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INTRODUCTION. 

Western yellow pine, Pinus ponderosa, is distributed over the 
greater part of the western United States, but reaches it best devel- 
opment in California. A variety of the species, known as scopulorwm, 

occurs in the Rocky Mountains. It is a smaller tree but has the 
~ same botanical structure. Western yellow pine is long lived, attain- 

}} ing an age of from 350 to 500 years. The wood is camparatively 
_ weak, light, soft, and fine-grained. The heartwood is reddish-yellow, 

_ and the sapwood almost white. In some regions the wood is quite 
resinous; in others it is so free from resin that it is marketed as 
| “white pine.” 

The tests described in the following pages were made for the pur- 
| pose of gaining a definite knowledge of the mechanical properties of 
the wood. They began early in 1912, at the Seattle laboratory of 
the Forest Service, U. S. Department of Agriculture, and have been 
carried on in cooperation with the University of Washington. The 
Western Pine Manufacturers’ Association contributed the test mate- 

| vial. The tests were similar to those made by the Forest Service on 
| Douglas fir, western hemlock, western larch, and various other species, 
| So that a direct comparison-of mechanical properties can be made. 

67075°—Bull. 497—17 



2, BULLETIN 497, U. S. DEPARTMENT OF AGRICULTURE. 

: MATERIAL TESTED. 

The logs from which the test material was taken were cut near | 
Springdale, Stevens County, Wash., during September, 1911, and | 
sawed into car sills and joists at a mill at Spokane, Wash., during the 
same month. Representatives of the Forest Service selected the sills 
and joists; and, upon the arrival of the selected timbers at the Seattle | 
laboratory, an inspector of the Pacific Coast Lumber Manufacturers’ | 
Association graded the sills in accordance with the association’s ex- 
port rules for 1911. 

The material tested was of two classes: _ 
(1) Car sills and joists representative of the various commercial | 

grades found on the market. The car sills were 5 by 8 inches by 16 | 
feet ; and the joists, 2 by 10 inches by 16 feet. | 

(2) Small, clear pieces cut from the uninjured portions of the | 
‘tested beams. Tests on these were made to determine the relative | 
strength of wood free from knots and other natural defects, as com- | 
pared to that of the various grades of market material. 

METHODS OF TEST.’ 

BENDING. 

Two methods of applying the load were used in these tests: “ Third- 
point” loading was used for testing the large beams and center- 
loading for the small, clear sticks. In the “third-point ” method the 
load is applied at two points, each one-third the length of the span 
from the end supports. This method of loading represents as nearly 

as practicable the conditions to which the beam will be subjected.in § 
structural use. Plate I shows the method of loading and of pre- | 
venting buckling in the joist tests. 

rz TAsas= 
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COMPRESSION PARALLEL TO THE GRAIN. : 

In the tests in compression parallel to the grain the load was ap- | 
plied to the upright specimens. The specimens were of two sizes, 
5 by 5 by 24 inch sticks taken from the car sills and 2 by 2 by 8 inch 
sticks taken from both car sills and joists. 

COMPRESSION AT RIGHT ANGLES TO THE GRAIN. 

| The tests in compression at right angles to the grain consisted in 
| applying the load to an iron plate 4 inches in width and extending 
| across the upper side of 5 by 8 by 20 inch specimens lying horizontal 

on the platform of the machine. : | 
i MOISTURE DETERMINATIONS. 

| From each test piece a moisture disk 1 inch in thickness was cut 
i | and dried to a constant weight at 100° C. The moisture disks taken — 

% 
the different strength factors referred to are fully discussed in Forest Service Circular 38, — 

* Instructions to Engineers in Timber Tests.” a 
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TESTS OF WESTERN YELLOW PINE OAR SILLS, ETC. 3 

from the large beams were cut into a number of sections, in order to 

determine the distribution of the moisture in the timber. The pro- 
portion of moisture was found by multiplying the difference between 

the original and dry weights by 100 and dividing the result by the 

Q pry weight of the wood. 

WEIGHT PER CUBIC FOOT OVEN DRY. 

_ The weight per cubic foot oven dry is based on the volume when 

tested and the weight oven dry. It does not represent the actual 
_ weight of wood in any condition of seasoning, and is used merely as 
q an indication of the density of the material tested. 

TABLE 1—fesulis of tests of 5-inch by 8-inch by 16-foot car sills, western yellow 
pine, 1o-foot span, third-point loading. Green. 

