
Do oo 23.8 .52 12, 800 3, 900 31 W87

1 Specific gravity, oven dry, based on volume &t test. o
1 Caleulated on basis that form factor of beam of circular cross section is 1.15.

Studies made on cantilever beams having an enlarged cross section
at the point of support demonstrated that the fatigue limit varied
greatly depending on whether the change of cross section was abrupt
or gradual.

With even what is normally considered a generous fillet the fatigue
kimit is lowered markedly. This effect, together with the influence
of form factors, has led some investigators erroneously to place the
fatigue limit for wood as low as one-sixth of the static modulus of
rupture. .

%‘ests made at the Forest Products Laboratory on tapered speci-
mens of a form to cbviate changes in cross section that would influ-
ence failure show that, for a stress just slightly greater than the
fatigue limit, failure occurs at not more than 2,000,000 load reversals
and in some species at less than 1,000,000 reversals. Tests at stresses
only slightly less than the fatigue limit showed no failure after re-
versals ranging in number from 14,000,000 to 125,000,000.

Other tests on Sitka spruce in which specimens of rectangular ¢ross
section were vibrated through approximately 5,000,000 cyeles indi-
cate that the modulus of elasticity is not greatly affected by vibra-
tion. No effect on fiber stress at proportional limit and modulus of
rupture could be detected from these tests, the values being about
the same for specimens which had and which had not been vibrated.
The tests indicate that the same stress prevails at the fatigue limit
with vibrated specimens of rectangular cross section as with rotated
specimens of circular cross section.

Further studies to obtain more specific information on the effects
‘of vibration and fatigue, particularly when subjected to a large num-
ber of stress cycles, and to determine the variation of these prop-
erties with different species are needed.

EFFECT OF TIME OR LENGTH OF SERVICE ON THE STRENGTH OF
wOoOoD

It is sometimes assumed that wood is perishable and is suitable
only for use in temporary structures. Although wood, like other
materials, is subject to attack by destructive agents, there is ampie
historical evidence of its permanence when protected from attack by
such agencies as fungi, insects, marine borers, and rodents.

So far as is known the lignin and cellulose which constitute the
wood substanee are not subject to chemieal change with time when
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wood is adequately protected from the elements and other destructive
agencies, although the color of wood may be slightly changed by
long-continued exposure 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 appraised accurately by tests of wood
from old structures since the original strength of the material is
unknown. The evidence from such tests as are on record is that no
significant loss of strength has occurred in the absence of the destruc-
tive agencies enumerated (7, 2, 14).

The shrinkage that occurs in the drying of wood induces internal
stresses. In time, equalization of differentials of moisture content
combined with the action 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 great enough to be significant in
most uses of wood.

A recent survey has shown that literally hundreds of bridges made
entirely or partly of wood have served satisfactorily and with but
little attention for long periods. Many that are more than a century
old are still in service. Others have given way, while still in good
condition, to the demands for greater width of roadway and higher
load capacity than that for which they were built (17).

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 load-carrying ability for different purposes, but the
manner in which the load-earrying ability and stiffness vary with
dimensions is not so generally understood.

SIZE OF COLUMNS OR COMPRESSION MEMRBERS

In a short column, that is, a column whose ratio of length to least
dimension is 11 to 1 or less, the end load that can be carried varies
simply with the area of the cross section of the piece, other factors
being equal. However, with a long column, one whose length ‘exceeds
about 20 times its least dimension, the end load that can be supported
(with a given “end condition”) varies not as the cross-sectional
area, 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. Columns are usually either squere or round. Hence the
load 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
load that can be supported by columns of intermediate length is
intermediate between that for the short and long column (32).

SIZE OF BEAMS

The load that a beam of rectangular cross section can carry, other
factors being equel, varies directly as the width, directly as the
square of the depth, and inversely as the span., The deflection for
a given load varies inversely as the width, inversely as the cube of
the depth, and directly as the cube of the span.

A few numerical examples will serve to illustrate these relations.
Let it be assumed that a beam 1% by 7% inches (nominal 2 by 8) is
used on edge on a 12-foot span.
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EFFECT OF WIDTH

If the width of beam were increased from 1% to 3% inqhes {nominal
4-inch width) a total load about two and one-fourth times as large
{3%=+1%=2.23) could be carried, and the deflection for a given load
would be about 45 percent as great

(3—1% + 11% =(].448)

EFFECT OF DEFTH

If the depth were increased from 7% to 9% inches (nominal 10-inch
depth) a total load 1.6 times as large, (9%)*=+(7%)2=1.60, could be
carried, and the deflection for & given load would be about 49 percent

as great ) .
((—9;53 —1-(7—*)3 =0 .492)

EFFECT OF LENGTH

If the span were increased from 12 to 15 feet a total load 80 percent
88 large (1—15 +1i2=0.8{)) could be carried, and the deflection for a

given load would be nearly twice as great (15°+-12°=1.95).

The preceding relations are those expressed by the usually accepted
engineering formulas and are based on assumptions that are more or
less inaccurate under certain conditions. Their use, however, has
been long established and they may be regarded as the best general
basis for calculation.

Since strength and stiffness are dependent on the form and size of
piece as well as on the inherent strength of the wood, it is usually
possible to.compensate for the lower strength of the weaker species
by increasing the size of members in accordance with engineering
prineiples.

FORM OF CROSS SECTION AS REL%’II'ED TO STRENGTH OF WOODEN
BEAMS

Calculations by the commonly accepted engineering formulas as
previously illustrated are sufficiently accurate for use in the design
of members of rectangular cross section for common structural pur-
poses. Experiments have demonstrated, however, that beams may
carry more or less load, depending on the form of the cross section,
than would be calculated from the general beam formula, uging the
modulus-of-rupture value based on specimens 2 by 2 inches in cross
section as given in table 1. Hence, when members of other than
rectangular section are used, or when maximum accuracy is essential,
as in the design of aircraft parts, modification of these formulas is
necessary (36).

Tests have shown that a beam of given cross-sectional area carries
the same load regardless of whether the cross section is circular,
square, or diamond shape (square with diagonal in the direction of
load). This is true both of loads at proportional limit and of maxi-
mum load. The corresponding stresses computed from the usual
formula are 18 percent higher for the circular and 41 percent higher
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for the diamond-shaped beam than for the square. Thus the circular
and diamond-shaped sections may be said to have form factors of
1.18 and 1.41, respectively. On the other hand, the form factor for
beams with I and box-shaped sections has been found to be less than
unity and may in extreme instances be as small as 0.50.

The stresses developed in a wooden beam also depend on its size—
or rather its depth. In general, the shallower the beam the greater
the stresses that will be developed and conversely. This effect is
sufficient to. make about 7 percent difference between depths of 8
and 2 inches.

Theoretically, also, the stresses developed are affected by the
width of the prece. As far as is known, this effect is not sufficiently
large to be of practical significance. If, however, the width is too
small in comparison with the height and span a beam may deflect
sideways and fail at a lower stress than would a wider beam with
other dimensions the same or than the same heam if braced against
deflection sideways (52).

The effects of shape and depth of beams as just discussed apply to
loads and stresses. Modulus of elasticity is not affected. Conse-
quently, the same value of modulus of elasticity may be used for
computing deflections by the usual engineering formulas regardless
of the shape or depth of a bearn. When, however, the relation of
depth to span is such that high horizontal shearing stress is involved,
the effect of shearing deformation should be considered in computing
deflections (35).

DEFECTS

Defects are any irregularities occurring in or on wood that may
lower some of the strength, durability, or utility values. Defects
may be divided into two groups on the basis of their effect on struc-
tural timbers: (1) Those that materially affect the strength and must
be considered In formulating specifications. 'This group includes
decay, cross grain, knots, shakes, checks, and splits; and structural
grading rules definitely limit the sizes of such defects according to
the grade (9, 33, 34, 61). (2) Those that would normally be excluded
for other reasons than their effect on the strength. This second
group includes pitch pockets, wane, wormholes, warp, pith, and
imperfect manufacture. These may ordinarily be disregarded in
grading structural 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 which there are man
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 air, suitable temperature, and favorable moisture content.
Wood that is completely submerged in water does not decay because
the necessary air 1s lacking. Wood whose moisture content is con-
stantly below about 16 percent does not decay because insufficient
moisture is available for decay-producing organisms. The so-called
dry rot develops in timber that 1s apparently below such a moisture
content because the producing organism is capable of conducting the
needed moisture from sources outside the timber itself.
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Wood decays more rapidly in warm humid climates than in cool
dry regions, High altitudes are as a rule less favorable to decay
than nearby low areas because the average temperature is lower and
the growing season for fungi is shorter.

Not all properties are affected to the same extent by a given degree
of decay. Shock-resisting ability as reflected in the work values in
static bending, or the height of (gop in impact bending, is one of the
first properties to be affected, and decay which has not progressed far
enough to be visible may seriously impair this quality. Crushing
strength parallel to the grain is slowest to give way, with hardness
and strength as a beam holding an intermediate position. Decay
often develops in localized regions or pockets and may not affect the
strength of a piece uniformly,

Because of the fact that 1t is impossible to estimate satisfactorily
either the extent to which decay has progressed, or the probability of
its further development, timber containing decay in any stage shouid
be regarded with misgiving for use where strength is important.

Two methods are available for prolonging the life of timber exposed
to conditions favorable to decay: (1) ﬁéle the heartwood of speecies
that are naturally resistant to decay; (2) impregnate the wood with a
preservative (18).

The danger of decay can in many ingtances be lessened materially
by careful attention to details of design and construction. For
example, proper insulation of water pipes will prevent excess humidity
and the deposition of water on woodwork in- their vicinity; joints in
exterior woodwork can be made so that they are readily drained or
ventilated; ventilation ean be provided beneath the floors of houses
without basements; basement posts or columns can be raised a few
inches above the floor by means of pedestals. ,

The sapwood of all species has low natural decay resistance and
generally short life under decay-producing conditions. Common
native species vary greatly with respect to the durability of the heart-
wood. Hurthermore, all pieces of the heartwood of a species are not
equally durable.

General comparisons of the relative decay resistance of different
species must be estimates. They cannot be exact and they may be
very misleading if interpreted as mathematically ‘aceurate and apph-
cable in all instances. They may be very useful, however, if umﬁar-
stood as approximate averages only, from which specific cases may
vary considerably, and as having application only where conditions
are favorable to decay. The classification of a number of common
native species with respect to the durability of the untreated heart-
wood as presented in table 7 is to be so understood.

CROSS GRAIN

The term “‘cross grain’’ denotes any deviation 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, 3 definite method of measurement is necessary. This is
afforded by the angle between the direction of ‘the fibers and the
axis of the piece, or edge if it'is parallel to the axis. The angle is
usually expressed as a slope; 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,

126695°— 35—
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An extensive series of tests on Sitka spruce, Douglas fir, and com-
mercial white ash has shown that the several strength properties
differ in the degree to which they are affected by cross grain and that
for properties materially affected the tendency of values to fall off
occurs with even slight deviations of grain (19, §7). Values presented
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FLOPE OF GRAIN

FraurE 13,—Effect of spiral and diagonal grain on fiber stress at proportienal limit, modulus of rupture,
and teedulus of elasticity in static bending on white agh.

’

in table 18 are the average percentage deficiencies for various slopes
of cross grain in material 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 material representing various slopes of grain.
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TasrLe 18— Average percentage deficiency in strength properties of cross-grained
material of vertous slopes with respect to straight-grained material

[From tests of kKiin-dried material with moisture content as shown in fig. 13]

Static bending Comp on
penaing | Berailel to
Bpecies of wood and slope of grain Modulus I\EIo ,d u%ps Work to maérimnm gglxg. cl;l:;g
of elastic- | maximum rop 1
of rupture ity Nead ing strength

4 2 9 6 1

il 3 17 12 1]

11 4 27 22 0

18 7 43 37 1

38 22 61 59 7
7 4 17
10 [i] 24
15 8 2
0. - 25 14 46
B U 54 40 68

Sitka spruce:

1:2 - 2 2 4
4 4 21
8 7 33
17 13 55
44 36 76
4 3 13
7 4 21
11 6 3
19 11 48
45 33 68

The weakening effect of cross grain results from the wide difference
in properties of wood along and across the grain, Cross grain is
accompanied by an increased variability of properties, increased
checking, and a tendency of the wood to twist and warp.

The data presented on the influence of cross grain are based on
tests of clear pieces 2 by 2 inches in cross section, free from checks,
In larger sizes, and when other defects are present, checks are apt to
be present along with the cross grain, and in such instances greater
weakening occurs than in the test results cited. The values given are
thus indicative of the minimum effect.

The weakening effect on stress in extreme fiber in bending hecomes
significant with a slope of about 1 in 20 and increases rapidly with
increase in slope. The permissible slope of grain depends on the use
to which the wood is put. In general a slope greater than 1 in 20
should not be permitted in a main structural aircraft member. In
structural timbers, the permissible slope varies with the grade and
with the kind of stress, and ranges from 1 in 20 for high-grade beams
to 1in 8 for low-grade posts.

Cross grain may be of three fundamentally different types as
follows:

DIAGONAL GRAIN

This form of deviation of grain is caused by failure to saw parallel
to the annual growth layers because of either crooked logs, careless-
ness in manufacture, or the practice of sawing parallel to the pith
instend of parallel to the bark in logs of large taper. Diagonal grain
shows on the edge-grain or quarter-sawed face of a board or timber.
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SPIRAL GRAIN

This form of deviation of grain results from a corkscrew or spiral
rather than vertical arrangement of fibers in a tree. Spiral grain thus
refers to the direction of fibers within the annual growih layers and its
true direction is evident only on a plain or flat-sawed surface where it
is measured by the direction of checks, splits, or other indication of the
direction in which the grain runs. Interlocked grain is a special form
of spiral grain varying in slope or reversing slope between successive
growth periods. An approximation to spiral grain results when a
piece is cut so that the grain of the wood on the Hat-sawn face is at an
angle to the axis.

IRREGULAR ‘GRAIN

This term applies to a more or less irregular wood structure usually
accompanying knots, or occasionally appearing as waves in otherwise
clear WOO({

METHODS OF CALCULATING CROSS-GRAIN

When the grain slopes on both flat-sawn and quarter-sawn faces of
a piece these slopes being 1 in @ and 1in 4, the resultant or effective
slope is given by the expression

Wiz
ab

for example, if the slopes are 1 in 12 and 1 in 5 the effective glope is

V5 4128 13 . '
512 g0 L m46
or if the slopes are both 1 in 20 the effective sldpe is

V2074207 28.3

30%20 —dop 114l

KNOTS

A knot is that portion of a branch which has become incorporated
in the body of a tree. The influence on strength is due to the faci that
the knot interrupts the continuity and direction of fibers and that
the direction of fibers in the knot is essentially at right angles to those
in the adjacent 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 which the piece is subjected ; and the amount of the attendant
cross-grain. )

Knots actually increase hardness and strength in compression per-
pendicular to grain, and are objectionable in regard to these properties
only to the extent that they cause nonuniform wear or a nonuniform
distribution of pressure at contact surfaces. Knots, however, are
harder to work and machine than the surrounding wood, may project
from the surface when shrinkage occurs, and also are a cause of
twisting.
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Knots have relatively little effect on the stiffness of a member.
Hence, it is possible to effect some economy by using low-grade ma-
terial where stiffness is the controlling factor as in joists in small
buildings. In such instances the size of the member is usually gov-
erned by stiffness, and hence relatively knotty material can be satis-
factorily used, although at some sacrifice of bending strength. For
example, tests of two 2- by 8-inch by 10-foot joists cut from the same
species showed, in pounds per square ineh, a modulus of elasticity
of 1,100,000 and a modulus of rupture of 5,470 for a practically clear
joist and a modulus of elasticity of 1,246,000 and & modulus of rupture
of 2,040 for a knotty joist. The slightly higher modulus of elasticity
of the knotty joist is attributed to the s{ightly higher specific gravity
of the wood over that of the clear joist.

In a long column, that is, a column in which the length exceeds
about 20 times its least dimension, the maximum load depends on the
stiffness alone, and knots are consequently less detrimental than in a
short column in which the crushing strength of the wood determines
the maximum load (32).

Knots have approximately one-half as much effect on compressive
as on tensile strength. Hence, for a given percentage reduetion in
strength larger knots are permissible in a short column than on the
tension side of a beam.

Knots are most serious in their effect on the bending strength of
beams. The influence of a knot on the tension face is approximately
messured by the ratio of the diameter of the knot to the width of the
face, the diameter being taken as the distance between lines enclosing
the knot and parallel to the edges of the face. Thus, a knot which
messures one-fourth the width of the tension face reduces the bending
strength 25 percent. The same knot on the compression side of the
beam would have about half the mfluence. I.arge knots have a
somewhat greater influence on the bending strength than is indicated
by the foregoing rule, owing to the increased distortion of grain around
them. This effect is taken care of in the structural grading rules
conforming to American lumber standards (54, 61 ). The effect of
knotsis greater in the center half of the length of a beam than near the
ends, and is greater near the upper and lower faces than at the center
of the height (9).

SHAKES

A shake 1s g separation of wood along the grain, the greater part of
which occurs between or within the rings of annual growth. Shakes
can best be detected at the end of the piece where they extend in a
general circumferential direction. In structural grading, shakes that
appear on an end of a piece are assumed to extend to the center of
its length. In beams the principal effect of shakes and one effect of
checks is to reduce resistance to horizontal shear or the sliding of the
upper on the lower part of the piece. Not only do shakes and checks
reduce the area acting in resistance to shear but because of concen-
tration of stress at their extremities the average shearing strength of
the remaining srea is much less than the shearing strength of un-
checked wood as found from shear or torsion tests. These effects are
important in large timbers in which the concentration of stress accom-
panying shakes and/or the checking that usually occurs either prior or
subsequent to the placement of timbers in service is sufficient to cause
failure at a shearing stress, as averaged over the unchecked area, of
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less than half the ultimate value found in standard shear block tests
ftable 1). The effect of shakes on strength in horizontal shear is
appraised in the grading of beams by determining the width of the
shake, as measured on the end between lines parallel to the faces, in
terms of the width of the piece. For green timbers the allowable
shake is the same percentage of the width of the piece as the grade is
below an assumed strength for the clear wood (67). Thus, in beams
of a grade that permits defects that reduce the strength by one-fourth,
the allowable shake would be one-fourth the width of the piece.
Shakes tend to inerease in size with seasoning. A slightly larger
shake is allowable in seasoned material.

CHECKS

A check is a separation along the grain, the greater part of which
occurs across the rings of annual growth. Checks other than heart
and star checks which oceur in green wood and whose cause is un-
known occur in seasoning and are due to difference in shrinkage in
radial and tangential, or cireumferential, directions, and to difference
in shrinkage between adjacent parts induced by differences in moisture
content. Checks are classed as end checks, heart checks, star checks,
surface checks, and through checks. An end check is one at an end
of a pilece; 8 heart check 1s one starting near the pith and extending
toward but not to the surface of the piece; a star check consists of a
number of heart checks; a surface check is one into a piece from the
surface, and a through check is one extending through the piece from
one surface to another. Difference between forms of checks need
not be considered in determining their effect on strength,

Checks, like shakes, are injurious to beams to the extent that they
reduce the area resisting horizontal shear. It is evident that checks
in the narrow or horizontal face have practically no effect upon the
strength of straight-grained beams. Checks in the wide or vertical
faces are most serious in their effect on resistances to horizontal shear
when straight and at or near the center of the height.

