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SUMMARY 

Producers and users of timber in the United States are concerned 
with the most efficient utilization of the available supply. This 
requires proper selection of the material for structural purposes and 
proper design of the structure. The value of timber is determined 
by its usefulness which, in turn, d~pends on its properties and on the 
completeness of its utilization. In the structural field, timbers are 
valued for stiffness, ability to sustain compressive stresses, appear
ancc, capacity to take preservatives, seasoning characterisLics, and a 
number of other properties or combinations of properties. 

The results of the tests on large structural timbers presented in 
this bulletin together with other test data show that knots do not 
seriously affect the stiffness of timbers, colunms, or joists. For struc
tural members in which stiffness rather than strength is the control
ling factor, such as posts in small dwellings, it is entirely safe to use 

I The tests reported In this bulletin were mnde possihle through the cooperation of the National Lumher 
lIfanufllcturors' Assoclntlon, which pro"hled the timhers necessary for this study and to whose stnlI a mark 
of al,predstion Is due. Acknowledgment is particularly made to the following for their valuable assistance 
In t Ie selection of the timbers: J. E. Jones, cllief Inspector of the Southern Yellow Pine Association; C. J. 
lIogue anti I,. P. Keith of the West ('oast Forest Products Bureau; nnd C. W. Zimmerman formerly of 
the Forest 8ervice. 'l'he nuthors are especially Indebted to H. S. Grenoble formerly of the Forest Prod· 
ucts Laboratory, (or his pnrt In conducting the tests and annlyzing the test datn reported In this bulletin. 

I Malntnined at Madison, Wis., In cooperatioD with the University of Wisconsin. 

79176°-30--1 



I'.' 

I 

2 TECHNICAL BULLETIN 107, U. S. DEPT. OF AGRICULTURE 

knotty materiaL This information, if properly made use of, will in
crease the outlet for low-grade stock, which the lumberman Illwaysl 
finds dimcult to move, thereby increasing the returns from the forest. 

Flu-thermore, a simple formula for computiug accurately the 
strength of wooden columns commonly used in buildings, bridges~ 
und other structures has been worked out by the Forest Products 
Laboratory and its application demonstrated in tests on 12 by 12 
inch by 2'1-foot timbers provided by the National Lumber Munufac
tlll'crs' Associlltion. The employment in design by engineers nnd 
architects of tltis formulll will eliminn,te the usc of needlessly high 
fllctors of sllfety in column design with the Ilccompanying use of Lim
bers Lllrgor thfm necesSllry. The naturlll result of this more economi
cuL use of stl'uctuml timber will be reflected in lowering the costs of 
wooden construction to the builder und consumer, in opening markets. 
for low-grade llllltcrinl, and in lessening the waste of our forests. 

In order that the type of column to wruch the formulll applies may 
be understood, it should be stILted thnt for building purposes three 
t,ypes of column Ilre recognized-long columns, which depend for 
their strength on stiffness; short columns, wltich depend for their 
strength upon crushlng strength in di.rection of length; and inter
mediate columns, which l,,'pend on a combination of stifl'ness and 
crushing strength, The Forest Products Lllbomtory formula applies 
to intermedillte columns, which are the ones used most frequently in 
structural work. 

The formula docs not require any further knowledge of mathematics' 
t.han is necessary to solve the straight-lino formulas now used by 
mnny engineers. In addition, the formula will enable the selection 
of columns that will maintain the correct load rather than columns 
whose strength is in exccss of the loads for which they nre intended. 
This "er,Y fnet should bring about a greater confidence in wood as a . 
sllfe building mnterial. 

An intcresting fellturc, which has been quite generally recognized 
by the Forest Products Laboratory for many yoars and whlch is 
borne out by the column study, is the effect of knots on strength. 
In Il shod column this effect is approximately the same as removing 
u, sillUlar nmount of clear material from the cross section, and the 
combined effect 'of Illl the knots in any 6 inches of length is approxi
mntely Lhe same as if they occurred at the same height and in the 
sllme plane. In a long column, where stiffness is the controlliug fac
tor, knots have little effect on strength, 

INTRODUCTION 

The study of columns hilS in the past been confined chiefly to 
materials other than wood. In the tests on wooden columns, which 
have been ml1de by different investigators, relatively small specimens 
were used and no common testing procedure WI1S fvllowed. Further
more, in most of these tests no attempt was made to determine the 
influence of the quality of the clear wood and of the grade of the 
material upon the strength, the purpose of such tests being merely 
to arrive at simple empirical formulas for use in design. As a result, 
the available information on wooden columns hilS been so meager 
and so appll1'ently contl'lldictory that many architccts and engineers 
hl1ve been led to doubt the prllcticabjlity of fOl'mula.& that represent 
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the strength of such members with Il. reasonable degree of accuracy 
and have continued to use a high factor of safety in column design. 
With the increasing cost of building materinl, however, there has 
come a demand for a better understanding of the mechanical proper
ties of wooden columns and for formulas and safe working str~sses 
that point definitely to a more economical use of structural timbers. 
In consequence, the National Lumber }vIanufacturers' Association 
has cooperated with t.he Forest Products Laboratory in the present 
study of the influence of defects on column strength. and in the devel
opment of column formulas. -

This study is concerned primarily with structural colunms, and 
especially with the effect of knots on the strength of such columns. 
The tests were planned to afford the additional information requisite 
to 11. prncticnl study of column. formulas in current use and to gain 
information that would serve as a basis for determin-ing snfe working 
stresses for structural columns. Accordingly, the tests were con
ducted npon southern yellow pine and Douglas fir, the two species 
most commonly used for structurnl timbers. In addition the results of 
preyious tests upon other specie~ have been included in the discussion. 

The test appnratus provided for pin-ended bearings 3 for the inter
medinte len~th and long COIUP.lllS, sinee tlH! influence of knots and of 
qunlity of clear wood upon tl,e strength of a column can be det~r
mined mos!, readily u!lder ~h~s(,' conditions r~ther ~han. under square
ended benI"lngs.4 It IS antlclpaJ.:!d that the lllvestlgatwn of columns 
will ultimately include a more g6.ucral inquiry regarding the influence 
of end conditions. 

MATERIAL 

In order to obtain comprehensive .tesults for a species, it was 
necessary to obtain test material that was representative of the 
particular species studied. The test ms.terial, which consisted of 
one hundred and sixty 12 by 12 inch by ~4-foot timbers, therefore 
varied from clear and dense to very knotty md light and 'covered the 
entire range in density and knots of southern yellow pine und Douglas 
fir timbers cut for commercial uses. The tinlbers of each species 
were selected jointly on the ground by represeiltatives of the National 
Lumber Nbnufncturers' Association and of th~ Forest Service from 
logs cut during the winter and from oth'3rs cut during the summer, 
the time of selection being such that the test material was delivered 
to the Forest Products Laboratory nt intervals of approximately 
six months in four groups of 40 timbers each. Furthermore, the 
timbers in each group were selected in so far as was practicable in 
pairs matched with re~ard to defects and quality of the clear wood. 
When receiyed at the laboratory, one timber of each pair was tested 
in the green condition and the other was air-seasoned under shelter 
for two years and then tested. 

The southern yellow pine consisted of longleaf (Pinus palustris) 
and of other southern yellow pine species which are designated here 
"southern yellow pine not longleaf. II The whole of this material 
was representative in quality of the range of pine cut in the longleaf 
pine belt. The Douglas fir material was representative in. quality 

, With pin-ilnded bearings, the end connections ar~ rree to move In one plane. 

I With squaro-ilndcd bearings the column abuts against two rigid plates. 
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of the rn,ngc of timbers cut from the small "yellow fir," large tlyellow 
fir," and "red fir," all of which are included in the Pacific coast type 
of Douglas 'fir (Pseudotsuga, taxifolia). 

Because of the size of the Douglas fir trees, timbers of the deiSired 
range in grade and densHy were easily obtained. In the southern 
yellow pine timbers, however, because of the small size of the trees, 
It was necessary to take n, greater number of hutt cuts. Oonsequently, 
a less even diutribution in grade and density was obtained in the 
southern yellow pine. 

METHODS OF TEST 

A preliminary stiffness test of each timber was made by applying a 
relatively light load in bending over a 200-inch span. The long 
colunm (24 feet) was then tested as a whole after which an inter
mediate column (8 to 13 feet), a short column (2 feet), fmd a section 
for small, clear test specimens were cut from the apparently uninjured 
portions. (PI. 1.) The long and the intermediate columns were 
tested under pin-ended bearings (pIs. 2 and 3) and the 2-foot columns 
under square-ended bearings. (PI. 4.) The test procedure con
formed as fur as practicable to the standard methods (1) 5 for 
conducting static test.s of t.imber. All tests on large columns were 
conducted in the Forest Products Laborat.ory 1,OOO,OOO-pound test
ing machine which was especially desi~ned for tests on large timber 
coltmms. Detailed test procedure is gIven in the Appendh:. 

RESULTS AND DISCUSSION 

LONG-COLUMN TESTS 

The data from individual tests of long columns of both southern 
yellow pine and Douglas fir, are shown III Tables 1 to 4. Tables 1 
und 2 arc for green mat.erial and Tables 3 anci4 for air-dry. 

, Hererenoo is made by itnllc numhers in parentheses to Literature Cited, p. 43. 



TABLE 1.-Tests of long columns of southern yellow pine in a green condition 

I Values adjusted to 
an arbitrary

Ma,imum 	
~, 

Specific Stiffness; expected standard dimenDimensions Mols- gravity, Ites~)an lo~~~'::s~d Actual sion of ll~ by
Col-I 	 ttlre oven-dry, Modulus inche;;, on stitT- ma"timum ll~ Inches by 

Grade' General description of columns tested u;nn! con- based on o~ ~Ias; load at ness test column 24 feet 
No. t tent volume t1Clty 0.2-inch and det~r- test load 

wben denee- miood byI I tested . h Eul Adjustedl P 
1Depth ad th Length tlOn It e er 	 t;,], formula test load A 

-:----,I ------ 1--1--1--1----------  ~ Lb•. perIt,(}()I) lb•• I IImileo Inches Ft. In. PEr cent per 8q. in. Poun~8 1,(}()I) lb •• 1,000 lbs. 1,000 lbs. sq. in. 	 oI• 	 231. 7 223.4 1,620 C Many large knots (3H inches) on four faces 01; 11.80 11.99 I23 llr.; I 50.5 I 0.483 I 1,294 2,450 25.1.0 	 "!lupper three-fourths of length. 

'21 11.88 11.50 123 l1;s 28.9 .522 1,780 3,300 3-11.8 299.6 294.3 2,130 S Practically clear. 


3 I I!. Go i 11. 77 23 10H 31. 3 .499 1,500 2, 898 301.0 273.7 257.8 1,870 C A few large knots (4 inches) in upper three 
fourths of length. 5 

'4 11.81 11.91 I 24 ~1l 4U.1 .468 1,338 2, 525 260.0 246. 3 239.7 J,736 Cull. Many large knots in clusters (2 to 4 inches) nea o 
middle of length. l:'J 

5 11.82 82 23 28.3 • :iIH 1,491 2,800 290.0 260.6 253.2 1,835 C Many large knots (2 to 5 inches) throughout en 11~ .,11. 1	 tire length. 
11.97 	 24 3,200 328. 0 310.4 287.6 2, 083 S Several knot clusters l~ to 2 inches) near middle ~ 

of length. 
6 12.00 ~~ 34.3 .524 1,608 	 ,... 

toS A few knots on one face. 


~ I 11.88 11.98 23 llY.l K327.1 I .473 1,318 2, 550 263.6 267.3 252. 8 1,830 C A few large knots on two faces in lower one-hal 

11.88 11. it I 24 ~6 .636 1,841 3,475 358. 0 362. 0 351.31 2,545 l:'J 

l;<jof length. 
0 1 11. 94 1l.84 23 10H .9 .579 1,936 3,750 389.0 4412.0 386.6 2, 800 S Practically clear. 

11.69 11.72 23 11~1i .6 .595 2,188 3,938 406.0 362.7 369.0 2,680 S Clear. 
11. 89 11. G6 23 11 28.5 .523 1,557 3,010 312. 0 326.7 307.6 2,230 C Many knots (J Y.l to 4 inches) on two faces. ~?ll 	

o 

22 11.88 11.78 24 % .2 .513 I,fM 3,120 320.4 301. 4 291. 8 2,110 S A few knots (H~ inches) on one face. 
23 11.91 11.79 23 11% 28.1 .522 1,687 3,230 333.5 289.6 276.5 2,000 S Many large knots (1 Y.l to 2H inches) in lowe 

thrcc-fnurths of length. 
24 11. !lO 11.93 24 74 nl .457 1,293 2,500 256.0 255.6 243.8 1,765 S A few· knots (1 to 2 inches) on two faces in uppe ~ 

one-half of length. Ul 
25 11.93 11.90 24 2W m6 .531 1,718 3,340 338.4 312.1 299.2 2,170 S Clear. 
26 11.87 11.84 24 % K5 .624 1,758 3,350 338.7 328.0 2,375 S Do. 
27 11.95 11.72 24 3 a8 .425 1,079 2,075 ~:gl 201.5 J96. 4 1,424 Cull. Many large knots (IH to 6 inches). 


'28 11.84 11.80 24 8')<1 .510 1,494 2, 812 273.2 260.8 269.2 1,950 S Practicall y clear. 
.0 
29 11.91 12.00 24 7H a8 .428 1,282 2,500 244. 8 229.8 227.6 1,650 Cull. Many large knots (172 to 4 inches). 

1 A factor of 4 per cent hes beeu included in the formula for modulus of elasticity to take care of the difference in shear distortion over a 200-inch span as against a 288-inch span, 
.. 1.04PL3 

maklUg It read E=48"i5r" 
, American Society for Testing 1\[aterials standard grades: S =select grade; C = Common grade. (See Amer. Soc. Testing Moterial" ::;, andards, Vol. 27, p. 581.) 
, Southern yellow pine, not longleaf, 
• Actual test load reduced to 106 per cent of expected Euler 10a<1. 	 01 



~T ABLE I.-Tests of long columns of southern yellow pine in a green condition-Continued 

ValUI'S adjusted toI IMaximum ~ an arbitrarySpecific IStiffness; expected standard dimengravity, I test span column 
C 

Dimensions sion of 11M by ~ 
Actual 

umn I ture based on of elas- lDcbes, on stlff- ~l?eetinCbes by I Grade General description of columns tested ....:MOis-!OVen-dry, :Modulus . ~ load b(lS8d ZCol- maximtml 
column c 

No. ,~~t v~h:e ticity J~n~ n~';fd~~- test load :> 
tested dcfJoo- mined by t'1 

Adjusted PDepth Breadtb Lengtb tion tbe Euler test load A~ t:d __ ______ _I formula dj I 
I,m lb.!. Lb.!. per ~ 

Indll3 India Ft. In. PerClnl per sq. in. IPO!lnd8 I,m lb.!. I,m 1b3. I,m lb.!. I .q. ill. 
I 30, lL 97 11.85 24 5 29.7 . 558 1, 527 2, 985 297. 0 301.5 S Practically clear. ~ 292. 81 2, 120 C Many large knots (2~ inches) in upper one-balf

41 IlL 82 11.91 24 5 34. 2 .457 1,401 2, 650 263. 8 • 279.5 280.8 2,035 
of length. Z 

245.2 1,7SO C Many l!I1"ge knots (2 to 3 inches). ....
42 11.81 11.84 24 ~~ 35. 7 I .4SO . 1, 2"..5 2, 300 236.0 • 250. 0380.0 S Many knots (1 ~ inches). C>43 11.78 11.86 23 11% 36. 9 .553 1,992 3,710 382. 2 373. 21 2, 705 

j 353.0 3:;2 1 2, .550 S Severa! small knots (1 inch) In central one-balf. 44 11.85 11. 85 24 4~ii 32. 4 .534 1,762 3,340 333.3 
~ 

A few large knots (2 to 3 incbes):45 11. 84 11. 88 23 10 33. 8 • 489 I, 266 2, 400 250. 5 247.2 235.6 1,706 S 
349.6 337. ~ 2, 442 S A few small knots (1 in,,::;). d46 11. 8i 11. 89 24 % 36. 4 _532 1, 945 3, 720 380. 7 

3tH. 0 2, tHO S Clear except for pitch streaks.47 11.81 11.75 24 6 31}. 2 .634 1,818 3.385 334.7 • 354. 6 
229.0 1,660 C Many knots (I to 4 inches).148 11. 89 11.89 24 4 28. 2 • 602 1,264 2. 427 243. 2 233.9 00 

!9 11. 82 11. so 24 8 33. 7 .488 1,527 2, 860 279. 0 256.6 265.5 1,925 S Clear. 
354.9 357.7 2, 590 S Do.50 Ill. so 11. \1.5 24 ~ 37." . 582 2, 070 3,910 388. 0 t;:j
IS7.9 Iii. 0 1,283 C Knots (H to 4 inches) on all faces. 61 11. 96 11.92 24 1 28.7 . 536 943 1,850 189. 2 t;<j
~IS.4 406.8 2, uro S Clear.62 IL S-i 11.86 24 ~~ 30.7 .600 2, 112 4,000 410.0 

232. 5 1,685 C Many knots (I to 5y, inches) on all faces.tI;!. 11.78 11.87 24 H 32. 3 .529 1,163 2, 170 223.0 • 236.3 
307.2 2, 225 S i A few knots (l~ to 2)6 inches). ~ tH 11. 82 11.90 24 % 37.6 .508 1,678 3,170 321. 2 314. 7 
260.0 1,885 S SeV'era! knots Gi to 1~ inches) in central o.ne-half. 65 11. 96 11. 70 23 11H 34. 4 .56.5 1,482 2,850 294. 0 273.3 

• 319.2 300. 6 2, 220 S One medium-sized knot in central one-third. o66 11. 89 II. 85 24 ~~ 36. 2 .504 1,526 2, 920 301. 2 Several knots (I to 2H inches) on tbree faces. I:;j67 11.86 12.01 24 1 32.7 .4il 1,414 2,725 278.8 265.5 254.5 1,845 S 

68 11.90 1l.98 23 11 35.3 .538 1, ..8 3,450 357.8 1379.0 355.3 2, 575 S Clear.
ITwo knots (1 ~ inches) near middle of timber. :>69 11.98 12. 02 24 % 34. 7 .534 1,5.a 3,li5 326. 0 323.7 299.8 2, 170 S 

70 1l.82 11. 91 24 29.3 .605 1,876 3, 550 363. 6 
 3iO.1 361. 0 2, 630 S Clear. C:J,i II ~ c• Actual test load reduced to 106 per cent o! expected Euler load.I Soutbem yeUow pine, not longleaf. d 

~ 



TABLE 2.-Tests of lnng columns of Douglas fir in a green condition 

I 
 I I~rn.~imum " V IIlues adiusted to 

an arhitrary 

Specifi~ I 'test span : column standard dimen
' Stiffness;: expected 

Dimensions 
Mois gravity, I 200 I' load hllsed Actual sion Gt ] 1~.( b~,t 

001-	 ture oven-dry,\ Modulus, inches, on stilI- mll.~imum 11~ inches by 
Gradel General description o( columns te<;tedumn 	 con· bnsed on o( elns-l load lit ness test coiumn 24 (eet 

voiume ticity I 0 2-inch ' lind deter-No, li---:----:--~ tent 	 test 'ot><! 
when deneo-\ mined hy
tested tion • the Euler AdjUstedl PDept!1IBreadthl Length 	 test load A t;j

(ormula 1 1______________ 
-1--1--1 1---1--1-1--,---I 1---- ~ 

til1,000 lb.•• Lbs..per 

Inchu I Inchu IFt, In. Ipcr cent per sq. in. Pound. 1,000 lb •. 1,000 lbs. 1,000 lb •• 

11.01 	 11.98 24 H., 31.6 0.441 2,131 4,150 427.0 406.3 383.0 "q~~70 S Boxed heart, small yellow tlr type, butt cut, o 

I:lj
many knots (~ to 1)4 inches) on all (aces. 