Grade. Nycisae De cubic Fiber Modulus Modulus 
: . stress at (0) of 

(Pacific Coast Lum- Naat anes Morstace elastie | rupture | elasticity 
ber Manufacturers | oc. een ; limit per} — per per 

Association Rules : j As Oven square square square 
for 1911.) tested. dry. inch. inch. inch 

Thou- 
sands of 

Select Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average....+..--- 6 18.0 50. 7 38.0 25.2 3, 167 4,910 1,455 
Maximum 1 21.5 62.0 43.8 28. 2 3, 850 5, 840 1, 808 
Pee Sethe 1 14.2 33.5 3833 22.4 2, 400 4,055 1,140 

11 15.3 Bye 36.1 26.4 2, 828 4,745 1,224 
1 21.0 56.9 43.7 32.0 3, 740 5, 750 1, 436 
1 9.7 26.2 29.3 23.2 2, 040 3, 830 990 

9 14.4 34.4 33.6 25.1 2, 432 4,100 1,125 
1 17.5 54.3 35.8 26.9 3, 110 4,935 1, 240 
1 10.7 26.9 30. 2 21.9 1,805 3, 060 866 

26 15.6 » Se Boy 2 PS Ul 2, 769 4, 560 1, 243 
1 21.5 62.0 43.8 32.0 3, 850 5, 840 1, 808 
1 9.7 26. 2 29.3 21.9 1,805 3, 060 866 

ee Per cent.| Per cent.| Per cent.| Per cent. 
Beselcciscaverages ise soli as Selec as saith ee Woy Were OSL 100 100 100 100 
 Merchantable MONICLARE ys cena rmiaes Paes severe erate eelse ra a 105 89 97 84 
UNV OM AVCTACC Es eal satis aie age eee clara pacerchnta ie ake | oistaesn cece 100 7 84 77 

x @ 

| TaBe 2.—Results of tests of o-inch by 8-inch by 16-foot car sills, western yellow 
pine, 10-foot span, third-point loading. Air seasoned. 

Migiebe per cubic | Fiber | Modulus | Modulus 
‘ : stress at of of 

eae meee aces Moisture: elastic | rupture | elasticity 
tents aac limit per per per 

é : As Oven square | square | square 
tested. dry. inch. inch. inch 

Thou- 
sands of 

Select Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average......--.. 3 16.6 12.7 29.9 26.5 4,020 6, 260 1,614 
Maximum... i 1 21.2 13.4 30. 7 27.2 5, 120 7, 760 1,720 
Minimum........ 1 13.5 11.4 28.9 25.9 2, 820 4,460 1,548 

Merchantable: 
Average........-- 13 14.8 12.6 30.6 Dee 4,136 6, 395 1, 503 
Maximum.. 1 Pht) 14.9 36. 3 3257 5, 760 9, 730 1, 909 
Minimum.. ..... 1 12.1 11.0 26.6 23.7 2; (13 3, 895 1,191 

Common: 
Average......-.-- 7 15.1 12.5 30.6 27.2 3, 552 5, 546 1,514 
Maximum ....... 1 19.5 12.9 32.8 29.0 4,780 7, 780 1, 988 
Minimum........ 1 12.0 11.6 25.1 22.5 2,610 4,495 1,245 

All grades: 
Average: 5.005222 23 15.2 12.6 30.6 262 3, 976 6, 119 1, 521 
Maximum 1 21S 14.9 36.3 SP), 7 5, 760 9,730 | 1, 988 
Minimum........ 1 12.0 11.0 25.1 22.5 2,610 3,895 1,191 

Per cent.| Per cent. | Per cent. | Per cent. 
Bilccimayerareucge ial ewe ce atanan ionamin a RUAN et 100 100 100 100 
Merchantable,average,. 2.) 103 103 102 |: 93 
Berimion, scinee Sa ee cre I Ein a eae e ESS siR Ayala ene ae 103 88 89 94 
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GENERAL OBSERVATIONS. 

Before testing each specimen was weighed and measured. The 
proportions of sapwood and summerwood were -also recorded. 

After the test a sketch of each specimen was made showing the 
failures and all natural defects. All large green beams were photo- 
graphed after the test and the air-seasoned ones both before and 
after the test, the four sides of the timbers being shown in each case. 
All strength values obtained from the tests were calculated in pounds 

per square inch and are given in tabulated form along with the other 

test data. y 

STRENGTH VALUES SHOWN BY THE TESTS. 