The effect of checks in beams and columns depends on the area of
the [ongitudinal section they cover, but, unlike shakes, they are not
assumed to extend from the end of the piece to the center of the length.
The same method of measurement and limitation may be applied as
for shakes. If morerefinementis desired, however, it may be obtained
by estimating the actual reduction of area in a longitudinal plane
within that portion of the length extending from the end to a distance
three times the depth from the end. The aggregate area of checks
permissible within this distance is equal to the width of the allowable
shake multiplied by three times the height of the beam (61).
~ Checks also cause serious weakening in tension perpendicular to
grain, but are less injurious in straight-grained members subjected to
direct compression or tension along the grain.

Checks are more difficult to prevent in large timbers than in smal]
pieces, and they inecrease in size and depth with the degree of seasoning
during the earlier stages but later close partially or entirely. Checks -
usually appear first on the ends of a piece, but the development’ of
end checks can be retarded, and in smaller sizes prevented, by the
application of an end coating, such as hardened gloss oil prior to
seasoning. Season checks form in round timbers because the radial
shrinkage differs from the tangential or circumferential.
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PITCH POCKETS

Pitch pockets are openings within or between the annual growth
rings that contain more or less pitch or bark. Pitch pockets vary
greatly in size. Ordinarily, their dimension at right angles to the
annuel rings is less than one-half inch, whereas they may extend for
several inches along the grain (vertically in the tree) and/or in the
direction of the annual rings (circumferentially in the tree).

Native species in which pitch pockets are found are the pines, the
spruces, Douglas fir, western larch, and tamarack. Pitch pockets in
structural timbers ordinarily are not important as (1) their extent is
not sufficient to cause significant weakening In shear, (2} they do
not cause serious deviations of grain, and (3) they occupy only a
small proportion of the cross section of a piece. However, numerous
pitch pockets in or close to the same annual growth layer may denote
the presence of shakes or may he equivalent in effect to & shake.

In small members the size of the pitch pockets may represent an
appreciable portion of the cross section and be located so as to have
a marked effect on the strength.

The weakening effect of pitch pockets is more serious when they
cause distortion or ‘‘dip” of the grain. It is, of course, necessary to
limit, pitch pockets in aircraft parts, and rules have been established
for this purpose (83, §5) but in general they are of importance chiefly
because of their effect on appearance.

. COMPRESSION FAILURES

A compression failure is & local buckling of the fibers, essentially
at right angles to the length, due to excessive compression along the
grain. Compression failures appear as wrinkles on the surface of
a piece, and range from a well-defined buckling of the fibers visible
with the unaided eye to a slight crinkling visible only with & micro-
scope (7, 21, 25).

ompression failures may occur when standing trees are bent
severely by wind or snow, when trees are felled over logs or irregu-
larities of the ground, from rough handling of logs or sawed stock, and
excessive sfresses in service. They weaken the wood in tension,
and when on the tension side of a beam produce brash appearing and
sudden failures. Material containing compression failures should be
rejected for uses in which strength and shock resistance are important,
such asin handles and ladder parts. Compression failures are ususlly
so inconspicuous that careful search is necessary to detect them.
Often tilting of a piece of wood with respect to the line of vision or
source of light Wﬂf help make them visible, Tt is seldom possible to
detect them in rough-sawn material.

The results of static bending tests on four specimens from & board
eontaining compression failures sufficiently prominent to be readily
detected, as compared with the average of uninjured material are
given in table 19. These data, while but fragmentary, illustrate the
serious reduction in modulus of rupture caused by pronounced com-
pression failures, the even greater reduction in shock resistance as
shown by work to maximum load. and the variability in strength
properties which they cause.
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TaBLE 19.—Results of stalic bending test on 4 specimens ! from a board eontaining
prominent compression fatlures .

Specific | Moisture | Modulus | Work to

i g maximum
gravity content | of rupture Toad

Kind of specimen

Lb. per In.-tb. per

Percent 7. in. cu. in,
0. ig %? g g. 770 1. 44
- . . . . , 050 . 58
Containing compression fatlures_______________________ 46 1.2 2 510 ‘ag
.52 11.3 5, 830 1.30

Average figures for uninjured material .. ... _____.__ .45 12 14, 690 7.8

1 Tha bending tesis were made on specimens 34 by 2 by 20 inches, using center loading and an 18-inch
span., Specimens 1, 2, 3, and 4 were cut so that the compression failures were located at the center of the

spad.
1 Bpecific gravity based on weight when oven dry and volume when green.

COMPRESSIOR woOD

Compression wood, also known as red wood (rotholz), is wood of
abnormal growth and structure, slightly above the average in weight,
which is usually distinguished by very wide and eccentric annual
rings, a lack of contrast between spring and summer wood, and a
more or less dark-reddish to brown color. This growth occurs on
the under side of limbs and leaning trunks of coniferous trees (16, 21),

Table 20 compares compression wood with normal wood in ponderosa
pine, southern yellow pine, and redwood. The values given should
not be regarded as the true averages either for normal wood or com- -
pression wood, but as indicative of the relationships between the two
types. The reason for this is that compression wood varies greatly
m degree from material bordering on normal wood to pronounced
types. The normal wood represented was cut from the same pieces
as the compression wood, &ng hence was selected to match the latter
rather than to be representative of the species.



TaBLE 20.-—Strength properties of compression wood compared with normal wood of redwood, ponderosa pine, and southern yellow pine!t

Redwood Pondeross pine

Southern yellow

. . pine, air-dzy
Average values Green Air-dry Green Ajirdry

Normal | Compression| Normal | Compression| Normal {Compression| Normal Compression| Normal |Compression
wood wood wood Wou wood wood wood wood wood wood

Specific gravity, based on oven-dry volume.__________...______ . R R _ . 0. 57 0. 66
Shrinkage, longitudinal, green to oven-dry. . 5 .4 2.5
Shrinkage, radial, green to oven-dry_. . _ - 4.4 2,2
Shrinkage, tangential, green to oven-dry..._...._....... ds _ 6.2 268
Static bending;
Moisture content-_________.________._.___._____ . 5 A . 11.6 12,4
hased on volume ag tested. .38 . JROS E .
Fiber stress at proportional limit._pounds per 8, 550 8, 520
,,,,,,,,,,,,,,,, 7,310 7,470 | 10,210 8,890 | 4,640 9,
nds per square inch. . 1,110 685 1, 253 788 1,074
unds per enbicineh ... .. f | ... .47
_____________________________ do____ .5 6.9 5.0 6.5 4.0
Work, toted. - _____________________________ " T4 T TSRy SN S IO 14. 4
Toughness:
Mojsture conent___.._.. _ _____________ percent.__ 129 89 8.8 LA 121
Specific gravity, based on volume as tested________________ .37 .52 .37 .49 .37
Toughness per specimen. . __._.____________ inch-pounds__ 83.0 0.5 64. 5 4.4 100, 7
Compression parallel to grain:
Moisture content________.__ ... _________.______ percent.__ 128 108 8.6 10,4 138
Bpeeific gravity, based on volumme as tested . _____________ _ .37 .51 .38 .51 1
“rushing strength at propertional limit
pounds per square inch__} 3, 950 4, 640 7,180 7,250 2, 140
Maximoum crushing strength_____~___________ 14 (¢ TR O I (R A 2,340
Modulus of elasticity._._..__ 1,000 pounds per squareineh__j_________| ___________|____ JE P - L, 476

t Exact species unknown.
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Tt may be noted that compression wood is characterized by high
longitudinal shrinkage, by low stiffness, and for its weight, a general
deficiency in most other properties,

When compression wood and wood of normal structure are present
in the same piece very high stresses are set up in drying on account
of the large difference in longitudinal shrinkage of the two types of
wood. This causes bowing or other distortion and may even result
in gplitting of the piece or in tension failure in the compression wood.

INSECT HOLES

The effect of wormholes on strength is somewhat similar to that
of knots or knot holes, except that they do not involve distortion of
grain. Inasmuch as wormholes found in lumber usually have only
small diameters, occasional ones do not seriously weaken the wood.

In lumber which has been in storage for some time wormholes may
be more serious on the interior than is indicated on the surface. This
is especially true of the sapwood of ash, oak, hickory, elm, and some
other hardwoods that are subject to attack by the powder post
beetle (45).

SAP STAIN

Sap stains (blue, red, and yellow) are caused by organisms which
germinate in the sapwood, absorbing starches and sugars, Most
sap stains, unlike wood-destroying fungi, do not as a rule penetrate
the cell walls and consume the wood substance, and therefore sap
stain is not in itself so serious from the strength standpoint. How-
ever, severe sap stain of certain varieties causes sufficient injury to
appreciably redll)lce the shock resistance or toughness, '

Sap stain exerts a marked effect on appearance. Its presence,
furthermore, indicates that the wood has been subjected to unfavor-
able conditions and the possible development of wood-destroying
fungi should be considered in the use of such material (17},
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APPENDIX
DETAILS OF TEST PROCEDURE

The information on strength and related properties of woods grown in the
United States, which is given in table 1, was obtained from tests in static bending,
impact_bending, compression 1pamllel to grain, compression perpendicular to
grain, hardness, shear parallel to grain, tension perpendicular to grain, and
cleavage. Data on weight and shrinkage were also obtained by means of stand-
ardized tests. The foregoing 8 tests furnish information on more than 25 different
properties of wood.

SELECTION OF MATERIAL

The material for test was identified botanically in the woods, and was brought
to the Forest Products Laboratory in the green condition in log form. The logs
were generally 4 or 8 feet in length and were usually taken from each of five or

more representative trees

of each species, the upper

NORTH end of the log selected bo

ing in most instances 16

il iadd feet above the stump.

w9 lnio Each 4foot log or bolt was

divided into saticks as

shown in fizure 14. Inso-

NTING far as was possible without

testing pieces having im-

NS NE perfections that would re-

duce their strength, the

N3N4 /P" TH following procedure was

w1 = 7 followed: test in com-
[ S IS IR S s |vrne alaldle|2 \ pression pargllel to the
—~ grain was made on a speci-
\ § g ; g ; csile : 2 ;‘ g g } men_from each stick and a
: test in static bending on a
rFSIES specimen from one stick of

each pair. A pair consists

RSN - ~of two tangentially adja-

cent sticks as N1 and N2,

el s W7 and W8, and so forth.

Tests in compression per-

arsl 6 pendicular to grain were

made on specimens cut

21slne from one-half the sticks

s that supplied the static

F1auRE 14.—Method of cutting up the bolt and marking the sticks. Eg?g;ggs tiggs lonlie.ﬁlsé o‘f‘hllg

half. Sticks from various
parts of the cross secfion were tested in impact bending, shear, cleavage, and ten-
sion perpendicular to grain. This was the systein followed when the free furnished
material for tests in the green condition only. For each species from each locality
tests were also made on both green and air-dry material from one or more trees.
Two adjacent bolte from each of such trees were cut into sticks asindicated by figure
14. Two composite bolts each consisting of one stick from each pair from each
of the two adjacent bolts were then formed. The sticks from one composite bolt
were tested in the 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 assignment of sticks provided tests of each kind
from various parts of the cross section of the log and afforded for test air-dry
material closely matched to that tested in the green condition.

78
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A further feature was the testing in a similar manner of green material taken
at various heights above the stump from one or more trees of 2 number of species.
The resulting data are not tabulated herein but are the basis of the discussion of
variation of properties with height in tree (p. 40).

TESTING METHODS

The detailed procedure of testing conformed closely to standards of the Amer-
ican Society for Testing Material (4). Specimens for mechanical tests are 2 by
2 inches in cross section and of different lengths, depending on the kind of test.
Those for radial and tangential shrinkage are 1 inch thick, 4 inches wide, and 1
inch in length along the grain, the width being radial or tangential according to

SCALE~INCHES
Fi1GURE 15.—Method of eonducting static-bending test.

whether radial or tangential shrinkage is to be measured. Moisture determina-
tions are made on all test specimens.

Only specimens free from knots, eross grain, shakes, checks, and the like were
tested. The effects of such characteristies on strength values has been investi-
gated in other tests (9).

A Drief outline of the procedure in making each kind of test and of computing
the results follows.

DESCRIPTION OF TESTS
STATIC BENDING

In the static-bending test resistance of a beam to slowly applied loads is
measured. The specimen is 2 by 2 inches in cross section and 30 inches long and
is supported on roller bearings which rest on knife edges placed 28 inches apart
(fig. 15). Load is applied at the center of the length through a hard maple block,
341 inches wide, having & compound curvature. The curvature has a radius
of 3 inches over the central 24 inches of arc, 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 specimen horizontal. A constant rate of deflection (0.1 inch per
minute) iz maintained until the beam fails. Load and deflection are read
simultaneously at suitable intervals. Figure 16 is a sample data sheet on which
such readings are plotted and other information is shown, and figure 17 is & sample
computation data 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 eurve in order to deter-
mine the deflection at proportional limit.
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Data on a number of properties are obtained from static-bending tests, the
most important of which are stress at proportional limit, modulus of rupture,
modulus of elasticity, work to proportional limit, work to maximum load, and
total work, discussions of which follow.

STRESS AT PROPORTIONAL LIMIT

As may be noted the first several plotted points in figure 16 are approximately
on a straight line showing that the load is proportional to the deflection. As
the test progresses, however, the load ceases to increase in direct proportion

Timber Test Log Sheat
U. 5. DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Praject o, £24 /
Working Plan No. /&4 Station MADISON _ Date Ship. No £L=3/5 _ Stick No, 5-8

Loboratory No. (00,831 _ Piece No. _. 4 Mak &

Spectes DQUGLAS_Fifp AT T T
Kind of test STATIC BENDING Max, foad /575 L8 l {TEA' 1ON
Grode CLEAR  1400| Def. ot mox. load O.66 IN. ——

Group ——m—= Load o P. L. /OS50 LB i\
Loading CENTER _  ,onnl Dek ol P. L 0./99 IN. If

Span S8 /N Max. dvop o COMPRESSION

Distgnce betiresn eollays _ ———
Width of plute 1260

Mochine _M-1GIT__ {1 / N

Ml

AREA (MAX. LOAR)=20.0 58. IN,

Welght of b
o X, 4REA (TOTAL  =59.2 541N,

Holght _ 2. 02 IN.

Wedth _.2.00 IN.

Langeh _30./0 /N,

Cross gechion _——x
Weight _f251 6
Rings per inch -8
Sop__ 0%

100¢
00 \
40 %
Summer wood 1 990 ﬁ

Speed of mack 2/0F in per min, 1200 \ O

200

Hea

OUND

2

Seasoning _GREE,
Moistoré 3.4 %

P

2 00 N
Kind of faitars COMPRESSION | 5 \
FOLLOWED BY SPLINTERING 5\
TENSION 700
Remarks b
600 e
Sketch 50? (2)
Y 20—
400 >
200 -
="
= 200
00

2
0 0 g2 03 04 05 06 07 _08 09 10
DEFLECTION (INCHES)

FicUrEe 16.—Data sheet for static-bending test.

to the deflection. The point where this occurs, at a load of 1,050 pounds in
figure 16, is known as the proportional limit. The corresponding stress in the
top and bottom fibers of the beam is the stress at proportional Hmit.

Using formula 1 on page 98, the stress at proportional limit for the specimen
represented by figure 16 i

3X1050 X2 .
SPL=2><;<.O—O§<(>;.0—82—)—2=5,400 pounds per square inch
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MODULUS OF RUPTURE

The modulus of rupture is computed by the same formula as stress at pro-
portional limit, using the maximum load instead of the load at proportional
limit. From formulas 2 (p. 98}, the modulus of rupture of the test specimen
of figure 16 is

3X1,5756x28

R=5200% (2.09)2

=8§,110 pounds per gquare inch

MODULUS OF ELASTICITY

The modulus of elasticity is determined by the slope of the straight line portion
of the load-deflection graph (fig. 16), the steeper the line the higher being the
modulug. From formula 3 (p. 98), the modulus of elasticity of the test specimen
of figure 16 is ’ ‘

E— 1,050 X {28)%

4X2.00(2.02)370.199

The value of 0.199 used in this computation is the deflection in inches at the
proportional limit.

=1,757,000 pounds per square inch

Form 507,

eriod Juntaz, © STATIC BENDING

_CENTER _ Loading L02.831...
gy oy Station MADISON ____ Dais AUG.26, . —olbfns
Species LOUGLAS FIR. . Grade CLEAR. __ Seasoning GREEN
Rings__...2 Sap_ 0 £ Summer wood 44 2 Moisture 344«
Span Length 3010 IN... Reight 2.02 (M. Width_2.00 IN._ Weight 12516
SPECIFIE SmaviTY, WOKK TO WORK To ToTAL

m oo FEATRL] moFR [ worm | sHear . R e, | o

0.-628104781 5410 | &i20 | [756 | 292 0.82 7.4 20.9

Rings: Up. 3 Mid. § Low. DISTRIBUTION. : 5 7]
Sum. wood: Up. } Mid. 3 Low. } i YT
Defects il i
Failure COMPRESSION FOLLIOWED BY R
JPLINTERING TENSION . 3 5
beld3d

FIGURE 17.—8ample computation card for static-bending test.
WOREK TO PROPORTIONAL LIMIT

Work to proportional limit is the product of the average load up to the pro-
portional limit times the deflection at the proportional limit. It is represented
by the area under the load-deflection curve from the origin to a vertical line
through the abscissae representing the deflection at proportional limit, and is

expressed in inch-pounds per cubic inch (fig. 16. om formula 5 (p. 98),
the work to proportional limit for the test specimen of figure 16 is
1,065070,199

WPL=W=O'92 inch-pounds per cubic inch

WORE TO MAXIMUM LOAD

The work to maximum load is represented by the area under the load-deflec-
tion curve from the origin to the vertical line through the abscissae represent-
ing the maximum deflection at which the maximum load is sustained. It is
expressed in the same units as work to proportional limit.

120605°—35——8
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From formula 6 (p. 98), the work to maximum load for the test specimen

of figure 16 is ‘g ) o
__20X200X0. . B
WML:E._OEX%%X%=7'1 inch-pounds per cubic inch

(The area under the curve in
the graph reproduced in figure
16 was 20 square inches, and
with the scales used in plot-
ting, each square inch repre-
sents 200 (pounds) times 0.2
(inch) or 40 inch-pounds.)

TOTAL WORK

The total work is represent-
ed by the complete area under
the curve from the beginning
of the test until it is discon-
tinued. The test is arbitra-
rily discontinued in this series
when the load after attaining
its maximum value first de-
creases to 200 pounds, or when
a deflection of 6 inches is
reached, whichever occurs first.

From formula 7 (p. 98), the
total work for the test speci-
men of figure 16 is

_ 59.2X40
Wr=5-2.02%28~ 209

inch-pounds per cubic inch

The total area under the
curve in the original graph
represented by figure 16 was
59.2 square inches.

IMPACT BENDING

The impact-bending test is
made to determine the resist-
ance of beams to suddenly
applied loads. The specimen
is2 by 2 inchesin crosssection -
and 30 inches long, and the
spanis28inches. A 50-pound
ram or hammer falling between
two vertical guides is dropped
upon the stick at the center of
the span; first from a height of
1 inch, next 2 inches, and so
on to 10 inches, then increas-
ing 2 inches at a time until
complete failure occurs (fig.
18). A stylusattached to the
hammer moves against paper
rnounted on a revolving drum
and records the deflection at
each blow, and the position of
thespecimen when the hammer
comes torest after rcbounding.
Thus, data are obtained for
determining various properties

FIGURE 18.~Maichine used for impact-bending test. .  of the wood. ‘Figure 19 is a

' sample record taken on the

drum. Figure 20 is a sample computation card, and figure 21 is a sample data
sheet on which the test results are plotted to determine the stress at propor-
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tional limit and the modulus of elasticity. Other properties on which data are
obtained are height of drop in impaet bending and work to propoertional limit.

