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1.

INTRODUCTION
It is recognized that the Rocky Mountain type of Douglas fir
(Psuedotsuga taxifolia) is inferior in strength to the Pacific Coast
type. Pacific Coast fir rether than Rocky liountain material is speci-

fied in building contrascts due to its superior strength and because

better data on these strength properties is aveilable.

Figure l.-tiap of Inland Empire region.

However, it was believed that Douglas fir from the region known as
the Inland Empire was superior to the Rocky Mountain fir, and compared
favorebly with that from the Pacific Coast. "The 'Inlend Empire' region
comprises northwestern Kontana, Idaho north of the Salmon River, Washing-

ton east of the Cascade Mountains, and the northeastern tip of Oregon." (18)
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See figure l. On investigation of the mechenical properties of the Inland
Empira~ﬁcuglam fir was undertsren &t Yortana State University in order to
derive & set of strength vealues, by whieh Inland Bupire fir could be com=
pered with the Rocky Mountain and Pacific Coast types and be given dus
recognition for its strangth properties; and in order to dstermine the
raslationship belween these sitrength valuass end the following roleted prope-
orties, namnely, spascific gravity, percentage of surmer wood, and rings per
inch {rats of growth), and if possible to determine the relationship of
strength to locality of growthe.

Review of Previous Work

A study of the effect of locality of growth upon strength properties
of Douglaes fir waes made by the Forestry Eranch of the Canadian Department
of Interior. It was found that of three localities, materiel from Abbots-
ford on the coast of British Columbia wes the strongest and material from
Yorley, Alverta, or the eestern slope of the ?ockyIVOuntains the weakest,
with materiel from Golden, British Cclunbie or: the western slope having

" strengtl. properties spproxinmaetely midwey between those for materisl from
tte othsr two localities,(S) De 86-28,

Tests meade by the U. S. Forest Products lLatoratory show the ssme trend,
the Dougles fir of greatest strengtl being the Pacific Ccast type, the mater-~
ial cof least strengtq being the Rocky Yountein type, &nd the Inland Eapire
materisl having strength properties Ligher than the Rocky Mountain fir but
lower thaen the Fscific Coast type of fir.

4 Cenadisn study wes uede of the relationship of rste of prowth and



percent of suamer wood ‘o specifMe gravity aad meximum cerushing strength.
This work shows an ontizum growth rate For sach speclies above or below
which spseific gravity and ameaximum crushing strangth decrease, and also
shows a gensral ineresse in specific gravity and maximum erushing strength
Tor higher oserceutages of summer wood, (1) pe 10«13,

The rolationship betwesn specific gravity and stirenzth for all species
both conifsrous snd hardwood Las been worked oui in equation Toria by the
U. 8. Forest Productsz Iaborsatory. It was Tound that strength veried either
directly proportionel toc or as & power of apeciflie gravity, (#2) Pe 60,

Methods and Procedure
Selection of Materisl

The material tested in this investigation wes daated by five Tnland
Eupire lumber companiss: The J, Neils Lumber Company at Libwy, Montana;
the Somers Iuamber Compsny, Somers, Montena; The Pan Handle Iumber Company,
Ione, Washington; The ¥Wuite Pine 3ash Conpany, Missouls, Xontans; and The

Anaconda Copper Mining Compsmy, ILumber Department at Bonner, Montana., The
materinl was sawed from logs goling througkh the mill s it was not possible
to obtain selected growing material in the woods, due to the expense that
would have been incurred. The sources of material an@éaneral locality of
growth ars tabulated in table 1, The %est material was sawed in plsnks 6
feet long, 8% inches wide, and 2% inches thick, The planks were shinped in
a green condition, Xach shipment or lot wss identified by a number,

Testing of Material

Testa were made for statie hending, compression parasllel to grain, snd

Se



Table l.~ Source of materiszl used in tests, and number of toats made

for each lot

4,

No.

Lot Sawmill Locality of growth tests

No. Company Location mede

1 Anaconda Copper Ponner, Montana Blackfoot Valley, Mont. 2
HMind n’_ﬂ (oeLirelapt,.

p—

2 #White Pine Sash Co, Missoule, Mont, Ravalli County, Mont. 2

3 J, Neils Dbr, Co. Livhy, ¥Montana  Iincoln County, ¥out. 17

4 Somers Lbr. Co, Somers, Montana Flathead County, Mont, 12

5 J. Heilg Lbr, Co. Iibby, Montema  Lincoln County, Mont. 6

& inaconda Corper Bonner, “ontuna Black oot Valley, Yont, 4
Hining Co.Lbr.Dept.