CAR SILLS. 

Tables 1 and 2 give the average strength values of green and air- 

seasoned car sills of the commercial grades. These tables also in- 
clude a comparison of the strength values of the different grades, 
the values of the merchantable and common grades being expressed 
in percentages of the values of the select grade. 

JOISTS. 

The results of the tests on green and air-seasoned joists are shown 

in Table 3. The average values for all grades have been grouped 
together. 

TABLE 3.—Results of tests of 2-inch by 10-inch by 16-foot joists, western yellow 
pine, 15-foot span, third-point loading. 

| Weight per cubic | Fiber | Modulus | Modulus 
Naber Rines | foot. stress at of of 

ah ae Moisture.| ; elastic | rupture | elasticity 
tects nen oa limit per per per 

: ; As Oven square square square 
tested. dry. inch. inch. inch. 

Thou- 
sands of — 

Green, all grades: Per cent. | Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
VETAZC Seep seciee 46 763 35. 8 35. 7 26. 4 2, 830 4,272 1, 266 

Maximum.... 1 28.0 1193}, 55. 2 35.6 4,047 6, 105 1, 705 
Minimum —...-.-2 J eB 20.2 28.5 21.0 2,147 1, 980 731 

Air eeasoned, all 
grades: 
Ceram eee noe 33 16.7 1352 31.6 28.5 4,502 6, 640 1, 595 
Maximum ae 1 29.0 14.8 BYVAL: 33. 2 7, 025 9,520 2,148 
Minimum........ 1 10.5 12.2 25.5 22.5 1,811 2,320 1, 088 

SMALL CLEAR PIECES. | 

Tables 4 and 6 give the results of the bending tests on the clear | 
pieces taken from the tested car sills and joists. The results of tests 
in compression parallel to the grain, on both large and small speci- — 
mens taken from the car sills, are contained in Table 5. The results — 
of tests on small specimens taken from the joists are given in Table 7. — 
Table 10 contains the results of a hmited number of tests in compres- — 

sion at right angles to the grain made on clear pieces taken from the 
tested car sills. * 
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OF TESTS ON LARGE AND SMALL 
PIECES. 

The ratios of the average strength values in bending of small clear 

pieces to the average strength values of the sills and joists from 
_ which they were taken are shown in Tables 8 and 9. These tables 

indicate that the difference in strength between large timbers and 
_ small clear pieces is considerably smaller for the air-seasoned than for 
_ the green material. In other words, the increase in strength as the 

result of seasoning is less in the structural sizes than in the clear 
sticks. This is due to the development of defects in the large timbers 
during seasoning. 
In the tests in compression parallel to the grain, only a slight differ- 

- ence was shown between the strength values of the large pieces taken 
_ from the sills and those of the small pieces taken from both the sills 

and joists. This is largely due to the fact that all of the specimens 
u used in these tests were free from defects. 

COMPARISON OF RESULTS 

i= 

Taste 4.—Results of bending tests of small clear sticks taken from western 
yellow pine car sills, 2-inch by 2-inch by 30-inch beams, 28-inch span. 

ae cubic | Fiber | Modulus | Modulus 

Number | Rings. reine ru owe elasticit 
of per Moisture. limiter R an ap y 

tests. inch. P Pp Pp As Oven square | square | square 
tested. dry. inch. inch. inch. 

eee 
- sands 0 

Green Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average.....----- 52 14.9 36. 1 35.5 25.6 3, 156 5, 831 1,178 
Maximum.... 1 31.0 126.1 56. 8 29. 4 4, 240 7,615 1, 680 
Minimum........ LSE 7.5 24.9 20d 21.7 2,120 3,910 775 

Air seasoned: 
Average......---- 48 13.6 11.5 29. 6 26.6 6, 705 10, 661 1, 442 
Maximum........ 1 28. 0 13.7 39.3 34.6 9,615 14, 840 1, 980 
Minimum......-.-. 1 7.0 10. 2 24.0 21.7 3, 762 7,350 995 

taken from western yellow pine car sills. 
Taste 5.—Results of tests in compression parallel to grain on clear specimens 

Weight per cubic | Crushing 
foot. strength 

Number | Rings at max- 
Seasoning and size of sticks. of per Moisture. imum 

tests inch load per As Oven square 
tested. dry. inch. 