BTRESS AT PROPORTIONAL LIMIT

In figure 21, height of drop is plotted against the square of the deflection’

The first several pointa are
approximately onastraight
line, and are used

determine the limit of pro-

portionality.  Practically .

all the factors influencing
the test tend to reduce
the deflection for a given
height of drop, so that after
finding the deflection at
- proportional limit as usual,
the head or drop at this
deflection is read from a
line passing through the
origin and the point within
the proportional limit
which gives this line the
least slope. From formula
13 (p. 98), the stress at
proportional limit for the
specimen represented by
figure 21 is

g 30X 7.88X28
PLT 200X (2.00% <0, 39
10,610 pounds per square

inch

WORK TO PROPORTIONAL
LIMIT

The work to proportional
limit is equivalent to the
energy of the drop that
stresses the piece to the
proportional limit. From
formula, 14 (p. 98), the
work to the proportional
limit for the test specimen
of figure 21 is

50X 7.88 _
Wen=ggxaxa_ 9!
inch-pounds per cubic inch

HEIGHT OF DROP

The height of drop is
recorded as the maximum
drop of the hammer causing
complete failure of the
specimen, or causing g
G-inch defleetion. When

17235 48678 g0

W

4

FIGURE 19.—Record taken on the drum of the impact-bending ma-
chine in testing northern white pine in a green condition. A
maximum drop of 14 inches is recorded.

it is necessary to use a hammer heavier than the 50-pound standard, the height
of drop is converted to the equivalent value for a 50-pound hammer.
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Form 500 (Revissd Jan.,

KN Y - IMPACT BENDING QL8
N (Lab, No,
oy e Station  MADISON  Dbate AYG. 20, V2P i
(Pieca No.) ¢Blark) (Froject No.)
Speciee LQUGLAS FIR Grode CLEAR . Seasming EREEN..............
Eings _..... 8 Sap ... 048 % Summer wood 30 % Moisture 6LF %
BHammer .50 ____lbs. Span 281N, Length 29.94 IN. Heighs 2.00/N. width 2.00 IN. Weight 1378 G.
Dl;‘;’.i‘ DRoP Tzr, (D;r_}z Ser. %‘:}' Drop Der.  |(Dzr)2 Ber. S",gf'),(“’ 0,698
1| L0 {043 (0017 1} /2.0 | 0.50 |0.250 .67 tmen | 5 129
2t 20 | 048 (0032 12_| /4.0 1055 0302
3 1 3.0 0220048 13 | 6.0 | 062 |0.384 Esupk, /0610
¢ | 40 | oz looes 4 | /8.0 | 0.67 |0593 Mg, | [T76
5 | 50 0.30 10.090 15 E resit, | 3.5/
6| 60 | 034 |one 16 ! 1 sas. m, | 22 IA.
7 7.0 | 0.36 10130 37
\ , 0/
s | 80 | 038 0442 13 2 0.0/0
s | 90 | 043 10185 19 H 7.88
1w | /00 | 046 18212 20 A 0.39
Failure: COMPRESSION _FOLLOWED. BY SPLINTERING TENSION
FIGURE 20.—Sample computation card for impact-bending test. 8—1431

Timber Test Log Sheet
U. S, DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Profeet No. 124

Warking Flau No, _/24 Stotion MADISON _ Date Skip. No. £=318 . Suck No, E2/2
Laboratory Mo, JOLIS! Plees No. 1 Mok . L,

Specien LOUGLAS FiR 7 I

Kind of tew IMPALT BENDING Max, lead

Crade CLEAR J2[" put, at mox. ivad

Gromp,  —— Load ot P. L,

Looding _LENTER 3ol Def.wt P, L.

Span_. 284N 0000 Mox. drop 22 1.

Distance between collars _——=

Widh of plate —_——e

Machine _M-/036

Speed of mach == in per min__. 26

Weight of hammer S0 (8
Hegw .00 /Y. 2
Width LE.00 1N,

Length _Z22.94 /N, A

Crous section —_— w2

Sop 100 %
Summer woodiz___—g 18 4
L] GREEN 5

Moldae _bL4 f

. .
Kind of faltare COMPRESSION 4
QLLOWED BY SPLINTERL /
TENSION 14 / L
— _ |
iz / q
Sketeh 10 o
—x—— /
8 /

& P
e Y

M0

Z

[
0 008 00 015 020 025 030 035 040 045 050
SQUARE OF DEFLECTION (INCHES)
FIGURE 21.--Data sheet for Impact-bending test.
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COMPRESSION PARALLEL TO GRAIN N EREER]

FEALE — INCHET

In the compression-parallel-to-grain test
a 2- by 2- by S8-inch block is com-
pressed in the direction of its length (fig.
22) at a constant rate (0.024 inch per
minute). The load is applied through a
spherieal bearing block, preferably of the
suspended self-aligning type, to ingure
uniform distribution of stress. On some
of the speeimens, the load and the def-
ormation in & 6-inch central gage length
are read simultaneously until the propor-
tional limit is passed. The test ia discon-
tinued when the maxzimum load is passed,
and the failure appears. Figure 23 is &
sample dats sheet on which the test read-
ings are plotted and figure 24 is a sample
computation data card.

An alternate form of test gpegimen has FeUre 22.—Disgrammatic sketch of compress-
a cireular cross section 1% inches in diam- ;giﬁ?gffﬂ‘_’gﬂ?;h&ggm“duc“ng compressien-
eter except at the ends which are left 2 ’
inches square (4). This specimen requires less exacting technic than the square
prism, to get good results in testing, but is less simple to prepare.

Timber Test Log Skear

U. S. DEPARTMENT OF AGRICULTURE
FOREST SERVICE
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FigURE 23.—Data sheet for compression-parallel-to grain test,
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rorm 503
{Revised Nov. 27,

~ COMPRESSION PARALLEL TO GRAIN '
(sém;;ams; (sé:aiiﬁ’ ¥ ‘%ﬁ%‘%%‘
TP --;E;—,%,—- Station. MAZITIN..........onv. Date AVG 28, u,,{,‘i?ﬁ;)-‘
Spuctes.. DRUGLAS. LR Grade CLEAR.. Seasoning GREEN,
Rings 8 S (] % Summer woodZ6. .. % Motstwre . 28T %

Longth oo D FD N Coomsction ... LBTIN_ X 200K ... Weight _ 28T G. ...

BpECING GEAVITY

Max. Loip Orym. 8t a1 P, L, Mux. Cryay, Br. M.or B. Loap Ar B.LIDawr, Ar P.L.
At Test | Ov. Dry

0.556 l0432 | 16000 3810 4060 502 | 15000

Fattare . LRUSHING AT TOFP

F1GURE 24.—Sample computation card for compression-parallol-{o-grain test.

Data on stress at proportional limit, stress at maximum load (maximum

FIoURE 25.—Method of conducting compression-perpendicular-te~|
grain test,

crushing strength),and modulus of elasticity
areobtained. Thedataon modulusof elas-
ticity from th.ls test, however, are not in-
cluded in-table 1

STRESS AT PROPORTIONAL LIMIT

When the simultaneous readings of load
and compression are plotted asin figure 23,
the first several points are approximately
on a straight line. The
point beyond which the
compression increases at
more rapid rate than the
load is the proportional
limit, and the accompany-
ing stress is the stress at
proportional limit. From
formula 15, (p. 98), the
stress at proportional limit
for the test specimen repre-
sented by figure 23 is

15,000

SrL=1g97%9.00~ >810

pounds per square inch

MAXIMUM CRUSHING
BTRENGTH

The maximum crushing
strength is computed from
the same formula as stress
atproportional limit, using
the maximum load instead
of load at proportional
limit. From formula 16,
(p. 98), the maximum
crughing strength of the
test specimen of figure 23 is

o ! 2 ‘?

1 ] 1 16,000
SCALE - INCHES SG=W=4,060

pounds per square inch



STRENGTH AND RELATED PROPERTIES OF WOODS 87

COMPRESSION PERPENDICULAR TO GRAIN

The specimen for the compression-perpendicular-to-grain test is 2 by 2 inches
in cross section and 6 inches long. Pressure is applied through an iron plate 2
inches wide placed across the center of the specimen and at right angles to its
length (fig. 27). Hence the plate covera one-third of the surface. The standard
placement is with the growth ringa vertical. The rate of deseent of the movable
head of the testing machine is 0.024 inch per minute. Simultaneous readings
of load and compression are taken until the test is discontinued at 0.1-inch com-

ression. The principal property determined is the atress at proportional limit.
igure 25 is a sample data sheet and figure 26 a sample computation card for
compresgion-perpendicular-to-grain test.

' STRESS AT PROPORTIONAL LIMIT

Figure 25 illustrates a load compression curve. The proportional limit is
located ag indieated from the straight-line portion of the curve. From formula
18, (p. 98), the stress at proportional limit for the test speeimen represenved by
figure 25 is

2000

8pp=z"——_-—408 pounds per square inch
PLE X201 P ber sq
U. 5. DEPARTMENT OF AGRICULTURE Timber Tont Lag Sheei
FOREST $ERVICE
Project No. 221 _ .
Working Plan No. J24 _ Statton MADISON Date Ship, No. =315 sqoh o, £-11
Laboratory No. L04,/53 Prece No. L Mok -2
Speies DOUGLAS FIR__ SO T T T T T T T 1
Kind of tew LOMP PERE T0 GR. Max. losd LOAD AT O.092 IN. CONZ = 4000 LB,
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FIGUEE 26.—Data sheet for compression-perpendicular-to-grain test,
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Form
(Revised Janoary, )

_ _ COMPRESSION AT RIGHT ANGLES TO GRAIN L0052
Lo3E L E- (Lab, ¥a.)
(8hip. Moy (Stick No.)
ity —i&- Station MADISON — Date AUG.20.._. - it
Species.. DOUGLAS. FIR Grade CLEAR. __ Seasoning GREEN ...
Rings__._. 3 Sap ....100. % Summer wood 38 % Moisture .. 021 %

Srzernt Granrr
At Test, | O, Dry

273210482 2000, 438

Loapar P. L, Cavea. 8t. at . L, A+h

FIGURE 27 --Sample computation card for compression-perpendicnlar-to-grain test.
HARDNESS

Hardness is measured by the load required to embed a 0.444-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
acegompanying load is recorded as the hardness value {fig. 29).

W

=

I

¢ 4 Rz a 6 & 2 3 ¢
JCALE ~INCHES

F1GURE 28,—Method of conducting hardness test. F1GurE 30—Method of conducting shear-parallel-
to-grain test,

JeALE - IncHiEs

SHEAR PARALLEL TO GRAIN

The shearing-parallel-to-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 & rate of 0.015 inch per minute. The specimen
ig supported at the base so that a X-inch off-set exists between the outer edge of
the support and the inner surface of the plate, The improved shear tool has
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Ee
2 HARDNESS
L-3t5 £-{0 ST L
{8hip, No.) (Bilck No.) {Lsh, No,)
Lo .. q-4 Station_ MARLITON. Date UG 20, . P4 ..
(Pieco No.) (Mark) {Project No,}
Species. DOUGLAS FIR Grade LLEAR ... 5 ing. GREEN
Rings.__._ 8 Sap % 8 woed 3.3 % Moisture._. 3T %
Lenglh.._.__ﬁ_-_ﬂl..lﬂn ......... Cross esction_. 00 /M. _x _ 2.00 (N. _ Wefyht......z_éﬁ_.ﬁ‘: ...........
BPzEtrIc GRavITY. Srrren.
— Ranras, TakgERfiAL Fxn
Al Test, | Ov.Dry. Bukrace. BURTACE. BURTACE.
1 0622|0472 260 570 525
2 520 460 500
3 5/0 —_
4 510
AvG., 490 515 51
Ava. Ran. axp Taxa., 502

TI1GURE 29.—Sample computation eard for hardness test,

roller guides to reduce the friction of the plate, and an adjustable seat in the
plate to insure uniform lateral digtribution of the load.

Specimens are cut go that a radial surface of failure is obtained in some
and a tangential surface of failure in others. The property obtained from
the shear parallel-to-grain test is the maximum shearing strength.

MAXIMUM SHEARING STRENGTH

The maximum load required to shear off the lip of the specimen is recorded

in the test. From formuia 19, (p. 99) the maximum shear strength for the test
- specimen represented by figure 81 is

3600 .
Sg=§m =887 pounds per square inch

Form 810

Dee, ) . TANGENTIAL . SHEAR
AeH5. _Eof2 SHE 01183...

{8hip. Ne,) (Btiok No.)

(idb. Nay
--ﬁ,—;f-ﬁ;)——- -g"n:%- Station...MADJISON Date AUG. 21 ... "(iﬁjéﬂ%‘;_}"
Species ..2QUGLAS _FIR. . Grade LLEAR. ... Seasoming .GREEN ... -
Rings ... 8 Sap....7%. ¢ Summer l:vﬁod_...iﬁl ....... ¢ Moisture .. 800 &
Brmamng Azex inx. Loap BEEARIFG TR, TIME ‘ BrETen
B2 X 20 3600 -2 1 A R DA — |
[ a1

FIGURE 31.—8ample computation card for shear-parallel-to-grain test,
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CLEAVAGE

Thecleavage test is made to determinethe
resistance of wood to forces that produce
The specimen is 2 by 2
inches in cross section, and 33 inches in
overall length, 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 machine being .25 inch per minute,
Tests are made on some specimens cut 8o as
to give a radial surface of failure, and on
others cut to give a tangential surface of
failure. The value obtained from the
cleavage test is the load to cause splitting.

The maximum load causing failure of the
specimen is observed. From formula 20
(p- 99), the load to cause splitting, for the
specimen represented by figure 33, Is

a splitting action.

8er, =23i051 =182 pounds per inch of width. F1euRE 32.—Method of conducting cleavage test.

(mmm H A
- e dX CLEAVAGE
e L EYe LOLLTT
{Sbip. No.} (Btick No.) {Lab, No.)
...... Lo £33 . Station.. MADISON Date QUG &l ... A2,
(Piece No.) (dlark) (Project No.)
Species . ROUGLAS.FIR _______ Grade CLEAR.. ... Seasoning GREEN ...
Rings ... 8 Sap ... 75 4 Summer wood 30, % Moisture . 3L-6.. . .2
Hraur, Wivre., LexoTH, Bax, Loap, h‘;mfﬂx.”" BEETCH.
2.0 2.98 365

182 { /}
.

FIGURE 33.—Sample computation card for cleavage test.

SCALT — RENTF

9
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TENSION PERPENDICULAR TO GRAIN

The tension-perpendicular-to-grain test
is made to determine the resistance of
wood across the grain to slowly applied
loads. The testspecimen is 2 by 2 inches
in erosg section, and 2} inches in over-all
length, with a length at mid-height of 1
inch. Theloadisapplied with the special
gripsshownin figure 34, the rate of motion
of the movable head of the testing
machine being 0.25 inch per minute.
Some specimens are cut to give a radial,

and others to give a tangential surface of failure.

MAXIMUM TENSILE STRENGTH

The maximum tensile strength is the only property
evaluated. From formula 21 (p. 99) the maximum
tensile strength (perpendicular to the grain) for the
specimen represented by figure 35 is

FIGURE 34.—Method of conducting ten-
sion-perpendicular-to-grain test.

Srr=551%0.97

533 __ 273 pounds per gquare inch.
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Form 511 .
(RaviedDesa ) __A&.... TENSION PERPENDICULAR TO GRAIN

b3S Ecf2 00189, |
{Bhip, Ho.) {Btick Na,) {Lab, No.}
i [ Station _MADISON __ _ _  potedllf2i.. ___ 124
(Piece NoJ) (Hark) {Project No,)
Spectes. 2OV ELAS FIR. Grade CLEAR _ S ing...GREEN
Rings. __ 8 .. - Sup....._d_@____,___s S wood, 30 % Moisture_. F4: 2 %
Husgur, Wirre Lo, !hi“.;.“ m’_‘;’:‘;".'_ Bxrow,

2.0/ .97 533 273 ’

FrouRE 35.—8ample corzputation card for tension-perpendicular-to-grain test.
TENSION PARALLEL TO GRAIN

The tension-parallel-to-grain test is made to determine the resistance of wood
to slowly applied loads acting 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 motion of the movable head of the testing machine is 0.05 ineh per minute.
Simultaneous readings of load and 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 tensile strength parallel to the grain for
the specimen represented by figure 36 is

208 _
STPA-—m—S,QZO pounds per square inch.
Foim S11-1 _ 'TENSION PARALLEL TO GRAIN
1326 i-3 _E32/70
{Bhip. No.) {Biick No.) {Labd. No.)
o @ suwsion. . MADISON pate 124
{Pleoe o) fraes) Praleet Noj
Spevies_LOBLOLLY PINE Grote CLEAR.__ geyoming GREEN
‘ Ringa. 3 Sap..._ 100 % ‘Sumener wood_I5___ ¢  Moiture...£9.3 o

BcrrcH
Crom Suion, | vesore | Mgzt [ mmer, | [T ||
0485x 0482 2085_| 8920 [ 1 ] E

FAILURE: SPLINTERING TENSION

FIGURE 36.—S8ample computatlon ¢ard for tension-parallel-to-grain test.



92  TECHNICAL BULLETIN 479, U. 8. DEPT. OF AGRICULTURE

LINEAR SHRINKAGE

Shrinkage measurements are made to determine the change in dimension with
change in 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

FIGURE 37.—Method of measuring linear shrinkage.

inch. The width of the specimens is measured when green, and after oven drying.
In some instances measurements are also taken at intermediate 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 formula 23 (p. 99), the radial shrinkage for the specimen represented by

figure 38 is
4.006—3.808 i
FR—_—TOOG— - X 100=4.9 percent.
Form 541
SHRINKAGE—RADIAL AND TANGENTIAL 101 200
L-3/5 101 199
(smr no.) (s11cx no.) STATION-MADISON, WIS Can. wos.)
1 d B d g /24
(PiEcE no.) - (manx) [y
SPECIES DOUGLAS . FIR . -
NOMINAL S1zZE OF specimen . L/N. X 4N, X 1 IN..
seasonina | DATE |t e | B e e | B e
MER WOOD
RADIAL
areen . AUG1S Il 30 4. 14006 | 498 | 6.5 A
oven-ory {0CL 35, . 3.808 | 29.9 4.9
TANGENTIAL
areen . AUGL....| 12 95 | 34 | 406 620 | 119.1
oven-ory [0CL 5, g 13632 29.2 8.5
. . |

X BASED ON GREEN WIDTH
F1GURE 38.—Sample computation card for linear shrinkage measurements.
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SHRINKAGE IN VOLUME

Bhrinkage-in-volume determinations are made on specimens 2 by 2 inches
cross section and 6incheslong. Volume measurements are made by an immersion
method (fig. 89). The specimens when oven dry are dipped in hot paraffin before
immergion to prevent the absorption of moisture, the oven-dry weight being taken
before the paraffin is applied. ‘These final measuraments afford data for com-
puting specific gravity based on volume when oven dry.