3 11.03 11.90 21 0 nl .412 I. il2 3,32.1 342. 3 323.2 305.0 4 210 S Do. 
4 ~2 .419 1,584 3,100 320.0 312. 4 292.4 2, 115 S Boxed heart, small yellow fir type, top cut, many


knots (~ to 2;4 inchilS) on three (aces. 

11.00 11.89 23 113~ 5 

5 	 11.87 11.90 24 0 ~I .439 I 854 • 3,550 365.6 296.6 284.3 2, OfIO S Boxed heart, small yellow tlr type, bntt cut, 
many knots (% to I ~ inches) on all (aces. ~ 

6 11.8-! 11.90 24 Hi ~o .438 1: 7651 3,a50 344.8 362. 2 350.2 2,540 S Boxed heart, small yellow fir type, top cut, many 

knots G~ to 2 inches) on all faces. 


12 U.B.; 11.92 23 11H ~o .447 1,5\9] 2,900 299.0 295.6 283.8 2, 057 S Boxed heart, small yellow fir type, top cut, many

knots m to 2 inches) on all (aces. 


13 11. 78 11. 84 23 11~9 R9 .496 ],772 3,300 340.0 l 355.9 350.0 2,538 S 
 !Side cut, large aid-growth fir type, top portion a 
i first 4cHoot log, clear. t;1 

15 11.80 11.66 24 ~~ ~4 .402 1,851 3,488 35,.8 309.2 302.0 2, 190 S Side cut, large old-growth fir type, top portion a ::0 
first 4Q-(oot log, a (ew small knots. 

17 11.84 11.84 24 3i. ~o .440 1,508 2,850 203.0 281.6 273.3 1,980 S Side cut, large old-growth fir type, top portion a o 
first 40-(00t log, many knots (H to 4H inches). o 

19 11.78 II. 80 23 113~ ~I .425 1,859 3,475 358.4 335.2 	 328.2 2,380 S Boxed heart, large old-growth fir type, top par
tion o( tlrst 4Q-(oot log, many knots (~, to 
Inch). 	 ~ 

306. 7' 249.1 242. 7 1,700 o Doxed heart, large old-growth fir type, top por
tion o( first 4Q-(oot log, many knots (~ to 3 til 
Inches). 

23 11.89 76 39 30.5 

21 11.79 11.93 I 23 11~8 37.9 .299 1,583 2,975 	 Z 

24 .483 1,249 , 2, 375 244.0 258. 2 249.8 l,bOO o Side cut, large old-grow th fir type, top portion a 
11. 1 first 40-(00t log, many knots (~ to 5 inches). 


25 11.66 11.96 24 H 36. 7 .439 1,625 2, 962 305.0 301.9 303.8 2,200 S Side cut, large old-growth fir type, top portion 0 


1 first 4Q-(oot log, maDY knots (~ to 3H incbes). 

I A (llctor o( 4 per cent has been included in the (ormula (or modulus o( elasticity to take care o( the difference in shellr distortion over a WO-inch span as against a 288-inch span, 


k · 't dE UHPL' 
rna 109 I rea '=48DI 
, American Society ior Testing Materials standard grades: S=Select grade; O='Jommon grade. (See .-\mer. Soc. 'resting Materials Standards, Vol. 27, p. 581.) 

'-l 



00 TABLE 2.-Tests of long columns of Douglas fir in a green condition-Continued 

[ IMaximum IValues adj~ted to 1-3 
SpF,cific Stiffness; expected an arbItrary tzj 

Dimensions gravity, test span I column s~andard dlUlen· 0 
'C I I MoLo. oven·dry " d I 200 load based Actual SlOn <if 1Hi ~ o • 1 , mO U us . .. 11~ Inches byby Z 
umn I ture based on of elas. Inches, on stIlf· ma."mum f' Grade General description of columns tested .... 

T con· volume . . load at ness test column 24 eet 0 
No. I tent when tlclty O.2-inch and deter· test load > 

tested dellec- mined by t' 
Depth I·Breadth Length tion the Euler Adjusted ~ __,___1___ ___ ____ ~~rmula test load A ~I t' 


l,(X)1) lb&. Lb•. per t' 

Inches I Inche8 IFt. In. IPer unt per &q. in. POllnd8 1,()()I) lb.. I I ,()()I) lb.. 1,()()I) lb.. .q. in. t'.l 


127 I..••••••..•.•••••••..••.•..•1•••••••• •••••••••••••••••••••• ·•••••••••••'1.......... .......... Siela cut, large old·growth fir type, top portion of tj
' first 4O-foot log (compression failure in timber Z 
prior to test). 

29 11.84 11.90 24 0 31. 5 •.411 1,724 3,275 337.2 326.8 315.3 2, 285 S Side cut, large yellow fir type, top portion of ... 
first 4Q-foot log, clear. c::> 

31 11.88 11.92'23 11:06 31.4 .435 1,691 3,250 3.16.0 318.8 303.0 2,105 S Side cut, large yellow fir type, buttcut,clear. "'l 
33 11.64 11.88 24 no 28.1 .437 1,887 3,400 350.0 315.9 321.8 2,330 S Boxed heart, red fir tYl"', one end split, many

knots (j.2 to 2 inches) on all faces. q 
35 11.84 n.82 24 % 30.0 .471 1,976 3,725 382. 0 357.7 349.0 2, f>30 S Do. • 
37 11.90 II. 92 24 ~16 34. 5 .481 945 1,825 187.5 3198.7 180.0 1,370 Cull. Side cut, large yellow fir type, top portion of ,.". I first 4().foot log, many knots (H to 5H inches) ~ 

on all faces. 
39 1 11.93 1 11.77 1 23 1l~:i 30.9 I .413 I 1,119 I 2, 150 I 221. 7 207.6 197.8 L ,;30 Cull. Side cut, large yellow fir type, top portion of t:::1 

• first 4().foot log, many knots (1 to 4~:i inches) t'.l 
on all faces. '"1:1 

41 11. i4 11.70 24 l4 44.2 .418 1,908 3,475 357.0 I 3,2, 1 375.2 2, 72il S Boxed heart, small fellow fir type, butt cut, ~ 
I .clear. 

42 1I.74 II.70 23 11~ 31. 5 .471 2, 157 3,925 494.5 I 399.5 402. 0 2, 11::<0, S Boxed heart, small yellow fir type, tup cut, many 0 
small knots (H to 1 inch) on all faces. I:Ij 

43 11.75 11.73 23 1!~8 30.0 .469 1,804 3,300 340.0 344. 7 344.7 2, 498 S BuxC<1 h9art{ small yellDw fir type, butt cut, a 
few smail ':!lots (l4 to H inch) on three faces. ;..

44 11.57 11.65 23 111;16 30.6 .456 1, no 3,070 316.1 3335.0 353.5 2, 560 S Boxed heart, small yellow fir type, top cut, C<l 
. many knots G4 to IH inche$) on all faees. l:d 

.5 11.56 11.62 24 0 31. 3 .4461 1, ih'i2 2, 850 293. 6 3311.0 330.31 2, 302 S Boxed heart, small yellow fir type, butt cut, 2l 
many knoW G' to 1 incb) on three faces. 

46 11.52 11.54 24 0 31.0 .442 1,651 2, 800 288. 2 304.4 329.0 2, 385 S Boxed heart, small yellow fir type, butt cut, S 
many knots (H to 1y.! inches) on three faces. ( 

47 11.71 11.62 24 0 30.8 .390 1,402 2, 520 259.5 272. 2 278.0 2,015 S Boxed heart, large old·growth fir tYJ>e, top por· ~ 
tion of first 40-foot log, many knots (H to 2 c:: 
inches) on all faces. l:d 

48 1 11.72 1 11.60 1 23 11~ 31. 0 I .405,' 1, 587 1 2, 850 , 293.71 311.71 317.81 2, 300 lSI Boxed heart, large old·growth fir type, top por· t;l
tion of first 4Q-foot log, many knots n~ to JH 
inches) on two faces. 
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49 11.59 11.66 24 J.i I 33.4 .371 1,524 

50 11.61 11.M 24 38 37.0 .448 1,438 

51 1l.69 1l.i2 24 0 33.9 .397 1,102 

52 11.63 11.57 23 ll% 33.6 .428 1,286 

53 I1.M 11. 55 24 0 35.0 .462 ' 1,730 

M 
55 

11.60 
1l.M 

1l.68 
11.59 

24 
24 

~, 

~8 
36.0 
43.8 

.484 

.407 
I, HI 
1,443 

-"6 
57 

1I. ;>6 
11.69 

11.5.1 
11. 70 

24 
23 

0 
11% 

31. 4 
30.6 

.400 

.389 
1,915 
1,363 

58 1l.52 11.50 23 IOH 30.4 .427 1,099 

59 
60 

11. 64 
11.58 

11.68 
11.67 

24 
24 

~~ 
H 

28.5 
27.6 

.478 

.459 
2, 400 
1,951 

I 

! ~ctunl test load reduccd to 106 per cent of expected Euler load. 

2,660 1 
! 

2,500 

2, 145 

2,2,'j() 

2,950 

3,050 
2, 470 

3,286 
2, 450 

1,800 

4,250 
3,400 I 

2i3.7 

256.8 

221.0 

231.8 

304.0 

313.4 
254.0 

3.17.8 
252.4 

193.2 

437.0 
350.0 

253.4 

220.6 

219.3 

228. 4 

285.3 

310.0 
252.5 

348.0 
246.4 

198.6 

426.4 
'37LO 

266.8 

233.4 

223.2 

239.2 

306.6 

3.11. 0 
270. 

372. 5 
251.2 

213.6 

442. 3 
390.8 

1,9."30 

1,600 

1,617 

1,735 

2,220 

2, 400 
1,960 ' 

2, 700 I 
1,820 

1,548 

3,210 
2,830 

S 

S 

Cull. 

C 

S 

S 
S 

S 
C 


Cull. 


S 

S 


Boxed henrt, large old·growth fir ly;pe, top pc 

tion oC first 4O-Coot log, many knfts (3~ to 2 

Inches) on wi faces. 


Side cut, large old-growtb fir type top portion 
first 40-CooC log, many knots O( tc 4 incbe 
on all Caces. 

Side cut, large old'growth fir tYj.le, top portion 
first 4o-Coot log, a Cew large 'nots on eacb 
the Cour faces. 

Side cut, large old'gruwth fir type, tep portion 
tlrst 41Hoot log, a Cew large knots on three face 

Side cut, large old-growth fir type, butt cu 
clear. 

Do. 
Side cut. large yellow fir type, butt cut, clea 

cross grained. 
Side cut, large yellow tlr tvpe, upper cut, clear. 
Side cut, large yellow tlrtYlle, butt cut, man 

knots (3( to 4 inches) on all fnccs. 
BOled heart, large yellow tlr type, top cut, man y 

knots O' to 5 inches) on all faces. 
Doxed heart, smnll red tlr type, butt cut, clear. 
Doxed heart, smnll red tlr type, top portion I 

lirst 'lS-foot log, many knots O( to 1)-2 inches, 

1-3 
t::l 

~ 
o 
I:j 

~ rv o 
t::l 

1-3 
a: 
C:j 
t::l 

I 
l:d 
a 

til 

<:0 



TABLE 3.-Tests of 10llg columns of SOli them yellow pine in an air-dry condition 	 1
o 

t 
V'alues ad1 o 

c.xpeeled an arti 
test spnn column stnndarl (")ISpecific 

\Stitlne..,,-~; l\fn.~hnumI 	 ~ 
Dimensions Mols. , gmvllY, lond bnsed Actual sion 01 y

Col Modulus in~s 11~'i inl 	 ~ lure rven.dry, on still· maximum Y I Grade' Geners! description of collilllns testedofolns· ' UInnI 	 ness test column 2{feetcon· ~~~~~ 	 8No 	 deity 1 6~:f.1n~~1 nnd deler· to:;t iond tent when 
deUee· mined by ~ 

tion the Euier
Depth Length ___I tested 	

Ad;~st(,i
Breadthi formuin test 10BI\ 	 l;:j 

-------- --_. 	 8 
1,000 Ib!. 

Inchu blche! Ft. In. Per ceJ per sq. in. Pou1Id! 1,000 lb •• 1,000 lb •• 1,000 lb •• ~ 
11 il.50 II. 5.1 23 11];8 17.0 0.512 1,616 2,725 281.0 21M. 0 262.5 5 S A few knots G~ to H' inches) on all faces. 

12 11.56 11.00 23 Ill-> 17.5 .588 1,930 3,325 343.5 319.5 311.0 50 ~
S Sa"era1 knots (1 to 3 inches). 

, 1:1 11.47 1\.-15 23 I1H 18. 2 .621 2,031 3,375 349.2 332.6 :435.0 o S Clar.r, t'Oosidemble cOlllpression woo<!, b.!ldly 
twisted. ....

,50 l\Iany knots up to 3 inches in size.• 14 11.30 1\.28 24 0 16.1 .464 1,438 2.250 231.7 22i. ; 244. S C 	 C> 

11.56 11.50 23 11'\, 18. 1 .500 1,845 3,175 327.3 305.5 29S.G 50 S A few smnli knots. 	 "'-l 
• 15 	 .630 1,828 2,980 :108.3 282.7 290.0 80 S Manv small knots.16 11.32 11.69 23 l1H 18. 6 

11.59 11.53 23 lO}s 17.8 . (,os 3,262 338.5 324.9 313. S o S One iargc knot ut middle of timber. c:j'J7 
11% 17.5 .456 1,~~~ 1, rJ62 171.8 101.1 151.5 5 Cull. Many knots (1 to 6 inches).18 11.68 II. 63 23 

, 19 11.30 11.,13 24 0 18. 0 .548 1,949 3,090 318.0 287.8 305.0 5 S Clenr. 
UJMany knots (1 to 3 inches). 


31 II. 66 11.66 24 0 17.7 .502 1,637 2,910 2O'J.6 265.9 25\.3 !tOO

'20 11.52 11.5:1 23 ll~i. 16.5 .4-\8 1,268 2,150 222.0 197.2 195.0 5 C 

S A few knots (H to 3 inches). 

32 11.65 11.46 24 Hi 10.8 .flOll 1,851 3,225 331.8 3.17.4 326. :I 68 S 
 A few small knots (3. to I1OCh). o 
33 11.53 11.40 23 113l 18.6 .516 1,742 2,950 304.2 289.6 287.2 iO S Many knots (1 to 3 inehes), t'llt from crooked log. trJ 
3·1 11.50 11.63 2:1 IIH 18.1 .528 1,837 3,125 323.0 313.9 30!1.3 o S Clear. 

11.58 11.36 24 ~R 16. 0 .·176 1,708 2,900 2118.2 28"> .) 280.0 S S Practic"i!}' c1enr. 	 ~ 
• 35 11.40 11.44 24 18. I .502 I, i31 2,820 289.5 252.6 201.4 6 (' Many knols (1 H to 4 inches).36 	 31< 
, 	37 11.48 11.54 24 Hi 18. 1 .584 2,055 3,450 355.0 334.0 334.5 o S A few knots G4 to 2 i"~"es). o 

38 ~11.57 11.52 24 0 20.0 .618 1,574 2, 700 278.0 2ii. 9 2i2.4 000 C A few knots (l~!i t,~ 4 inc;••'!!). 

39 11. 54 11.66 24 0 17.5 .562 1,698 2, 92."1 301.0 !¥.~7. i 2\11. 0 200 S Many knots (1 to 2l-> inches). 


, 	40 11.62 11.40 24 0 18. 5 .584 2,050 :1,550 36.i.-I 338.5 328.5 80 S Severnl small knots (H to 1 inch). ::
51 11.71 lI.n 24 0 29.Q .535 1,631 2,950 3O:!.8 306.1 284.7 50 S A few Illrge knots (1 H to 3 inches). o 
52 11.45 11.56 23 lI~l 19.1 .512 1,380 2,305 237.8 22:1.0 221. 5 6\17 S Many large knols (n' to 3 inches). :xl 
53 11.6\ 11.56 23 II~~ 10.1 .536 1,868 3,250 :435.2 302. 6 20S S Pmc~iC1llly rloor, some shake. ...... 

292. 0 I 	 (")
54 11.47 11.57 ZI 113~ 19.0 .554 1,995 3,352 :145.8 322.1 322.5 o S Clenr. 
li5 11.62 11.58 2i' II}(. 19. 7 .538 1,669 2,918 300.7 271. 0 260.5 (I Cull. Two Inrge knots (3 to 5 inches). 

li6 11.56 11.40 2i 113. 19. fl .570 2,230 3,775 388.5 375.1 372. 5 5 S OlOlIr. 

57 11.64 11.50 23 11~~ n'.7 .483 1,344 2,342 241.6 233.1 224.7 7 S Sevenll knots (3, to g, inches). 

58 11. flS 11.64 23 ms 21.6 .543 1,000 2,855 294.8 285.7 ~>fi9.0 5 S Se,'enI1 knots (2 lO 2H inches). 

59 II. fiO 11.52 23 11% la.o .578 1,727 :1,031 313.0 208.5 28':'.0 5 S A few smull knots G~ inch). 
 !60 11.56 11.65 23 IUs 20.0 .577 1,1126 ~1,335 343.8 321. 3 312. 0 60 S CIIlIII'. 

71 11.66 11.42 23 1H~ 10.2 .535 1,847 3,214 331.4 327.5 3W.0 88 S Severnl knots (~" to 2>0 inches). 

72 ll.58 11.55 23 m~ ........ .552 2,002 3,456 356.3 340.2 3·10.0 '0 S Clear. 




~--7'J 11.59 H.M 2·' ~, IB.4 •.5771 1,4&1 2,5-IB 262.0 240.8/ 1,7&1 S Mnny knots (1l to 2le! hwhes).23.1.21 
74 II.OP 11.50 XI IIH 19.3 • 5.56 1,887 3,350 :H6.3 :116.6 . :127.2 2,474 S 8e\'01111 knots (1 H to 2 inches). 

75 11.67 11.48 ZI 11% 19.1 .582 2, 10:1 :1,600 380.3 352.7 338.0 2,555 S A few smull knots (lInch). 

711 11.118 11.58 XI 111~ lB. 7 ••530 1,401 2, 1H8 2TJ.C 2(>6.0 Z12.3 I, S:J3 S Many knots (~. to 2 Inches). 

77 11. :12 11.53 2:1 1110', 10.5 .543 1,758 2,828 2!11. 3 258.0 26\1.3 2,038 S l\Inny knots (1 to 3 inches). 

78 11.62 11. {)8 23 m. 20.0 .582 ·1,650 3US.5 ·iU2. 5 383.0 2, 895 S A few knots (l14 Inches).


2,!l1O I 304.7 2,300 PractlCall~' cloar.70 11.58 11.1)0 23 11~' •.•••••• .589 1,045 a,anD :~'7. <I 314.0 S 
SO 11.58 11.72 ZI Jl~ I 17.4 .557 1, ll63 3,435 354.0 343.9 330.0 2,49-1 S Several knots (IH inches). 

I A factor 014 per cont hus been Included In tho lormul:l for modulus of olnsticlty to luko (,lIro of the ditTurenco In shear distortion over n :ZOO·inch spnn ns agninst ~ 2S8·lnch span 
. 1.Q.lPV

making It reud E--:j8ifF 
'Amcrlmn Society for 'I'ustlng Mntorials st.lndard grades: S=Soloct grado; C=ColUlllon grnde. (Soo Amer. Soc. Testing l\fnteriuls Standards Vol. 27, p. SSI.) ~ 
• Southern yellow plue other thnn longiolll. 
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TABLE 4.-Tests of long columns of Douglas fir in an air-dry condition I-' 
t-;) . IMaximum I IValues adjusted to I 

Specific StIffness; =::"""ted an arbitrary

gravity test span column standard dlmen- ~ 


DImensions I Actual I sion of 11).2 byCol ~t~r~ oven-dry,. Modulus in~es logg s~ifr~ muimum 11n inches by IGnide' General description of columns testedumn hased on 'lor elas- I d' - tes column 2-1 feet ~ con- yolume ticity loa. at ness tNO_I _I ....tent when 0.2-mch and deter- test load . 
detlec- mined by 

Depth IBreadthl Length tested tion the Euler A.dJusted g ~ I I formula test load A 
td1,000 lb.. Lb •. per 


Incha Inche.\ Ft. In. Per cent per&q. in.l Pound;; 1,000 lb.. 1,000 tw. 1,000 Ib8. sg. in.