WGreen, 4 inch by 4 inch by 16 inch: Per cent. | Pounds. | Pounds. | Pounds. 
Average EEDA yet WU Eee ea era ICO 25 14.1 43.2 35.9 25. 0 2, 830 
IVa eTTAA UII ays te CU ep ely ree 1 21.0 80.9 45.7 28.8 3, 910 
WN Errow Re a Bae N eee a een ee oe a Ls 1 8.0 27.4 27.4 21.4 2,195 

Air-seasoned, 5 inch by 5 inch by 24 inch: 
Average. hs Acne aa UH ong eS A cars 23 1155 12.5 29.6 26.3 5, 758 
IVE easxoh rau so ea A etek Cea Ue oe 1 22.0 14.4 34.4 30.5 7, 002 
NTL TATA TAD ays oo Ge Ae WN EM Ie Sa 1 8.0 11.3 24.8 22.1 4, 460 

Green, 2 inch by 2 inch by 8 inch: 
Average BE eee O CL SE CIN ee Seon ae 52 14.9 39. 4 34.9 25.3 2, 896 
INGAXATAULIIN Seer Scare ae cn 1 31.0 130. 4 iol 29.5 3, 890 

_ MUTA aNb Teas Megan Beet ae ai ie a 1 7.5 24.0 27.4 20.3 2, 240 
Air-seasoned, 2 inch by 2 inch by 8 inch 

VOLSO eden erase sce4 eu senosee te 47 13.5 11.4 29.9 26. 8 6, 334 
HERS OTE OA pau me Eas MES eR IAn ae 1 28.0 SS 7 38.5 33.3 8, 160 
LSUHOOHCa) Ob oaks Sar ee Mat NAIA ae ae 1 7.0 10.0 24. 2 21.5 4,770 
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RELATION BETWEEN STRENGTH VALUES. 

The chart (fig. 1) showing the relation between strength values 
was made by plotting ce one vertical line the various strength — 
values for each green car sill and the corresponding air-seasoned sill. 
The order of succession of the pieces was obtained by first plotting 
the values for the modulus of rupture of the green sills, beginning 
with the maximum and descending in order. The other values for 
the same beams were then plotted on the same vertical lines. The - 
chart shows that, with one exception, the strengths of the air-dry 

beams are in the same order as those of the green beams to which 
they are matched. However, the air-seasoned material shows a 
greater range in values than the green material. This is due, in | 
part at least, to the variable moisture content of the air-dry sills. 
It will be observed that the pairs of pieces having the greater 
modulus of rupture in the green condition showed the larger in- 
crease in strength in air-seasoning. The other strength properties 

of the air-seasoned material are somewhat more erratic than those 
of the green. This also is partly due to variable moisture content. 

Table 11 is a summary of the averages of all the preceding tables. 

It gives, in condensed form, the corresponding values of green and 
air-seasoned material of each size tested, and also the percentage of 
increase of those values in seasoning. 

RELATION BETWEEN PHYSICAL CHARACTERISTICS AND 
MECHANICAL PROPERTIES. 

DEFECTS. | 

The natural defects found in timber have an important influence — 
on its strength values. In order to secure a more specific knowledge 

of this influence the timber was graded before being tested. 

TABLE 6.—Results of bending tests of small clear sticks taken from western 
yellow pine joists, 2-inch by 2-inch by 30-inch beams, 28-inch span. 

Weight per cubic Fiber | Modulus Moduiag 
foot. of : tress at Number | Rings ee 

Seasoning. of per Moisture:|= 900 a es ere TupUurE elasticity 
tests. inch. IY Igo pee 

As Oven square | square | square 
tested. dry. inch. inch. inch. 

tee 
sands 0) | 

Green: : Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
Average.....-...- 91 16.5 33.4 35.8 26.9 3,530 5, 560 1,149 
Maximum 1 41.0 133.50 58. 3 40. 8 6, 080 8, 530 ite [be 

ae Minimum........ 1 5.5 19.0 26.6 21.0 1,910 3, 630 583 
r seasoned x 

ANVICL ASC aa tae oe 58 17.1 ile 7 30.9 27.6 6,622 11, 045 1, 6L 
Maximum. ...... 1 27.0 H1375 38.3 34. 2 10, 270 15, 960 2,236 
Minimum........ 1 8.0 10.6 24.8 22.1| 23890| 6,670 964 
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TABLE 7.—Results of tests in compression parallel to grain on clear specimens 
taken from western yellow pine joists. 