Figurs 39.—Method of determining volume by means of immersion.
aFEms#  SPECIFIC GRAVITY AND VOLUMETRIU SHRINKAGE

e o T

z 'STATION, Modison  AUG.20. ..
sy s W

eveoies_ DOUGLAS FIR

NOMINAL izE oF spacimen ZLMX 2 INXGIN sone 2 % sunwer woon— B0 .. ...

“GRoincT NOY

ATE F:T'u.':n:s “Rans" "E" v‘}:‘%"“ SANviTY v::"‘ ﬁ :.'r. m??lx Raoe
GREEN e 28, 8 253 33.2 398 | 2477\ 39.6 /3.8
AIR DRY
KILN DRY
OVEN DRY _|SFR 25 /g 343 10554 | 345

X BABED ON ORI0INAL YOLUME (SREEN. AIR-DRY, KILN-DRY)

[ Lo k') S —
NOTE—USE BACK OF CARD FOR OARSON IMPRESSIONE CoWT.
REMARKS: VoL.

F16URE 40.—Sample computation card for specific gravity and volumetric shrigkege determinations,
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From formula 24 (p. 99), the shrinkage in volume for the specimen represented
by figure 40 is
F _. 398343
BTT308

STRENGTH AND RELATED PROPERTIES, BY LOCALITIES, OF WOO0DS
GROWN IN THE UNITED STATES

X 100==13.8 percent.

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 each species. These values were combined to form the species
averages of table 1. ?n forming the averages given in table 1 each value in table
21 was weighted according to the number of trees listed in column 5 on the line
with “green’’ in column 4.

The values given in table 21 for dry material are those for the moisture content
prevailing in the material at time of test, and eomprise the basic data, Because
of differences in moisture content, values given in table 21 for different lots of dry
material are not directly comparable but those for green material afford an oppor-
- tunity for eomparing localities. With the aid of the data on variability previously
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 ean be decided whether one locality is to be preferred as a source of a
supply of the species under 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 the specifie-gravity value given in column 9 and the various
strength values listed have not been adjusted to & moisture content of 12 percent
as have the ecorresponding figures 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 (column %) and to the values in columns 24 and 25 under compression
parallel to grain. The actual value of moisture content at which other tests
were made differs only slightly, usually by a fraction of a percent, from those
given in column 8. As 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-content values are accordingly not those to which
the various species or groups of material would be dried by any one set of .
drying eonditions. Under continued exposure to an unchanging combination
of temperature and relative humidity wood reaches a fized 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 g

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
gome confusion may result. Table 22 has therefore been prepared to show the
standard commercial names for softwood lumber as prescribed in American
lumber 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.—Nomenclature of commercial woods

Commercial name Botanical name Forest Sfﬁl%euﬁg?ig used in
HARDWOQODS
Redalder ... ... Alpusrubra . ________ Red alder.
Alnue rhombifolin. _ -| White alder.
Whiteash_ ... ... s Frazinus emericang__ _| White ash,
Frarinus billmoreano. . _____..._ -] Biltmore white ash,
Frazinus pmmytmnioa lanceolata____| Green ash,
Frazinus quad gulat - %19 . as}i'
nua qwt ran L S _| Blue ash,
Fraxinus nigra________ .| Black ash,
Frecinity oregone. _| Oregon ash.
Populus tremuloides._ . .} Aspen.
Pozmdus grandidentata. _ _| Largetooth aspen.
Titia glabra________ .| Basswood.
Tiliee heteraphyila. _| White basswood.
Fagus grandifolia_ _| Beech.
Betule lutea___ . Yellow birch.
Betulg lenta. . .| Bweet bireh.
Beula nigra._ _| River kirch,
Paper birch .. Betula papyrifera _| Paper birch.
. Betula populifolia._ _| Gray birch,
Alaska birch_ ... ._______. Betuig kenaica___.__ .| Kenai birch.
Buckeye. ... Aeseulus octandre _| Yellow buckeye.
Aesculus gledra___ .| Ohio Buckeye.,
Butternut__._____________________ Juglans cinerea.__ | Butternut.
Catalpd. . Catalpe speciosa. - _| Hardy catalpa.
Cherty. . oo Prunua serotina__ _| Black cherry,
Chestnut_ . Castanea dentala__ .| Chestnut.

. . Castunen putmila._____ .| Chinquapin.
Chinquapin_ .. ... Castanopsis chrysophyile. . _| Golden chinquapin.
Black eottonwood. ... ... Populus trichocarpa______ -| Black cottonwood.

Populus trichncarm hastata _| Northern black cottonwood.
Populus macdougalti______ _i Macdougal cuttonwood
Populug fremonti ... _____ _| Cottonwood.
Cottonwood_ __.________________.___ Populus deltoides virginiane_ _| Southern cottonwood.
Populus heterophylia_ .. _| 8wamp cottonwood.
Populus balsamifera__ _| Balsam poplar.
Populus deltoides___ .| Eastern cottonwood.
Populus sargentii. . _| Cottonwood.
Cueumber ... ___________ Magnoliq acuminata. | Cuenmber magnolia.
Dogwood __________ Cornusflovide _________________.._.__ Dogwood.
PMlﬁc dogwood Cornugnuttatlii.. . ______ Pacific dogwood.
Rockelm__._____ -| Ulmus recemose... -| Rock elm.
Softelm._.__.___. .. __________. Ulmuas americana. American elm.
Ulmusg fulse______ .| S8lippery elm.
Blackgum ... .. ____________ Nyssa sylvatica ... .. _.___ Black gum.
Nyase biffora_______ Swamp black gum,
Red gum (heartwood only) . _ ... Liguidambar styracifiue Red gum.
Sap gum (sapwood only)._ | Ligurdamber styreciflue_____________. Do,
Hackberry. ... ________.__ Celtis occidentatis_ ... ... _____ Hackberry.
Celtis gade.__ .. ... Sugarberry,
Hickory . .. Hicorimevata________________________ Shagbark hickory.
Hicorig lacinioza Bigleaf shaghark hickory,
Hicorig albg.. ... Mockernut hickory.
Hicoria glabro Pignut hickory.
Hicoria cordiformis._.______.________| Bitternut hickery.
Hicogria cordiformis elonpate__________ 0.
Hexopoea. o __ Holly.
Ostrya girginfane.____________________ Hophornbeam.
Krugiodendron ferrenm._ ... _____ Black {ronwood.
Robtnie psevdoacacia . ... Black locust.
Qleditsia trincanthos . _. Honeylocust.
Arbutus menziesii . __ Pacific madronse.
Magnolia grendifiora__________ Evergreen magnolia.
Acer gacchorum___________ .| Bugar maple.
Acernigrum_..__________. -| Black mapla.
Boftmaple. .. .. _____ . _ou_ ... Acer seccharinum.__ _| 8itver maple.
Avcer rubrum_____ | Red maple.
‘White maple (unstained sapwood).| Acer agecharum._.__ . _| Bugar maple.
Oregon maple. ... _.....__._.._____ Acer mecrophylium. . .| Bigleaf maple.
Redoak_ oL __ Quercus borealis mazima -| Red oak.
&u‘:rcus boreatis__ ... __ . Do.
reus veluling. .| Black oak,
Quercus shumardii .| 8humard red osk.
cus fexang_ . -| Texas red oak.
i -| Pin oak.
ﬂ: e .| Willow oak.
urifolia. Laxerel oalk,
cus rubra_ .. Soputhern red oak.
Quercus rubra pagodaefolia. Swamp red osk,
Quercusnigra_._______ Water oak
uercus ellipsoidalis. Jack osk.
wercus coceinea.... . .| Bcarlet oak,
reus martlendiee_ . ___________ Blackjack oak.
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TasLe 22.—Nomenclalure of commereial woods—Continued

Commercial name

Botanical name

Forest 8ervice name used in
this bulletin

HARDWGODI—continued

BOFTWOODN

Alaska cedar ... __________
Eastermredeedar_______________._

Incense cedar_ . ceeeo ________
Northern white ced:
Port Orford cedar__.___
Seuthern white cedar. _ -
‘Western juniper. ... __.__._.___

‘Westernred cedar_______________
Red cypress (coast type)...

Yellow eypress (inland type)
‘White ¢ypress (inland type) .
Douglssfir ______________
Red fir (intermountain t
Red fir (Rocky Mountain type) . -
Alpine fir

Siiver fir_
White fir

Eastern hemlock _______._.._..__.

Mountain hemlock___.____.__.._.
‘West const hemlock__
‘Western larch________ -
Arkansas soft pine. ____.__________

Idahoe white pine
Jack pine____________
Loblelly pine. __.____
Lodgepole pine__
Longleafpine________
North Carolina pine....__________

Norwasypine.___________________-
Pond pine____.____
Penderosa pine. ..
Pondosa pine.. ... e

_1 Ables hobilis___.._____

Quereus kelloggii______.______________
Quercug catesbaed. __
Quercus albe
Quercus stellata_._ .. .
Quercus iyrata____ .
Quercua bicolor____ . ___
Cuercus muehienbergii.
QUErcUa gRrryane._______
Quercus prinus_____._

Quercyd mondana ... _
Quercus macrocarpa
Quercus utzhensis___
Quercus wislizenit
Quercua agrifelin. _____._ _
Quercus chrysolepis. .
Quercud pirgintana. ___
Toxylon pomiferum___ -
Iicora pecan- .. ___
Hicorg cordiformis_....... _
Hicora cordiformis elongata__ .
Diospyres sirginiana_ _..__
Snasafrag varzifolivm_. __
Ilalesia carcline______
Platanus eocidentalis _
Nyssa equaticd - _ . -
Juglans nigra._-
Salir n

Thujoeoccidentalis . __

Chamaecyparis lawsonionae._
Chamaecyparis thyoides. .
Juniperug utahensis -
Juniperus pachyphicen.__
Juniperus scopulorum__
Juniperug occidentalis. .

Pseudotsuga taxifolie
Preudolsuga tazifolio__
Pseudotsuga tazifoliu_.
Abies lugiocerpa_ ..
Abieg arizonica___.___
Abies batsames .
Abies fraseri_ ____.__._
Abies magnified. ...

Abies amabilis . _____
Abieg concolor __
Abieg grandis___
Tsuga canadensis.
‘Tsuga caroliniona. .
Teuga mertensiane__
Tsuga heterophylle..
Lariz occidentalis_ _ .
Pinus echinato..
Pinustoede_ ..
Pinusg monticola_____._.
Pinus banksiana._
Pinustaeda______
Pinus conlorta.._.
Pinus polustris__ .. _
Pinugtfaeda. ..
Pinus echinglo____
Pinus pirginiane__
Pinus sirobus___
Pinusg resinosa....._
Pintug rigida seroting_.
Pinusg ponderosa__. _
Pinus pondereso oo . _____

California black oak.

Turkey oak.

White cak.

Post oak,

Overcup oak.

Swamp white oak.

Chinquapin pak.

Oregon white oak,

Swamp chestnut oak.

Chestnut oak.

Bur oak.

Rocky mountain white oak.

Highland live oak,

Coast, live oak.

Canyon live oak.

Live cak,

Osage-orange,

Peean.

Bitternut kickory.
Do.

Persimmon.

Sassafras,

Silverbell.

Syecatnore.

Tupelp gum.

Black walnut.

Black willow.
Yellow paplar.

Alaska cedar.
Eastern red cedar.
Southern red cedar.
Mauntain cedar.
Incense cedar.
Northern white cedar.
Port Orford cedar.
Southern white cedar.
Utah juniper.
Alligator juniper,
Rocky mountain red cedar.
‘Western juniper.
Western red cedar.
Sou%lern cypress.

0.

Do.
Douglas fir.
Do.

Do.
Alpine fir.
Corkbark fir.
Balsam fir. -
Bouthern balsam fir.
California red fir.
Noble fir. BEE
Silver fir.
‘White fir.
Lowland white fir.
Eastern, hemlock.
Carolina hemlock,
Mountain hemlock.
‘Western hemlock.
‘Western larch.
Shortleaf pine.
Loblolly pine: . -
‘Western white pine.
Jack pine,
Loblolly pine.
Lodeepole pine.
Longleaf pine.
Loblolly pine.
Shortleaf pine.
Virginis pine.
Northern white pine.
Norway pine.
Pond pine.
Ponderosa pine.

0.,
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TaeLE 22.——Nomenclature of commercial woods—Continued

Commercial name

Botanieal name

Forest Service name used in
this hulletin

SOFTWOODs—continued

Shortleaf pine
Stash pine_ . __
Scuthern pine

Bugarpine. .. .. .. . .. ___
Redwood_.__.
Eastern spruce._._.....__...__.._.

Engelmann spruce. .o ccoccaveon_.

Sitkaspruce. ... ... _..____

Tamarack. .
Pacific yow

Pinug palusiris_
Pinusrigide gerotina
Pinus echinala._..
Pinus caribaea_.
Pinug rigide__
Pinus glabra__
Pinng lambertiana_
Sequrold semPervirens__
Picea mariand..__
Picearubra___
Picea glauca__
Pices engelmann
Picea pungens____
Pieeq gitchensis -
Lariz laricina.__ _____
Taxwus brevifolie __ ___________________

Shortleaf pine.
Blash pine.
Loblolly pina.
Longleaf pine.
Pond pine.
Shortleaf pina.
Slash pine.
Pitch pine.
Spruce pine.
Sugar pine.
Redwood.
Black spruce.
Red spruce.
White spruce.
Engelmann spruce.
Blae spruce.
Sitka spruce.
Tamarack.
Pacific yew.

FORMULAS USED IN

LEGEND

Ser=strength in cleavage, pounds per inch of width.
Spi=stress at proportional limit, pounds per square inch.

COMPUTING

Syp=stress in tension perpendicular to grain, pounds per square inch.
Srpa=stress in tension parallel to grain, pounds per square inch.

FP’=load at proportional limit, pounds.

P=maximum load, pounds.

R=modulus of rupture, pounds per gquare inch.

S,==shear stress, pounds per square inch.

M =bending moment, in inch-poundas.

S=computed uvrit stress, pounds per square inch.

P < b
I =moment of inertia, mches’(for a rectanguiar beam J==—75" }.

c=distance from neutral axis of beam to extreme fiber, inches.
V=total vertical shear at any cross section of a heam, pounda.
L=length, inches; in static bending, L=—span, inches.
b=Dbreadth, inches.
d=depth, inches.
y=deflection, inches.
by=width of specimen when green, inches,
b,=width of specimen when oven-dry, inches,
K;=volume of specimen when green, cubic inches.
K;=volume of specimen when oven-dry, cubie inches.
G=specific gravity.
W=work, inch-pounds per cubic inch.
Wpr=work to proportional limit, inch-pounds per ¢ubic inch.
W= work to maximum load, inch-pounds per cubie inch.
Wr=total work, inch-pounds per cubic inch.
E=modulus of elasticity, pounds per square inch.
A=area under direct stress, square inches.
H=head or total drop of hammer, plus impact deflection, inches.
W=weight of hammer, impact bending test, pounds.
A=impact deflection plus static deflection (0.01 inch).
. Fp=radial shrinkage from green to oven-dry condition,
Fr=tangential shrinkage from green to oven-dry condition.
Fy=volumetric shrinkage from green to oven-dry condition.

126696°—35—7
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BENDING (SQUARE OR RECTANGULAR BEAMS)

LOAD APPLIED AT CENTER

3XP' XL
SPLTEXbXE a
_3XPXL
B=aRtX & ' (2
Pz
E=3ox ¥y @
__3xP
8= b3h ©
O it
Wr=gXoxdxL (5)
area under eurve to maximum load in ineh-pounds
W= bXAXL 6
total area under curve in inch-pounds
Wr bXdXL @
UNIFORMLY DISTRIBUTED LOAD
_3XFP'XL
Sri=TxXox e ®)
_ 3XPXL
R=ioxa @
_ BXPXIA
E=pxexaxy a0
ANY LOADING
81 RI
M=_C- Musa::=‘c— (11)
_ 33XV
Si=3rKa 12
IMPACT BENDING
3SWHL
e (13)
wiI
WPL=*m (14)
COMPRESSION PARALLEL TO GRAIN
Pf
SPL=Z' (15)
P
SG=Z (16)
PL
E-—“;ﬁ;,— {amn
COMPRESSION PERPENDICULAR TO GRAIN
1
SPL=£! where A==area of specimen under plate, square inches (18)

A
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SHEAR PARALLEL TO GRAIN
S.=§s where A==area under shear, square inches (19)

CLEAVAGE PARALLEL TO GRAIN

P
SCL=_b (20}
TENSION PERPENDICULAR TO GRAIN
P
Srp=7 (21)
TENSION PARALLEL TO GRAIN
P
Srra=7 @
LINEAR SHRINEAGE (PERCENT)
Fy or FT=bI;b2X 100 (23)
1
VOLUMETRIC SHRINKAGE {(PERCENT)
FV=5E—K’>< 100 {24)
1 .