7 Pen Hendle Lbr. Co. Ione, Washington Pend Oreille Co., ¥ash, 6

8 J. Neils Lhr, Coe 1ivby, Montma Iincoln Tounty, Mont, ]
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shear »arellsl 4o zroin.  4n Clsen Sesting machine of 30,000 pounds
capaclity, desimmed fTor testing =ond, wse= used {in this work. The machine
wes belt driven by 2 6 Y,P, electric motor with & constant epeed of 1,300
R.P.M, The speed of descent cf the losdire head was regulated by means
ef = gear box on the tezting machine, teing 10T inche=s jexr minute for
etatic bending tests, T84 inchas rer winute for teosts in 2omrression
parallel to rraln, =nd 013 inches ver minvts for tasts in ehssr perallel
to grain., Tipure 2 4if a vliew of the laboretory aznd testing mz=chine,

The test pieces for ststic hending were cut to a size of 30 inches
in lenzth and £ inches squars, with the aunual rines perallel to one side
of the plece, and with the gra'n as nearly rtarallel to the lonzitudinal
edges of the plece as posainhle, 1o cross grzin with & & ope of more than
one in twenty »eing allowed, The crose ssctlional dimensions of the beam
were calinered to wl thin 201 Inch befors tasting.,. The heam was then
placad #ith the aide nearast the plth upward, on roller bYearing plates
rastingz on %xaile ¢dzes plmeed 28 inches apart, The loald was applied at
the center by a counded maple block attached to the loading heed, until
failure gccurred.

After the statlc bDending teat the undamazed portions of the desm were
used Cfor tests in compression parallel to grain and shaar parallel to grain,
Test pleces usad in compreasion tests were cut 2 inches square and 8 inches
ia leagith., Iz orler thset fallure would ozeur aoar the middle of the teat
block, emcih was erapped 1o poper with oaly the ends =xXposed aad 4l lowed to

dry 12 hours in a warm rotn. Ine increesed strength st the snds of the
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test plece, dus 4o lowering of the molsture content, c=used Tsailure
under test to always occur in the middle pertion of the nlock, In order
Lo ohtuin g unifowrw distribution of pressure over the ends of the block,
the lowd wus truansai tted from the mechine to the upper end of the test
pisees through the flai f&ce of & hemispherical bearing Wlock, which may
be ssen in figure Z on tue wmork hench o the left of and hehind the test-

ing machinas, Cross sectional dimens ions were measursed as for static bend-

Tagt biocks for snsuring were cut 24 inches long, two inches square
and notshed st onoe end, leaving a sheer face 2 inches square projecting 3/4
inch Trou the mein cortion of the bloek, Fach shearing block waes cut with
the anmel rings parsliel w6 the shear face, The tests were made in s
metel srezring tool with & 1/8 inch offset hetween the suprorting surface
and the shearing plane. ihe actuel dmensions of the shesr face ware
measurad vith cal ipers belore testing.

The load, being applicd to a test plece by the machine, was weighed
by mesng of scales srovided on the machine. In static bending and com-
pression paraliel ito grsin tests, the load was recorded at 15 second inter-
veles, Tn shearing teszts the scale beam was kept balsnced constantly $111
fz1lvre ccourred, only ths maximum load being recorded.

A3z the testing auchine ruas at a canstant rate of speed and the load
was Tecorded st regmlar intervels, the deflect! ons of the samnle being tested
ware computed. Errors wue o shear distortion at the points of support and
loading 1n bending iests, or W locel dlstortion at the extreme ends of com-

presticns blocks have teen oliminated by stress-strain dlagrsms, which were
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alao used to determine proportionsel limit, the point at which the load

and deflection cease o increase at the same rate, See ficure 7.