Crushing | 
strength 
at max- — Number 

Seasoning and size of sticks. of 
tests 

Green, 2 by 2 by 8 inches: 
VCTAR CSE Sei) < Mayle MeL Ree nea Rees oe 91 

IMATION) = oes Beene Ee eee 1 
MT rn oe ee ey tole een 1 

Air SeaacHicds 2 by 2 by 8 inches: 
VCTA POR See seh ek Seine ala erate eR ee 57 

IE Saha a bh aa Wace aia ee eee te ees ae 1 
IMENT UI eh ee ae eS ee as 1 

TaBLe 8.—Ratio of average strength values in bending for all and separate 

Rings 
per Moisture. 
inch. 

Per cent 
16.5 36.5 
41.0 182. 7 
7.0 20.2 

16.5 11.0 
28.0 vale 7 
8.0 6.8 

Weight per cubic 
foot. 

As Oven 
tested. dry. 

Pounds. | Pounds. 
35.5 26.2 
61.9 41.4 
26. 2 17.2 

30.3 DIED 
38.3 34.4 
22.8 20.2 

grades of car sills to small clear pieces cut from them. 

Seasoning, size, 
grade. 

Green: 
Select— 

HU 5 

Merchantable— 
XO aexel Ope 

(RENGCEN Gs Saeesee 
DA ID SC OMES< BY Wd Oe 

Percents = s|eseaee 

eG S ai 
Percent. ... 

DEX 2 axe hae 
Per cent... .-|---- 

Common— 
Uy x uy 

All grades— 
Sax 

Air dry: 
Select— 

SLEXG One Goer 
Percent 2:|-22e% 

PALES CIES Clee 
Per cents {25222222 

Merchantable: 

and 

SE XAG hae 
IRenicenta |e. 

DOD LEK S () eee 
RERECN tases see ee 

SL xa Gee 
Per cent. ...}- 

DERG) LEXEeS (i eames 
IRCriCen teas |eaeeeee 

Weight per cubic 
foot. 

PCTAG GUL 3 epee Sa | Sees ho Pen a ee 
All grades— 

NW 5x Siisxal 6 ies 

Ring 
per Moisture 
inch. 

Per cent 
18.0 50.7 

Negeue 15. 54\p a SS9} 

15.3 3a 1 

pire 15.01 8633) 

14.4 34.6 

sar 14-33] -aedeae: 

15.6 39.3 

eee 12°97) we aout 

16.6 IPL 

ety, LOT 1210! 

14.8 12.6 

seeds Ve oe wee etsy 

15.1 12.5 

13.1 11.2 

15.2 12.6 

13.9 11.5 

AS Oven 
tested. dry. 

Pounds. | Pounds. 
38.0 Done 

Ete 38.4| 25.9. 

36.1 26.4 

api 35:5 | 26.0: 

33.6 Zool 

fhe 33.3) [ue Song: 

BS 7 25.7 

Pacer 35.5 | 25.6 

29.9 26.5 

te 98.5 | 25.4. 

30.6 27.2 

Ler SOs eons 

30.6 27.2 

oe 29.6| 26.6. 

30.6 Diee 

29.9 26.7 

Fiber 
stress at 
elastic 

limit per 
square 
inch. 

Pounds. 

Modulus 
of rup- 
ture per 
square 

c 

Pounds. 
4,910 

en 

Modulus 
of elas- 

ticity per 
square — 
inch. 

Thou- 
sands of 
pounds. 
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TABLE 9.—Ratio of average strength values in bending for joists to small clear 
pieces cut from them. 

Weight per cubic < : 
ig on Be Fiber Modulus | Modulus 

i ee Rings ee Y ofrup- | of elas- 
1. Seasoning and size. per Moisture. aoe ture per | ticity per 
| of ineh limit per} ‘square | square i tests ay As Oven | square | “2a ch 
howe tested. dry. inch. ua Saas 

ie Thou- 
sands of 

te Green: Per cent.| Pounds. | Pounds. | Pounds. | Pounds. | pounds. 
i PA oc KAdoc Ny oes 46 L383 35.8 Sia 26.4 2,830 4,272 i 

DEXEY @ COlSy OU Ges ecu Pal Mees a SAL ape aa | at YS Se aed PLE re 80 77 110 
DUD RISO earetny \altse 91 16.5 33.4 35.8 26.9 3, 530 5, 560 1,149 