SPECIFIC GRAVITY

e weight in grams
- (I + percent moisture

lob——ﬂ—)x volume in cubic centimeters (25)

U. s, GOVERNMENT PRINTING GFFICE: £935



TapLe 21.—S8trength and related properties, by localities, of Woods grown in the United States

Bhrinkage from . Compression .
gm%?t?;?%% on oen to oven- Statio bending Impect bending paraliel to grain | gom. gmﬂlg?g .
' dry, bused dry condition pression | bed & 0.444-inch | Shear enslon
s Mois-| 0B volume— | Weighs| sions when green Work porpen- | ballto 14its | parallel | o, | BEEST
mhip- . Place of growth of material | Molsture | Trees| $1085| Sum-"ppg per or. Height dicular diameter | toprain; oo d| to grain:
ent 8pecies (common and botanical names) testad condition |tested| PeT | L ¥ fon. cubic Strass Stress | Work | of drop | Btress to grain; maxi- 58 d
. inch { wood Modu- Maxi- |strass at mum | totause ( maxi-
ne tent foot at pro- l]rIodI} lus of at to causiln%e ab mum | Tropor shearing | SPUtting| mum
When Tan-| PO | @801 | “gps | Propor-| Marxi- Propor-probol- compeld PLODOT-lom ghing | % ional trength tensile
Volu- | Ra- | tiongl |rupture| 2% : tional § tional | failure [ tional ona! streng
At test; oven- metric| dial | %% | limit ticity | tional | xoum | Total | Yy | fjmit |(s0-pound! limit |StremEth| limit | End j Side strength
v hammer)
1 2 3 4 5 6 7 8 4 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 7 28 29 30 2
P In.-th. | In.-ib, I In.-ih,
er- Der . | per Cu. . Der | per o,
HARDWOODH cent in. in. 37 in in,
263 | Alder, red (Alrus rubra) o meaes Snohomish County, Wash____ gﬁ,e_'_l:: ggj g.g lgg ig
N &3 - 3 . . .
746 | Apple (Mubis pumile VALY o meeeeoe Botetourt County, Va_.—...__ {g;‘;,e_‘}___ ﬁ_é %%_% iﬂié %%
- . . N reen__. . . .
257 | Ash, biltmore white (Fraxinus biltmoreana) ____.____.___._ Overton County, Tenn......__ 5.4 13 17.2 10,4
219 { Ash, black (Freséinus wigra} .. Ontonagon County, Mich...__ 93? ﬁg Eg'g 2.5
: < 78.9 13.1| 350 B
I S T Marathon County, Wis__._.__ 11.6 5.1 as X
222 | Ash, blue (Frarinus quadrengulate) . __ Bourbon County, Ky_._______ 3,92 ii; ggf 13?
75 | Ash, green (Frarinus pennsylvanica lanceolata) . _.__.____ Richland Parish, La___________ g?;,ef': '15 20.6 B 60 ﬁ.% ig 3 ﬁg ‘;g
228 |- 0m e New Mudrid County, Mo.___[{Feen---| 8| 13.7 | 501483 Bel &1 ]
318 | Ash, Oregon (Frazinus oregona) ..o o . Lane County, Oreg...__._ .. _ {g;ge_’_’:; g 1%_5‘ “__f_i?_ 4‘32 %gf %gg %g
293 | Ash, pumpkin (Frezints profunda) - .- - -omweeeo.. _| New Madrid Connty, Mo._._ g‘r'gf‘_‘_’-: 3 20) 461504 il ihe X
; . ; Green...| 5| 14.8| 51138 2/| .550 | . 640 e[ 4 ea| a0 | ee20| 1416] Liel 133 | 24 4.9
101 | Ash, white (Frexinue americena) .- Stone County, Atk ... \ppy 70 8 i ws | oceo | b LR 10,730 | 17,650 | 1042 | %42 68| 309 6.5
214 | Ash, white (second growth) (Frezinus americana)_ ____ ----| Oswego County, N. Y__.______ gl;;en_,, i ) 8.8 A 63 432 ﬁ? 708 51| 140 53| &7 1300 ig' ;563 %' Sgg igg ig’g gég 12,3
; ; . Green.| 5| 17.2| 29 {481 | .485 | ses| PPN I Y Y 8310 | 1,285 96| 16| 324 51
266 | Ash, White (Frazinus Gmericang). -.-o-ocoooeooeeos oo 1];:"“?“’::‘“ county, ¥, Va--- Dry. e e DI e i S o060 | 15,000 | Lo | nie| (L4 35 1.0
. ; ; nrington County, VE.,___ reen..._ . 3 . . 639 g 0.1 ) ) y L B . 6.9
904 | Ash, white (second growth) (Frazinua emericana) ... {Hampshire County, Mass._ Dry_.__ 2| | e | e || vove | 15,500 | 1,762 | .07 2k | 392 7.2
200 | Aspen (Populus tremudoidesd . _______________________ Rusk County, Wis_________.__ gg‘l'_;en-- i’ 8.5 - lﬂgg 22‘13 - 422 46| 1L1| 3.3| 69 ? ggg 150' ggg ‘ gsno .8 ?g 16.0 fg
_ . - Green._.| 6| 7.3 Tisa3| Cmad [Ta3 30| 1UE| A6 | Tes| 3340 so00| . 59| 1L2| 7,010| 28
465 |- Ao San Miguel County, N. Mex. o R DT R 1 Rl S el Dise|iesee | néldy il a1l W3l s 8
. . : -| o8 412 43’| 1.8 i 79| &L , 8 , 185 . . . , .
21 | Aspen, largetooth (Popuius grondidentele). .o—oooooooo Sauk County, Wis.—._.... R TR ) R - el e | | s fess) Lk 7] w3 el G
; s - A - . . . ., 7.9 s , 950 N . . 3 ) 2 3.
904 | Aspen, largetooth (second growth) (Popuius grandidentnale) | Bennington County, Vi g o - [}gg | g' ggg 2' gig 1 ggg 119 gg lgé g' -;’.963 ;‘8
. : Just| . . 8.4 % , . . . \ )
165 | Basswood (TiHa glabre) oo Mersthon County, Wis. ... r | = (IS~ ] M B S N neio| Uz Lade| Lo 32| L4) niw| L8
- -| 98 L4132 1 5 9.9 2 , , . . Y .
T st —— s |kl g i e | G| bae | hES) k| i) 7)) e
ifoli I oun- 3 . 0.5 N , 610 » 351 . 8 . s 3
11 Beech (Fagus grandifolia)-w - eoooooeoo oo Pt 1o B oee| L ol e e A igsw | Lite ) gat] fed dezlimame | 1
- .61 . .64 51| 158 51106 | 4,6 72 J131 ) 51§ L ,
W7 4o 4O Fotier County, Fa-.——--- 1 Sy S|k L)t Lo miimte|
; ; - ST A 118 4110 , L1 38.8 .
904 | Beech {second growth) {Fugus grand{folis). ————--.-.--.- o o K Iy el B emn | LS| mE g 103 3L @am | L
; i s . ) 1 : \ 1} 60.6 1 10, 08
904 | Beech, blue {Carpinus carolintae} oo Benuington County, V %3 })g ; e R T mse | 11 ugg 1,062 T 3:}_2 .7 | 10,270 Iy ?
; ; . g 1.6 | 325, 9 800 3.
93¢ | Birch, Alaska white (Befula neoclaskena) ... __.______ Near Anchorage, Alaska_.___. g éé‘ g % !E. ; é‘é ggg 1 #' %0 i
N s . . 5 . i 2.6
565 | Birch, gray (Betula populifolin) . ________ Strafford County, N. H____.___ g % g L i g . %o’ g 2“ 10,27 s
. . . ‘ y : 5. 6.9 7.780 [ 27
300  Birch, paper (Belule pepyrifera) . ______ Rusk County, Wis_.___________ § 53_? 4‘% ig'z i& g lg’ 8‘23 g: H
. . . 3 6
865 |- L 0SS S e Straflord County, N. H._..____ g | éi g L g ? ig'ﬁ gg g la,a% 4.?
. ) . . .91 95 3.
167 | Birch, sweet (Betula lenta) . ______.__ Potter County, Pa__.______.__ % 423 { gg }gg EL 8| %, 7% 152
T ) . A 59| 11,6 3.2 64
el R e Strafford County, N. H..... 2 e o) el wsl ool | nim| | yim) Lses| Lu |z
i . . . . . . 3.8 3 . 3,4 1, 146
165 | Birch, yellow (Beftl@ Htea)- - woceooooeomecnnss e oo Marathon County, Wis.... . 1 I3 LB 10 g s | 82 @\ Tieh| wsee| Lam 463l L0 L
- . A0 e 3 . 3 . 5 5 R 3,5 i ;] 736 1, 084
197 Omrmrmaco e - --=-| Potter County, Fa.._._.- oo e e ozl saladee) iy 6| sen | eom | L0 | 68| 138 Ko
; A N N 3 11, 3 3 3 63 81 8 1,004
904 | Birch, yellow (second growth) {Befulg lutea} _______._____ Bennington County, VE.______ g ______ ﬁa g 2 ?g %5 gg' 3 15,500 &; 5; 5’?38 21 333 i'ﬁ; %_ ggg {'38% ’f’ 1%
= c ioennin wifi 1 . ! ! 4 \ , , . . 378
752 | Blackwood (Avicennia nifida). . .. . Dade County, Fla_______.____ § — 15%; i ﬁ 1;2 ;gg i el "?‘556‘ g,ggg 2390 | it e
: keye, yellow (Aesculus octandra). . . ._________.. i 3 . . . , .1 18 . A 210 357 288 662
226 | Buckeye, yellow (Aesculus octandrey ... .. _____ Sevier County, Tenn-.......__{ ey | 1|0 | 52 520 2 AR R ¥ nl s 5,87 4 398 1,143

128695°-—35. (Follow p. 89.) No. 1,



TABLE 21.—Strength and related properties, by localities, of woods grown in the United States—Continued

; Shrinkage from Compression Hardness; load
S?emﬂc green tgo oven- Static bending Impact bending parsllel to grain | ogm. | required to em- ;
gravity, oven i T inch| Sh Tension
dry, b fased on dimen: Do | okl fo32 o5 | parmiel perpen-
- n- all to . i
Bhip- i . Rings| Sum- | Mols+ on volume— |Welght' o0 'ohon orean Work Height dicular | dismeter | tograin; |, S0 A
Pl Speci & botanieal Place of growth of material | Moisture | Troes ey | ture per B to grain; maxi- |36 084 Lo £TAin;
en pecies (common and botanieal names) tastod condition | tested 11361' e | oon- eubio Btresg Modu- Stress | Work | ofdrop | Btress | pro.q tt)gra i|—————| mum |tocsuse| maxi-
no. ch |wood | pot oot at pro- | Modu- | 7001 at to causing at mum | eS8 shezlalrin splitting| mum
When Vol | Ra | Tan-| o0, [ fusof | elag | Propor-| Maxi- propor- propor- complete | PFODOT gryghing| HIOPOT strength stensle
At test| oven- S Sy | gen- | oM tieity | tional | mom | Total | 4o % strength| Jimit | End | Side
dry metric| dial | §50y | limit Jimit | load limit | limit |{50-pound! limit )
hammer)
1 2 3 4 5 8 7 8 9 10 1 12 | 13 | 14 15 16 17 18 i9 20 21 22 2 24 25 26 bird 28 b 80 31
i - N
Num | 5wl per | 2 per- | er- | Bor- | 25 " 000 | Indb. | Inclb. | Tnodb | Fn.ib, b o
N UM~ Wi~ €T- e~ er- er- Er- . per . per . Per | Der cu. | per Cu. | Per cl. . DY | per cu. . per i
HARDWOODS—continued ber | ber | cent | cend Pounds | cent | cent | cent | sq. JER ag., gt sq. in. | in. in. in. | sq. ;En in. Inches | 2g.in. | 8. ga
752 | Bustic (Dipholis salicifolied ... __.._.._______________ Dade County, Fls. ... Groent.—| f]eeoee|oeee H Be| ) Lo | oem
211 | Butternut (Juglans cinerea) ... . ... Sauk County, Wis___________. {gree_l:_l:: g w;’; 2 2 %g %{ % égg g' ?33
. Green_| 5 105. 9 7.9 y 2.7 26| L9010 2
b — N Sevier County, Tenn....___.__ {D.—y _____ 1 %30 a0t ||| 6,500 [ 1620 1,22 | L7 0.3 2Lz |1, L7 28 ) 5,0 6,180
752 | Buttonwood (Conocarpus erecta) oo ooooooooeooo_o. Dade Connty, Fla...._...._ {g{;‘f’f"' ; ‘{; 3 3 . ??1 ___?4 __3-7176 :i"f_ _f 5 ﬁ'i&? ;’ 3%3 }’ ;gﬁ '}gg 212; 126 | 14,000 58 il P ;’é&g
. 1 J » » . B B T L T T ) e s
318 | Cascara (Rhamnus purshiana) ... ... .. _._______._. Lane County, Oreg-_....... - 8{.3,"_‘_1;;; f 64,% ,ﬁ% ___i‘? ______ m . 76 32 __?_(_1_ 314323 121233 1,33 ;:% 1&% __f?'_?_ 1%2% 2:2 ﬁ éfls% 3;%’,,72
1054 | Catalpa, hardy (Catelpe speciose) ... Henry County, Ind-......__ %ﬁ;“_’f;;; }3 ii% :370 __'_f% ______ fo_ ___T_ ‘_?_? __f_?_ 2:282 9, 333 1, zurt :g 2:3 i‘i? 1-1” igg i.: gé % gno 2’9223
Groem._| 5| 9.87| B8 | 6h.6 | .306 [ 434 a7 | 27| as| zoso| a3l 56| 100| 38| 7 30 42| L4s0l] 230
1054 |-..-_ S S Hancock County, Ind.... ... {gry _____ Sl | . LI N 3 R A I I A 6,410 | 10,410 [ 1,259 | Laz| 13| 3Lo| 10,580 L1 2| 3,860 6,500
197 | Cherry, blackk (Prumus seroting) - —————m——omomeeee . Potter County, Pa........... rttokingd I A Bl et B % 4 011 Mol B Wit A I BT A B - A AR A R A R L A | Tom| &
226 | Cherry, pia (Prunus pernsyivanice) .. ______. Sevier County, Tenn.. ____.__ Sﬁ‘;ﬁ‘_‘;: 2 58 o 43:2 :mé __f? _____ 5 __{?_8 __?_E_‘_ _%0'3 i ?%8 12'%8 %’ %E z;él 2]§ ?;E” 3 12' 106 . ::; iﬁ é’ g%g 2’53
Green._| 5| 118| 51 (13234 | ‘a8 | “a40’| s 129 | 82| 68| 2840} &2s0| ‘90| .53 67{ 148 TE0| 3.0 24| 1,80 | 2,230
236 | Chestnut (Castonea dentata).—oooommvoeeeee oo A0 {Bry _____ s I e e il | S BADL L2 | 22| 63| IR0|ILEW | 69 o) L2 “2“?,
- reen_.| 5| $.4 | 46 (1097 | . .45 53 4|33 68| 3270| 601 .65 4 9.2| 8 6 , 7
25 | A Baltimore County, Md...... {gry _____ R L e R 1, 1,100 [ 1,405 | 2.47| 65 1000|1280 | 4.7 18 | 4,560 | 6,300
318 | Chinquapin, golden (Custanopsis chrysophylia). . ._.__.| Lane County, Oreg ... {Dreen-.| S| M8l BT A7) 3] BL{ 1a2{ 40 74| 430) RO0) L0 L9} a5 4| KEN 34 2| 53| 793
368 | Cottonwood, eastern { Populus delfvides). ... __ Pemiscot County, Mo........ {Dreen...| &} 86 UL4| -312) 88| 48] W1 89| 82| 280\ w0\ LOLS| 40} T3 169 T1W0| 23 | 5| 78
263 | Cottonwood, northern black (Popufus frichocorpa hastata).| Snohomish County, Wash.___ {%;‘;F_’_‘-— R Uil Ga| 8| o fzaf so) B mued) SE) LR | el I3 BIlgiml %2 2| 5| G
. ) Green..t| B| 217777 77|ela| teswm | s7es|T 64| 199|H )13 4 8790 L1ts| L11| 200 40.1| To00| 25 88 || 3840
226 | Dogwood (Cornus flerida) .o ooooooo Savier County, Tenn...___..__ Dry ... 2 I E S ;T S i Rl S IR 11,730 | 18,340 | 1,697 | 4.63 | 189 | 56| 19,3% | 10.1 40 | 6,040 | 10,200
318 | Dogwood, Pacific (Cornus nuttallii) ... . Tane County, Oreg. ... Sﬁ;"_‘_‘;-- 2 2]4 oo 5§'§ , 15'2 g%_% 13’% 3;2 22 ﬁ' 4;3 1%'%{3
319 | Elder, blueberry (Sambucus coerttlea) ... ______ Douglas County, Oreg..___.__ Qreen... g 8.7 . ng 1%? - 8.7 1;' 222 .,23 gﬁ' 2' 3133 2 %g
5 | Elm, Ameriesn (Ulnus amerioana)_..—..o.oo———— . ___ Marathon County, Wis_. ... 2 55 B3 lie % bis
9.6 wa| 2| s 29 34| 220 | 29
197 | ... O Fotter County, Pa_...._.___. 33‘* 4.2 ] 36 | 17,000 | 10.4 48 ? gazg ;,osg
. .6 123 ] 3201 8,830 3.0 a2 1 , 98
B | oo Grafton County, N. H__...___ 0.5 12.7 ] 89,2 | 13,400 6.5 35 | 4,020 | 5,680
5 | Elm, rock { Ulmus racemoesa) ..o ooooooooeeoo o ____ Marathon County, Wis ﬁg éf,’i‘ ‘;‘32 15 310 38 ;:‘B R 3’ ;%00
) 5.7 2008 | 472 10950 | &1 50 | 3000 ! 3820
300 ... ROt Rusk County, Wis____._____. 5.8 17.0 | 46,3 | 18,700 9.8 60 ! 5,700 | 9,280
111 | EIm, slippery (DEmus faload- - ooeeeeemeeeeemeeeo .. Hendricks County, Tad. ...... e H Wl Bl a8 O
50, 0 161 | 386 8640] 31 481 2,660 [ 3180
A |0 Sauk County, Wis.......... 1.7 17,0 | 42,5 | 17,980 9.8 46| 5,740 | 7,850
752 | Fig, golden (Ficus aurea) oo oo oo Dade Co., Flaccooooooonaaaon ng 23 }3% - R f'gfﬂ
225 | Gom, black (Nyssa syfvatica) .o oo Sevier County, Tenn.......... 5‘%3 22 lgg ?'333 3‘%
. . - Ed »
204 | Gum, blue (Eucalyptus globwlus) ... Alameda County, Callf._____. 7?? ﬁﬁ %E 13' %;3 15' 9238
368 | Gum, red (Liguidambar styraciffua) . oo ______... Pemiscot County, Mo._._.._. ggg 123 ﬂ; %' ?;500 %‘ 333
PO U LU New Madrid Co., Mo..._..._. iég """"""""" % 110 %’233
175 | Gum, tupelo (Nyssa aguaticad . _________________ 8t. John the Baptist Parish, La lggg ;i iﬂﬁ 11 333 E' 2 %? E 3422 gﬁ gﬁ 1 gﬂ‘ ggg }’ g:';'} 3622 gé
92,0 84| iz1| w0 | 35 31| 2760 3,830 620 | ‘80z 0] L2227 346 596
368 ... A0 Pemiseot County, Mo____ .__ L8 5.6 9,2 | 15,400 8.4 21| 5,600 8,320 1,888 | 1,516 | 1,012 1,898 .1 ¢ J) [S—
752 | Gumbo limbe (Bursere simarubs) __________._____.____ . Dade County, Fla.____.___._. gg; 22 ;5 3 2348 %2 13 2 323 i’ gég ﬁf %‘1} g% % é‘fﬁ gﬁﬁ
111 | Hackberry (Ceitia occidentalia) ... . ooooooeoo . Hendricks County, Ind.__.___ 15(1]2 {32 g‘i’i i?‘ ﬁg ég 22 Tl 2’ 3%2 1 gg 1 gozg 1 Iss } %ﬁ gg?l ;ﬁ
- . . * ] £] t] » » L] 1]
211 |, s T, i 67.8 13.56 36,4 1 7,350 2.8 45 | 1,930 4,520 475 740 1, 068 431 807
O Sauk County, Wis_._._.___._. ER] 2| 2.4 15,508 8.7 37| 4,250 | 6,400 1,330 | 1,158 88T | 1,788 318 54z
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TabLe 21.—Strength and related properties, by localities, of woods grown tn the United States—Continued