Saleolations

Y

Valaes eomputed afier fegling wers Yor molsture zoalentd, specilic

.

gravity, pereardt of sumner woot, —ings per inck, and proportioual limit,

f

in addi tior +o the rtren~th proverties which are unodulus of olastieity,
modulus of rusiure, and Tiher atress at prevoertionsl liuwd s, in statie
hending; méximum crushing strencth, and fiber stionss at prowocriional

limit in compression psrallel %o graln; ead shear parzllel to crain, Ime
mediately after each test, & block £ ipches sqoare was cut a3 close to

the point of feflure =¢ pessitle, The 339 1o hlosk waz th:in welphaed on &
torsion hslsfice shown in fizure 2, snl Tour =susureceats for emel dimension
taken by czlipers, The sarmrle oz then dAvried ¢ couetent welight at 106° ¢,
Moisture content was commui~d 9n the Pasisz of ovon Ary weilsht (Ezy weicht
} {wet woisht - drvy weisht) x 100 : metsture eondent iu coaccent),

Specific sravity computadd ons wore “used on oven G0 velghi and
volume Aar tesnted, ths avan dry weicsht ¢f the sample hlook dn grams divided
by its volume in cunie ecantinmeters rvren (froon deins ~mal te specifie
gravity.

For Getermination of nercentegze of enmrerroad and rirgs per ineh, a
3/4 inch section #:s cut nesr the »nint of faf lure, sessoncd, end then
planed and sandparered smooth, Fercent of sumnervood was mescured by a
comparstor manuiactured by the CGeertrer Peientific Cornorstiosn, Chicesp,
and having a horizontelly movirg microscore exiprped vith crose hairs and

a scale measuring to .0l millimeter, The width of each succeegsive summerwood
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band ou & radius across the section was measzured without satting the {nstrue
ment back to zero, thus getting the cumulative wmidth of summerwood bands

in the section; which divided by the width of the block iteelf, measured on
the ssme radius, givez the proportion of suxmnervood,

The number of rings per inch w#as arrivsd at by dividing the mumber of
rings counted on the radius by ithe width cf the blook messorad cu the same
line.

Proportionsl limit is that load, up to which the ioad und Jdefection
inerease at the ssme rate, while being suvjected to & slowly appllasd lsad,
such ag that developed by the testing machine, after tne progocstional
1imit 18 exceecded the deflection bucomes succeasively wrresber [or sadh
added unit o7 lozd. This is indicated by the cromstantly ipcreasing leparture
of the loai-deflection cuvrve from a gtraleht line &e shown in Tigure 7. The
point at which the curve first begins to depart from a siralght line deter=
mines the proportional limlit, The sproportiomsl limit values in both the
atatic bending and conpression persliel to irain tesis wers dstazrmined by
this method from the load deflection dlaszrevs useu to compute the deflections
of the test pieces,

The simificance of the cslculated statlic beudiugs va ues kanL regpeC-
tively as modulus of elasticity, mowius o' wuplucs; an. iU w.v sireas af
proporti onel limit may be better undersiood if the «dlioviog wolonships
of the dimensions of a beam to defiectvion aunu brea<ing strangtl ora “ept
in nmind,

Deflection variesie

(1) Inversely proportiounsi 4o the wiuth

(2} Taversely prijortirarl *2 the euhe of the height
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rectly rrorortionsl {0 the o? s lengih, . .
{3) Directl orortion:l ‘o the cude of the lengtr 1086
Breeking strenpth vericnt-
(1) Directly presortionnl fu *he «f 145
{2) Direetly oropartiosl 0 e square of the helgut
(12)
{B) Tnveraelv nranortions) tas *he longth, o 105,
Hodulna of mlantiecity In statioe benliag wag detormined by substitute
ing corresroniing los~? and deflection valves token oo below the propore=
s rx 1

tional ldmit inp the Pamula: T SE ol e
bx h*xD

in which:

1]

B modulus of alastict 4y
P 2 load

L F lenzth betweenr sun;orts

breadth of beem

hel #ht of been

[ 2]

h
2 2 derlesction at center of hesm, vroduced by the loed
Pe All velves sre exprzcsed in ‘nches or nounds. This madniue {s a measure
of the stiffness o & “eum or iis resistence to bandine, That 18 8 beam
with & hich modulus of elasticity will sers less than one with & lower modulus,.
¥odw lus of rurture in static bending, a measure of the maximmm breaking

strength, is computed by the formula: R = 3/2 _ PL_

151 had
in #hich:

< modulus of rupture

A
L]

g
u

lozd causinz Pailure

b ® breadth of besm

z:’
7

heisht of besn,
all values heing in inches or pounds,

The same fomula 1s used to determine fiber stress at proportional

1limi t by substituting the value of P at the rroportional limit, determined
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fron the stress astraln llasepran. Fiber stress at proportionsl limit is the
computed stress in the uppermost and lowermost fibers of 8 beam when loaded
to the properticongl limit. Piter stress at rroverticnel limit ieg the streng
value urad v detersining the safe working leazd for deews., 2 load higher
thae thet for fiber strees st vreperticonal liwit czn e susteired for a

ne gtrgaces ahove the rroverticnel limi s
will ultintels gazee S2ilure, | Te 18, TWipvrer givenr for meximum crush-

iag stroasih 0o moeueldl %o leaed ceugsing fuilure diviied by the cress zectional

g2 ot procevtionsl llait in eowpression parellsl to erain,

+}
Q
¥
oy
oty
[
@
3
i
ot
]
~

the 1osd vt ich the streza atreln ifafrym haoiny to Tartart from oa straight
Jine is “Hvifeld rw *h: ecrocs sechicomeol aron.

Talvune piwen Por s esr perallel 48 -rodn ara goual 4o o maxinum shear-
ins load AiI7T3ed by fte aron of thoe shenr fnee.

Maxisum orashing cirensth, and Mher otrens gt promortionnl limit, in
carpresiton warellal +2 srain ;ius shear nerailel to grain are important fac-
tarz movorming the dezion of joints in diomber stmctures.

Yood incresses in sirsavtth with loea »f moisture, Drying of green wood
te 12 parceat moistars contsnt w111 ehout doubls *he strangth in nompression
narsnllal to orein, Meat o7 the gracimans were graen at tam tima of tnating;
it Ha cormeet tha atranacth yalner ¢ thosa thed wevre not, amd nlso to deter-
mnine thno af»enoth valnas Pav 2ty dry wood, the firmres for all strencth prop=
arting vere adiusted to 12 nernant moisture and to 24 percent where nacessary.
Far thege ndinatments the formuls: logz 812

Se

Lor S = loz Sp & (Mo - M) i N
‘ {(Up«17)
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was used, 33 being the ad justed strength value for the meoisture content

Ma, while &2 and Mp are correspoading sirength and molsture content values
as tbested. 512 anu S are strengdt values for wood at 12 percent moisture
and groeen wood respectively, taken from btables of strength vaiues. X¥p is
£a arbitrary figure for the moislture content of green wood ana 18 delow ithe
iiver saturstion point. It is siven in & wbls as &4 percsat lor vourlas

(23)
fir. Pe slenz,

Tue stoengih values gdjusted dor meigsiure content were plotited as
curves with &itier lanzd jer iicu, pevcoeant of sumisrsood, or specilic
gravity as the ludepenient variavle, +ihe curves for strength and rinzss
per inch were drawn free hand, Those curves with percent of suwmrerwood or
specific gravity as the independent variable (x axis) were ritted by the
least squares method. Standard deviations were computed amd values varying
Trom the mean, Tor cvach &peeific gravity or sumnerwood cisss, by more than
three standard deviations were eliminated., The curves were computed by the
formula y = 2 ¢ bx, the x eand y values being summed up and substituted in

the simultaneocus equations:

Z(y)_= Na+ b3(x)
Sixyl T a (x4 bs(xF)

to solve for a and b from whiclh the curves ware commuted,

Veriations of Strengin Values Irom Curves
The standard deviations from the curves of the sirengti vasiues remuaine
ing after rejection eof aebnormsl {izures zre siven, in tuvie = icy strength
and specific gravity in relstion 1O pereent of summerwsod, aud in table 3

for strength in relation to specific gravity., A1l devisticnu tor strength



Table Z.~ Standard deviations from curves of summer wood and atrencth,

and susuer wood end spect {ie gravity

(211 siressss sxpressed 13 rounds per sguare ineh)

Property

Moisture condition

43 dry (12 percent

Green moisture content)

Stetic nenling

Hodulus elastieit D gk 117,700

Hodulus rupture I1s 1,1e0

Fiber atrces at prop. limit 460 1,150
Comjresszion perellel to orein

Tavicun erugbing strenpott 246 1,090

Fiber a*vess at prron. Ul anr 1,520
Shear parallsl to grain 155 228
Specifie crevit;