-1-1-' --=1 ~-I ~ 

t'21 11.49 11.54 24 0 18.1 0.452 2,0631 3,475 358.0 345.9 345.5 2,610 S BOled he!lrt, small yellow fir type, top cut, many
knc.ts (% inch) on one fat-e. 

7 11_ 50 IS. 3 .356 2,363 3,938 405.5 369.8 373.8 ~830 S Boxed heart, smaU yellow fir type, butt cut ~ 
11.3812-1 0 many knots (H to Ho inches) on all faces. "'3 

S I!. 67 11.46 23 11H IS. 5 ~ 377 1,462 2,562 264.2 255.0 2-14.8 1,850 S Boxed heart, small yellow fir type, top cut, mnny sa
I knots (n to 1M inches) on all·faces. 

9 11.4S I!. 5-l 24 0 17.5 .406 1,825 3,062 315.4 299.2 I 300.0 2,270 S BOled heart, small yellOW fir type, butt cnt .... 

I many knots Gi to 3 in~hes) on two faces. C> 


10 11.57 11. 56 23 11~4 17. 7 .410 1,758 312.0 288.6 281.6 ~ 130 S Boxed heart, small yeUow fir type, top cut, many --1 


~ knots (1 to 3 inches) on two faces. 
11 11.59 11.56 23 11'~. 18.9 .445 1,787 ~~ 319.0 300. .j 292.0 ~21O S Boxed heart, small yellow fir tylXl, butt cut, c:: 

many knots (1 to 2}. inches) on three faces. 
14 11.54 11.52 23 113< 19. 7 .492 I,S70 ~w 328.0 313.8 310.0 ~340 S Side cut, large old-growth fir type, top portion 0 

first 40-foot log, clear. .?l 
16 11.44 11.62 24 ).16 18.4 .436 1, R91 ~m 32.5.5 310.0 312.1 2,360 S Do. t;
18 n.50 11.56 23 ll~ 19.7 .443 1,819 ~m 317.0 299.0 297.2 2,250 S Side cut, large old-growth fir type, many small 

J:jknots, one knot 1n inches in size, near top end 

20 11.59 17.1 .492 2,050 ~w 300.1 356.0 345.3 ~~ S Side cut, large old-growth fir type, a few knot
n58l2-1 0 ~ (1 to H. inches) near top end. 
22 11.50 1L~ 2-1 M 19.0 .421 1.  ~~ 277. 5 259.7 257.8 L~ S Side cut, large old-growth fir type, a few knots 

(1 to 2 inches) near top end. o 
2-1 11.60 11.58 23 11 171' 18. 9 .479 Lm 313.3 275.0 265.S ~~ S Side cut, largo old-growth f11' type, a few knot I:g 

~ (1 to 3 inches) on two faces near top end. 
26 11.58 11.61 23 11% 18.2 .41S L~ ~~ 267.5 250.6 1.830 S Boxed heart, large old-growth fir type, muny 

knots (1 to 3 inches) near top end. ~ 
28 11.00 I!. 58 23 1l~ 18. 1 .432 L~ ~492 257.0 231.8 L~ c Side cut, large old-growth fir type, many knot 

I 
~::'1 (1 to 4 inches) near top end. C':l

30 I!. 83 .407 ~ 794 288.7 273.6 2-16.6 S Side cut, large yellow fir type, top portion of firs 11.68 23 11% IS. 1 "I 
La 1.

I 48-foot log, clear. 

32 11.59 11.35 23 11').16 19.0 .447 !.~ 2,805 289.6 282.3 278.8 ~m S Side cut, large yellow fir type, butt cut, clear. 

34 11.53 11. 63 2-1 0 18. 5 .419 3,419 352.0 319.6 313.0 ~~ S Bo,ed heart, medium sized red fir type, a few
1.  smull knots. 

36 11.42 • IS.5 ,431 L~ 3,060 333.S 312.8 302. 0 2,280 S floxed heart, medium -sized red fir type, many
I!. 50 123 small knois. 
38 11.54 11.52 2-1 11H 19.0 .460 1. ill 1,000 IS1.0 183.5 100.4 1,485 Cull. Side cut, large yellow fir type, top portion of first 

4S-foot log, many knots (H to 6 inches) on all 
faces. 



40 11.63 11.52 24 }B 18. 9 .442 1,575 2, 674 275.2 256.4 254.4 1,925 Cull. Side cut, large yellow fir tY85, top portion of first 
48-foot log, many knots H to 5 Inl,hes) on all 
tnees. 

61 

62/ 

63 

&I 

65 

66 

67 

08 

69 

70. 

11.60 

11.60 

11.54 

II. 46 

11. 51 

11. 51 

11.52 

11.58 

11.46 

II.n 

11.57 23 11% 

11.60 23 III:Hn 

11.52 23 IJ1}i. 

II. 42 24 0. 

11.52 2.1 111:H. 

11.65 24 0. 

11.42 23 III:H. 

II. 44 24 :110 

11.44 23 HI;!,. 

11.58,24 %2 

17.0. 

18.0. 

17.5 

18.0. 

17.6 

17.5 

17.7 

18.0. 

18.0. 

17.9 

.492 

.456 

.471 

.500 

.471 

.483 

.469 

.426 

.434 

.434 

2, 282 

2, 082 

1,932 

2,344 

2,0.60 

2,229 

2, 161 

1 765 

1,.840. 

1,573 

3,802 

3,594 

3,288 

3,875 

3,480 

3,775 

3,025 

3,014 

3,0.50 

2,814 

ans.o 
aiD. 8 

339.0. 

399.0. 

359.0. 

389.0. 

373.7 

309.8 

314.0 

28D.O 

35i.l 

301.7 

308.8 

391. 2 

357.8 

380..9 

369.2 

292.7 

292.2 

262.8 

354.0 

352" 

30-1.2 

398.5 

35,';.2 

378.0. 

369. 4 

288.8 

296.0 

247.3 

2,6!l2 

2,685 

2,302 

3,015 

2,690

2,860 

2,792 

2, 180 

2, 240. 

1,870. 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

Boxed heart, small yeilow fir type, butt Cut, 
many small knots (H to % inch) on three f,lees. 

Boxed heart, small yellow fir type, top cut, 
runny small knots (H to % incu) on 1 hree faces. 

Boxed heart, smnll yellow fir type, butt cut, 
many knots (')4 to 1 H inches) on two fuces. 

Boxed heart, smail yellow fir type, top cut, many 
small knots (J.,! to I inch) on tbree faces. 

Boxed heart, small yellow fir type, butt cut, 
many knots (:>< to 2 inches) on one face. 

Boxed heart, small yellow fir type, butt cut, 
many knots (H to 1 H Inches) on two laces. 

Boxed heart, large old·growtb fir type, top por· 
tion of first 4D·foot log, many knots (H to] H 
Inches) on tbree faces. 

Boxed heart, large old·growth fir tyrA!, top por·
tion of !lrst 40-foot log, many knots (}2 to I H 
inches) on all faces. 

Boxed heart, lsrge old·growth fir type, top par·
tion of !lrst 4D·foot log, many knots (H to 1 H 
inches) on all faces. 

Side cut, large old'b'TOwth !lr type, top portion of 
!lrst 40-foot log, a few knots (1 to 2 Inches) on nll 
faces. 

t.ij 

~ 
o 
'oj 

~ 
l:t1 

~ 
71 

72 

73 
74 
75 
70 
77 

78 

79 

80 

11.78 

11.05 

11.54 
II. 60 
11.50 
11.52 
11.61 

11.56 

11.43 

11.57 

11.59 

11.65 

11.46 
11. 59 
11. 01 
11.49 
H.48 

11.57 

11.55 

11.39 

23 

2.'3 

24 
23 
23 
23 
23 

23 

23 

24 

11% 

11 

0. 
11% 
IJl,1. 
1l~8 
H~fo 

10 

11 1,1. 

H 

lB.7 

17.7 

16.8 
11).2 
18.4 
18. -I 
17.0. 

17.2 

18. 4 

18.5 

.487 

.452 

.364 

.50.8 

.420 

.508 

.4~1 

.439 

.525 

.498 

1,232 

1,630. 

1,437 
2,183 
1,538 
2, 131 
1,612 

1,190 

2,408 

2, 173 

2,244 

2,802 

2,435 
3,800 
2,015 
3,600 
2,788 

2, 0-48 

3,994 

3,088 

231.4 

290.9 

250.8 
392.8 
269.8 
371.0. 
288.0. 

214.0. 

412. 0. 

378.4 

205.2 

270..0. 

239.0. ' 
385.1 
257.4 
362.7 
275.5 

190.6 

389.1 

3&1.7 

189.2 

257.0. 

237.3 
371.0. 
354.8 
360.4 
207.3 

183.8 

394.0. 

362. 8 

1,432 

1,945 

1,705 
2,810. 
1,928 
2,730. 
2, 0.25 

1,300 

2, 980 

2,740 

Cull. 

C 

S 
S 
S 
S 
C 

Cull. 

S 

S 

SIde cut, large old·growth !lr type, top portion of 
!lrst 40-foot log, many knots (~~ to 3 Inches) on 
all faces. 

Side cut, large old·growth !lr type, top portion of 
!lrst 40-foot log, many knots. 

Side cut, large old·growth !Ir type, butt cut, clear. 
Do. 

SIde cut, large yellow !lr type, butt cut, clear. 
Side cut, large yellow !lr type, top cut, clear. 
Side cut, large yellow fir type, butt cut, many 

large knots. 
Side cut, large yellow fir type, top cut, mllny 

large knots. 
Boxed henrt, small red fir type, tOll cut, many

knots Gt. to 1~ inches). • 
Boxed benrt, small red fir type, butt cut, many

knots (~ to 1H inches). 

~ 
b:I 
l:'.i 
l:t1 
c 
o 

~ 
rJl 

1 A fnctor of 4 per cent has been Included In the formula for modulus of elasticity to take care of the ditIerence in shear distortion over a 2OO-Inch span as against a 288-Inch span, 
making it read E=14~~L3. 

'American Society for Testing Materials standard grades: S=Select grade; C=Common grade. (See Amer. Soc. Testing Materials Standards Vol. 27, p. 581.) 
..... 
CIj 
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The timbers were surfaced on a jointer and therefore varied u ..... u.~, 
in size. For this reason the strength values were adjusted to 

.., 

trary standard specimen dimensions of 11% by 11% inches by 24 
fo, the green timbers, and 11% by 11% inches by 24 feet for the 
seasoned timbers. These values are given in the tables under 
heading "Values adjusted." 

The tables of results for the green timbers show that the \JY>lLUH.lO 

sometimes sustained loads greater than their calculated Euler 
Such columns (if the stiffness calculated from the bending tests 
considered as .the true stiffness of the timber) are in lUlstable 
librium and the excess loads have no significance. Because 
relatively low load to which they were subjected in the bending 
there is a discrepancy between the true stiffness of the columns 
that calculatp.d from the bending tests. The green columns were not 
considered in unstable equilibrium unless the test load exceeded the 
expected load by more than 6 per cent in which event the test 10 
was reduced to 106 per cent of the expected load. It may be seen 
Table 5 that such reductions lowered the average of the calculated 
loads to about 98 per cent of the average Euler loads. To avoid 
unstable equilibrium in testing the air-dry 24-foot columns, they were 
set with an eccentricity of 0.07 inch; this eccentricity would cause a 
slight reduction ill load which as a rule can not be evaluated abso
lutely. The test results given in Table 5 indicate that the reduction 
in load of the air-seasoned columns because of eccentric loading is 
between 2 and 3 per cent. The values for the air-seasoned timbers 
in which the test load exceeded the Euler 101l,d were considered 
correct because the slight eccentricity used in loading these columns 
prevented a condition of unstable equilibrium. 

TABLE 5.-Relation of test load to Euler load for 2.1--footolumns 

A vernge Average Ratio of 
Species oC wood Seasoning condition adjnsted adjnsted test load to 

Euler load test load I Euler load 

Pounds Pounds Per cent
Southern yellow pine ______________ . ________ Or~oll_________________ 298.200 291,240 97.8

00_____________________________________ Air-dry____ ___________ 305.700 299.500 97.9
Doug1!1S fir_________________________________ Oreen_________________ 3ll.500 305.025 97.9Do______ _______________________________ Air-dry__ _____________ aI4.000 303.500 116.4Avcrnge__________ _____ ____ ______ ____ __ _____ Oreen__________.,_____________________________ _ 97.85Do______________ _______ _____ __ ____ __ ___ Air-dry______________________________________ _ 97.15 

I Test values were adjusted Cor variation oC columns in cross section and in length. Cross section Cor 
green columns was adjusted to ll~ by ll~ inches nnd that o{ the nir-dry to 11><.1 by ll><.l inches-adjusted
lengt·h wlis 24 Ceet Cor both. The values Cor air-dry materinl were {urtber adjusted to a basis oC 18 per cent 
moisture content. 

The maximum and minimum strength values for southern yellow 
pine columns were obtained with longleaf pine. The difference 
between the strength of the longleaf pine and. the southern pine not 
longleaf was so slight that the omission of the southern yellow pine 
not longleaf from the averages would have raised the green values 
by less than 3 per cent and would have lowered the air-seasoned 
values by less than 1 per cent. In summarizing the results of these 
tests therefore the pine columns are considered collectively and are 
called by the general name southern yellow pine. 

The mn:d.mum, minimum, and avernge values for the long colullUls 
of both Douglas fir and southern yellow pine, for the two conditions 

http:JY>lLUH.lO
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of seasoning and for both winter and slimmer cutting, are giyen in 
Table G. The figures show an adyantage in strength for winter-cut 
material. This advantage may in part be attributed to the fact that 
these timbers were tested in colder weather, which would cause them 
to support somewhat greater loads than in warm wenther, but after 
due considemtion of the effeets of temperature and any slight differ
ence in moisture content and speeifie gmvity of the timbers the 
adytmtage shown for the winter-cut timbers is still greater than that 
normally attributed to accident. 

TABLE 6.-Summary of strength vabes for Douglas fir and southern yellow pine 
24-foot coillmns 

Adjusted column strength 
\'ulues I 

Senson Sell-,on when Conllition ISpecics 01 wood when cut tested when tcsted -----;-----;----

Pound8 Pound. Pound.,
Southern yellow plne __ .______ Summer__ Summer••••_ Oreen_.... 3li6, fOO 100,400 282.430 

00"...................___ Winter..._ Winter •••••• _ ._.dIL._.... 400,800 17i,OOO 300,0.10

Do...........__ .......__• __ '" ,,_. __, Slimmer IIml •••do•...••__ •__•••__••. _••••••_•••_ 2\11,240 


winter . 
.DO. ___ .. _...... ~"'." .... M SUrTlnlcr.". Summer"'" Alr·dr}·... 3.15,000 119,600 281,500.. _ •• _ •• 

Do___.........._......... Winter.... Winter•• _..__ ._.<10•••• ___ 425, 0\l0 236,500 317,l'llO
Summer Ilnd ___do_____•____•_________•__•____.._Do............ _.......... __......__ •• 299,500

winter.

Dongh15 flr____________ ••• ____ Bummer__ Summer.... Oreen__.•_ 38.1,000 ISll,OOO 200,021
Do ...•. __ •.• ___ • ___ •••••• Wlnter__ ._ Wlnter_ ..• ___ ••.•do__•__ •• 442,300 213.600 313,SSll
Do. __ • __ ••.• __ '- •• __••••___•____ ,_._, Summer and ._.do.__._.________ •______•________ _ 305,025 

winter. 
DtJ... ___ ..____ ._ ...... _.' Summer.. Summer _._ •• Alr·drr___ ~Sl. 000 206,000 292,000 

30\1,500.g~::::::::::::::~::..:.:::::I-~~·!~l.t~_~_~:_::-,-"_'I_nt_e_r..- ..-- ...do.... ___ 401,000 176,000 303,500SU:;~:~.lIn<l --.dO.--- •• ---.------ _______.__ __r 
_~--_~I------~.---.~----. 

I Test \'nlues were ndjusted lor vnrintlor, of columns In cross section and in length. Cross section lor 
green cohunns WI15 ndJuslllll to 11~:I hy ll~ inches nnd thllt 01 the nlr·dr}' 11M hr IIJ.1llnches-ndjIL~te<l
length 24 lect lor hoth. '1'ho \ nlues for ulr·dry materilll were lurther Ildjusted to II b!lSis 01 18 per cent mols· 
ture content. 

The tests show further that the ma~..imum load which a long column 
will support is dependent upon its stiffness. The one-fourth inch 
reduction in cross-sedional dimensions of the air-seasoned timbers 
below that of the green timbers (about one-eighth of which results 
from shrinkage in seasoning from the green condition and the other 
one-eighth from surfacing) reduced the stiffness of the columns by 
an aIIlount practically equal to the normal increase in stiffness of the 
wood caused by seasoning. Consequently the green and air-dry 
columns carried practically the same loads. 

The Douglas fir long columns averaged 3 to 4 per cent higher in stiff
ness than the southern yellow pine and therefore withstood correspond
ingly higher loads. This small difference in stiffn'~ss, however, IS not 
sufficient to justifv the conclusion that Dougills fir is better as a long 
column than sou thern pine, regardless of the care exercised in selec
tion/ since the normal variation in strength of wood is such that a 
difference grenter than the above would he expected between two such 
groups of timbers of the same species, either all Douglas fir or all 
southern pine or any other wood us~d for structural purposes. 