i Compression .
Bhip-] Placa of th : ; Rings| Sum- | Mois-| oa volume— | Waight gﬁ#ﬁeﬂ?&% Work Height E?rcﬂelf; b’a‘mgzﬁ? m. Cleav- %icukar_
ment 8pecies (common and botanical names) o gmt;;;edd material gggitgf:n ﬁ?& jper | mer Eagg cggl;c Btress Mody- Btress | Work | of drop | Btress Maxi- to grain: maxi- ﬁa(’;ggg t"’_,'m"‘:g_n’
e 8 froed] oot foot atl’g:—o. I{Ju‘;d of | lus of proa:r;or- prggor- c%an";spllg%e prtfrtmr- m:iu %r'g?:":f shearing | PlI¢ing tensile
avienont| |l B | sont e S TR i | v ot o | ol ol ol | | e SRR,
ad hammer)
1 2 3 4 5 6 7 8 9 10 1 12 | 13 | 14 15 16 17 18 19 20 2l 2 23 24 25 26 27 28 20 30 31
1000 | Fr-tb. | In-ib, | In.-b. Fn-ib.
HARDWOODS—continued fé’u i e Pounds g:flt f;r:t- -Zenrt- Lb. per | Lb, per i%. per | per cu. | pef u. | per cu. Lb, per per ou.
211 | Haw, pear (Crataegus tomentosa) ... e Sauk County, Wis____..__.. S o
43 | Hickory, bigleaf shagbark (Hicorig laciniosa) - ooo—o.._____. Fulton County, Ghio.....___. { ___'f_ 5§" (l) _"_7:-_ ?_
42 |0 Sardis, Miss_._............__([gréea-—-| 16| B3| o0 |22 & 3
43 | Mickory, bitternut (Hicoria cordiformis) . ____.._....___._._ Fulton Couaty, Ohio_____[{ffeeR-—-| 11| 1L.4] 70 Gg_g 12.' “3
48 | Hickory, mockernut (Hicorig alba) _________ . _________ Chester County, Pa_________._Wp. 7 [ 205 ??- 5gg ltzi.;ll'
42 | S Sardis, Miss.ooo .o NPy Ol T ?‘?_ 63 3 g g
48 |- MO e e e ‘Webster County, W. Va.__... i "fi 4?7 _7_ .
42 | Hickory, nutmeg (Hicoria myristicaeformis)....___________ Sardis, Miss ... [{preen--—- 8126 E“_’_ 73: 3
48 | Hickory, pigmut (Xicorie glabra}_._.__._____._____________. Webster County, W. Va...__[[preen---| 19|20 il _’_5?: ¢ ¥
s Mg it AR Y &
Fullon Couaty, Ofo.._____{B5en-| 1D 1RS | ol pusl oral oz o
Chester County, Pa——--ipyy 7| 12001 il R Lol Ll e s
Sardis, Miss._....__...._...[{OTeem-— 4} 24| oot i5s | | g S1
Fuiton Couaty, Ohio.. ... I B 2im | ass| ane &2
Webster County, W. Va... [{jreo-o| 1912001 54 63;3 éj L:;g iﬁ% ég._g
Chester Connty, Pa___________[{pr=" 771 1|55 t_;:i S;i }'ggg ég; illlg
Seedis Mighoo.. M F R TR Law| pm) o
Sevier County, Tenn__________ i 5&1 l.g% 2 ;g %82 g;
Hendricks County, Ind____.__ 84| 528 L,732| L8| 173 48
oG o kY T e )
800 | Hophornbeam (Ostrys sirginiuna) . .. .....o____.___. Rusk County, Wis._.......___[{ --o-o) 520 Vigl L@ el el }2;%3 33
752 | Inkwood (Erothea pamiculet@) oo ... Dade County, Fla____________ - ff H i:glsus' L gg 1e. 2 g: 1115 _Zf(_) 68
752 | Eronwood, black {Krugiodendrom ferrewm) . __________.__| ____ 1 oo gz Lo 2641 128 &2 }53:31713 7 I
818 | Laurel, California ( Umbelluluria californica) _.___._._____ Douglas County, Oreg..._.___ o 7% f L'ﬁi %: ‘ﬁ 1212 42: g 1215233 é’_ ;
226 | Laurel, mountain (Kadmie latifolie) . _________..  _____ Sevier County, Tenn__________ T ﬂg.g 1,25; i g:; lgi %g.g }?: 335’3 g-?;
226 | Locust, black (Robinia pseudoacacia) ..o .| ... G B | T 1 R S1140s é;ﬁ;ﬁ 2il B4 s ﬁ:%g 151?
319 | Madrono, Paciflc (Arbutus menziesii) omeeee ___._______ Douglas County, Oreg__..__. e 03:3 1,%? é‘_ gg 1%._ g 23: 1g,' ggg §: !
i Putto Gouaty, Calif....... . e Thw| tie| 6o Silciel &b
226 | Magnolia, cucumber (Magnolta ecumingta) ....____.____._ Sevier County, Tenn_.__...__. . 72;2 k g% 5 gg ig: 2 %18.- g & % g.. g
258 | Magnolia, evergreen (Magnolic grandifforay.... __________ Winn Parish, La____________.. o 10;: g 11: igg . g;l i%- ; %t g 121‘333 % g
228 | Magnolia, mountain (Magnalia fraseri)...._.._____________ Sevier County, Tenh ... . o 1 s ii lua g 15;93 0.5 lgzgg 29
752 | Mangrove (Rhizophora mangle) ... __ S, Dade County, Fla_______..___|{@f0en.| 4. -';‘%g %% ;ﬁg i; g .3!:: 'g 20. 520 _____ e?._ 2
263 | Maple, bigleafl {Acer macrophyllum) ______._...__.________ Snohomish County, Wash____ 7;: g tggg i'. gg g: ; ff g s 520 ''''' 28
111 | Maple, black (Acer nigrum). ... ____ S Hendricks County, Ind._____. ?g 30 t Egg 2;? igg gg ig' ;gnﬂ 5&2
5 | Maple, red {Aeer rebrasm) . ________.__.__...._.__._.___ Marathon County, Wis..___.. ‘,32;‘1’ i;%ﬁ o ;? 1'%2 fa”‘.é ETAT RNy gf 5,110 2; ei0 1,%1 1, gg? 1,53? i; %g ﬁz 77777 809

126695°——35. (Pollow p. 99.) No. 3.



TasLe 21.—Strength and related properties, by localities, of woods grown in the Uniied States—Continued

T
Specific Shrinkage from Statie bending Impact bending Compression Hardness; load
ETavity, oven green to oven- porallel to grain | com. | required to em- Tensl
ol %gedcgtf giig:nn pression betz)i ?1?;‘%14‘1'?0]1 Sheﬁrl pealr_a on
.| Mois-| on volume— | Weight o parpen- all Lo 24 its | paralle . -
Ship- g Place of growth of material | Moisture [Trees | FiD€s SUm-| "y per sions when green Work Helght dicular | diamefer | tograin; Cl_e?v - | diculer
ment Bpecies (common and botanical names) testod condition|tested| PO | F2EE | gon. cuble Stress Stress | Work | of drop | Stress to grain; maxi- (889 load| to grain;
no. fnch |\ wood | tong foot at pro- | Modu- Ll'fl‘;do"}' at t | caustoe | - at lggg stressgt —— | mum :glﬁtu[gz maxl-
When Tan.| JPOr- | lsof | ‘o | propor| Maxi- Dropor- propor-| complete |propor oo gy ol BIOPOT shearing tensile
" Volu- | Ra- tional | rapture| % [opo! X tional | tiomal | failure | tiomal 0g| tional strength
At test! oven metric| dial gt?;l].- limait ticity tlli(;x]::jﬂtl 1{(1;;:‘;1 Total limit | Hmit |(60-pound| Hmii sirength| Fimit End Bide strength
haminer)
1 2 3 4 5 3] i 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25 28 27 8 29 30 31
Num- Num.| Per- | Per In-b. | Inth. | Fn.-tb. b In,-th, b .
. - - Der ci. | Per cu. | per ¢t . per | per cu. . per . per | Lb. per
HARDWOODS—continued droon b"ﬁ lblﬂ.ﬁ cont %"6 i;‘"ﬁﬂ iﬂ' ) '27;, . ,g_ 5%0 i%. ) p pe P Pounds
197 | Maple, red (Acer rabramj .l Potter County, Pa_.._._______ Pry. .. é ________ ,3- 2 3 %2 g‘ ; %; 2 1;: 00 ;'_ g 1,530
Bl ) R 5 50
B6Y |----- R Btrafford County, N. W {Dry..... 3 e 1.0 06| Ing| 338 3 1,437
211 | Maple, silver (Acer saochariftm) .- oooveoeraeee o i‘::pf;“;‘g' W‘E‘MBS o 1 2 EX 6 lglg | o4 1,578
. : [ ounty, Mass___._. X . . 4 s
904 | Maple, striped (dcer pennsylranioutn) o..oooooooooeooo {Beﬂnlr_lg‘tol:l County, Vt...____ D 3 13.2 108 1.3 16.7|10310 50
111 | Maple, sugar (Acer saech@rum)d .. oo girégrllcrllzg and Morgan Conn- 4 _f’?‘_ 4 92 1271 30.3 [ 12060 48 1, 606
67.1 UL iae | 356 iz a0 | Y 1
197 ----- B0 e FPotter County, Pa—----————- 9.1 451 1we| 2giaam| 1 21
904 | Maple, sugar (second growth) (Acer snecharum)_________.. Bennington County, Vt.___. gg ; % g? igg 45.7 | 13, 560 4.7 iv ??3 i» ggg
. 62,5 850 0.6 "OB5 | ..
5 | Maple, sugar (Acer 8aechAarum) - oo oo oooo e Marathen County, Wis....... éﬁg ﬁ % “3‘ ? %g };' #Og g: ? 1,00 | i3i
ic i TTRUIRY) - oo y Fla . - - - y 1,667 1,768
762 | Mastic (Siderarylon foetidissimum). . Dade County, Fla, R 322 l'?g lgg agg %ggg ﬁ'g 7 lsg L7198
3 27 3 P M C , Wis.___._. . . 3 2 3 80. 84 1, 060
& | Oak, black (Quercus veluting) arathon County, Wis - %’% ; ?'ga % f' ; % ? } g: gg 1 3 1,508 | 1208
______________________________________ VAMK - - - 2 1,003 1,057
101 ooee o0 oo e Stone Couaty, Ark 1 1.8 Alf) g4 | meimae | s | oo) gm0 | puz| Las| L8
K, bur {Quercis MacrocarPa) - . oo e 2 C L Wis______ . g - . -28. 2 s s 836 | 1,158 | 1,168
211 i Oak, bur {Quercus macrocarpe) auk County, Wis Dy ; 5 & lgg.a \ gq{ g,g }g_f 15,2;8 g‘ll 3; :I" gég e,% 1,672 | 1,460 | 1,419
Oak, Cali i 7] J a it __ _ == . - . . 3 )y . » 2, 606 807 728
204 ek, California black {Quercus kelloggii) Butte County, Calif. R {8;"3',;;;" é S - mi?, ?.8[ 133 %6 g.ggg é'g :ﬁ T'% H 3?“0 Less | 1,297 | 1,331
319 |oeo o 0 T , Oreg . - g . . . 3 5 ' A 1,008 | 1,020 980
° Do e ot | i Pl ol |t AE B AN GES) vem) ope)
O ive {Quercus cArysoledis) o o . if_ _ . . 3 , ’ . s 4, 6! 1,475 1,592 | 1,570
294 ak, canyon live {Quercus chrysolepis) Butte County, Calir. - {ggré’_l_ - é T?g 4 gg ;2 Jég.ll ii, Esg 2 1 32 ;.ggg 13, 381(]) 2, 3,358 , 146
928 | Oak, chestnut T T ) I i , T S -- . . . -4 1 . 6 35 y 3, 521 7 071 884
ak, chestnnt (Quercus montana) Sevier County, Tenn gge - é Sg.g 3'35 ﬂ g ég : ? é’ e g.g 13 %. ggg 7.843 L55% | 1,95 | 130
Oak ol L i ish, Lév oo - --~ - . . 3 , 350 . 3 y 3,17 7 1,019 996
258 ak, laurel (Quercus laurifolia} Winn Parish, La {Eﬁgg;“ ; 43._5{ éﬁ }g:g :égg }g, %g gg gs 2'2?0' 8, 230 1,480 | 1,275 | 1,260
1 | Oak, liv POETERE) - o e oo e e ion County, Fla._______ . -~ . 3 g s 3 7 s 1 6, 430 2,517 | 1,674 | 1,882
75 live (Quercus virginiana) Marion County, Fla ggge_ _— 16 - - %-'-I' g ? 22 igg gg ; %. % 11‘ g 2; g. % g, g% :{' ggg ?’ m % Ht ég
319 | Oak, On hite L3 D County, Ores_ . _____ - . . d . d b 1 ’ s , 302
regon white (Quercus garryana) Douglas County, Ores {ggen g Y 7%.3 2. ;z; 12,(5) ég,g ﬁ‘ ggg g; 2:; 4,450 g, ggg a2, 58 2, ggo ) 5
904 | Oak, pin {Pinus pelustris) oo oL 3 , Mass_.__ - - - . ] . , - -] EE——— 3 & 6| 1,074 1,203 470
pin ¢ patustris) Hampzhire County, Mass Dry-.... [ IS R 1.4 s | wme| soz2|ize| 36 45 [Lae | Yose| 228 | nesz| L5 2 8 | 1,08
10 | Oak, post (Quercus stelera) oo oo Stone County, Atk oo {Dmﬂ--- (30,41 61645 L.39 9.1 180 11,260 4.4 38| 2,750 | 3,330 | 1,148 | 1,139 | Lo074| 1,209 420 810
Gry ..... 1 T 1.2 2.68 10,0 19,2 | 16, 180 7.3 4| 3,240 6,8 1,9%0 1,364 1,286 1, 888 40 520
258 | .__. S Winn Parish, Ta__ . ..__.._.. Dmn--- S12.21 47736 1,23 13.0 | 328 | 10,570 3.7 49 | 2,030 3,620 9 1,172 L182| 1,258 405 756
Gry--_ - b N [N 11,2 1. 98 16. 6 63. 9 ), 10,9 8 [ 4,280 1, 12 1,820 | 1,365 | 1,489 1,502 416 734
76 | Oak, red (Quercus borealis) . oo, Richland Parish, Lé .o ooo_. green...i 51 10.4) 70| 80.7 .75 8.8 276 10,250 3.3 40| 2, 3, 460 682 | Ton 892 | 1,058 388 735
Gry ,,,,, b 1 N A, 1.2 Z.42 4.5 40,0 | 23,600 2.7 8 | 6,190 7,010 870 1 1,620 | 1,459 L, 698 S5¢ | .
101 | .o Q0 - e e Stone County, Ark. ... ______ {Dreen--- f 1.1} 62|83 .70 12.7 32.6 | 10,800 4,2 43 | 2,550 | 3,440 844 | 1,130 | 1,042 1,220 406 770
Hendricks and Marion C Gry """"""""" 10.5 3.26 | 128 | 18,0 16,800 1.8 36| 4 8,160 | 1,386 | 1,805 | 1448 | 1,945 417 982
111 fooo B0 e e e { e 11'3 Sand Marion Loun- | Lrréén. .. 6107 64 | 79.9 .60 11, 4 25.6 | 10, 680 4.2 36 2,310 3,210 807 [ 1,107 | 1,011 1,164 425 756
ties, Ind. Ery-__._ I SO I 119 138 L3 25.3 | 16,100 8,1 2% 3,100 5, 140 1,260 | 1,360 , 1 1,748 H2 674
908 |.____ Q0 oo e e e e e Sevier County, Tenn._._____. {Dreen--- §[1L5 ] 52846 ] 121 | 3291 10,020 3.8 47 | L& | 2,700 554 802 1,020 3588 693
b Tl el dd iR IO I A t”
534 [_____ A0 e Grafton County, N, H________ === . - . . . s s » + 021 . 1,338 456 740
¥ {Dry. R 7 10,% 270 15. 4 40.4 | 18,450 9.5 48 | 5,210 6, 730 1,547 1,695 1,238 1,987 314 824
$65 | ... T Strafford County, N, H.__._.. g“’eﬂ-—- g ;’%; 76| 17.6| 45,0 | 10,030 | 3.2 2, 4,010 8 1,265 | L223 | 1,448 476 837
IR va— : . el tH) m B wm] BB s sem) e b ) HR) W
03 ak, Roe ountain white ercud ula, i8) e e ; i yArizo ... === - . . . . - » + 5 + 1,631 4
¥ Mo (Qu ensis) Coconino County, Ariz 8{3}; - 2 %g? 2 gﬁ 12‘ g Hg }tggg 23 o 5,840 f gg 2,260 | 1,488 | ____ 37 ........ 749
B4 | Oak, scarlet (Quercus coccinea) ... Franklin County, Mass.___... --- d . . . v 3 511 2,840 4, 080 ' 1,171 ¢ 1,200 1,411 419 700
¥ Dry.____ i 1.4 .2 2.0 44,0 | 16,400 6.3 53 5, 140 8, 840 1,401 1,734 | 1,417 1,964 452 898
258 | Oak, southern red (Quercus rubra) oo ... Winn Parish, La ... graan,,, 41204 46 80.7 .03 80| 1851} 9100 a1 2| 3 3,030 675 912 862 934 285 478
Gry ..... 1 PSS SR 10.1 155 9.7 15,8 | 16,520 8.3 26| 3,040 6, 800 L1356 ) Lod8 | 1,100 1, 532 s 523
258 | Oak, swamp red (Quercus rubre pagodaefolia) . ___________ a0 e {Dmn——- 3] 66 63)784 132 147 380 | 12300 2.8 54| 3,820 | 4,620 1,267 | 1,244 | 1,321 456 %5
) o AN 1 [ I 10.0 3.45 18,8 34.2 | 25,200 13,2 49 | 6,910 9,720 1,730 | 1,840 | 1,538 2,183 bt 858
258 | Oak, swamp chestnut ( Quercua Printtd) e oooooeeooo_ | [ %men--- ‘: 1.7 58 [ 78.0 1,00 128 32.2 1 10,400 3.2 45 | 3,000 3, 540 707 ] L1001 | 1,108 1,262 308 872
Gry ...... 5 11,3 1,95 11,9 20,3 | 19, 240 8.1 41 | 4,500 1,580 1,420 1,310 1,257 Z, 187 345 98
111 | Osk, swamp white (Quercus bicolor) ... __.._.......___ Hendricks County, Ind...__.. {Dreen... i 5.6 T1[T741 LO5 | 1450 34713270 4.8 &0 3,580 | 4,360 043 1 1,205 | 1,158 1 1, 482 863
Oalc, water (Que ) Winn Partsh, L et I e e AN B so w107 ) S0 800 LS LW | Lk | L9 | 4 530
258 , water TOUB PEPFA) e m oo oo Inn Parish, Laooooooo oo _ - o - - - ’ . )y s y 1, 1, 240 446 1
{Dry--_ .- ) L S 10.8 2.36 2.6 33.4 1 19,440 8.6 44 1 4,040 7,200 LS 1,452 ] 1,215 2,014 470 37
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TanLe 21.—Sirength and relaied properties, by localities, of woods grown in the Untted States—Continued