TEAC CLEY ON Bea HELE ee iene aT ca tales CNte aI ae TeS CIE aC Cae a ee iene ene 100 100 100 
Air seasoned: 

SARS Cal Aho: IM pee ae 33 16.7 13e2 31.6 28.5 4,502 6, 640 1,595 
PRCTIGEHT sea AS eaten psec ns eens Sain) GURU ee ee 68 60 99 

QED eS Oe Se ate 58 17.1 11.7 30. 9 27.6 6, 622 11,045 1,611 
TEASL OC CTSy nT ees SI a e8 N a a Eon le 100 100 100 

TABLE 10.—Results of tests in compression perpendicular to grain on clear speci- 
mens, 5-inch by 8-inch by 20-inch, taken from western yellow pine car Sills. 

X 

Weight per cubic | Compres- 
foot. sive 

pe Rings strength 
of per Moisture. at elastic 

tests inch. As Oven ace 
tested. dry. aa. 

Green: Per cent.| Pounds. | Pounds. | Pounds. 
UNS GAS ELzIF Xe) tae es a OL a ot a 25 15.6 42.9 36.8 25.6 299 
Masai neces ey ee na ey eae anv ie ay 1 21.5 69.8 45.8 28.7 413 

Jeb toot hils Basse eee eeH ae na Sacer nace 1 9.7 26.9 SLE2 211 179 
Air seasoned: 

BARVIOTAE Oli Meise el Mien amet pe Lorene Maca Aan 2 (Ls 26 1353 13.0 30.5 27.0 701 
WY Ep a baa\yb bad Wee thats Me Ne amt Ve eta DO eal 1 20.0 17.4 40.7 34.6 1,110 
SMETANA Le OR ENS A i 8.0 11.5 24.1 21.5 315 



TABLE 11.—Average strength values for green and air-seasoned western yellow 
pine in structural sizes and small pieces without defects. 

GREEN MATERIAL. 
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| 

Bending. Compression parallel to eepree perpendicu- 
f - to grain. 
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| Rx 24 | | 
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' 

ing effect of knots to be directly proportional to their size and quan- 
tity, the lower grades of timber having larger knots and a greater 
number of them. Table 2, in which the air-seasoned sills are given, 

shows a greater increase in strength through air seasoning in the 
iower grades than in the clear sills. | | 

The material tested contained no shakes. The checking in air ~ 

seasoning was practically the same as that which usually occurs in- 
Douglas fir, western hemlock, and western larch. 4 

Failure because of spiral grain was quite frequent in the green ~ 
joists. This grain is very difficult to detect, the surface grain often — 
appearing straight and the resin ducts indistinct. Plate IT is an ? 
excellent ingens of this. 

Both the joists and the car sills contained an unusual amount. of 
| sapwood, but this in no way altered the strength of the material - 

under consideration. However, because of its lack of durability, : 

sapwood is undesirable in timbers used under conditions favorable to — 

decay. 

The results of tests on green car sills (Table 1) show the weaken- 

” 

4 
% 
iy 
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RATE OF GROWTH. 

The effect of the rate of growth on strength was studied in small, 

clear pieces, for there are so many factors which influence the 
strength of material in structural sizes that it is impossible to draw 
any conclusions regarding the effect of rate of growth from the 

results of tests on such timbers. 
Figure 2 shows the relation of the strength values obtained from 

the various tests to the number of rings per inch. The small number 
at each circle on the curve indicates the number of tests used to 
obtain that average. It will be observed that the maximum strength 
values are reached in pieces having a rate of growth approximately 
20 rings to the inch. 

The modulus of rupture yaries considerably with the rate of 
growth, while the remaining factors are influenced to a less degree. 

The dry weight increases with the number of rings per inch until 
it reaches its maximum at 26 rings per inch and remains about con- 
stant thereafter. 

DRY WEIGHT. 

Without question, the dry weight of wood, all other things being 
* equal, is the best criterion of its strength. But in order to obtain 

reliable and definite results it was deemed advisable to study the 

effect of this factor in small, clear pieces only, as in the case of the 
rate of growth. Figure 3, in which the results of the tests are given, 

_ shows that the various strength factors increase with the dry weight 

of the wood, the greatest increase being in the modulus of rupture. 

SEASONING. 