The specific-graVity values of the material tested as compared to 
those of thousands of specimens of both species used in other tests at 
the Forest Products Laboratory show that in the selection of the long 
columns the range in density for each species was well covered. 

http:300,0.10
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INTERMEDIATE AND 2·FOOT COLUMN TESTS 

Table 7 contains the data for the intermediate len~th and the 2-foot 
columns tested in the green and air-seasoned conditlOn, together with 
the maAimum compressive stress values from tests of standard 2 by 
2 inch clear specimens. The table shows that the strength of the 
intermediate columns differed but little from that of the 2-foot 
columns, nlthough some of the intermedinte columns were 13 feet 
long. The results show that even with pin-ended bearings, which 
would be "xpected to always give lower results thnn squnre-ended 
bellrings, ilnd with good bonring surfnces, the length of these columns 
up to 11 times their least dimension hnd little effect on the strength. 
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TABLE 7.-TesUJ oj nominal 12 b~1 12 inch columns oj intermediate and 2-Joot lengths and of clear minor specimens 2 by 2 by 8 inches 1 

SOUTIJERN YELLOW PL"E 

~--------------------------------------------------~------------------------------------------------------:= Green .A1r-dry 
--tr ----'I--------I-n-~-rm-w-j-aW-------~--T-W-~--loo--t-ro-J~------71-~-u-n-or-S-I~--Un--eru~!----~!--------I-n-te-rm--W-l-nw-------71----------------~------------

'I'w~IOQt roJuwns Minor specimens 
~ CoJ· .___ _ __L~ raj· 

I UNa::. Grade J
l

Mois· LengthI !:. Grade,1 MOis-! !:. IMOis-/ !:. ~n Grade' Mois· ILengtb !:. IGrade '1 ~~~'I !:. MO~,!:. ~ 
'" __ ~~ ____1___-'_1______' _t~l___A___l~ .._1___1____ [lIfe 1_____ ___J_l_I~___ 3 A ~ A ~ 

UJ 
IPer cent. Feet ' liM. P<T Per cent Lb•• P<T IPer Ctnt liM. P<T I PtT cent Fed Lb•. per I Pa cent I.,b•. per Per c liM. P<T 

.q. in. .q. ill. ! .g. in. sq. in. I .g. in. -g. in. o 
I! S 50.3 11.00 2,820 S 57.0 3,OOO! 47.0 2,9;0 11 S 17.4 7.67 4,760 S 16.51 5,430 15.9 4,913 '::J 
2\ S , 27.8 ]0.77 4, 100 • ___..•• ,_____...........__1 25.6 4,410 12 S ]S.3 7.46 5,810 S 18. 0 I 5,330 10.8 5,520 

3, C 30.8, 13.00 3,425 ........1.... .... .......... 25.7 4,233 13 S IS,.6 9.00 j' 5,170 i S 16.4 I 5,620 I7.1 6,155 

4 C 

I 
44.8,I12.00 2,\lIlO 0,' 39.~ 2,910 I ~5.~ 3,l~2 14 S 1~.8 9.00 4,015, S 14.3 4,Ol~ 15.1 4,~IO ~ 

~ .; C 29.8111.50 3,600 C 23.1 4,240 2fJ./I 4,D.'iO 15j S 16.S 8.79 5.040\, S 16.0, 5,M~ 16.1 5,_45 o6 S 32.8, 10.00 3,700 S 31.3 3,&1101 29.7 3,W8 16 S 17.8 9.29 4,600 S 19.31 5,300 17.3 5,135 
7 S 27.3,\ 12.00 4,930 S 211.5 4,580, 26.5 4,f063 17, S 15.2 8.50, 4.735 S 16.6; 4.8W 17.4 5,640 ~ 
8 S 37.5 9.50 3,510 S 34.3 3,380 30.013.]20 18. S 16.8 9.15! 3,51',0 (' 16.4,3,060 15.2 3,850 
9 S 30.0\' 13.00 5,010 S 31.2 5,360, 34.0 4,910 19 S 17.5 9.00 I 4,6[,0 S 19.0! 4,910 1 •. 6 5,695 

10 S 27.9 11.33 4.800 S 30.2 4,840 33.2' 4.478 20 (' 1 •• 0 10.211 3,1:30 S 14.2 4,560 16.4 4,680 ~ 
21 C 31.5 ]0.3.1 3,530 S 26.S 4,000 24.9 4,177 31 S 18.3 10.58 4,000 ....... _ 16.21.......... 15.3 5,603 t:;'j
22 S 29.1 10. ()() 4,345 S 27. I 4,800 26.0 4,178 32 S 20.5 8. 00 I 5,340 S 16.9 I 6,02.1 19.2 5,953 I;!j
23 S 25.2 9,65 4,450 S 26. 1 4,460 26.5 4, er.l2 ;{3 S ]8.5 7,00 5,100 S IS.4 5,540 16.8 5,858 ~ 24 S 36.4', IO.&S 3,240 S 36.1 3,500 29.6 3,261 34 S 18.6 10.00 5,1()() S 16.0 5.550 17.3 5,943 
25 S 41.3 10.05 3,480 S 36.6 3, \J9() 36.2 4,262 3S S 16.6 6.92 1. 4.700 S 16.4 4,920 16,8 5,695 c 
26 S 2S.S 111.15 4,51iO S 26.5 4,4.0 26.5 4,'0'~ 36 S 18.5 11.00' 4,2801 S 1 •• 0 4,54Q 15.4 .S,092 
27 C 40.5 10.82 2,930 C 59.0 3,540 40.7 2,P81 37 S 18.1 9,00 I 5,350 I S Ii. 2 5,060 15.8 6,932 
25 S 47.0 11.46 3,870 S 50.6 3,430 31.0 3,lf.1 38 S 19.0 12.00 5,100 S 17.2 5,620 16.4 5.787 
29 (' 37.9, 10.33 3,000 (J 34.4 3,330 2S. 7 3,100 39 R 18.5 12.00' 4,870 t S 16.5 5,260 16.0 5,865 ~ 30 S 26.0 9.83 3,770 S 27.0 4,560 26.7 3,7M 40 S 18.1 9.50! 6,0401 S 18.41 6,3·10 16,2 7,200 Z41 S 34.:; 9.•4 3,070 S 25.5 4, 1.'''() 26. 1 3,780 51 S 20.2 0.00 1 5,220 I S 17.3 4,440 15.6 5,455 UJ42 S 31.3 7.68 3,$0 S 32.4 3,620 47.8 3,210 52 S ]8.7 ]0.8314,210 S Ii. 5 4,D.'iO 15.5 5,362 
43 S 36.3 9.58 4,300 S 35.0 ........__ 36.3 4,370 53 S 19.0 9.50' 5,450 I S 17.8 5,200 16.0 5,009 
44 S 29.9 10.42 4,300 S 30.4 4,710 35.2 4,520 54 S 19.0 9.291 6,045 S 17.6 5,330 14.5 6,322 
45 S 33.4 9.04 :1,510 S 34.0 3,340 29.9 3,870 55 S 19.5 ]1.75. 4,000 C 18.4 4,5.10 14.2 5,853 
46 S 35.6 10.73 4, 120 S 33.5 4,450 32.4 4.450 1.,6 S 19.0 12.00 5, t;OO S IS. 2 5, &.'10 15. :; 6,083 
47 S 31.5 9.68 4,640 S 30.0 4,000 29.3 4.000 57 S ]0.6 10.27 3,2W S 19.2 3,800 13.0 5,685 
48 C 26.79.65 3,200 C 27.6 3,84027.S 4,380 58 S 21,48.67 5,060 S IS.6 4,330 15.7 5,S15 
49 S 31.4 9.97 .......___ S 30.4 3,740 I 30.9 3,550 59 S 19.5 7.75 5,2W S 19.9 6,000 14. 7 6,715 
50 S 39.4 9.37 4,550 S 30.7 5,420 40.2 4,560 60' S 15.0 10.10 5,315 S 19.1 5,580 H.il 6,530 
61 C 29.4 9.54 3,930 S 29.5 3,400 27.4 2,200 71 S 18.6 7.67. 4,260 S 18.3 5,440 14.5 6,425 

1 The omissions in the table indicate 8 lack 01 ~t ma~rial resulting from tbe type of failures in the 24-tOQt columns. 

'S=Select grade: C=Common grade. ~ 
-
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TABLE 7.-Test.s of nominallf2 by 12 inch colum7l$ of intermediate and 2-fool lengths and of clear minor specim,J1S 2 by f! by 8 illches- ::x; 
Continued 

,..::
SOUTnER~ YELLOW PIXE-Continued ~ 

@
Green Air·dry Z.... 

a 
, Intermediate . 'rw(}-coot columns 11IIinor specimens I Intermediate Two-ioot columns IMinor specimens 

Col. ___,_ Col· .____.~_ ~ 
'---

Ullin urnn 
P Mois. I P b'.l 

No. IGrade Mois· Lengthl !:. G ade )oIOi5'1 !:.. ?Iois· !:. Xo. Ir.rade [ ;\[,)is· !Lengthi o ado I)o[Ois·1 !: c:!tr turo .A ture. II ture A r ture ...t I ture A .' I ture I A A 
~-------- ---_.---------- -,-------- .....,-~ .~---.-.----'---, -------- ! 

Per cent Fut l..b•• per Per cent I.b'.ll£T IFer c"nt Lb•. per Per erntl Fed Lb3.1X'r iper eNlt l..b•. per Perce1lt l..b•• per 
3f}. ill. -sq. in. sq i"n. : sq. in. sq. i1l. .q. in. ~ 

62 S 30.2 9.92 5,S-lO S 29.\J 5,1.0 2Il,7 4,800 I 72 S 18.61 10.00 5,475 S I 18.4 0,100 16.0 6,942 Z 
31.0 9.05 3, 1/10 S 30. 6 3,220 33. \J 2, 700 73 ij 18. \J 9.42 4,140 S j 19.0 3,000 17.7 4,77863 C .... 

64 S 38.0 10.98 3, SiO S 39.0 4,070 35. Ii 3,780 , 7,1 S 18.01 9.29 5,950 S 19.1 5,820 14.8 6,755 0> 
65 S 34.1 9.79 3, ~10 S 46.5 ! 4,2S0 54. ~ ~.!~ I !5 ~ 1~. $ 8.94 5,000 S I 16.6 5,9r,o 14.5 7,315 ~ 

66 S 34.7 ll.OS 3,,20\ S I 37.0 4,O'JO ;1.1.1 3,,50· .6 :-; W.O 9.5,1 I 4,640 S 17.2 5,025 13.2 5,792 
67 S 32.9 9.27 3, 160 S 34.1 1 3, ~>()() lB. 3 3.4110 I 77 0; I 20.0 7.00 4, ;"70 s ! 16.6 4,710 14.3 6,075 
68 S 32.9 10.25 • __ •••• ••• S ! 34.0' 4, 110 33.0 '1, !!30 78 S 19.1 8.10 5,8$0 S 10.7 O,IC,o5,270 I 1.5.-4 7,273 s 

9.56 5,650 S 16.1 8,14709 S 33.0 9.78 3,875 ....__• .:......_.., 4,010 :CU. S 3,570 I 79 R 1 19. S 14.2\ 
70 S 28.0 Ill. 12 5,650 I S 'j' 28. 6 5,2<JO 30.7 5,0'20 bO S 10. U 11. 921 5,610 S 14.3 5,555 15.0 6, 08IS Ul 

I I I _. I 
t::1 
t:;jDOUGlu\S 1'IR 

~ 
1 S 31.5 10.28 3,739 S 30.9 4, 1221 27.0 4.070 21 S 17.8 I S. 54 4, ~10 I S 17. a 5,200 12. 9 6,480 
3 S 32.0 9.:l2 3,082 S 31.5 3,103 ! 28.0 3,600 7 .___ ,.._-_ .. ------- -------- ----- ....... -- R 18.4 5,300 13.5 7,237 o 
4 S 28.7 9.32 3,213 S 28.9 3,275 27.8 3,30'J s 17.9 4,355 13.8 5,197 ':rJ 
5 S 31.2 S 31.S 3,185 I 28,4 3,410 S 10.3 'I, ;JOO 11.6 5,900 
6 S 2<J.O S 30.3, 3,022 I 28.5 (;)3,550 S 17.1 4,300 12.6 6,037 >

'''s~3ii' '''Tii;3' S 31.0 I 3,150 27.5 3,HO l~ 1:::'~:::i:::!~~~l:~~~:::::~~~~:1 S 18.3 4,300 13.4 6,307gI ~ "':in' 7.S1 3,970 S 32.0 3,llaO 30.1 'I, :140 141 S 1".5 9.321 ;;,310 S 19.4 5,462 i-1.9 6,Q28 ~ 
8.13 3,310 S 33.S' 3,150 31.0 a,l00 10\ S IS. 7 8. 73 5,020 S 1S.5 5,050 14.5 5,007 a 

S 34.4 3,660 31. 7 3,470 IS S 18.5 9.59 4,2M S 17.7 4,731 15.5 :;,-*62~~ I..·:..·...~~~. c:! 
19 S 33.5 "T4ii" "'T~2' S 33.4 3,382 30.6 3,5iO s 18. 3 5, ViO 16.5 6,3T! 

R 18.0 4.061 14.2 5,63721 ................ .. - -------- _... -------- 3.1.7 3,050 ~ ...:......~~:~...·~~~r..~:~~~·
-----~ 

23 C 32.0 9.42 3,011 C 31.4 3,435 27.4\ 3,5.0 24 i S 18.0 6. 65 4, 0S5 S 17.8 4,270 14.6 4,SZl 

25 S 32.6 8.97 3, 640 S 33. 4 3, 720 33. 0 3, 680 S 18. (] 3,R'll! 12.0 5,902 


~ ,:::::=:: :::::::: :::::::=j=::::::::: 113.1 10.827 ................ " __ ,,._ R 4,140 5,819 
 Is 1S.0 4,·120 14.5 4,9502Il S 32. 2 9. 10 
31 S 30.0 10.68 ""fg~r :::~::: :::~i~~:'==::~~~:-"~TI""Htr ~ i--" s'" '''iiri' "'ii~37'1""5~4&r S 17.1 .i, ISO 14.0 I 5,091

34 '________ .... ________ ... ___________ .. ___ l 7,07333 S 2Il.4 •. 66 3, 102 1 S 28, 0 I 3,745 I 2·1. V ; 4, (J60 S 17.8 5,010 11.0 , 



3:; 
37 
39 
41 
42 
43 
44 
45 
46 
4i 
-IS 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

S 

C~..S 
S 
S 
S 
S 
S 

S ~ 
S 
S 
C 
S 
S 
S 
S 
S
C 
S 
S 

30.5 n.52 3,!l'JO I S :t/. 6 3,9'JO 

lii ---':iir- ·,m I , ;;A "" 30.7 V. is 3,lHO S 30.0 4,350 
30.4 10. OS 4,0:10 " 30.3 4, 2'>0 
28.8 0.1>2 3,7iO S 29.6 4, 210 
29.9 11.!l'l 3,500 S 30.2 3,i>:!O 
30.9 10.15 j 3,4m S 30.8 3,8:!O 
30.3 9.1i I 3,0.10 S 30.1 4,070 

"'-, '"' "'" I S ~., ... 
...:~~..• ~I:~~.....~:~lO. ~ ~:~ ~:~ 

36.:; 10.50; 2, (1l0 S 36.3 :l,3ll0 
3:1. 2 S.98: 2,215 S &. I 3, 110 I 

, 321 13.65 i 2,WO, S 32.2 3,150 I I 34.4 10.03 . 3,5.50 i S 35.3 a.sSG I 
. 30.0 10.00 I a,no i S 35.~ 3,6iO.1-------................... , S 41. I I 3,040 i 
j 30.8 12.09 I 4,365' S 31.0 I 4,220 I 
I 31.5 7' 09 1 2,210 Cull...................

29.5 11.15 2,5fAJ S 20.5. 2,850: 
28.8 8. il 4,650 S 28.6' 4,330 i 
27.9 S.15 3,945 S 28.0 { 4,060 I 

~.O 
30. i 
28. I 
29.0 
~ll. I 
29.2 
28.9 
28.6 
28.0 
26.2 
26.2 
~- .. ( ~ ( 

~.7 
:10.4 
30.2 
34.3 
32.5 
36.9 
~.61
_1.3 i 

24.7 i
25.8 
25.9 

1 

4.210 
3,4?J 
2, GOO 
3, h!'~'t 
4,310 
4.340 
3,SUO 
'I,HO 
3,9'10 
3,,130 
3,530 
2,950 
:l,430 
2,S.~0 
a,I70 
3,&10 
;},550 
3,020 
4,350 
3,280 
3,3fiO 
4,070 
4,900 

36 ..•. _...1. .... 1....._......... __.' S IS. 1 4,405 
3~ Cull. i Is.51 S.57 3,189 C IS. ~ 3, 71~ 
40 ........,'....... .. ............._.. Cull. 18. ( 3,44,
61 S •• _....,........ ______.... S Ii.4 5,110 
62 S IH.2 12.08 5,260 S IS. 1 5,510 

~ ~ ::::':-1:::::::::::::::::: ~ ~n g~
Go S 19.31 11.53 4,890 S 16.5 5,430 
00 S I~. 5 I i.I7 ii,OIO S 18.4 5,840 
67 S 19.31 '1.87 4,830 S 17.2 5,4SO 
68 S ...... I .. ··.·.. .......... S 19.0 3,900 i 
69 S ....... • ...... .......... S 17.8 4,.'>10 
70 S 19.0 I 8.9 3,510 g 17.9 4,070 

~~ "T-- "'1~Jl"1~r '''Tf~' "'r" "'t~T '-"H~ 
74 S 19.8 12.021 5,480 S 18.2 5,710 
75 S i 18. 9 I 9.70,' 4, 100 S 19.0 4,200 
!~ S 1 19.6' 10,33 5,920 S 17.7 5,950 I 
(I , ........ : ........1........1.......... S 18.0 4,320 I 
i8,. (' . IS. 71 7. 77 3, ~'OO S 18.8 4, 080 
i9 S 19.4 6,82 ' I, 980 r, 17. 2 6,260 
80 S 1__....... -... :.+--....--_ I, 18.6 5,210 

1!.0 
15.0 
13.3 
15.7 
14.1 
14.5 
15.7 
13.9 
14.6 
13.3 
14.2 
12.0 
16.1 
13.9 
15.4 
14.3 
16.7 
15.9 
15.4 
14.6 
13.7 
16.8 
15.1 

6,355 
5,01,1 
5,688 
7,035 
6,312 
5,993 
6,627 
6,315 
6,782 
6,903 
5,988 
6, i35 
4,935 
5,462 
5,460 
4,642 
6,1l5 
4,738 
6,287 
5,11,; 
4,662 
6,950 
6,715 

~ 
rIJ 
>-3 
rIJ 

0 
'=:i 

ti 
> 
~ 
Cl 
t::J 

>-3 

~ 
t::;j 
t::J 
!=::i 
C') 

0 
ti 

~ 
~ 
rIJ 

f-' 
~ 
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The ta,hle !llso shows somewhat higher ultimate compressive values 
for the southern yellow pine, both green Imd air-sel1soned, th!tn for 
the Douglns iiI'. In southern yellow pine timbers of smaller sizes 
than 12 by 12 inch cross section, however, 11 larger percentage of 
upper cuts would usually be included; such inclusion would lower 
thb IWNage density of the group and consequently the average 
compt'essive strength. 

KNOTS 

A study of the progress of fl1ilmes in the long columns having knots 
showed that knots in t.el1sify local stresses within a timber and that 
tlw fib(\J's adjacent to the imots arc the first to be str('ssed be:vond 
th(' ('lnRtic limit. The long-column tests also show thnt the en'ect 
thnt knotfl have on column strength is dependent not only upon their 
size nnd lo('nlioll but 111so upon the length of the timber. If the length 
is sueh thnt, the libel'S adjacent to the knots nre not stressed to the 
('lnstic .limit b('l'ot,(, the Euler lond is renched, then this type of defect 
hns practi('ally no influence on column strength. The fnct thnt the 
24-foot columns of the select gmcies (Tnblcs 1 to 4) took their full 
Eull'r loads incliea L('s the correctness of this assumption. It may also 
b(' s('en in tlwse tables that the influence of knots on the strength of 
the long columns as a whole is relatiYl'ly small and approximately 
the samp for both Douglas fit, find sou them yellow pine. In fact the 
test loads for the VCl." knottiest timbers (sec values for culls in Tables 
;) and 4) tlre as a rule less than 10 per cent below their calculnted 
Euler loads. 

For the short and intermediate columns there were fewer Imotty 
sp('cin1('ns from which to judge the influence of knots on the strength, 
since tiwse specimens wero taken from the long column at some dis
tance from the failure, which usually occurred in the lrnottieFt por
tion. Only 22 of nll the specimens selected were knotty enough to 
be classed as common grnde, and only 3 as cull. Furthermore, on 
Ilccount of the inherent variability in the strength of clear wood and 
the lack of Il proper distribution of the minor specimens throughout 
the entin' timber the results obtained from the tests of minor speci
mens do not represent exactly the true strength of the clear wood of 
the timbers. The ratios of expected load to column test load are 
therefore very erl'!l.tic. In making deductions as to the effect of knots 
on the strength of short and intermediate columns, the results of 
structural timbm' tests previously nmde have been used since the 
present actual column test values check these results, The reduction 
in column strength of 2-foot and intermediate sections, because of 
the presence of knots, was found to be ap,Proximately proportional to 
knot size, In other words, the proportIOnal reduction in column 
strength by a single knot equals the ratio of the projected area 6 of 
the knot to the cross-sectiollal area of the column. When the piece 
contains a number of knots, occurring either singly or in whorls, the 
effect of nil knots within nny () inches of length is approximately 
equi\·alent to the removal of their totol projected area from the cross 
section. Applying this reasoning to the 22 common grnde interme
diu.te columns tested, the calculated Ilyernge loss would be 20 per cent 
while the tlctulll test results ~how a red uotion in strength of a little 

• Projectcllureu of II knot In ho,ed·heart timbers wos laken as two· thirds its diameler mensured on the 
surfat'C and multiplied by tho Icn~th, In side,clll sjlel'lmClls the i,rojected area was calculated as the 
a\'erngn (Ihulloter of kIlot times its ICIl~lh on lhe fnce measured. 
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over 16 per cent. In the case of the three culis, the calculated loss 
is IIbout 27 per cent and the actual loss approximately 29 per cent. 
This proportionally greater decrease in strength with increase in size 
of knot in the cull specimens, is in accordance with previous informa
tion secured from tests which show thrtt large knots have a somewhat 
greater weakening efl'ect in proportion to their projected cross
sectional area than smaller ones. 