87 .~ PP prroent mummer vood LC207

T4 - T8 pereent svrmer woed LEES
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Table 3.~ Standard deviations from curves of specific gravity and strength
(A1l stresses expressad in pound: per square inch)

Moisture Condltion

Property Green Alr dry (12 percent
molgture content)

Statie bend: ng

Medulus el:sticity 78,000 78,500
¥odulus rupture 472 788
Fiber stress at prop. limit 600 1,238

Compreasion parasllel to grain
Maximum crushing strength 475 869

Fiber stress at prop. limit 483 870

Sheoar parallel % grain 171 228
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are in pounds per square ianch.

The abnormal v:lues eliminsted in fitting curves were all helow the
curve of best fit., The figures for maximum variation below the curve
are given as percentages in tables 4 and 5, For the meajori ty of abnormsl
veluez the veriation was about half the maximum given in the table, These
abnormalities may be due to preexisting compression fai lures caused by
rough treatment in logging or to compression wood, an abnomal type of
wide ringed wood, with a high proportion of summerwood, found on the lower
side of branches end lemming trunks of coniferocus trees, In some of the
tests, showing the gre:test vsriation below the curve, are Tound large
amounta of sumnerwood up to 46.6 percent with the summerwood band eccentric
in width, these being characteristics of compression wood., Compreasion
wood is lower in specific gravity then would be expected for its larsce per=-
centage of sumnerwood (see tables 2 & 4) and is generslly deficient in
strength propertieas., 1% may be found in any degree of gradation from
normal wood to well developed compression wood and is not always easily
detected. The very lowest values were for a low moisture content when
tested, under #hich condition compression wood exhibits a greater infer-
fority to norsal wood than when green.(ll) Pe 22-28.

Results and Discussion
“FFEZCT OF RATE OF GROWTH ON STRINGTH

The relation found between rings per inch and strength for green wood
{8 1llustrated by figures 8 %o 13, For modulus of elastici{ty in static
bend ing, maximum crushing strength, and fidber stress at pronortionsl limit

in compression parellel to grain, there is evident an optimum growth rate,
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Table 4.~ ¥aximum veristion below curves of percent of summer wood and
strength, and percent of summer wood and specific gravity for
either green or aeir dry material

Property Variation (percent)

Static bending

Hodulus elesticity sy

Modulus rupture 35

Fiber streass at prop. limit 54
Compression parallel to grain

Maximum ¢rushing strength 39

Fiver stress at prop. limit 69
Shear parallel to grain 40
Specific gravity

27«~ 29 percent summer wood 7

34~~ 36 percent summer wood 11

Table S.-~ Maximum variation below curvee of specifie gravity and strength
for either green or sir dry material

Property Variation (percent)

Statie bending

Hodulus of elasticity 36

Modulus runture 32

Fiber stress at prop. limit 54
Compression parallel to grain

Maximum crushing strength 64

Fiver stress at prop. limit 86

Shear parallel %o grain 42
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above or below which the wood is weeker, For modulus of MDPture and shear
parallel to grain, an incresse in strength with rings per inch is shown,
while fiber stress at proportionel limit in static bending is little af-
fected.,

In comparison, the relationship of maximum crushing strength to rate
of growth, as worked out by the Canadian Foreat Service is illustrated in
figure 3, =) pe 10. Here the amame type of relationship exists between
rate of growth and maximum crushing atrength es found in this study of
Inlsnd Empire fir,

EFFECT OF PERCENTAGE OF SUMMVERWCCD
on STRENGTH

In figure 14 percent of sumnerwood is plotted mgaminst rings per inch
and seems to be incresnsed in slower grown material,

Pieures 18 to 21 show a consistent increase in s8ll strength values
with percent of summerwood which is the hard, dark portion of the annual
ring. The sumnerwood cells are thick walled with znall cavities, or in
other words the summnerwood contains more wood substance and therefore has
a greater density, Note the relationship between percent of summerwood and
specific gravity in ficure 22, The results of the Canadien study given in
figures 5 and 6 show & similar relationship of specific gravity and strength
to percentage of aummerwood.(gl)