. . . . Compression .
Bpecifie Shrinkage from Static bendin, Tmpact bending L Hardness; load
Bl'avtl')tesf, oven gresn to oven- ¢ P el to grain Com- | required to em- Tension
dry, based gryedcongiltion pression betxjiﬁﬂ.ugz-jnch Sheﬁgl perpen-
. Mois-| on volume— | Weight ased on dimen- . perpen- all to 24 its | parall ' Cleav- | dicular
flgxilrt)- 8pecies (common and botanical names) Place of grawth of material | Moisture | Trees lel';s ?:nuélrl. ture per sions when green Work Height tdlculiax:" diameter “ gm]il-l' age; load| to grain;
lon ' ots s tested condition |tested| P°T | €T/ on. eabie Stress Madu- Bress | Work | of 420D | BUISSS | npaxic | strese at | ——————| min | t0€8uSe| maxi-
. inch | wood| ¢or oot a;) pro- | Modu- | g it or 3t r.g Sanstag | at | AT Sp:_‘g;%g_t shearing | SPlitting| mum
W hen Tan-| POT- | WMS01 | “alye | propor-| Maxi- ODOr-{PropoT-) cOMp ele [PIODOI-| oy ching| 4 h tensile
Volu- | Ra- | tional |repturs 5% : tional { tional | failure ; tional tional . strengt strength
At test) oven- metric| dial | €% | limit tielty | tlonal | mum | Total | Yiyii | fimit | (50pound, limit [SWREW| Timit | End | Side gt
hammer)
1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 A4 25 26 a7 28 20 30 3
P In.-ib. | In.b, b In.-b. b s b L. p;r
— i er- DEY CU. | DET CU. . per | per cu, . per . per | Lh, per L per | .o Lb. per
HARDWOODS—continued ) ggng l".g 0 f;{z} y iaqlv_?n g'5. g Inches sg. 3630 8q. i4n. sq. in. | Pounds Pm.iﬂds .sql. 5;3 widigz 8g. in.
I 3 : 3 , 150 35 3 3, 400 1,00¢ | 1,183 1,156 »
76 | Oak, white (Quercusatba)_____________ ... _____ Richland Parish, La__._______ I?g‘é 15.8 gn_s 11,750 3,g 4| 51680 7, 580 1, llgg 1,590 1, 55 2, 042 lgg g;g
b&, 12.1 1.4 860 5 40 { 2,080 3, 820 B 1,113 9 1, 19 4
101 |- L Stone County, Ark_ .. .. __ { 18,5 1,3 | 22,3 | 14,000 6.4 28| 4,020 | 7,580 | 1,486 | 1,622 | L2% , 051 484 818
1 do {Hendricks. Mgrion, and Mor- 62.5 13.3 | 314 {10,980 4.3 45| 3130 | 3,530 727+ 1,087 [ 1,048 | 1,306 424 814
"""""""""""""""""""""""""""""""" gan Counties, Ind. ﬁ § 4.3 323 {g- ggg 7-3 ot
. .8 1.9 29. 6 , 3.
258 ... A0 oo Wion Parish, T __________ 1.3 8.2 802 13. % s.g
i 94. 3 8.8 213 , 2.
258 | Oak, willow (Quercus phellos)_._________ ... oo |eooe. S 9.8 18,0 [ 413 | 17,480 9.3
111 | Osage-orange { Toxrylon POmiferam). @ ooooeeeeo_ Morgan County, Ind—.—._..\py. | .~ [ B%] =4[ 312 7_7?7' 9| 1017 | 15 520 . 8.9
{ 133.5 4.0 1658 5000 2%
751 1 Palmetto, cabbage {(Sabal palmetto) _.____________.._._____ Marion County, Fla____._____. D “;g L5 20, 2 g, 380 z_g
. . 81, 18 2.4 , 400 1,
752 | Paradise-tree (Simaroube glauca) . .. .. ... Dade County, Fla._______.__. 8.3 3.4 44| 5510 1.5
Fines . 62.9 14,6 43. 4 | 12,320 5.0
368 | Pecan (Hicoria pecan) . ... ... ___ Pemiseot County, Mo___._.__ °'§ 134 32,2 3 12,4
s : i 68. 13.0 31.2 | 12,120 . B
368 | Persimmon (Doapyros virginiana). ..o ____|._.. L L 5.5 16,9 37,4 | 22,420 11,7
752 | Pigeon-plum (Coccolobis laurifolia) oo ooeee . ___.___ Dade County, Fla____________ gg % E S .7 15970 6.8
752 | Poisonwood (Metopium toziferum) oo | [ 732 22 E';’ 8,070 3.3
. . 121.2 a2 81| e8| T2
904 | Foplar, balsam {(second growth) (Populus balsgmifera)_____ Bennington County, Vi_____.. D lgg ig 1| 7,750 g_s
i { . X 6.4} 5740 .2
939 | Poplar, balsam {Populus balsemiferay_._..__....________ | Near Girdwood, Alaska g 7 i4 8.6 | 8,610 %ﬁ
", - \ 0 5.6 2.2 g 050 .6
226 | Poplar, yellow (Liriodendron tulipifera} ... _.__________._.. Sevier County, Tenn_._._.____ 6.1 15 10,6 | 18, 620 gg
: 63.0 I I 9, 000 X
634 | ____ QO Breathitt County, Ky ... ;g_ H 15“1’ ;31 13, 196 5.4
j 3 . 8 . P AL N [N
226 | Rhododendron, great (Rhododendron matimum)_ ____._____ Sevier County, Tenn . ___.__. 1.6 13‘5 190 | 9,180 3_3
i g 67. 4 .1 22.2| 847 .5
228 | Sassafras (Sassafras variffolium) .. ... _________________ ameedOe . 4?_ H ]g.g 25.9 | 11,680 8.1
. : N .9 3 37.9 | 12 230 4.1
226 | Bervice berry (Amelenchier canadensis). - ... ... | ____ o 73. H 19,8 g‘; 24460 | 12,3
: : : 0.3 8.8 3 9, 100 3.3
226 | silverbell (Flalesia eavolina) . _.____________________________ R T hy '} 6.2 53'0 18, Mg 5.0
226 83. 9.8 L0 | 10, 77 4.1
Sourwood (Ozydendrum arborewm)__________.______________ R [ o 6.8 %g 22,4 | 20, 600 11,5
i 40. 9 . 4B, 3 |
762 | Stopper, red (Eugenia confusa). .- ... Dade County, Fla____________ 1.6 W4l s | CTTiITTTTTT
268 . ; \ 61,8 1226 30.7| 8220 3.2
Sugarberry (Celtie laevigeta) ... ___________________ Pemiscot County, Mo.___.... 5.0 10,7 23,9 | 14,140 14
211 | Sumach, staghorn (Rhws Afrla) - oooooooooooo Sauk County, Wis.__________. 4';; 1(7)'3 ﬁ'% """""""" 7
; ; : 811 AT LSRN 2
11 | Byeamore (Platanus occidentalis} oo« oo _________ Hendricks County, Ind_.____. 115 g_; 13.3 11, ggo ;_5 5, 88
i 84. ¢ . 7.6 | 9,420 X 3,
26 |- Ao Sevier County, Tenn..._______ 6.8 ﬁ.g 20,8 mggg :.g gn 5,280 | L0 1, é:z 092 -0 R SR .
. BL.1 . 35.9 | 11, . 7 | 3,520
386 | Walnut, black (Juglans Rigra) ..o ___ Kentueky . ________________ 4.8 lg.z g: 19,458 lig i3 | 1,80
. . . . 66. 8 .8 ) 9,92 . I
463 | Walnut, little (Juplons rupestris)eeee ceeeeameo .. Coconino County, Ariz_______ 8.2 }g_g 19.8 | 11,410 .5 [T
211 . R . 148, 4 .9 25.3 1 4,000 L8 44 860
‘Willow, black (Saliz migra). ... Sauk County, Wis____________ 8.2 g,g }1_3 3,4%(0} gg g 2,480
368 |... A 12¢.1 . 4. 4 [i8 } . 1, 060
O Pemiscot County, Mo_..._... 46 lg.g 2;, g s,g:g ;.1 12| 3,220
319 i i i 104.7 . . 7, . b 38| L3510
Willow, western black (Satix lasiendra)...______.._______ Douglas County, Oreg..___.__ 4.0 8.4 21.0 | 13,900 7.1 30 | 4,400
226 | Witch-hazel (FHamamelis pirginiana) .. ___._______________. Sevier County, Tenn._________ 0.2 1.5 56.8 12, 440 83 0L
51 F 138 PN S S S 6,410
SOFTWOODS
83! : i - 34.7 | .442 508 37 1.4 42| T.7| 4110 8 1,418 W77 8.8 30.0 { 9,860 3.3 20| 2800 3,330 468 674 604 B79 214 432
9 | Cedar, Alasks (Chemaecyparis nootkatensis) ...._____..___. Near Ketchikan, Alaska o | oaee - | T T LT 5 gm 13, ?gg 1,730 | 2, 13; gg 12,823 gg 30| 8,330 90 :g lsg | 1,43 71!22 ﬁ
18 ... 30.9 | .308 % .439 3] 70| L9 & , 6, ) X 8, X 27| 2,320 288 51 408 820 4
8 O Lane County, Oreg......_____ F3 Bt S S IO U Ui S 8,080 | 12,50 | 1,431 3,37 8,5 1,71 14,580 7.9 2| 7,080 | 8,08 964 808 881 | M7 .. L
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TasLe 21.—Strength and related properties, by localilies, of woods grown in the United States—Continued

m;‘;’%% - S’gi;‘,i‘af: ‘rjl;oe;ln Static bending Impact bending pﬁg{felfl;ejaéggm Com. gmi) 1‘2&(1_ o
. Mois-| on V:Jlume- Welght %gedc:nngi[’ggnq I;’rg;‘i’%? bﬁ]ﬂl (t]‘.’ﬂ}}z- ]iltl:h pi?sﬁ;l Cleav- ﬁ;"ipui'in
Iﬁgﬁ_ Species (common and botanical names) Place of Er%;%?dﬂ material cl\v:‘algcilsittli];: g??& Bll’gfs i]u;l- :E;? cﬁggc onewhen green Btress s Work Stress | Work 5%%2:) Stross ; tdolgga;?[:'r __dl.a.[_n . . mﬂ%;:]f; atg:éa]‘c;:;i mngll:il-n;
faet| ool tent when| oo | B Mot s T ot har or or | CSUSEE | S|t |res 2 shearing| PHCIE) mum
a1~ ] ~ - - 3 : T i
At test 0;::1? o | e gen- tional | rupture ticity Ti:;gngf;:f rﬂ:‘aﬁ% Total | §onal tonal Sé_’;gi‘é ? tonal ga.l:lll]gutlg toral | Epa | side |TTREM strength
1 2 3 4 5 | 6 | 7| 8 9 10 1t 12 | 13| 14 15 16 17 18 19 20 21 2 P 24 2 2% 27 28 29 30 81
SOFTWOODS—continmad I\Zum« Num-| Per- | Per- Per. | Per- | Per- | Lb. per | Lb. per lgfoggr ;?réi Lb. per ;?r-iz.
er 1 ber | cend | cend Pounds | cent | cend | cent 8q. in. . &. in. in.
818 | Cedar, incense (Libocedrus decurrens) ..o oo .. Lane County, Oreg_ - __... 23 li: %%3 %;
_____ R B (s N o/ 1 U, LT S I
319 | Cedar, Port Orford {Chamaecyparis lawsoniana).. - .« - - . Douglas County, Oreg_....-- 9.0 2.25 lz'.% lgl,ggg %;
532 |. o doe ... e e Co0s County, OTeg-———-——.-.- ?3;% z'.gg g;ﬁ = lg’, 2808 33
904 | Cedar, eastern red (Juniperus pirginiana). ... _.__ Bennington County, Vt__..__. f?é igg 1'3.2 e g,% f;
751 | Cedar, southern red (Juniperug 8p.)o oo ooooooomeooo .. Marlon County, Fla_. . .. %gg {g; 22 ﬂ: }g',g"}lcl' gg
224 | Cedar, western red ( Thuje licate) - .o ooceeeoee ceoemee oo Missoula County, Mont____. 333 1, g% 13 ;lll g; ggg %g
263 | Clodar, western (Thaja pliceu) - oo oo Bnohomish County, Wash____ 4?3 L1 39| 105 gﬁ | i
939 [.___. A0 SN Near Ketchikan, Alaska_.____ 3;:3 2. g% E;? gﬁ? g: ggg g]g
185 | Cedar, northern white { Thuje occidenfalis) . ... .__________ Bhawano County, Wis_____ . iig 1.32 f; ?g g.jgg %g
865 | Cedar, southern white {Chamaccyparis thyoides) ... Rockingham County, N. H.___ :ﬁé 1, 41‘2 glg lil ? ';’:ggtn' ég
8oLl . Q0. o Pasquotank County, N, C____ i‘ig‘, hlo£s| e ?: | 2
175 | Cypress, southern (Tarodiwm distichum)mmemnnon oo . {B%; sohn the Baptist Parish, % s | Fa| s |doe| i1
368 ... S Pemiscot County, Mo.....___ %1 sa i Tl ive 11, 230 e
653 | . do St. Bernard Parish, La.....__. %3;8 1}33 Sj; ‘3:3 13: gig gig
734 | O Aseension Parish, La....._.. g sl 19| ue 3; 3o g. 3
315 | Douglas fir (const type) {Pseudolsuga foxifolin) .. . _______ Towis County, Wash_________ 322 32? gf %ég 13: 238 ES
38 | LS Lane County, Oreg.___._..__. 32:.;2 3232 ;:(2) 233:3 ug=: ggg %ﬁ%
825 | oo @0, oo Chehalis County, Wash..._..... a al Lotk | Ler| 58| 1o |mume| 39
T I Humboldt County, Callf...... || ol Cobe | 3a| aee| ate|isim| &1
528 ... O e e Clatsop Cotnty, Oteg. ... ﬁ:% i: | o il i i3
729 |___. A0 ] Washington County, Greg___. ;4 %’{’;3 %;35‘5 122# 1&; . g.' g
606 | ____ N Clark County, Wash______.___ 2 ‘RI iﬂ:lx 2. ﬁg 1223 1.1 | 14,220 éi
973 | Douglas fir (Intermediate type) (Pseudoisuga larifolic)..._| Lincoln County, Mont_.______ { f 43: % }, ?g; 2, gg 1;: i?g 1?: 2?00 i?
974 | LT Shoshone County, Idabo_._ . b : 3&:3 i: ?49? 2235-.2 ?:S iég 11', i ig
334 | .. O Plumas County, Calif.____.... i %3 i W | Zi| 1na| e T i
24 | Daugtas fir (Rocky Mountain) { Preudotsuga tazifolia) - . .. Johnson Cotinty, Wyo_..._.._ : e Tier | Cis| 63| 18 |iohn| 5
370 |.____ A0 Missoula County, Mont__._._. : e vim| 2! €3 ie el 53
25 | Fix, alpine {Abies lesiocarpn) . _.___.______.___..._. ____ Grand County, Colo....___._. 5 ¥ il oom| o 3il &8 : | %1
300 | Fir, balsam {Abies balsamen) ... ... Sauk County, Wis.----..._ Qreen.—.| 2|10 e vis| 201 51| S| S| &b
1082 | Fir, corkbark (Abies arizomica) - ____.._.._________ Taos County, N. Mex........ freen—| 4 =4 nois| L) &3] o3| Gl a1
224 | Fir, lowland white (Abiea grandis) . __.._________.____ Missoula County, Mont___.. Droen—-| {32 e B ¥ Tomw | Laol 7| 3.9 | & 1,022 154
819 |-ooen 0 e e Douglss Connty, Oreg..... ... Green.| 8| 7.4 h0 2 i | £@| Su| me | bs| | Lew| S| ue| S| M| mel M|
A s iy == | e R EEHLENE B BRI E B g g
- pry. o i R T 158! sl 94 3.6 L 5,600 78 B3l sl g014 154 1
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TasLE 21.—Strength and related properties, by localities, of woods grown in the United States—Continued

Bhip-
ment
no.

Compression

Shrinkage from i i T Hardness; load
el S g o Sree S ety | peieomin | oo, || || oosen
: Place of growth of material | Moisture |Trees Rings| 8- 1\ft![l.{)l'ltf- on volume— ngegrht Ei?gﬁsd;gﬁglgggd Work Helght %ﬁﬁ; bﬂaﬁéﬁeits tx())agr;ﬂpe-ll; agel;&?::;d tgjgrual?xi;
Species (common and botenieal names) tested condition |tested| FOF | 8L | aop- cubie Stress Maodu- s Btress | Work | ofdrop | Btress | ... tograin; . maxl 'to canse| maxl-
e oot tent foot e | oo | Yok | usof | . Drmor- prapor| caplste peogor | T | Propor: stearing, SPlitting) mum
At test| oo ol | R gt;ﬁ: tonal | rupture oy t]fi%%r ) %E% Total | fional |"tional fﬁﬁr‘ﬁ? tional Strengte] Somal | po | s [SHFORED strenght
9 3 4 5 ] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
Fn.-ib, | In.-ib Tn.-lb, Lb. per

SOPTWOODS—continued fggg I per i pe!rn?u E;?.' ;!oner P i ?c.r by Lb.' pe;r Lb.' n | b
Fir, California red (Abies magnifiea) .. . o oooeoeeeemoo Plumas County, Calif.__._____ f 1(1]3111. S;E 155 | 12 0% ig
Fir, silver (Abfez amabilis) _______________________________ Bnchomish County, Wash____ ? 63; 3 13;5’ E%
Fir, white (Abies coRCOIOT} e oo oo e aaeeee Madera Conunty, Calif__._..__ "1’ 152; §§ 3%
_____ AOn e e oo | a0 Miguel County, N. Mex. | gﬁ?ﬁ’:: 2 _}?‘_‘_‘_ __f?f 123; ghls ig
_____ Q0o eeeenameeee-| Plumas County, Calif-....._. oo Akt 54 i
Hemlock, eastern {Tsuge canadensis) .. ... ____ Marathon County, Wis_.... .. i _?‘f'_f_ ___:f}_ 122 gg gﬁz
_____ @Oueee i eceoo—_| Sevier County, Tenn.____._._. § 8? 2? 3;
_____ @Omo | Strafford County, N. H.______ 5 ue. 53 i
Hemlock, eastern (second prowth) (Tsuga candensis) ____.| Bennington County, Vi-..____ E 1}3 gg gé
Hemlock, mountain (Tstpe merfensiana) . ..o ____ Missoula County, Mont...._. f 73: g'.% ?ﬁg
,,,,, A0 oo e e e | NeAF Girdwood, Alaska..____. g {3; 3;§ 2:3
Hemlock, western (Tsuga heterophylla) . .. .. Chehallis County, Wash______ g 7;; 22 ﬁ,ﬁ
_____ 0 o] Near Cordova, Alaska_.._.._. g ﬁ ;2 gz
..... oo iiiiieeciicece—o._| Near Ketchikan, Alaska. . ... 5 ?i gg :.(2)
..... Q0 e OFegOn_ 3 Hy 34 v
Tuniper, alligator (Juniperua pachyphloea). ... ...._._.__. Coconino County, Ariz______. :i} 33 12: 33
Larch, western (Lariz oceidenfalis . _.__ Missotila County, Mont___._. g Bg g% g;

5 486.

Pine, jack (Pinus bankslana) .

Pine, jeffrey (Pinus jeffrepd) - oo ..

Pine, limber (Pinus ferilis) _ _ o ______
Pine, loblolly (Pinus faeda) .. .. __________.