CROSS GRAIN; SPIRAL GRAIN; CHECKS 

It was not deemed necessary to mllke tests to determine the effect 
of cross grain or spiral gl'llin on the strength of wooden columns, 
since sufficient tests (7) had already been made at the Forest Products 
Laboratory to show the efl'ect that such defects have on the strength 
properties of wood. Deductions from previous tests show that in 
clelu' wood the stifIness and compressi're strength are little affected 
with slopes of grnin less than 1 to 12~. The compressive strength of 
material free from checks is some,,;l.nt less afl'ected than the stiffness. 

Tests of structural timbers show that spirnland cross grain further 
airect the strength because of the normal checking which accom.panies 
sensoning and which invariably follows the gl'llin. While the com
pressive str'cngth is lowcred because of such checking, the stiffness is 
not mntcrinlly altered. More severe limitntions than are necessary 
to insure proper strength are usually placed on spiral grain, on account 
of the twisting which accompanies moisture changes in a timber with 
such gl'llin, 

COLUMN FORMULAS 

Prior to the present study a column formula for timber had been 
derived by the Forest Products Laboratory for use with clear ma
terial. The study oJ wooden columns in structural sizes has shown 
that this formula applies not only to dear material but also to ordi
llary structlU'al material when the proper values for modulus of 
elnsticity and cTushing streu*'th for the particular species, grade, and 
condition are inserted (3). 111e couceptions involved in the formula 
and its 11pplication to structurnl columns are considered in the fol
lowing discussion. 

Certain physical laws are common to all columns. Within the 
einstie limit of the material, the best interpretation of the law govern
ing the strength of long columns of uniform cross section is that 
represented by Euler's formula: 

P 1r2E 

A=~i(~y 

where P=maximum load on the column (pounds). 
A = cross-sectional area of the column (square inches). 
E=modulus of elasticity of the material (pounds per square 

inch). 
L =length in inches. 
r =radiu'3 of gyration of section (inches). 

f=slenderness ratio of the column. 
r 
u = fllctor depending on end conditious (for pin-ended conditions 

u=l). 

http:some,,;l.nt
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From the elastic limit to the point, of maximum stress, the curve 
which represents the load a column will take for different slenderness 
ratios varies in form with the characteristics of the material (6). 
In wooden columns the curve is smooth alS would be anticipated 
from the nature of any stress-strain curve of a short block of wood 
in compression. In such a short wooden column the stress-strain. 
curve is a straight line up to the elastic limit. At the elastic limit 
it breaks away very gradually from the straight line and retains 
its smooth form out to the point of maximum compressive stress. 
Any curve which represents the strength values of the column 
between the elastic limit and point of maximum compressive stress 
must therefore be a smooth curve tangent to the Euler curve at a 

~ equal to the elastic limit stress. A curve of the parabolic type 

with its vertex, zero f" at the point of maximum stress, and tangent 

to the Euler curve at the elastic limit, fulfills these conditions. The 
general form of this parabola is: 

where 	S= maximum crushing strength (pounds per square inch). 
S' = fiber stress at elastic limit (pounds per square inch). 

L: = slenderness ratio of the column when -A~ = S' (this may be r 
calculated by substituting the elastic limit stress of 

the material for ~ in Euler's formula). 

For columns of rectangular section this formula may be written: 

28' )

L)( S-S' 
~~8 	1-(8-/')( ~: 

where 	 d = least dimension of the section (inches) = ..[f2r.
L ratio of length to least dimension of a column of rectangu
d= lar section (also spoken of as slenderness ratio). 

~: = slenderness ratio when ~ is equal to Sf. In other words 

it is the ~ ratio at the point of tangency between the 

parabola and the Euler curve. 
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If the elastic limit of the column is four-fifths of the maximum 

crushing strength and if ~; is replaced by KI this parabolic equation 
becomes: 

When Sf is two-thirds of the maximum crushing strength of the 

material and ~l; is replaced by K the equation takes the form known 
( . 

ns the Forest Products Laboratory fourth-power parabolic equation: 

K Illld Kl are values which depend upon the modulus of elasticity, 
E, of the species and the fiber stress at the elastic limit. Values for 
K nnd Xl may found by SUbstituting the assumed value for fiber 
stress Ilt elastic J.. it for the species, grade, nnd condition of use in 

the Euler formula, the r in the formula being replaced by ~. 
This fourth-power equation requit'es no greater mathematical 

skill in its appiicntion than the straight-line formulas in common 
use. Both hmes require only the solution of relatively simple quad
]'utic eqm, .J. It is more convenient, however, to take the required 
values directly from a table than to solve for them each time ther 
are needed. Table 8 has been prepared for this purpose by substl
tutbg the Forest Products Laboratory's j'eC{)mmended safe working 
stresses in the fourth power and Euler formulas. Values for X and 
for modulus of elasticity have also been included in the table. 

'I 



TABLE S.-Working stresses fOT limber conforming 10 Ihe ba.~ic provisions for Select and Common grades of slructural malerial of American ~ 
lumber sitlndurW! I 

SAFE WORKING STRESSES Fon OOLUMNS USED IN A MORE OR J,ESS OONTINUOUSLY WET OR DAMP LOOATION' ~ 
(") 

h d·' L. II:When ratio oflellgt to least ImenS,,)n"if 18- Z
Modulus Value ..... 

Species of 
~lasticlty 3 ~G"~ ~ roj:::.~I~~~~~~I~I~~I~~I~.~ ttl 

PouruU peT square inch 

Asb. commercial wblte•••••••••.•••••••••••••• _....___ ._. 1,[00,000 SeleeL.... 26.2 000 881; 876 8.';9 &14 798 1751 (i88160!1 524 }4~7 1336 257 203 64
1, [)f)O, 000 Commotl. Z'J.:l 7Z!lJ 714 70s 698 IJ86 nflS GH 1HZ 571 520 I ~ 

000,000 Select.. •• : 28.7 400 446 441 436 427 414 3!J8 377 340 3l-1 2~4 1201 154 122Aspen nntllnrgctooth IlSJlCtI. __ •. __ ••• _._._._._.......___ • W

000,000 Commotl.. 32.0 360 358 356 352 348 342 333 322 308 ~J() 2!!9 

000,000 Select._._. 28.7 456 446 44i 436 427 414 3!J8 377 349 314 2,4 i 201 154 122 ~ 
Bn..;.~wood_ •••• _••••• __.,_,_. _. _._ ...._•• _•• _____ • _._._ ••• 00
!!OO,oon Commotl.. 32.0 300 358 :156 352 348 342 33:1 322 308 2!10 269 

l,fJOO, 000 Seloct__ ••• 27.0 000 888 878 803 Wl 810 768 713 642 559 487 / 3-18 274 1 216 5 
...... 

Beech.••••••••_•••.•.•.••••••_••..•••_._._._ ••• _•• _______ OlI, 000, (JOO Common__ 30.2 720 714 708 701 1i00 074 t>!i2 624 588 543 486 I "-l 
Dirch, yellow nnd swoot._________ •__ •• ________ • __________ I, fjlJO, (JOO Selee!._ •• _ 27.0 000 888 8iS 8fJ3 840 810 768 713 642 559 4871358 274 216 ·5 

l,fjlJO,OOO ('ommon._ 30.2 720 714 708 701 UOO 674 652 624 588 543 4l!6 
Cedllr, Alnsk,l. _____ . ______________ • _._. _______ •__ .• __ ••__ 1,200,000 Select_____ 27.5 6ilO frl2 (iaU 025 611 590 562 526 480 410 ?I~ I 268 206 162 2 

c:j 
1,200,000 Common_. ao. S 520 510 [,1:1 fJJ7 500 489 47" 456 432 4ip, .164 J 

Ceunr\ western rod_____________ .•___ ••__ • ____ . __ ._ •______ 1,000,000 Select._._. 25. I 656 c,m 62'J fiB 593 5trl 523 471 405 3~ I}304 224 171 135 o r/l
1,000,000 Commou.. 28. I 520 514 MO 502 491 476 455 428 304 350 , 

800,000 Select... __ 21. I 4[.0 444 439 432 420 405 384 3[>6 321 280 24;1 :}l79 137 lOSCedar, northern and southern while________ ._.__________ 88 t:t800,000 C01lunou__ 30.2 3dO 3.';7 354 351 345 3:l7 326 312 2114 271 243 t9
Ceuur, Port Orford_. _______ . _______________ ._.__________ 1,200,000 Select__ ._. 25.6 756 i38 728 712 689 tk'i7 614 557 487 }U9 355 268 200 162 2

1,200,000 Common_. 28. 7 IlIlO 594 588 r,s1 569 552 ;'31 502 465 r. 
Chestnut___._. ________ • ___________ • _______ • ______________ 1,000,000 SclecL ____ 26.2 600 591 5&3 572 5.'i(l 532 500 459 405 3.10)304 2'M 171 135 ~ o

1,000,000 C(lmmon_. 29.2 480 476 472 400 457 445 429 40S 381 346 
Cottonwood, eastern and black ___ •• __ • ___ ._._. __________ 900,000 SelacL••__ 23. 7 41iO M6 441 436 427 414 308 377 349 314 2i4 }201 154 122 

000,000 Common._ 32. a 3110 arlS 356 352 348 342 333 322 308 2!10 269 ~ 
Cypress, southern_____________________ ._._._._. __________ 1, ZOO, 000 Select.____ 24.8 BOO 786 774 753 72G 688 f.:lll 500 486 419 )365 12t;8 ZOO 102 ,2

1,200,000 Common_. 27.8 tHO 032 627 617 602 582 556 522 476 410 I >-
Douglas tIr (western Washington and Oregon) ______ • ____ §1,000,000 SelacL____ 20. [) 007 895 885 869 847 815 772 716 644 5!i9 487 }358 274 216 

1,(jIJO,OOO Common__ 31. 1 680 675 6iO fJ64 G55 f>41 624 000 569 531 484 " ..... 
Douglas fl,' (dense)_.•_________________ • ___ ._ • ___ ._ • ______ 1,000,000 Sclect.____ 25.8 9!J2 976 !Jm 943 913 872 81tl 742 tH9 559 )487 358 274 216 5

I, COO. 000 Common_. 28. It 793 785 7i8 768 753 732 703 600 618 5S7 g 
Douglas tIr (Rocky Mounlaln type) _____ ••• ______________ 1,200,000 Select.____ 26.5 700 690 682 009 651 625 591 545 487 419 365 268 200 162 .2 

1,200.000 Common__ 29. 7 MO 5.15 551 Mol 535 521 5O~ 480 456 413 
Elm, rock.___ • ___._._. _. ______________ ._._ •______________ 1,300,000 Seleec._._. 2.4.4 000 882 868 844 SIl 765 702 618 527 }454 396 291 223 176 ~ 

1,300,000 Common__ 27.:l I 720 710 704 691 674 OliO 617 574 520 
Elm, slIppery nnd American__________ •___ • ______________ 1,200,000 seleet•• ___ /27.,'; 650 642 636 625 611 590 562 526 480 419 365 t268 206 162 ~ 

1,200,000 Common_. 30.8 520 516 513 507 50!) 489 475 456 432 402 36~ 
Fir. co=erclal white.________________ ._ • ________________ 1,100,000 Select_. ___ 27.4 000 593 587 577 56.1 544 .;18 484 440 385 33" 246 188 149 

1,100,000 Common__ 30.7 480 476 473 4fl8 461 451 438 420 397 309 334 



Gum, nod, black, and tupelo__________________ ____ r 1,200,000 S"lceL ____ 127.5 C'!,(J 642 I 636 625 611 500; 562 526)480' 410' 365 !l2(J8! 200 16,1 132 
- ------ 1,200,000 ('nmmon__ 30. S 520 5Wl 513 007 roo 4Sn' 475 456 432 402 j 364 1 ' - - j 


Jlemlock, eastern________________________________________ 1,100,000 SeleeL ____ 27.,4 GOO 5~/3 587 577 lifo3 544 51S 484 440 385 II 335 ~2161188 149112

1,100,000 ('<.mmon.. 30.7 480 47D 473 4U8 461 451 438 420 397 369 334 J 


Jlcmlock, western__________________________________ 1,400,000 Select ____ 26.8 800 700 780 760 746 718 679 fi2'J 564 4901426 313·21,0 1891153 

------ J, 400, ()()'J Common__ 30.0 640 634 630 623 612 598 578 552 520 478! 427 :. 


J~nrch, western_______________________________________ 1,300,000 Solect.____ 25.8 800 7S8 t' 777 7fil 737 700 (l60 602 527 454 :\396 291 I 223 1-°1142 

---- 1,300,000 Common.. 28.8 640 (034 628 620 60S 591 568. [,38 WO 452'1 I 


Maple, sugar nnd black_____________________________ ], GOO, 000 II Select_____ 27.0 900 888 87.8 863 840 810 I 768 713 642 5591487 358 1 274 1216 1-5 

----- ~ I, GOG, 000 Common__ 30.2 720 714 708 701 G~O 074, 652 I 62·\ 588 543 486 . , I 


Maple, red nnd silvor._________________________________ 1,100,000 Select.. ___ ' 27,5 000 593 ['S7 577 563 544 i 5]8 484 440 384 t 335 246 1188 149 I I' 

-- 1, !OO, 000 Common.. 30.7 480 476 473 4f>8 461 451: 438 420 398 369: 334 -

Onk, commercinl red and white__________________________ I, 0J0. 000 Select_____ 27.7 800 700 ;S:l 771 753 728: 095 600 595 524 i 457 3'" 1257 203 164 1-3
], roo, 000 ('(mUllOn__ 31. 1 640 f036 631 62.1 616 00." [,8(; 563 .,34 498 I 453 'N I - t=:J 

l'ine, southern yol1ow______________________________ _ I} I,GOG.OOO SelecL ____ 20.9 007 89.5 885 869 I 847 815 i 772 716 644 559 [4S7 358 ~-4 ~16 1-5 Ul 
- ---- 1 1,000,000 COlllmon__ 31.1 680 075 (i70 664 I 655 un' 624 000 569 531 I 484 . _I - I 1-3 

Pine, southern yellow (dense) ___________________________ _ 1, GOO, 000 Select.____ 25.8 992 976 963 943 91a 872! 816 7·12 (l49 559 ') -~- Ul 
1,000,000 Common__ 28.8 7P3 785 778 768 I 753 732; 703 666 fil8 557: 487 358 _14 216 175 o1,000,000 Sulect.____ 25.1 ow 630 629 614 593; 564: 523 471 400 300 I 304 ) - I:j1'ino, northern white, western white, western yellow, and 1,000,000 Common__ 28.1 WQ 514 510 002 491 I 476 I 455 428 394 300 1 304 224 111 135 110 

l'i~',~'Norway__________________ ., _______________ .. _______ I 1,200,000 RelecL ____ 26_5 700 090 682 f.GO 051 02.1 I 591 545 487 419,1 30, 268 200 10~ 13' 
1,200, OOJ Common__ 29.7 560 555 551 r>44 i san 521 ! 504 480 400 413 II .J - - - ~ 

}{edwood _______________________________________________ . 1,200,000 SelecL____ 2.'i.O 'lW 738 728 712 1 689 657 614 557 484 419 j' 365 ~ 
1, 200, 000 Common.. 28. 6 000 594 r.c,8 581 I 569 552 t 5.31 502 465 419 305 208 200 102 132 
1,200,000 SelecL____127.5 600 642 f.a6 025 611 590 1562 526 480 41U 1365 2"0 162 13~ ~ Sprul'e, red, white, and Sltku ___________________________ , ON> 

1,200,000 Common__ 30.8 520 516 513 007 roo 489 475 451j 1432 402 364 vo """ 
1,200,000 Select ____ '! 27.5 650 f>42 f136 62:; Oll 5no 1.'162 526 480 419 365 . 1-3SYCUInore ••_____________________________________________ _ 1,200, OW CommOll.. 30.8 520 5Hi 513 007 [,00 489 475 456 432 402 364 268 200 162 132 

Tamarack..__________________________________________ -It 1,300,000 Select. ____ 125. 8 800 788 i 777 761 737 700 I O(iO (,02 527 454 1)396 29- 223 1"6 142 ti 
t:D _ _ ____" __~,.__ - - - 1,300,000 Common__ 28.8 640 634 I 028 620 608 591 I 568 538 Iroo 452 - < I' t=:J 
~ 

SAFE WORKING STRESSES FOR COLUMNS IN AN OCCASIONALLY WET AND QUICKLY DRY CONDITION o o 
Pounds per .'quare inch ~ 

• Ash commercl'"I I 'te 11' 500, 000 Seleet. ____ 24.8 1,000 982 967 943 908 860 795 709 608 }5~4 "7 336 257 203 164 i:::
• , .. W 11 ----------------------------------- 1, WO, 000 Common__ 27.8 800 700 783 771 i53 728 695 650 li05 - ,0 - Z000,000 SeleeL____ 25.9 550 542 534 52., 507 484 454 415 :J65 315 27' ~Ol 154 122 99

Aspenand I arget00tb aspen______________________________ 000,000 Common.. 29.0 440 436 432 426 418 407 302 371 345 312 " - Ul 

B . . d 900,000 SeleeL ___ - 25.9 550 542 534 523 507 484 454 415 365 315 20 15 99a:;swoo ________________________________________________ 000,000 Common__ 29.0 440 430 432 426 418 407 392 371 345 312 27·1 1 4 122 


Beecll i I, r,oo, 000 Selec!. ____ 24.4 1,100 1,078 1,000 1,033 993 937 801 762 649 559 487 358 ""4 216 175 

---------------------------------------------------- 1,600,000 Common__ 27.4 880 870 8roO 846 824 790 75G 705 039 559 ._1 

. • , 1, (.00, 000 Seleo!.____ 24.4 I, 100 1,078 1, ono 'I, 033 993 937 861 762 649 I" ". , ry- ~ " BIrch, ~ellow and sweet__________________________________! 1,000,000 Common__ 27.4 880 870 860 I 846 8241 iDol 756 705 639 1)509 481 .108 _14 _16 115 

I Basic provisions for American lumber standards grndes are published by tbe U. S. Department of Commerce in Simplified Practice Recommendation No. 10, Lumber, revised 

JnJy 1, 1026; specifications for b'l'ades conforming to American lumber standurds are published in the 1927 Standards of the Amorican Society for Tosting Mnterials, and in Amerkilll 

HlIiIway Enb<inoering Association Bulletin, Vol. 27, No. 284, dated Febrnary, 1026. 


t-:) 

s 'rho modnJus of elasticity values given are the averages for the speoies. 01
, Species which are nonresistant to decuy, used under those conditions without adequute preservative treatment, willlosp strength and require frequent replacoment. 



~ 'TABLE S.-Working stresses (or timber conforming to the basic provision~ for Select and Common grades of structural material of American OJ
lumber siandm'ds-Con tin ued 

SAFE WORKING STRESSES FOR COLUMNS IN AN OCCASIONALLY WET AND QUICKLY DRY CONDITION-Continued ~ 
g

When ratio of length to lenst dimension.!:. is !Z....Modulns Valne d (') 

Species elns~fcity Grades ~ Short 9 • 1 I"" 9 1 ~ 
____________ columns ~-.:__~~~_=_~~~~/ 3·5 / 40 / 45 /50 

b:j 

Pounds per ~'1ullre inch 
11, 200 78 139 

28
Cedar, Alnska____________________________________________ 200-'000000 ('Select _____ 9-5. ~ ~'oo'iO 1 ~~81 758828 512 rlS9 6~7 614 557 486 '~4191365 268 206 162!