The results of moisture determinations made on the car sills and 
joists tested are indicated in figure 4. The green car sills show an 
average moisture content for the entire section of 39.2 per cent; the 
green joists, an average moisture content of 35.7 per cent. In the 
case of both car sills and joists the outer portion of the green beams 
showed a smaller moisture content than the intermediate portions. 
This variation was doubtless caused by slight surface seasoning 

_ before testing. The air-seasoned car sills showed an average moisture 
content for the whole section of 12.6 per cent and the joists 13.3 per 
cent. The moisture content within the sections varied but slightly, 
increasing from the minimum in the outer portion to the maximum in 
the inner portion. The material tested was all air seasoned under 
cover, the car sills for about 16 months and the joists for 14 months. 

EFFECT OF SEASONING UPON STRENGTH. 

Seasoning, as a rule, increases the strength of wood. Although 

a lowering of the moisture content is accompanied by an increase 
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Fic. 2.—Relation of density and strength values to rate of growth in small, clear x 

pieces of green western yellow pine. 
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Fig. 3.—Relation of strength values to dry weight in small, clear sticks of green western 

yellow pine, 
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in strength in any wood, the gain is somewhat greater for small, clear 

pieces than for timbers in structural sizes. Seasoning does not, as 

a rule, cause any appreciable defects in small pieces, but in large 
beams often develops defects in the form of checks which counter- 

AUP? SEASOVIED 

16 SI7VHTIPVS 

AWverage Sop SECA? Awerage Or SECHOI? 
WS9.L /2.E6 

LWE AGE (7ST OC OS7TLLUTIOL? 11? SECTIOLIS: CUT 
OQ? GEET? GIA GiP-~SCASOIIED CAL” 51/18, 

YUP SEGEOSIED 
GEE? AP SPOTS TS. 

ER 

ve) 
WS 

Average for Secvior7 Average Sor Seciiar7 
GS, 77 1B. F 

Average (70181 UTC ASTTIOEMUI1A(7 177 BGECTIOIRS Cll JFOL77 

WEE? AIA G-SCASOV7IED fals7s. 
Fic. 4—Summary of moisture determinations made upon green and seasoned joists and ~ 

car sills of western yellow pine. 

balance the strength gained in seasoning. A comparison of the 4 
strength values of green and air-seasoned car sills is given in figure 1. | 
The effect of seasoning upon the strength of test material of various _ 
sizes is indicated in Table 12. 
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CONCLUSIONS. 

The comparatively small-number of experiments made on western 
yellow pine limits the conclusions to be drawn regarding this species 
to the following: 

(a) The strength values of structural timbers are influenced con- 

siderably by the defects found in them. These values vary accord- 
_ ing to the grades in the green material; but the increase in strength 

_ from air seasoning is not uniform and does not vary with the grades. 

_ (6) Seasoning greatly increases the strength of the wood, the in- 
_ crease being greater and more uniform in small, clear sticks than 

in structural timbers, owing to the development of defects in the 
_ latter. Lowering the moisture content of yellow pine causes it to 

- become more brittle. 
E (c) Western yellow pine is a lighter wood than the other western 

lumber species, weighing approximately 26.9 pounds per cubic foot, 

oven dry, in structural sizes. The dry weight of clear wood readily 

_ suggests its strength or weakness, but this factor alone can not be 
depended upon to indicate comparative strength when structural 

_ forms of various grades are taken into consideration, owing to the 
_ presence of defects which have an important influence on their 

strength. 
(dq) The table of comparison of the strengths of various western 

_ species (Table 12) is based on tests of small, clear specimens. In 
addition to the results of tests on western yellow pine, as previously 

described, there are included average values derived from similar 
tests on material from five trees from each of four other localities. 

_ In comparing species from data in this table it is well to base com- 
parisons on results of tests of green material, since differences in 

moisture content of green material do not produce differences in 
strength. It must also be remembered that the figures given are 

' averages and that the variability of timber is such that individual 
| specimens of a species may excel the average for another species 
which averages considerably higher, or they may fall below the 

average for a species which averages considerably lower. When 
_ values from tests of air-dry materials are used for comparison careful 
attention should be given to the moisture content of the material 
compared (whether it is of two or more species or of one species 
from two or more localities) and the effect of differences of moisture 

_ considered. The effect of moisture and the methods for adapting 
_ strength values from one moisture content to another are gone into 

in Forest Service Bulletin 70, “ Effect of Moisture on the Strength 
and Stiffness of Wood.” 
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