Stevens County, Wash_._....
Barron County, Wis_._______.
Plumas County, Calif ________
San Miguel County, N, Mex..
Nassau County, Fla.....___._.
Wicomico County, Md_.______
Beaulort County, N. C...._._
Gresnwood County, 3. C._____
Nansemond County, Va__..._
Bertie County, N. C____......
Johnson County, Wye.._.____
Grand Connty, Colo.______.__
Jeflersop County, Mont
Gallatin County, Mont
Granite County, Mont
Tauglpshoa Parish, La
Near Hattiesburg, Miss

Near Take Charles, La________

H
pEE

2. 3
S rIgeT

-1

Sra

- 7y ek O ek = ek OO ke

~ERERBEBRIRER

wBwBmBE

- i Oy
opacs

B

U0 RO D I D D S D D O O D 03 G0 5 e SO Ha 53 4GB 4D 1 B 00 65 00 & i ek €5 00 (5 G b3 et Oh e 01 15 00 @ O Ml ek e (23— bk i 0 G438 00 G G M T B O B En

-
»

i O He s 88 1O B D G e B 09 M O 9 40 G e S0 il 00 6D O EN B v

-

-

-
oS B B oo 5 0056 00 ez g1 2 g A0

P T Y ]

¥

-
Brpalras

0 3.3
8.8 56
4.1 2.6
19,9 6.2
8.3 2.8
5.8 6.3
26.0 3.1
16,8 59
25.2 2.8
17, 8 4.3
28,3 3.9
17. 8 5.5
24.4 3.3
17,6 4.0
22,0 2.4
1.8 3.5
19.3 2.3
14.3 1.1
10.6 21
8.7 4,4
7.3 2.3
19 26
4.5 2.3
18,9 4.6
15.1 2.5
13.6 .5
10.7 2.4
14,2 4.5
36.3 3.0
a2 6.2
25.3 3.4
14,4 6.2
29.4 3.3 31
19.5 5.7 2

823 524 596
1,492 ] 1,010 L]
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TagLe 21.—Strength and realted properties, by localities, of woods grown tn the United Staies—Continued

Specific Bhrinkage from 8tatic bending Impact bending pg-gll?ell)ﬁsgfm Hardness; load
gravity, oven green bo oven- Com- | required to em- Tension
. dry, hased dry condition pression | bed a 0.441-inch! Shear perpen-
. ngs| Sum. | Mois| on volume— | Woight based e dimen. Work . porpen- b::i].l ‘;_%é?é;ts tl?)a";’naigl. Cleav- | dieular
Ship- Speci : Place of growth of material | Maisture |Trees Rings) Sum-1"gp, per slonswher green or Height ou BT, 18 n:glaxi- | age; load) to prain;
msent pecies (common and botanical names) {ested condition |testad! Fe¢ | T0€E | oo cubie Stress Modu- Stress | Work | ofdrop | Stress | p,. .. to grain; to cause| maxi-
no. inch |wood ) oy foot at pro- | Modu- | 7905 at to | causing | at iy | Stress at g““% splitting| mum
When von | Ra | Tan| B 1880l GRS propor] Maxi. propor-propor- complete PEODOT- arushing| “ional shengih tensile
olu- | Ra- ional | rupture, 3 : iongl | tional | failure | tional lon: : stren;
At test| oven- metrie dial | 2807 | Timit tielty | tional | mum | Total | jung | SO | MR | Tinit [Strength| fimit | Bod | Side K
dry tial limit load hammer)
1 2 3 t 4 & 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2% 27 28 25 30 31
Per- | P, Per- | Per- | Per- | Lh b oo | dnolb. | Il Inclb Inolb, b I . b Lhpa|
. Num- Num-| Per- er- er- er- er- . per | Lb. per . PEr ) per cu. | per cu. | per cu. . per | per ci. . per . per &, per per | im0 . fer
SOFTWOOLS——continued ber 2%8:’ Ceiﬂé i’iﬂé 0.574 | 0,667 Pounds | cent cgnlt cg’né sg. in. | sq. in. | §7.'in n in. in 57 {;'b in. Inches -‘g-ggﬂ ﬂ-;lq- gi() sg.in. | Pounds| Pounds| sg.in. | wedl 2. .
; . : 10 6 . 66 51 12,2 5, 410 580 1,615 1,02 7.6 20.3 | 11,150 3.6 33 » 5
314 | Pine, longleal (Pinue pelustris) - . ooooomooooom . Nassau County, Fla_.._...... i FR T A A I AU I 13,400 1?" 540 | 2,472 420 1.8 24 § 1?, 538 1.5 YRR gg lﬁ: ™
A 9 . 8 . . 650 56 12.4 5.5 7.8 5, 650 B, 400 1,752 1.03 8.9 34.1 (11,4 3.8 39 3
343 |- T Washington Parish, La. ... 2 R e e R s M,120 | 19,360 | 2488 | & £l L8| 2.6 16,310 | 6.6 35 | 10, s | 13,210
3 . 661 311] 12.3 5.5 7.7 3 230 1,717 5 1.2 38.8 | 10, 400 3.1 40
1059 |----- Lt St. Tammany Parish, La--.Niney. 77| 5 || T ] S B Bl e e 10,010 | 16,670 | %181 =250 | 143 20 1;1 so, % 37 ln gl 10
N i . . 554 66 0.6 4.1 7.0 4, 430 7,70 1,335 . 9.8 5 , 106 . 34 v
1063 |----- Q0o oo Columbia County, Fla -.... o IS el R i B R Tolo | 12,990 | 1556 ] 178| 15| 18 Bl 4 B 4| %30
L2 . . 587 59 1290 4.8 | 7.6 4,810 8, 610 1, 549 .85 10.4 34, 500 2.4 36
1065 |- Q0 Charleston County, 8. € —.-l\pyy. 77| 39| 0 |______ FEE T I 2 P I A IS S 7 1300 | L0820 | 168 | 13,9 3215|1488 | 5.6 37| 480! e
226 | Pine, roountain (Pirus pungens) _ ... __ Sevier County, Tenn  _..___ 7%‘5 ey i' gé 3 gé g; ﬁg 18, %;g gg g i’ ggg g' gﬁg
A " X X 3 A X X
185 | Pine, northern white (Pimus slrobus) . . Shawsano County, Wis____..__ 733 i' g{g 2'32‘ g 2 }g‘é g%gg §‘% ig %,3‘23 é;ﬁg
. 4T ‘80| .el{ 48| 67| 5020 87 T 2, 350
815 §---—- B Near Fankley, Minn 10,0 L8 | Lse| 64| 66|10560| 5.6 18| 5,450
865 | Pine, northern white {virgin growth) (Pinus strobus)______ Strafford County, N. H 53? i, by i g% g 3 i;g 13- 353 g-% ég 1,870 ? ;’gg
. N : A X , X A 3
865 | Pine, northern white (second growth) (Pinws sirobus) . ___. 4 1 T, 731 1 gg; L%g ;; }33 5” ggg 1 2 }g """" i’ 360
- » - d 3 . R —— y
185 | Pine, Norway (Pinuws resinose) __ . . oo Shawano County, Wis_____... ﬁg } ot a2 gg gg ﬁ‘i lg'% 233 %g g’ﬂg :;' 083
, ! . X A 4 A : ,
226 | Pine, pitch (Pinus rigida) _____________ . Sevier County, Tean  _._._. 8‘;2 i'ﬂg N §§ g ? iﬂj 12* ﬁg 13% gg f; gzg g' 040
. X A X A ,
804 | Pice, pitch (second growth) (Pinusrigida) .. ... Franklin County, Mass ______ { zﬁ g } gg(l' 1 80 22 EE 1?:%? :ii §g i’ g‘;g g igg
X B . X X s X
314 | Pine, pond {Pinus rigide seroting) ... Naassau County, Fla.________ 53; 21" “2;'1} 3'23 ;g %g'g 1?’ ggg gg gg %‘.%8 ll:ii ﬁg
X 3 X . . , X
28 | Pine, porderosa (Pinus ponderosa)_________.______________ Douglas County, Cola. . _.__.- g%g }’ gg; 1 :’;2 gg lég 6,910 %.? %g i’ 22:3 E' g%
ol el - - - > 1] o
) I (R S Stevens County, Wash____.... g;g 34 i e it ettt Ittt g' Hg
V28 | TT| DI eoeto | aose | owosee oo ooToo|oCi oI R I I X
. 3 98. 5 879 .47 4.9 12.8 6, 160 21 17 1,870 , 220
Rl B Coconino County, Arfr- ... 118 itz | oMl k| L3 L1 | %1 19 g}gg 220
ali - 1, 3 . 7,070 2.5 21
142 | ... dooo e IS Maders County, Calif._______ 8 i) 23| a3 oMo wose | 4.6 19| 507 gl 809
o 865 .50 5. - 6, 500 2.3 19
24 |- 4O Missoula Coynty, Mont....._.. 18 1350 | 21| &b LT[ @) Do 19| 4410 8, o
: ; 5. 79 .74 5.1 7. 080 3.4 21 | 2,
850 |---— 4 Slerra County, Calil-- - { 10.5 L1z | Lea| 81| s1|ifge| e 18| 4,780
751 | Pine, sand (Pinus clause) ..o oo oo Marion County, Fla i % - B S A o Ig: Ferd I % §;2§8 ?: o]
41 | Pine, shortleaf (Pinus echinula) .. ___.___._.__.____ Near Malvern, Ark. ____..__.. ﬁg i' ?gg L ;s' -------------------------------------------------- 2' ggo
. ’ BE 71 N A RN FSR MR IS X
: : 6 75. 4 1, 506 .82 8.7 36.8 | 11,210 4.0 39 3, 560 4, 050
B2 |- B Washington Parish, La... L] e B 7.8 L0 | au 0.0 16| ie0 | 6.5 % | 5w 131 230
; 1 70.8 1, 069 .58 .3 20,2 2.4 26 )
e B0 o oo Burlingten County, N.J.-..- { O 12,0 1358 | 178 10.5 1.8 a0 | 4.3 | L 5 o
6. 5 1, 505 .43 8.8 242 8, 2.7 28 2,14 3,
1020 |- - e EAEUERGOREEEE Lredell County, N. C-—..__|{ T LS| a2 inE| 163 1w 5D M| s 5
1 32 |101.0 1,526 . 5 . 3 2,840 3, 48
1064 |- A Tackson County, Ga........ 10 15.2 Me | LS| 107 167 15040 | 5.7 | som| 7280
314 | Pine, slash (Pinus cerib@ea) - -« oo L Nassau County, Fla__________ g 4%‘ g ; 22311) ; gg “;‘:g géf ié' m gg 2; 3; %% 1‘{: g;g
. . 3 X X . , X
. 5 324 1,509 1.70 9.1 25.2 | 14,770 8.7 36 | 2,880 4, 960
P82 |0 o oo Dade County, Fla.. ... S S 13.2 L6 2| a3 W1 ee | L g 560 | 9, 20
: 7.0 31730 1, 64¢ . 3 . 9, - 2,830 4, H
1059 §-- - B0 s 8t, Tammany Parish, La._..|ip, | ) "7 | 7 . : LB 6] Belwe | 46 37| 6.000 | 8,080
. 10 6.1 45 | 85.1 1,515 . 10. 5 L7 . 37 2,910 3, 900
1088 |- A0 oo Columbia County, Fla...____pi" ) 74 74 ™ 124 106 | 24l 18.7| moe| @] 49 3| 500 | 8280
142 | Pine, sugar {Pinus lamberilana) . oo Madera County, Calif________ i L9 3 lﬁf 1 g‘{g 1 ?2 ‘;‘3 1(1;% lg' ﬁg E‘g i; f‘ 423 g (15%
____________ X s . ' X \ X " 3
. 41145 29 1154.2 94 .76 5.9 |- 8, 240 3.0 18 |ocoeoooo 2,450
551 |- QO eee Plumas County, Calif ________ n 10.4 1,249 1.40 8.1 9.6 | 11,040 4.8 18 (... 1,820
224 | Pine, western white (Pinws mondwole) - _._..._..._______ Missoula County, Mont.. .__. i 5?% 11'33322 z'% 12% ig% 11' 3‘33 ?g g %g% g’ $40
. N X . X ) 2 R A
51. 2 1,78 .57 5.0 | 7, 880 2.7 17 . 2,420
870 | Ao e Near Keeler, Idsho___________ 0.7 1,614 1.58 8.7 . 11, 860 4,5 5 R T, 6,170 530 a7 370 1,000 176 320
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TABLE 21.—Strength and related properties, by localities, of woods grown in the United States—Continued

i

T
{ 8hrinkage from

Compression

i Specifle ~ Static bending Impset bendin d Hardness; load
srav?rfy, oven E‘i‘;"s‘f“céﬁa?ﬁﬁ P ¢ paraliel to gr8in | Com- | required to em- Tensi
ogrgél];ma—— based o dimen- 11))1;%13;:1 bel? f‘lggiﬁil?:h psalrlgﬁfel Det%"“l;;'n
. is- igh ; -~ | bal s 1 o be
Ship- . Place of growth of material | Moistore | T'rees Rings Sum- lglfrlg ng‘ Y sionswhen groen Work Height dicular diameter to grai; agcal‘e?avad glcui?t-
ment Bpecies (common and botanioal names) tosted condition jtested| ep | ooy | con: cubic Stress Modu- Stress | Work | of droD | Btress | payp. |LO8F2ID; e eanse | maxi
oo. o1 | WOO0R | tent foot at pro- ]}’Io‘h% lus of at to | causing | at mum St;gsﬁ)?_" shourng| €plitiing| mum
At tast] on Voo | Ra | 0| (hal |cupturel 2%, | Bropor- Masi- P omar Pronar | Chmbiese (Prober| crushing| Fiohar strength tensilo
dry metric| dial | 5iap | Jimit iaty '1112:113‘ vy Total | Yinit | Gimit |(sopoundl it |TeRBY| kimit | End | Side strength
hammer)
1 2 3 4 5 ] 7 8 9 10 1 12 | 13 | 14 15 16 17 18 19 20 2 22 2 24 25 2 g 28 % 30 3
Per Lb, per ti'oggr gf?r’?’?; pI:rﬁz z{:fﬂ: Lb. per ;g'gi Lb. per | Lb, per | Lb. p b L'b'p;f Ib
. - X -P ! . T . 7 . . T y . N T . per . Per m. o .
BOFTWOODS--coniinued ggng ai. g{;m 8q. (ﬂlg 131.6 L ﬂ%. s ;21:13 0 sg. ;:;10 t'!;. g Inches L1 . in. N ngv;gx Pounds . p:g widih . g
463 | Pifion (Pinus edulis) - oo Coconine County, Arjz. ... B. 9 5’ 550 1,259 2- 28 " a 1' 8 B' 520 2' F
560, . . : " . 1041 640 1 La78 | L33| 75| 163| 930 34
1264 }Redwood (Sequoia semperrirens) . .. wooomioieieeeaea Mendocine Ceunty, Calif ... 1%511'; ‘?’ ggg 1, 3;2 2 gg ;'i 8.8 | 20,690 3.9
. , f 1,175 1. A .0 | §5620 3.0
1267 |- o o DRSPS Humboldt County, Calif__... 1.3 0,990 | 1334 193 &3 8.2 | & 4
ey ————— A i b tw | E|owl pR AR N
. 173, 0 4130 | 63| .62] 47| &8l & 2.3
1267 }.-.- T SO Humboldt County, Calif._.._. 11.3 b, 940 890 1.30 4.2 42 G, 1
. . \ . 2| nam | 24
1265 Rgg‘:r:aotli (second growth closely grown) (Seguoia semper- }M endocino County, Calil... lfllg-.g g, igg i, gﬁ L E 2£ igg g i gg
g IS Hugaboldt County, Cali...... 1.0 polb) TEm| 0 nE] AL0) a0l Zy
885 | Spruce, black (Piced MR e oo eeceeceeemmrecoeenees Rocklngham County, N. H... b e AR A S SR I IR S 3
26 | Bpruce, Engelmanu { Picea engelmenndi) ... Grand County, Colo.......... ﬁ.g %;75'23 l,%?i ;.g? éi gg g‘g% %;
E S 8an Miguel Connty, Colo..... s ool B - B - O 3 B ch-
. 349 500 | 1,166 | 63| L5 | Two | 23
1 | 8pruce, red (Picea rubray. ... Coos County, N.H_.____..._. { gg 1% g% {, gﬁ Lg; g; }zé 11, 330 g_*
226 |oceee Q0 o e e Sevier County, Tenn________. . ' ' . g - ! -3
! 7.8 11,420 1,519 2. &0 8.5 111§ 13,5720 5.6
) L . . 53.0 5, 4 1,185 L4 6.4 | 28| 7,940 25
326 | Spruce, Sitka (Picen silchensis) . . e oo Chehalis County, Wash__. . 42_2 li: 320 {’ &1}3 "3-,2 lg’ : ?; 1;;’ g,l,g g: ?
el s Clatsop County, Oreg-—---- I 5,980 | Lo | L Bl ndlo gew ] 5
863 4o A 078800 oo 10, L3 Ls| Lgr| w3yl el 5
AU o 5 gao| nal| @) eElooo gE) b
o9 | do Near Girdwood. Alaska 392 58301 1138 86| 67| I81| #30| 31
------------------------------------------------------ . e 1.3 1780 | 1662 | 169 | 10.3| 16,1 |iL0e| 88
N T O Near Ketchikan, Alaska____.. e iy pERL BOSE B am0l 28
1 | Bpruce, white (Picea glauce) - _ ... Coos Conaty, N. Ho_.._.__... fg‘é 2'333 i’ ?ﬁg l:g-} ?'g BT 35
502 ,660 | 1,148 1 51! L8| 17.4] 7.580] 27
539 |- O Near Matanusks, Alaska..... 118 13} 6401 L402| L8617 a0 154 |1t0m] 4.2
300 | A0 e e Rusk County, Wis—.._.____.__ 43- ; 5, 410 938 .68 5.4 14.2 , 750 2,0
185 s Marathon and Shawang Coun- 52,0 RV RN S g1 7.2 | 285 | 7.0 27y
165 }T“m‘”“k (Lariz Jorbeing) e eeeee R { ties, Wis, 1.0 12000 | e8| 2355 il dus) e a7 1,§?z it
: ofidS ; ) 1 . . .3 | 13,11 . 38 | 3,440 ] 4,650 L0406 | 1,3421 1,150 1 a2
263 | ¥ow, Pacitic (Tarts brestfolla) - oooomomoooeooo Snohomish County, Wash. ... 9.2 16,760 | L4680 | 3.9 184! 27211020 5.3 30 | 5686 &2 2 %332 | Lws| 24k %’g ______ f‘r_"_)
120695°—35. (Follow p. 99.) Xo.9,



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secretary of Agricullure___________________ Hexry A. WaLnace.

Under Secretary . ______________ Rexrorp G. TUGwWELL.
Assistant Secretary______ __ _______________ M. L. WiLsoN.

Drirector of Extension Work_ _________.____ C. W. WARBURTON.

Dvirector of Personnel _____________________ W. W. STOCEBERGER.

Director of Information________ ___________ M. 5. E1SENHOWER.

Director of Finance_ _______ . _____________ W. A. Jump.

Solicitor . e Sern TrOMAS.

Agricultural Adjustment Adminisiration____ CHEsTER C. Davis, Adminisirator.
Bureau of Agricultural Economics__________ A. G. Brack, Chief.

Bureau of Agricultural Engineering_ _______ 8. H. McCrory, Chief.

Bureau of Animal Industry__ _____________ JorN R. MouLER, Chief.
Bureau of Biological Survey_______________ J. N. Daruing, Chief,

Bureav. of Chemistry and Sedls____________. H. G. Kxigar, Chief,

Bureau of Dairy Industry_________________ 0. E. Reep, Chief.

Bureau of Entomology and Plant Quarantine. Lue A, StroNa, Chief.

Office of Experiment Stations___________.__ James T. JARDINE, Chief.

Food and Drug Adminisiration_ _______.___ WarteR G. CaMpBELL, Chief.
Forest Service_ __________________________ FERDINAND A. SiLcox, Chief.
Grain Futures Administration_____ _ __ J. W. T. DuveLr, Chief.

Buyreau of Home Economics.__ ___. ______ Louise StaNLEY, Chief.

Library o e CrariseL R. BarNert, Librarian.
Bureau of Plant Industry_________________ Freperick D. Ricrey, Chief.
Soil Conservation Serviee. ________________ H. H. Benngrr, Chief.

Bureau of Publie Roads_ __ _______________ Tromas H. MacDonaLp, Chief.
Weather Bureau. ._ . _ . .. ____ .- Wirtis R. Greaq, Chief.

This bulletin is a contributicn from

Forest Service ... e em FERDINAND A. Sincox, Chief.
Research..___ .. _______.__ e EarLE H. CLaPr, Assistant Forester,
in Charge.
Forest Products Laboratory. .______ CarwiLe P, Winsvow, Direcior,

Section of Timber Mechanica._ J. A. NEwLIN, Principel Engineer,
wn Charge.