,. ommOIl__. I \) l})J' l 1 569 502 531 502 465 1 - ~ 
Cedar, western red_______________________________________ 1,000,000 SolecL_____ 2-1. 2 700 686 674 656 629 592 542 47fi 405 350 304 22°' 171 135

].000.000 Common__ 27.1 SfiO 55:{ 547 538 524 liOo 479 4·15 402 " .,., llO ~ Cedar, northern and southern white______________________ .! 800,000 SelecL_..__ 25.7 .500 492 48.; 47·J 4.i9 438 400 372 32·1 280 " 244 179 137 ]08
SOO,OOO Common__ 28.6 400 I 39U 392 387 379 368 354 335 310 279 I 88 .... 

Cedar, Port Orford______________________________________ 1 1,200,000 SelocL ____ 24.6 825 808 795 774 744 702 645 072 437 ~419 3"" 268 206 a> 
- 1,200,000 COJllmon__ 27.4 660 652 6·15 634 618 597 507 529 479 "" 102 132 "-I 

Chestnn!.________________________________________________1I' 000000, 001000 (~elect----- U. 3 700 686 674 050 029 592 542 476 405 350 304 224 171 ]35 110 
, , lommon__ 27.0 560 553 547 5aS 52·1 505 470 445 402 • c:j
1l00.000 Selcct. ____ 25.9 5GO 5-12 534 523 507 48-1 4M 415 305 315}Cottonwood, eastern and blnck__________________________ _ 900,0011 ('ommOIl __ 29.0 440 43r, .132 42(i 418 407 392 371 345 312! 274 201 154 122 99 

1,200,000 SelecL ____ 22.2 1,000 072, 9·17 910 8.'i6 781 679 571 } UlICypress, southern_________________ - ___ -- -- - - - - - - - - ------- I, ~OO, 000 Comllloll__ 24.8 800 786 I 773 75·1 726 r>8S 636 567 486 410 365 268 206 IC2 132 
1,000,000 Sclect. ____ 24.8 ],007 1,0·18,1,031 1,000 Od9 917 848 757 049 559} t:1Douglas fir (westorn Washlngta'n nnd Oregon) __________ _ 1, ~OO. 000 \"omrnoll_. :is. 6 800 702 / 785 774 758 737 708 070 620 558 487 358 274 216 175 t;:j 

Douglns fir (donse)_____ ____ ___ I' l,nOO,OOO Sclect. ____ 23.7 ], W7 1,142 'J, 120 1,087 1,038 971 880 761 649 
_ __ ------------------------ 1 1,000,000 ComnlOlL_ 26.6 !I33 H2O I 000 802 867 8."l.1 7S7 726 647 559 487 358 274 216 175 ~ 

1,200,000 SclecL____ 24.8 800 780 I 774 753 72!l r.ss 636 566 486Douglns fir (Rock-y Mountain type) _____________________ _ 1, 200, 000 Comlllon__ 27.8 tHO 632 627 617 602 582 550 522 476 419 365 268 206 162 132 
Elm, rOck________________________________________________ 00,000 CSelect.---- 22.0 I 1,100 1, orIS '],041 909 937 851 737 GIS 527 454 291 223 176 

o 
"':lll1,3300 3nn 49 

" 000 ommOll __ 24. Ii R80 SC..1 849 828 798 752 604 GI7 527 uu 1 ~ 
Elm, slippery onu Americau 1,200,000 Selcct_____ 25.fi 7fin 738 728 712 6S9 657 01·1 557 480 :>_____________________________ ],200,000 C0Il11ll01l_. 28.7 600 59·1 r,S8 581 560 552 5:n 502 465 410 365 268 206 162 132 §Fir, commercial white_________________________________ _ 1,100,000 Seloct_____ 25." 700 6S9 678 66·1 041 6ll 569 515 446 385} ~ -- I, 100, oro C"'llll1on__ 28A [,(i0 5-'4 5-19 M2 530 515 493 465 430 384 335 246 188 149 ]21 

! 
(=j

1,200,0()(j Sb..!ct_____ 25.6 750 7:18 728 712 689 657 014 557 486}Gum, red, black, and tupelo ____________________________ _ 1,200,000 Commoll__ 28.7 {iOO ,,1).1 588 581 569 5.52 531 502 465 419 365 268 206 162 132 
Hemlock, eastern ________________________________________ ~ 1,100,000 Select_____ 25.·1 700 689 078 66·1 6·11 611 569 515 446 385}

], 100,000 Oommon__ 2~. 1 56fJ 5li4 541l 5-12 530 515 493 465 430 384 335 246 188 149 121 
Hemlook, western_______________________________________ 1\,400,000 CSelect.---- 2.,.3 900 88" 872 852 823 783 728 658. 567 490 496 313 240 189 153

" ommon__. 3 720 712 700 696 680 000 6:12 595 5019 489 ~ 

Larch, western___________________________________________ II, '330000, 0°0000 CSelcct----- 2~. 1 1,000 9i6 951i 921 877 813 726 018 }527 454 396 2"1 223 176 1 
400 000 28

, " ommon__ 20.8 800 788 777 761 737 706 660 602 " 42 
Maple, sugar anu black_ ], (iOO, 000 Seleet_____ 24.4 ],]00 1,078 1,060 1,033 993 937 801 762 649} 

--------------------------------- { 1.600,000 Common__ 27.4 880 870 800 846 824 796 756 705 639 I 559 487 358 274 216 175 



r,.Sl ()6.1· 6H fill ' 569 , 51~ ; 446 .,BelecL.... 2.5.4 \ 700 689· If 1, ]00,000 	 3S4 335 121
,\{aple, red and sll\'er.-----------------------------------1 1,100,000 	 Common.. ~.·1 : 51'.>0 5.'i·1 5-19' 5-12 5SO 51.5 • 493 '465 430 1 2461188jl49 

Select___ __ :!V. I ' 900 SS6 s761 S59 834 79S 751 6S·' rm 524Oak commercial red and white. _____••__________________: :'~'~ 	 }457 336 257 ~ 203 1M
Common•• 29.3 720 714 70s GUS 686 G6S 641 612 5,1 020 
, ' If J: flOO: 000 Selee!. .... 2·t.S 1,007 1,1J.I1i 1,031 1,00) 009 917 848, 757 649 ';';9 358 i 274 216 175


I 
f4S7Pme, southern sello""----....-·--......---..·--·----..·--,l I, tlOQ, 000 Common._ 28.6 1-00 792 ;.10",5 7i4 i5S 737 70s 670. 620 558 

1 fJ I, tlOQ, 000 Select ..... 23. i I, W7 I,H2 1,120 1,0;"7 1,03S I 9,1 &lO 761 649 I . 487 3581274 216 175Pine, southern yellow ( ensel--..-----..-----..·--..----t I, fiOO, 000 Common•• 21i. (j 93.1 9~'O !Xl'J; SU2 867 b3.1 , 787 J 726 • 647 r5,9 
Pine, northern white, western white, western yellow, j' 1,000,000 SelecL .... 23.4 750 ;:S3 .11; i 695· 003 617 5.55 476 '1 406 \ WJ 3(}1 224 jl 171 110 

and sugar. \ 1,000,000 C'mnmoll_. 21).2 (;00 5\J\ 583 t 572 i 556 5.12 500 459 405 135 

Select..... 24.S 800 786 --, I -" I -0" riSS ' 'l36 , 500 , 486 
('omDlon__ 27.8 (HO 632 627 017 002 5-~2 ~ 556 ; 522 j -176 419Pine, :-;orway________________________.._______ •.________.!( I: ~:5l 	 '" I ''''' I_v 

1 
365 26S 206 162 132 

Redwood. _________________________ ......... ________ .....!l I,:?OO, 000 	 ';elect. __ .. 23.4 900 879 861 S,'H, 796 741 : ()6.6 I 5711 '86 I 419 365 2(iS 206: 162 132

Common•• :!V. I , 720 709 700 68ti! 007 f>39 . fiOO 551' ". ~ 

.. 	 .1 1,200,000 Select. .... 2,'i.Q f 750 738 ' 6.;7 i 614 557 i'486 !419 1365 132Sprut-e, red, white, and Sltka.. ____....· __ · ...._________·h I,:?OO, 000 	 Common.. 28.1 I fiOO 594. ; 588 581 569 J 2(iS 1206 i 
I 

162'.28 7.121 r,s9 5.'i2 ,5.31 00'2' 465 ' 4lq
Selec!. __ __ 728 712 6S9 ~ 25.0 ' 750 73S 	 365 2(iS 206 I 162 132
('ammon.. 28.7 foo 5!).1 . 5SS 581 569 ~~ ; ~~t '. m11~ "1 419 

SelecL __ __ 2-1.3 \j()() 8.')2 868 844' Sll 765 I 702 ) 619 '. 527 «, 291 ml176 
o 
"'.l396 142::::::::.~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~jf tm~m 	 ICommon.. 27.2 720 711 ); 050 ' 617 I 575 I 520 ,'"7IJ.3 691 I 674 

I 1 I .I 
~ 
;;:lSAFE WOURIKG STRESSES YOn COL1.'MKS USED 1K DRY L.'>SIDE LOCATIOKS o 

-~-------'-- ....-.-'---~._"I-____r-_____;,-.---------------- t.".l 
r. ~ I I 	 Pounds per 8Quare inch '"3

Ash, commerdnl \\'hite....___.._____ •____ .._____ ...______ 'I'~' 000000 	 C~elect..---.~.? I, J~ 1,076 1,05.'i 11• 023 07R 913 027! 714 I' fJOS }'?4 4'~ 336 1?<~ ~o I I'",'NV, OI1Ullon. <0'.' <»V S6S 857 840 lilB 784 740 I 682 ,007 0_ 01 .....1 OM> on 

Aspen and Inrgetootb IIspen.....___• _____ ... ............. 900,000000 scelecL---J~. QI 700 082 G6S 645 612 500 [,05; 42';1 365 31' ?-4 ~I 1'-' I"" "" ~ 900
.' ,ommon...,. I I 500 5.'i1 54·j 532 515 492 460 418 I 0.1 -.v ~ -- U'J t.".l 

Dnsswood____ •__..... ____ .._____ ..____..__ • __ • ___ . ______ . 900, 000000 	 cS,eleCL---. ~. Q: 700 f,s2 66S I f>.I5 f>12 Sf,/) 5O.j 428 l30' 31' ?-, ~I I:' I"" "" ;;:l
900, ommon.. 20. I i 5(,0 5.'il 5-14 5.12 515 492 41]0 .!lS ! vO 0 -" ~u on -- .. 

Deeeh...___ •__ ...__...___ • ____ .....____________. ___ .••__ • II,~·OOOOOO rSelect. .... 23.4 i 1,200 1,172 '1, J.lS '1.112 ,1,061 988 888 701 il"'" <:9 487 358 0-4 ?IO 1~5 (j 
I UVV, . QUUllOD_. 26.2: 960:!J46 033 1 915 8.59 852 SOl I 734 .w ... 1...''lN01 o 

llirch, yeilownndsweeL.__....__________....._______.....I 11,~iOOiOO.OOOOOO 	 CS,elect.--.. 23.4 1,:?OO.1, 172 1,148 '1,112 I,OtH !l8S 888, 7tH 1"'9 5'91 'S- 358 ~, 216 I~I .U , omlllon.. 26.2 om: !).Ifl 
1 

0;13 I 915 &~9 852 SOl' 734 ,j", , ~ 1 ~I~ 15 

Cedar, Alnska.... __ .• ___ ..________ ••..______...___...__ •• , ]I,~, 000000 (s,elect..... ~:!'88 800 Ii 78fl 774 II 753 72fi 668 636I bfJ6 486 \419 36' ""0 ~, I"? 13" ~ t- ,';'\1\1, Olllmou"w _t.' fHO r':J2 62; fi17 60'2 582 556' 52'2 'I" 476 i ,)';'00 ~ u_ .- Z
eedur, western re(I.._..._____..__...__ ..._______ ...... J 1,000,000 	 Select..... 24.2 700 I f.&i 674 (i[,(j 629 592 54214761405 I . , 224 171 135 I 110 UJ 

.. j' 1,000,000 ('omlllolJ.. 27. I WO 5,,3 5-17 53S 524 505 479 445 40'2 ,350 3u.; 
Cedar, northern "nd southern white BOO,OOO I Select....,! 24.5 SW 5-10 530 516 496 46S 430 '( 381 3"4 \ .. ----....--.----..-., 800,000 ICommon..; 27.3 440 435 430 42.1 412 398 378135.1 320 '280 244 li9 137 lOS 88 

Cednr, Port Orrord.___.....__ .._. __ .....__ ._....______ .' 11'~'(OOOj()(). s(~elect ..·-·i ZI.4 900 879 861 1>.34 700 7·1\ um I 571 1487 '419 36' ""0 ~~ 162 13 
-- 1 ,';'\1\1, . omIlloD.. f 20.2 720 iOO 700 LiSt) G07 633 GOO! 55J j, ,) .00 .,.:;uu 2 

Chestnut..____.......___ .....___ •______. __ ..... __~•. ___ •.1 {'OOOOOO'OOOOOOScelect"--'I' 2~. 7 I 800 779 71;2 734 G!).I G33 r.H ..176 1['40' 350 304 ""4 I-I 135 10 

, " Qllllllon.. 2a.3 I 640 629 620 606 580 5.57 519 i 408 l , - 1 I 

Cottonwood, eastern and black ! 900,000 Selecl •• ___ 23.0 j' iOO 6.'.2 f£,s 645 612 1ifJ6 505' 428 Ii ..-..··.... -·-..· ..........i 900,000 COllllllon.. 25.7 [',;0 551 544 532 515 492 400 i .IlS : .365 315 274 201 15-1 122 9<J 


Cypress, soutbern.........________ ..____ ...___ ........... · l'~'oooOOO cS,elect...-- 2321.~ 1,![XlO II,~~ 1,030 I 981 ~9 ~\O O,!9 i}571 I' 486 419 365 208 """ 10? 13° 
, ,_, ommon__. I "" 8u1 fA3 818 Ibl 129 658 I I -.vv - 
t...:l 
-.:( 



TABLE S.-Working strC.~SC8 for limber conforming to the basic prouisionlJ for Select and Common grades of slmciural material of American ~ 11Lmber standards-Continued 

SA}'E WORKING STRESSES FOR COI,UMNS USED r:-;- DRY r:-;-glDE ].O('ATION-('ontlnued ~ 
. 1'1 	 &1I When mtlo (If lmlgth to lellSt dimension "if S• 	 z:Modulu5 


Species of Grades 

elasticity 	 ~V~"\~:~::'I~I~!~I~I~I ~ I~!~L~~~~~~_:. 

t:::f
I 	 POUIId.! p<:r s,/uarc inch 

Dougln.~ fir (we.«crn Wnshington nnd Oregon) ____ ._.___ ) 	 1,600,000 Sclect.____ 2:1.7 1 .1i3jl,H7 '1,]2~ 1,O'J2 '1,(H2 1 ~'·I t;.'>Z Zf.1 r,19 }559 487! 358 274 216 1175
I, flO. 000 Common... 2i~ 3 '8S0 SGg I 8(j() 046 h2.i ,00 ;;,7 ,00 640. 

Douglas fir (!IClL'lCl .. __ ._•• _ •• _•••••••••_••••••__._••••••• i 1,r.OO,OOO ficlcCl ......... 2"2. 0 1,:!S.1 1,210 1,221 1,177 1,112 J,02:1 Il(}'l !~I '649 559 487 358 274 216 li5 
I, flOO, 000 ComUlOn.... 25. a ] 0271 010; 095 i 0.2 93U I 8114 1>.12 ,00 i , 


I, :'00, 000 Select..... 21. R '800 I';gr, 7.·1· 753 721;! r,g, ron Yili 4qn l.19 305 268 206 ltlQ 113') 
I


DougltL~ fir (Hocky MQllntnin type) ...• _._••••_.__ ••••••• : 	 z 
I, ~'OO. 000 COlIIlllOD.. 27. S 1140 fo32: G27! 017 G02 f.'i2 I 5:.. 522 4.0 r I - -

Elm, rock.......... _._ •• _•••••_••••••••••_._••.•• __ •••_-' 1IJlS1,300,000 Relect••••• 21. I 1,200 1, I;,~ 1,122 1,007 	 IIhS ~7!'!:&, J 527 454, 300 291 223 176 142 .... 
1,300,000 COlllmon.. 2:1. Ii IH\{) 9:39 020 I 892 Sr,2 ,9.1 .IS C> 
I,ZOO,OOO Select..... 2·1. 8 800 774· 753/ 72/l r,ss 036 mr. 3115 268 2Ot1 162 132 'l7~U 	 4~r,)419 IIElm, slil11)(lrY nnd A lIIeric!ln •.••_._••••••••••_•••••_••••• 
I, ZOO. 000 ('ommon.. 27.8 640 1i:l2, 627 0171 Wl f}i2 5ri1i [,22 4,6 I t 
1,100,000 Selcct. •••• 25.4 700 689' 6.,8 664 &11 011 f,fiO 1i151 4;10 385 }335 246 ISS I 149 121Fir, commercinJ white.•.•••••••••••••_••••••••••_••••.••• 	 ~ 1,100,000 ('ommon•• 2'!.4 '>I\{) 5f>! I [,10 [,12 510 515 493 405 ·130 3&1 I 

Gum, red, hln~k, nnd tupelo .• _._. ____•••••••••_.___._••• 1,200,000 Select..... 21.8 500 iSQ 7,,1 7f.1 I 726 f).~" '&16 f,(,f} 4~ }4W: 3115 ~'6S I WI) 1162 132 UJ 
I, ~'OO, 000 Common... 2i.8 &10 fl.12 027 Gli 002 f>S2 I 550 52'2 416 I 

]]emlock, enstcrn .. I.IOO,O()() Seleet..... 25.4 71H! fl.~9. 0.8 r.H I &11 iU I : r,lJO ,51" <1-IfI I 385 f3.15 240 ISS! 149 121
M .... .... ___ .. ______________ .... ___ ... ________ _ ~ 1,100,000 ('OUIIIIOIl. _ 2S. 4 5m f,,,, I .~IO ['12! 	 5.10 nlli' 403 ,40.'1 1,30 3&1 ' t;:j

11 em lock, western._. ___•••_._._•••••_••_____••_••_._. __ ._ 	 1,400,000 SClect••••• /25.3 1100 &'>5 hi2 852 82:1 i"1 ! 72'! f).',g &li7 400 I 4~'O I31a 240 l189 15.1 
1,400,0IH! COUlmon".. 2.';.3 720 712 700 m)1l t1SO 1lIlO' (l!12 5U:; 54U 4S0; 

J~nrch. \,·estern .. _.. ,. ___ .. ______ .... __________ .... __.......... __ .... _.. __ 1,:100,000 Select..... 22. 0 1,100I,OOS\!HI' \)'JIlI \l.17 g.jl'TJ7 6IR!527 41>1 300 291 2Z1 176 H2 ~ 
1,300,000 ('om mOll.. 24. () sso I 8&1 840 828 798 752 6nl 017 
1,600,000 1 o 

I::j1.1aplo, sllgnr 1\1111 hlack•.•• __ ._.____._......_•••.••__ •••• /lolect•• "'1 Zl. 4 1,~~)() '1, liZ 1, Hi> 1,J12 '1,OOI 9i>~ II' s,,,q !~I !j649. 550 ,,87, 3[,8 27"12.16 175
I, (;00,000 C'om.lllon~.. 21t 2 uno I {W) I IJ:13' 1115 ShU 8;;2 801 1.14 " 

1,1()(),000 Select"' __ 2:1.8 suo 7hZ i 70S; 740 712 ono· 001 ,524 440 384 '1:15 2.\0 i ISS '149 121
Maplo, rorl "ud silver................................._•• 	 1,100,000 rOmnIPlL~,

1 
~"ll. II r..to Ii:ll: flZI, 612 1 51H 572 r.lO 1 495 . • i >
o

Oak, commercial red and whito. __••••_._•••_••••...•_••• 	 I, .'100, 000 SeleoL •.• _j 2·1. S I, (XX), 082: 067 r IJ.rl I OOH 81',0 71l:;' 700 flOS .i52.1 .' 457 330 1257 2Q:\ 164 
1,500,000 ("ommoll..... 27. S SOO ~ 7£f0 i (1).1 ~ 771. 	 if":~ 72S (lOS 650 (JUS 1 I 

I 
~ 

J>inc. southern yellow ____ .... ____________________ ..... _.. _____ ... 	 l.r.oO,OOO Select_ .... _-1 Z1.7 } I, 17:J 'I, Hi 1, 125 \ 0'.12 :.1,012 1174 I &~2 . 761 (flU r 5591487 358 274 216 17" o
1. (100, 000 ('O.llllllon·-12i. 31 SSO iRon· 860 &10 I liZ.'; 79fl 757 700 C,W. I 

1'ine, southern yellow (dollsc) ..••••••••••_._ ••••••••••••• 1.000,000 Serl!ct_~ ___ 2:!. fi 1,2'!:t '1,2·m 1,221 I, li7 1,112 II,OZ:I , 1!jl2 , !:fll ;)640/ 550 i 487 358 274 216 175 
1.1100,000 Com mOll.. 2.;. a I I (m I 010: Il'J5 I Ili2 1~19 801 8:12·.rJO, 1 

Pine. northern white, western white, western yellow, 1,000,000 Select•••••! 2:1.4 '750 I '73.1: 71M IIlIIS 00.031 617 (155 I 476 I 40Q .•.. ~350 I 301 221 171 135 110
and sugur. 	 1,000,000 COlllntoli__ 26,2 ' noo i 50 I· r>S:1 fl72 sm 5.12. 50C 450 I 405 I

1
Pino, Norway__••_.__ ._•••_••• __ ••_..._.•.._••••_._ •.. _•• 	 1,200.000 SOlect····· 2'1.8 8I)(). iSO I 774 75:1 726 Wi I ('1Ii 506 480 410 3115 268 206 162 132 

I, ~'OO, 000 Common... _ ~i. 8 tHO· [;12 027 617 602 582 5[.. 52'2 476 
Rodwood....___._.___•••'_ ._.____•____ ••_____•_____ •_.•_ 	 1, ZOO, 000 1,000: 1172 I 947 1 UJO 8.';6/ 7S1 j liiU II 571 I}'ISO j' 4191365 268 206 i 102 132Solect••••_ 22.2 

1,200.000 COllllllon..1 !!4.8 1 SUO; 786 I 7i3 1 754 i2G 6SS 636 567 I 

http:27"12.16


...... 