EFFECT OF SPECIFIC GRAVITY ON STRENGTH
Conaidering the direct relationship between percent of summerweod and

specific gravity end between percent of summerwood and strength, there

must be a similar relationship of spacific gravity end strength, 1In
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figures 23-28 are curves showing the correlation hetween specific gravity
and strength for the Douglas fir tested in this study. These curves show
e consistent relationship of increasing strength with higher speecift
gravity as with strength and percent of summerwood,

Interrelation of Rate of Growth

Percentage of Summer “ood and

Specific Gravity and Their Effect

on Strength
Increased rates of growth in coniferous trees results in a larger ro-

portion of springwood, and consequently s smaller proportion of summer goad
in the annual ring, Alse the cells of the springwood are large and thin
wal led, whnile those of the summerwood have thicker walls and & smaller cell
cavity and hence contain & greeter proportion of wood substunce, This wood
substance has & specific gravity of 1l.54 regsrdless of species (IZ)p. 32,
Therefore wood with a larger rercentage of summerweod weculd have a greazter
densl ty as 1llustrated in figure 22. Strength properties show an Incresse
with higher specific gravity which is dependent on an optimum growth rate,
resulting in a high percentage of summerwood and consequently a high speci-
fie gravity., Therefore the strengith of the wood from an individuzl tree

would be determined by the rate at which it had been grown, the strongest

wood being produced by trees having a medium rate of growtl,

EFFRCT OF LOCALITY ON STRINGTR
The aversge values for strength, rings per inch, percent of sumnerwood,
and specific gravity of each lot of Inlend Fmpire fir tested in this probe
len are glven in tadble 6, The averages for esch of the four locslities are

represcnted graphicslly in figures 29 and 20, It is seen, that asmong the



of Inlend Empire vouslas rip ‘
(A1l stresses expressed in pounds per square inch)

Compresgsion
, Static bending parallel grain
Lot |Loeality Rings [Percent | Specifie Shear
nos per  |sumer sravity Witer Imum , Fiber parallel
inch 5wcud _ stresg ¢rushing} stress to grein
Hodulus flodulusg | prope rength| prope
elasticity fupture | limit linit
5] d
3 {Lincoln 24% 2149 28,9 4457 1,842,137 | 0,010 b,01r 3,94 3,288 991
Coslonte A2y 1,589,129 Q4,971 | 10,298 8,167 7,408 1,356
4 _iathead Plyg | 2245 3342 #5182 1,517,800 [0O,108 5,021 ,627 3,735 1,364
Coeliont e 12 o 1,823,577 116,797 § 10,321 9,569 8,381 1,865
5 Lincoln RBay 2240 20,7 w5004 1,332,011 19,442 4,974 1,816 | 3,708 1,292
Coalionte 129 | 1,600,350 [15,690 | 10,226 9,387 8,523 1,767
6 | Pleckfoot Rag | 4443 [31,0 5220 11,346,450 [10,082 | 5,191 1,040 | 3,039 1,357
valley 127 1,616,576 16,708 | 10,670 | 7,25 | 6,818 1,856
7 | Fend Rag | 17.9 5140 $4C08 11,375,044 | 8,872 | 5,108 | 4,500 | 4,071 1,346
Croille Cos [124 1,652,150 14,744 | 10,499 | 92,200 | 9,134 1,842
Gashs
8 | Lincoln 2 Jed  [R048 «4021 11,305,559 | 8,879 | 5,167 | 4,226 | 8,727 1,220
Coskonts  [l2 1,568,361 14,765 | 16,620 | 9,881 | 8,363 1,670
lave. Pag | ihel  |50.2 4778 | 1,357,100 | 9,287 | 5,060 | 4,266 | 3,087 1,209
12 1,630,300 [15,402 | 10,394 G,tel 3,057 1,686