1	 753 • Spruce, red, white, and Sitka-----------··----------______i. 1,200,000 Common._ ~.8 786 774 726 I f.88 636 566 486'1 ':m, 000 SeI9CL----f 24.8 	 268 162 132632 627 617 582 55(J 522 476l~ 002/ }4191 361i 
1,200.000 Common._ .f.8 786 ii4 753 726, f.88 636 1 1DISycamore._____________ • __________ ._.____________________j 1,200,1nl Select_._._ 27.8 


632 627 617 002 I 582 55(J ~:m }419 ! 36Ii 268 :100 162 132 

; 1,300.1nl Select_____ r Z1. ITamarack___ ••________ ._. ___• __________________•__ ._...... 1,300,000 I ('ommon"j 2.5.8 976 OM 9ZI 877 1113 726[I,a	 602;}trr.

0 ..1 
618

788 7;7 761 i37 706 660 454 i 396 I 29: 223 176 1142 
f 

EXPLANATION OF TABI.E S.-The ...alues In the table were obtained by tbe use of the Forest Products Laboratory fourth·power parabolic formula and the Euler formula
for long columns, pin-ended conditions. 

1'M Portat Product. Labaratorv fourth-pou:trparabolicformul4 The Euler formula 

P O.27fE~-S{I--}(td)'} 	 ~ ::i-(ij' ~ ugen~ 

P=maximum land on column in pounds. 	 od=lllDSt dimension in inches. '>jA "'cross-sectional area in square inches. E=modulus of elllstidty in pounds per square inch.S ~.compression,pIlOillel stre.,,~ in pounds per square inch. K-constunt Cor gi"en species, grade, and condition of sen·ice. L=:unsupported lengtb in Incbes. 

The stresses hll\'o a factor of saCety of f based on the a ...erage crushing stress Cor sbort columl;s and a Cactor oC 3 hused on lbe average modulus oC elasticity oC the species. ~ 
WIth nny given specIes the modulus oC elasticIty Is the same Cor the two grades and three conditions oC use since the infiuence oC moisture and deCects on modulus oC t.".l 

elasticity is relatively small. ThereCore, as an Euler column, each species has Cor 8 gi\'en 1f a single stress Cor hoth grades and the three conditions oC sen'Ice. 
0-3 

Hound columns.-The values in the table may be applied to round columns by reducing the cro.o;s·sectional area of the column to an equh'a1ent square timber, d, 1he 
side oC the square being tnken .IS se...en-elghths of the diameter, measured one-third the length from the small end. 1'he crushing stre.o;s lit the small ~nd must not exceed i! 
the allowable stress for n short column, 	 t:! 

t.".l 
~ 

(":l 
o 

~ 
~ 

'\" 

~ 
to 
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A composite eurve of Euler's curve and the Forest Produ~ts 
Laboratory fourth-power pambolic curve is shown in Figure 1. The 
eighth-power parabolic em've is also given together with curves 
representing several other column formulas. Curves .2, 3, 4, and 7 
are nll tangent to the Euler curve. and nre simply variations of the 
genol'lll pllrabolic equation. The eighth-power curve assumes a fiber 
stress fit elast~c limit of 80 per cent of the maximum compression 
stress; the fourth power assumes an elastic limit stress two-thirds 
the mnximum; J. B. ,Tohnson's or the second-power pal'll bola, a stress 
of one-half the maximum; and T. H. Johnson's straight line or first
power curve, un elustic limit stress of one-third the maximum. 

RELATION OF THE PARABOLIC-EULER FORMULA TO TESTS OF 

COLUMNS HAVING DIFFERENT ~ RATIOS 

The conceptions back of the Forest Products Laboratory parabolic
Euler formula have becn given. But how accurately does the 
formula represent the action of columns under test? Knowing the 
crushing strenlSth, the fiber stress at elastic limit, and the stiffness 
of the IDnterinl how closely can the strength of columns of the same 
materinl of any length be estimated? Is the formula amply 
conservative? 

To answer these questions Figure 2 has been plotted. 
In this figure nn attempt is made to eliminate .the variability of 

the material, whieh is taken care of by the gmding rules and factor of 
safety, and to show only the relation of the strength of the column 
to its slenderness, or ratio of length to least dimension, which is 
conceived to be the function of a column formula. The data obtllined 
from the tests of the columns of structm'al sizes, which have been 
described here, are too limited in ratios of length to least dimension 

to establi",h the relation of ~ to strength of a column. Other tests 

made primarily on dry Sitka spruce and Douglas fir, in which the 
range and the data necessary to establish such a relationship were 
afforded, have therefore been used. The Euler formula requires that 
the modulus of elasticity or stiffness be known. This can be deter
mined with a fair degree of aCClU'acy for both clear and defective 
material. All but the lowest grade 12 by 12 inch by 24-foot columns 
previously deseribed here come within the Euler class and even the 
timbers with the largest knots are so close to being Euler columns 
thn.t they, and Itlso the 2 by 2 by 48 inch clear pieces cut from them, 
are included in Figure 2. Four hundred and eighty tests are repre

sented by the distribution area at an ~ ratio of 24. All the other 

points represent single tests. 
The parabolic portion of the curve assumes that the crushing 

strength of a short block is Imown and also the fiber stress at elastic 
limit, and the stiffness. It is possible by means of matched pieces 
to determine all these properties for the clear wood within any column 
and to predict by the formula what a column of any length should 
support, thc difference between the test load and the estimated load 
being due to experimental errors and to the inaccuracy of the formula. 
The inaccuracy in predicting the crushing strength of short blocks 
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containing large knots is so great that no attempt was made to 
include the results of tests of commercial timbers in this portion of 
the curve. 

The points on Figure 2 do not represent actual test values but 
were obtained indirectly by substituting in the general formula the 
constnnts obtained from matched sticks (except that for convenience 
the fiber stress nt elastic limit was taken as 80 per cent of the ultimate 
whereas it as a rule is somewhat higher) and then by cnlculating 
the tnpected load for eMh column and the pel'centage that the actual 
test load differed from the calculated load. This percentage is repre
sented in Figure 2 by the distance the test point representing a 
pnrticular test is from the avemge eighth-power curve. Thus, the 
points repl'esent experimental errors and formula iuaccumcy but do 
not represent the variability of the material. The point at about 

~=9 was obtained from a test with a slightly eccentric load, which 

accounts for its being below the curve. 
It was found that with fill Euler column on a knife edge bearing 

the degree of conformity to the expected load is primnrily n mattCl' 
of the refinement used in detel'luining the stiffness of the test specimen. 
and care in muking the column test. 

The conformity of intermediate columns is very- dose when the 
maximum crushing strength, JibeI' stress nt elastic lunit, and stiffness 
for the individual pieces are all known nnd the general form of the 
equation is used. The points show thllt even the eighth-power equa
tion is low for clear, dry spruce or Douglas fir. This conforms to 
laboratory test data, which shows that genel'llily such material has a 
fiber stress at elastic limit more than 80 per cent of the ultimate. 
It is not pl'!lctical to use different powers in the pambolic formula 
and the fourth-power parabola is recommended for use, since material 
of some species when green will have a fiber stress at elastic limit 
only two-thirds the ultimate for short columns; that is, muler some 
conditions, the fourth-power purabola will be correct, (md the eighth 
power unsafe. 

Although the fourth-power formula may also be used to determine 
the sllfe stress for short columns, it is recommended that the crushing 
strength for short columns be used instead for all columns with a 
slenderness rutio of 11 or less, since the errol' would seldom be more 
than 1}~ per cent of that obtained by the use of the formula. 

RELATION OF THE FOREST PRODUCTS LABORATORY FOURTH-
POWER PARABOLIC-EULER COLUMN FORMULA TO TESTS ON 
SOUTHERN YELLOW PINE AND DOUGLAS FIR STRUCTURAL 
TIMBERS 

The relation of the Forest Products Laboratory fourth-power 
formula to the tests on southern yellow pine and Douglas fir struc
tural timbers is shown in Figures 3 to 6, indusive, which present data 
from tests on the nomina112 by 12 inch columns of the various lengths 
investigated. The points on the figures represent individual tests. 
The large spread in these points is due to the fact that the test 
material ranged in grade from clear and dense to knotty and light. 
Furthermore, all the short and intermediate columns were (,lit from 
the long columns Rfte!' test and some specimens lIIay have been 
slightl~~ injured and therefore may have given lower londs in test 
than would be expected. 
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Two ultimnLo stress curves which show the strength of columns for 

ynrious ~ mtios nre plotted on each chnrt; one approximntely through 

tho ayel'flge test vlllues for the Select grade (3) of ellch of the three groups 
o[ columns, nnd the second through the minimum Ylllues of each group 
of columns irrespective of gl'flde. It mny be seen thnt the average test 
loads for tho long columns full slightly below the curves. This is due 
to Lho tochnic employed in tho tests which is expillined on pllge 14. 

A cornpllrison between the curvesin Figures 3 nnd 4 nne! between those 
in Figures 5 Imd 6 shows nmlll'lcod similarityill col umn strength between 
tho two species. Tho curves also illustrato that the intermediate and 2
foot southern yellow pino columns in both the green and air-dry con
ditiolls sustllined slightly grenter uLtimato compressive stresses than the 
Dougills fit· columns of slll1ilur lcngths and that the Douglas fir long col
limns hnd somewhllt greuter stiffness thnn tho southern yellow pine 
long columns. 

The lower curvcs in Figurcs 3 to 6 reprcsen t recommended sllfo 
working stresses for a dense select grado of southern yellow pine nnd 
Dougills fir eolumns. 
END CONDITIONS. ECCENTRIC LOADING. AND CROOKED COLUMNS 

In the present study the 24-foot columns weTe tested with pin
ended bellrings us shown in Plate 2. l!nder theso conditions the 
columns w{\t'e cllrefully londed ill such a wily that bending could 
tako place freely in but ono plnnc. Theoreticnlly, n column of nny 
length tested in this numner would cnrry l('ss lond thnn if the ends 
wero cnreflllly smfaced nnd the column tested with 1lnt-ended bear
ings. The tests of the intermedillte and short colulUns showed that 

up to It limit of 11 for #Ilny increase in strength caused by flat-end 

conditions i!l negligible. The reduction in strength of a wooden 
column resulting from impcrfcct end surfaces, crooks, eccentric 
loading, or Ilny other condition that will result in combined bending 
and compression, is not so great as might be expected. Tests have 
shown thnt a timber, when subjected to combined bending and com
pression, develops a higher stress nt both the clastic limit and maxi
mum load than when subjccted to compression only (5). This does 
not imply that crooks find eccentricity should be without restriction, 
but it should relieve Illlxiety as to the influenee of imperfect end 
conditions ami the influence of crooks such as those common in 
structurnl columns. ROUND COLUMNS 

It hns been proven by tests (4) that round and square wooden 
members of the same cross-sectional area will carry the same loads 
in both bending and in compression, and have npprmdmately the 
same stifl'ness. In the design of round columns the pTocedure is to 
design first for a square column and then to use a diameter of round 
column which will give the equivalent area of the square; namely,J; times the side of the square. If the column is tapered, the 

diameter should be taken at one-third of the length from the small 
end. This will give It diameter of round column necessary to prevent 
failure from buckling. The Stl'CSS at the small end of the column 
which will result from the ussllmed lond should ulso be computed 
since it must not exceed the ullowable stress for u. short column. 
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CONCLUSIONS 
~.. 

The tests on large timber columns confirm the Forest Products 
Laboratory column formula and in addition justify the following 
conclusions: 

In long columns, where stiffness instead/of crushing strength is 
the controlling factor, Lhe loss in strength on account of knots is 
relatively small as compared to that for shorter specimens. The 
loss would be ne~ligible in long columns of the common grade having 
a slenderness ratIO of 30 or more to 1 and in high-grade columns with 
a slenderness ratio of approximately 20 to 1. 

The effoct of knots on the strength of short columns is proportional 
to the reduction in cross-sectional area that would result If all the 
knots in any ()' inches of the length were removed from the cross 
section. 

A column with a slenderness ratio of 11 to 1 will sustain approxi
mately the same load as a shorter column of the same cross-sectional 
area. 

Long columns: Within the elastic limit of the material the best 
interpretation of the behavior of long columns is the Euler formula. 

The decrease in cross section of an Euler colunm, on account of 
sensoning, llugely offsets the increase in strength which accompanies 
the seasoning. . 

Intermediate colunms: The most practical expression of the 
behavior of intermediate columns appears to be the Forest Products 
Laboratory fourth-power formula. 

Southern yellow pine and Douglas fir columns of the type and 
grade tested are practically equal in strength. 

APPENDIX 

DETAIL TEST PROCEDURE 
MAJOR TESTS 

All long columns were surfaced on .four Sides, cut to nominal 24 feet, and the 
two cnds planed pcrpendicular to one of the sides. The butt and top ends of each 
timber were marked A and B, respectively. The green material was surfaced to 
11?~ by 11% inches in section and the air-seasoned to 1l7~ and llH inches. These 
dimcnsions arc nominal, the actual sizes being somewhat les8, particularly in the 
air-seasoned timbers, depending upon the amount surfaced off on account of 
twist. A vertical type testhlg machine capable of applying 1,000,000 pounds load 
was used for the tests. 

STIFFNESS TEST 

Each timber, prior to the long-column test, was tested in bending with center 
loading. The span was 200 inches (16 feet 8 inches), and the maximum load ap
plied was 5,000 pounds. Two sets of data were taken with the top and butt ends 
of .the timber, respectively, in the overhang. Deflections were read from scales 
attached to the two vertical faces of the timber. From these data the modulus of 
elasticity (El of each timber was calculated; the load that the timber should carry 
as a pin-ended connected long column was then determined by means of Euler's 
formula. With a span of 200 inches, the static load for a deflection of 0.2 inch is 
approximately 1 pel' cent of the calculated Euler load. 

The top face of the test specimen, as it was supported in the testing machine 
and as the operator faced the butt end of the timber, was marked a. The remain
ing three faces were marked b, c, and d, in clockwise rotation. The weight of the 
timber and the cross-sectional dimensions of the two ends and of the center were 
then recorded. 
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LONG-COLUMN TESTS 

The long-column tests were made with pin-ended bearings. (PI. 2.) The 
timber was placed butt end down upon a special roller bearing with the a and c 
faces of the timber turned so that they were either the eompression or the tension 
faces. The method of centering of the column in the machine was by trial. The 
center of the column end wns placed over the center of the bearing and an end load 
applied at the rate of 0.<n4 inch per minute. If a deflection of more than 0.01 
inch occurred with a load of 100,000 pounds or less, the column was shifted slightly 
and the process repeated until zero 5iefiection .at the middle of the _height was ob
tainad with that load. Another load was then applied and deflections were read 
at the middlc and quarter points of the column. Loads and deflections were re
corded at every 10,000 pounds until near maximum. The maximum load and 
corresponding deflection were then recorded. After maximum load, the loads and 
deflections were read at irregular intervals until a deflection of 5 inches had been 
reached when the screws of the testing machine were stopped. The deflection of 
the column, however, continued to increase, and recording of the loads and of de
flectiolls was continued until the movement had virtuall)' ceased. The column 
was then taken out of the machine and the size and location of each knot and the 
location and extent of failure were sketched. The section of the timber contain
ing the failure was then marked off and the longer end section selected as the inter
mediate-length column. The short end was marked into a 2-foot section and a 
section for the minor tests. In some timbers, because of the character of the fail
ure, the shorter sections were taken from other portions of the long column. The 
four faces of the column were then photographed. (See pI. 1 for method of mark
ing.) In order to make the air-seasoned material deflect from the beginning of the 
test the columns were set 0.07 inch off center. This slight change in the method of 
prucedure prevented the column from reaching a state of unstable equilibrium. 

INTERMEDIATE COLUMN TESTS 

The intermediate columns varied in length from 6 to 13 feet, approximately. 
The test was similar to that of the long column. (Pl. 3.) Care was ta,ken to 
place the specimen with the faces in the same relative positions as in the long
column test. Deflections were read at the center of the column up to maximum 
load, in the same manner as with the long columns. Deflections were not read 
after maximum load had been reached. 

TWO-FOOT COLUMN TESTS 

These tests were performed with the ·column centered 0:1 a heavy stationary 
plate. The load was applied centrally at the rate of 0.032 inch per minute, and 
the amount of compression in the column was obtained by measuring the descent 
of the moving head by means of a deflectometer. (PI. 4.) 

MINOR TESTS 

For each timber the following tests were made upon the clear straight-grained 
material cut from the section (pI. 1) reserved for minor tests: 

Two clea:' columns 2 by 2 by 48 inches, tested under llat-ended conditions; 20e the same size, tested 
underpin-ended conditions. 

Two specitlc-gmvity determinations. 
One radial-shrinkage determination. 
One tangential-shrinkage determination. 
Four static-bending tests. 
Twa impact-bendillg tests. 
Six oompression-parallel tests. 
Two compression-perpendicular tests. 
Two hardness mell5urements. 
Four shear tests (2 radial and 2 tangential). 
Four cleavage tests (2 radial nnd 2 tangential). 
Fonr tension tests (2 radial and 2 tangential). 
Four toughness tests. 

The results of only a part of these minor tests were required in the present 
study of large columns, the remaining data being utilized in other investigations 
of Douglas fir and southern yellow pine. 

All minor tests were conducted according.to standard laboratory practice (2). 
The rate of application of the load for the 2 by 2 by 48 inch columns was 0.04 inch 
per minute. 

MOISTURE CONTENT DETERMINATIONS 

A 1-inch thick section was cut from each of the intermediate and the 2-foot 
columns after the completion of the test and a total moisture determination 
made. Two moisture sections were cut from the long column. (PI. 1.) A 

http:according.to
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TABLE 9.-Perce.ntage moisture distribution 1:n Jf(by 12 by 1 inch scctio7ls cut from Douglas fir slrllclur~l timbers 
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:J ••1 2.i.l i 20.3 ZI.O 26.0 :!?1 !l9.1 ~0.41 ~0.1 ?2.617•••••••••••. H.~llq.O\ 14.8 1~.7' 19.0 19.0, 17.9\ 1~.4 IS. 5
4.. 	 27.3, 27.9 28,0\ 27" 7 ~1.0 ~~.2 ~U I 33.1 35.0. 8•••••••••••! I~.I 1~.9 15. 7 1~.91 1~.5 18.~ I 18.~ 11.5 19.0 

23.5i 26.4 26.5 25.2 ?O.5 ~;;1 ~_~! ~1.5 ~4.5. 9........... 1a.0 1~.1 I,!-S I~.O II.S 10.1 1~.. 18.3 18.9 l-:3
L J 	 120.2' 2:;. 5 2Tt. 5 27. 2 ,11.9 3_4 31.'1 34.1 3·1.5 j' 10.......... 15.0 10.3 In. 0 10.4 17.4 18.3 11.0 18.1 18.6 t=l 

J2~ "~ .. i 25.3 27.0 2-1.7 25.4 322 33.7 327,32"1 3.1.7.)11.......... I~.O 10.9,15.4 10.5 19.8 18.8 19.6 17.7 20.2 Ul 

rJ.. . .. ; 28. 0 28. " 30. 9 32. " 31. 2 34.2 327 3U.0 :l5.8. 14.......... 16.0 15.8 15.7 16.0 19.4 19. ° 19.7 20.0 2l.4 
 l-:3

1 	 Ul15~~ _ 	 31..0 30.0 26.0 20.5 3r.0 37.4 3·1.0 35.5 31).9, 16.........., 15.3 15.7 15.7 15. S 18.6 18.1 18. S 18. 7 20.5 

:l6.9 211.0 63.3 30.5 :\S.O 39.3 315 35.5 37.0 :: IS.......... , 17.0 16.7 16.3 16.0 19.7 19. 1 19.3 19.0 21. 0 

28.9 27.0 25.0 31.1 31.0 32. 0 34.0 30.5 30.9 I: 2O.......... ' 15. I 10.3 14.9 15.3 18.3 15.9 1S.0 18.4 20.2 n:: 

23. 5 27.0 3·1. 8 :l3. 0 32.736.042·139.642.21'22.......... j 15.4 15.915.915.7 17.9 18.3 17.818.0 19.9 

27. -I 26. 0 25. I 25. 6 33. 0 ~>(). 7 30.7 32. I aa.4 jl 24.......... , 15.7 16.2 15.8 14.8 17. 8 1~. 7 Ii. 4 17.9 19.4. t:" 

211.130.5 30.S 28.0 311.5 43.0 39.4 3·1. 0 41.5 I 20......... .1 14.6 15.4 14.3 14. 8 18.0 IS.O 1S.2 18.5 19.4
~~~~:HH! 	

'0 

'27........... , 2-1. 4 25. ° 23. " 27. 5 31.5 34.4 3·1.0 32.5 311.0 128......... '1' 14.0 15.4 l 14.6 15.2 18.3 18.3 18.3 17.4 19.7 
:;.. 


o27.3 .211.4 Z1.6 24.4 33.9 35. 1 32. 4 31. 0 ~1. 5 130....'..... 16.0 Hi. 1 I 1t1.0 10.6 18.5 17.7 18. I 18.4 19.5 
;:ti 

~ 2-1. 4 28. 0 2·1. 5 2-1. 6 31.0 329 321 31. 0 34.2 32.......... 16.2 17.1,' 17.2 Ii. ° 18.4 19.5 19.0 19.1 IS.7
~=::::::::::I 	 22. 0 22. 6 22. 9 20. 9 2'J.5 30.5 2'J.O 29.5 32.2 I 34......... ,1 15.3 15.1 15.1 15.5 18.0 18. 1 17.0 17.9 19.8 
 l-:3
:15.......... .1 	 22.6 27.2 2-1. {) 22. 5 3~. 1 ~1. 1 3~. ~ 39." ~!. 0 ! 36..........1 16. 2 1~. 0 j 15.0 10.0 18.3 18.3 IS.2 18.3 20.5 .... 

:17...........1 	 28.8 27. 7 31. 5 31. 5 

:19......... .1 	 20. 0 20. 1 22. 5 30. 0 ;;:~ ~:g ~~:ii ~~:~ ~g:t ~::::::::::j lU W: II lU l¥:g 19:9 i~:g l~:~ l~:~ ;lJ "" 

41 ...........1 28.2 2i.2 27. 1 '17.2 32. 1 32. J 32.8 34.5 33. 1 61..........1 1·1.3 H.7)1 15.2 14.9 17.6 18. 1 1i.9 18.8 20.1 ~ 

42......... .. 28.4211.226.125.0 :1l.5 3·\. 3 32. 5 32. 7 3·1. 0 62.......... j 16.2 15. 1 H.8 10.5 19. 1 1S.0 1S.8 19.6 20.6 ::; 

43......... ..1 25.4 20.4 15.0 25.7 :1l.2 30.7 30.0 31.4 3J.l 63.......... 14.1 15.2 15.2 15.3 18.7 18.8 18.2 19.5 21. L 


27.0 27.5 27.6 2.1.4 30.5 32.4 32.4 31.8 33.4 64.......... ! 10.1 10.2 16.1 17.0 19.0 IS. 1 18.5 19.7 20.0 n 

20. 7 27. 7 25. 1 27. 7 32.0 33.7 33.1 33.5 34.1 65.......... : H. S 16. 9 Ii. 0 17.1 18.9 19.1 10.2 10.4 21.1
1
25. 7 27. 2 2~. 0 28.4 30.4 31.4 31.1 33.1 31.3 60..........: 15.4 H.9 14.5 15.0 18.7 18.0 18.2 19.1 21.2 ~It:::::::::/ q0\7 ........... : 20. 5 27. 5 26. 1 29. 5 31.6 31. 5 31.5 33.0 327 67......... .1 10. I 16.8 10.7 17.0 18.9 19.5 19.0 19.6 21.1 


48........... ! 24. I 28. 2 26. 1 28. 0 2U.0 32.8 31.0 322 3\.01 68..........1 15.9 16.2 15.0 17.1 18.9 18.8 18.3 19.7 20.3 .... 

49........... ' 29.232.020.833.5 320 34.4 321 30.5 35.4 r 69..........1 15.0 10.0 15.9 10.2 18.9 19.5 18.9 19.5 20.0 "" Z
5O... _.~_~_._ .. _1 33. 3 3f.1 28. 5 34.0 36.9 40.3 38.4 39. 2 3~. 9 70..........1 16.4 15.1 15.4 10.9 19.0 18.6 18.0 19.1 20.3 rn 


:14.5 31.0 I 29.9 28.0 34. 4 37.3 35.0 33.1 37.0 71..........1 16.0 16.4 16.2 17.4 18.9 20.5 20.0 20.5 21.8
~*···· ... ~~~ .. -·i 	 27.1 30.0 29.1 31.1 34.0 34.9 35.4 35. 5 35.5 i 72.......... i 15.7 15.9 15. 1 16. 1 18.7 18.6 18.5 18.7 20.9 

25. 5 34. 0 28. 4 20. 9 35.6 40.1 42. 1 37.1 37.4 73..........: 14.9 15.5 H.2 14. 2 18.1 18. 1 17.3 18. 1 20.3 

27. 5 36.1 29. 1 29.4 35.4 41.9 41.0 39.1 3U.9 74..........1 17.6 16.9 15.9 17.5 20.4 20.0 19.5 20.1 23.5
~~~~~~~~:j 30.534.832.428.5 44.0 45.4 40.8 14.0 49.4 75......__••1 15.7 15.2 14.9 16.4 20.1 19. 1 19.0 20.6 22.7 

56........... j 20. 5 20. 5 25. 9 26. 3 32. 1 32.9 30.4 35.0 38. d 70..........1 15.9 10.0 15.6 10.0 18.6 19.6 19. 1 19.8 21. 9 
20. 1 27.9 2·1. 0 26. 5 31.0 34.6 31.8 320 36.5 77......... .1 14.0 15.0 15.0 15.9 18.0 17.7 18.2 18.6 20.2 

25. 9 30. 3 24. 2 25. 4 32. 1 33.5 29.0 30.9 33.7 78""''''''1 14.9 14. 6 15.1 16. 4 18. 2 17.3 18. 0 18.0 20.1 
20.0 26. 0 24.0 27. 5 29.9 29.0 29.5 29.0 31.0 79.......... 10.9 16. 9 16.1 15.5 20. 1 19.6 20. 1 17.9 21. 5
H~~~~~~~~] 23. 2 23. 7 22. 4 25. 1 28.6 28. 3 27.3 29.0 31.1 SO.......... 10.9 16. 0 10.6 10.5 18.7 19.5 20. 1 IS. 9 21.6 


~ 
I Sectional numbers correspond to the standard sections of Figure 7. 	 ..... 



~TABLE lO.-Percentage 1IIoi.~ture di.~tribution in 12 by 12 by 1 inch sections cut fro1>1 southern yellow pine structural limbers l-,J 

Air-dryGrecn 
1-'3 

Column Sectional No.1-... 	 ('OIUIIIII ___ Sectional NO.,=--- __...,.--_,.--  ~ 
~ « No. '1 2 I 3 4 5 I 0 ! 7 I 8 9 f!l 

Z.---------
6 8 	

I -- ----1--. ---::-::l-- ---;-;;-1---
11.____ ... __ . 14.4 H." 14." 13.9 1,.6· 17.5 16.6. 16. 8 19.0L... •.. 43.0 -11.2 00.3 79.5 50.4 40.7 57.0 O~. 9 61.1 	 S
12........ __ 1 15.3 Hi. 2 I 16.8 16.4 17.5 18.2 17.5 18.7 20.4 ;;.
2............ 25.6 2'l.8 19.4 21.6 ~'9. " 30.1 20.8 29.0 28.6 

1L__ ..___.: 16.4 1.,.5\ 15.8 15.4 18. 4 17.5 17.9 18. 5 22.13.__ •.. ______ 24.1 24.9 22.6 22.6 3:\.3 34. 0 31.3 39.8 39'SI' 

4........ __ • 54.1 57.9 31.1 72.5 58.6 45.0 30.9 58.1 37.S 14..........: 14.7 14. 5 1·\.4 14. 0 16. 0 16. 3 16. 0 15. 5 1,.1 
t::l5__ • __ • __ .... 29.3 29.2 28.1 23.3 29.4 30.5 28.9 24.9 29.6 It::::::::! 19 l~:g I l~g it.g l~:~ ~3 l&~ ~g ~U ~6____ ....... 26.3 35.6 	 55.S 30.1 aO.1 31. 2 41.0 34.4 32. 1 


17.____ .. __• 16.4 16.2 16.4 16.5 18.1 18.4 19.0 18.1 19.8 t"'7..... __ .... 26.8 22.6 ZI.8 23.1 27.8 28.1 27.8 28.1 28.S 
32.0 36. 5 37.4 .11i. 3 	 :15.0 1S.. ____ .... 16.1 15.8 15.9 15.5 18.0 17.4 18.1 18.1 19.1 c:"

8__.• " ...•.•1 :1l.3 30.5 	 25.8 32.6 t'l19.......... 16.9 16.4 Hi. 0 16. S 19.2 19.1 IS.6 IIJ.O 20. S
9. ___ ..... _. 29.9 24.5 36.0 47.1 29.1 27. S 31. 4 30.6 31.3 1-'331.9 20....... __ • 14.9 16. 1 15.0 14.9 16.9 14.8 15.1 14.6 18. 4
10__ •.... _... , 24.7 34.1 29.7 24.9 29.3 3:\.1 32. 3 31.8 	 .... 
30.6 31..... ____ • 16.3 16.6 17.0 Ii. 0 Ii. 5 18.0 17.4 19.0 19.221 ..........1 23.H 24.3 21.9 23.6 28.2 30 .• 5 23.1 27.3 	 Z.
:12.......... 17.9 17.1 17.1 17.6 1S.i 29.9 20.7 20.4 22.5 

33 __ .... __ .. 17.0 15.8 Ii. 0 17.8 18.S 17.8 18.0 19.4 20.5 i-' 
22. __ . __ .... _ 1 27.0 25.0 29.5 29.5 28.3 30.1 31.S 30.9 :ll. 1 

25.5 23.9 20. S 30.0 	 21J.S2:1. ••.•.••• \ 2'.1.1 20.9 21.1 21.1 34....... __• 16.6 16.5 15.8 16.5 IS.2 IS. 5 1S.0 IS.4 20. i2-L........ 30.4 25.9 37.9 32.9 36.7 a5.1 42. 6 41.S 41.9 	 C 


35..... __ ... 15.4 15.8 15. 2 15. 3 16. S 16. S 17.0 17.0 18. 4 -I
2.'i.. •. _...... :13.1 36.4 30.3 30.0 30.5 ·12.4 37.9 33.0 41. S 

27.9 2'/.4 29.1 2<J.0 30__._....__ 15.9 16.3 15. S 16.4 18.9 18.5 16. 8 19.5 21. 126. __ . ___ .•.• 38.8 30.8 	 24.5 27.7 20.7 
~ 

37.__ .. ____ • 16.9 16.5 15.3 15.,1 19.1 19. S 1i.8 1S.9 20.527__ .........1109.8 51.4 26.6 62.6 111. S 37.7 28.5 f>O.S 37.2 	 :;
as____ ..____ 15.2 H.6 16.3 H.8 19.1 17.7 18.3 17.5 26.228.......... 62.9 30.2 [.2.5 68.1 54. S 33.5 43.5 100.2 37.2 

39..____ .... 15.0 15.6 16.4 15.3 Ii. a IS.5 :ll.1 17.4 20.029. __ ..•.••• 29.:\ 22.9 31.8 29.0 33.5 30.9 34. 8 32.2 3U.7 rr.27 .) 25.2 	 32.3 40.......... 15.7 10.1 15.0 15.1 18.3 15.5 1U.0 17.1 21. 2 

:\3.1 51.. ...... __ 17.0 17.1 IIi. 4 17.5 19.5 18.9 10.9 20.4 21. 2
30......... .1 21.0 2[,0 	 :10.0 22.2 30.2 :11.8 

4L.......... 41.0 42.5 40.0 28.9 3.1.6 as. 0 35.2 30.2 	 o


31. ;1 52..__ .. __ .. 16.1 16.6 16.1 16.2 17. i 19.4 18. 6 18. 6 19.542••_. ..... 28.5 2·1.1 	 51.7 59. 1 30.S :12.0 41. 5 32. 5 t<.153__ .. __ .._. 15.•1 16.0 16.3 16.0 19.8 20.3 19.4 19.2 20.643........... 3:\.4 30.2 	 2H.a 27.S :19.5 36. [, 37.1 32. 7 43.5 "d
fH ...... __ .. 16.0 IIi. 0 15.9 10.7 19.4 10.3 20.5 20.2 20.944........... 28.1 27.1 37.9 40.5 30.4 31.2 :12.8 34.0 31. 6 	 t'"
55____...... 17.0 18.4 17.5 17.9 21.1 22.3 :ll.7 22. 3 22. 245... ....... 28.9 27.4 	 aO.3 31. 9 3:\.S 35.1 :14.3 30.4 30.1 

50__ ........ 10.1 15.:1 15.4 16:0 ~'O. 0 19.4 IS.4 20.0 21. 4
46........... 40.4 37.5 	 30.5 3:1.0 3S.0 36.a 36.5 38.4 36.0 o 


47.... ______ • 29.5 28.6 	 28.5 31.6 28.4 39.6 :11.9 3U.6 3·1.1 57.. ... __ .__ 16.6 li.3 17.0 18.1 20.5 20.9 20. U 20.9 22.·1 io::j
58___ .... __ • 18.0 17.5 17.0 17.6 23.9 21.0 21.9 21.3 23.7 

3,1.0 :U.4 59..___..... 16.6 1S.4 17. S 16. S 20.0 22. 0 2'2.0 21.5 20.8 ;;.48.__ ... ____ • 24.6 27.2 	 24.4 24.0 29.0 32. 1 29.4 43.3 21J.4 
49........... 26.2 31.1 ftI.5 :14.6 31.8 33.9 32. 4 

50.... ....... W.9 42. 7 42. 1 45.6 
 39.5 35.7 34.0 3:\.S 32.2 60.__ .. __ ... 15.3 16.6 17.1 1 17.3 22. 6 21. 0 20.4 22. 6 21. 8 o 
61........... 24.6 2<).8 20.4 30.3 32. 0 3:\.5 31. 5 39.6 28.2 7L......... 15.S 16.2 16.0 15.5 18.6 15.8 19.1 19.5 20.4 :::: 


32. 7 32.0 33.7 31. 5 	 31.0 72__• __ ...._ 15.9 17.4 16.5 16.5 19.4 19. 1 19.4 20.3 20.5 (362........... 26.7 28.3 	 28.5 28.0 
 73... ___.. __ 17.2 18. 1 25.0 17.5 19.0 21. 2 18. i 29.5 20.063. ____...... 3:\.5 35.3 	 3-1.0 29.H :\3.S 32. 3 34.4 34.:1 a1.4 C174.____ .____ 15.2 15.6 16.0 15. S 19.3 18.0 19.5 19. [ 20.464.... ....... 28.2 :13.5 	 30.2 32. 4 ·ll.Ii 41. 6 38.7 41. 5 40.3 

75.......... 16.2 Ii. 0 15.3 16. 1 20.6 19.9 19.3 20.0 20.0
6.5.... ........ 83. 9 52. 5 	 68. 8 92. 0 48. 4 35.5 39.5 38.3 :15.0 ~ 

iO....__ .... 15.2 16.2 10.5 16.0 19.4 20.4 18.7 19.8 20.26ti........... :14.4 37.2 45. -1 3:\.2 35.1 36. 0 37.6 37.5 35.5 	 C1
77..._...... Ii. 5 17.7 16.3 Ii. 6 20.9 21. 2 19.9 21. 5 20.9 
7S.......___ 17.0 17.6 17.2 16.5 20.5 20. i 19.3 20.0 22.2

67•••. __ ..... 27.8 32.6 37.9 26.4 34.5 34.0 35. S 33.S 3.1.3 	 :::: 
68. .......... 37.5 28.0 30.1 37.0 39.0 35.0 3:1.0 36.5 35.0 	 t'l


79..__ . __ ... 15.3 17.4 15.5 16.6 18. S 21. 2 1S.7 20.7 20.2 
SO...__ • ___• 18.0 17.2 16.8 17.5 19.9 19.3 18. i 19.9 21.0

69. ____...... 26.1 30.3 30.9 32.7 33.4 36.2 30.9 37.3 38.5 
70........ __ • 25.6 2<).5 41.0 29.0 28.5 :10.8 30.0 31.1 31. 6 


I Sectional numbers correspond to the standard sections of Figure 7. 



43TES'I'S OF LARGE TIMBER COLUMNS 

total moisture determinatioll wus mudc upon one section of each pair and It 
moistuN distribution dcterrninution was mnde on the other. A position diagram 
of the stal1d!\rd moist\lre-distribution specimen is shown in Figure 7 by melLns of 
which corresponding positions for the specimens given ill Tables I) and 10 lllay 
be ascertained. All moisture determiUlttiolls were made according to standard 
laboratory practice (1). 

a 
1 

5 

9d 4 d 	 6 :z b 

7 

3 
c 

Area ·O",2"3"4)~Of'ea @.61-7+8):orea 9 

FIGURE '.-Standard position dlagrnm lor moisture-distribu
tion determinations 
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