-



22,

four localitlies, the rate of growth decreases «ith more easterly location,
while percent of summerwood and specific gravity show & slight increase,
Thie is evidently dve to slower growth, 3See fizures 14 and 1%, However,

no consistent relation of strength to location wl thin the Inland Emnire

c¢an be ghown from this deta,

Upon exuz:ining the strength valnes in tahle & for the Douglas fir
tested in this problen it is8 seen that the values for modulus of elasticity
in static hending agres onite closely wi th the Forest Service average for
the Inland Fmpire as given in table 7 but other atrength values and specific
gravity are higher then for coast fir even(%) p. 50-51, The explanation
offered 18 that material used in the Forest Service tests was taken through-
out the entirs cress section of that portion of the tree, at least from 8 to
18 foet abore the ground, while the materisl used in this study wonld rrob-
ably be mawed from near the periphery of the lower part of the mtt log, in
order to secure clear material., For some strength properties such as maxie
mum crushing sirength, shear, tension perpendicular to grain, =2nd hardneas,
the strongest materisl ia found at the tatt of the tree, This mortion of the
tree slzo conteins the msterial of hishest specific gravity, Strength
proverti es and specific gravity also increscs from % o pith outward to the
periphery of ths iree tmnk(S) De 35-58, The specific gravity of the Inland
Bepire fir tested in this study, see tadble 6, was Tound to be rractically
83 hish as the average of the ¢omst Tir given in table 7 and higher than
that from some locslities on the Pscific Coast given in tadble 8(16)table 21.
Conmequently, higher strength values would be expected.

The strength values obtzined in this study show thst the Inland Empire
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FIGURE 25
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FIGURE 26
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FIGURE 29.— W0OD PROPERTIES
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FIGURE 30.— STRENGTH
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Table 7.~ Ftrength properties and specific aravity of Douglas fir by regions
{211 stresses expressed in pounds per square inch)

Compression
static bending parallel, zrain
Yol iber Fiber
ture tress Maximum | stress| Shear
con~ {| Specifie ¥odulus Modulugprope. | crushing prop. paraliel
Heglon tent gravi ty elasticity rupturdlimit | strength] 1imit.| to grain
Coast | 361 +45 1,580,000| v,800}4,300}] 3,800 |3,410 930
12% 48 1,920,000} 11,70018,100§ 7,420 | 6,450 1,140
Inlend 42% «41 1,340 ,000] 6,800{3,800} 3,240 | 2,460 - 870
Pmpird 12% odi 1,610,000} 11,300{7,400] 4,700 | 5,520 1,190
Rocky | =37 #40 1,180,000} 6,400]3,000] 3,600 | 2,%40 980
¥tn. 12% #43 1,400,000f ¢9,800(6,060f 6,300 | 4,660 1,070
{From W¥ood Hendbook, Us. 3. Farest Products Iaboratory, piare %1,

table 8.)
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Table 8,~ Strength properties and specific gravity by localities of green

Douglas Tir wood

(All stresses expressed in pounds per square inch)

Specifi Compresasion
Locslity gravityj RingJ Percent, Static Bending parallel grain Zhear
where | based o per | Sumner | Yodulus ﬁodului Tiber | Yaximum| Fiber| parallel
Grown volume inch | Wood elastlcity ruptureg stresg cruahiné stres to0 grain
at test props | strengtl prop.
limit limit

Lewis Cp. 274 12.3 32 1,627,000} 8,040 5,320 4,130 3,780 806
HWeash,

Lane Co} «461 1 19.8 36 1,879,000} 7,880 4,860 4,080} 3,440 832
Cre,

Chehall 414 8.8 39 1,407,000f 7,010 § 4,280 35,4101 2,780 940
Co.Was
Humbold

Co.Callf., 444 | 10.1 36 1,858,000 7,500 4,880 3,830) 3,520 961
Clatsop

Co.0re. 429 17.2 ] 47 1,482,000{ 7,400 4,640 3,7701 ¥,200 858
“asheCo)

Qre, +460 15.2 8 1,704,000§ 7,720 4,840 4,260] v.0.0) 1,144
Clark Cp. :

Wash, 4290 18.1§ 37 1,431,000} 6,890 | 4,540 B3,470] weuen 849
Lincol ’ ‘
Co.Mon «430 19.3 e 1,4%7,000} 7,110 3,890 3,4501 2,810 a88s
Shosho .

Co.ldah « 390 10.8 .e 1,239,000f 6.390 3,200 3,040{ 2,310 859
Misasou

Co.Montl. « 392 28,21 32 1,124,000) 6,410 3,730 3,090 2,860 897
Johnso

Co.¥Wyo. «418 17,3{ 22 1,242,000f 6,340 3,570 2,920] 2,410] 8956

H

(From UsS.DeA. Tech. Bull., No., 479, Strength and Relested Properties of

Joods Grown in the United States, by L.J. Markwardt and T.R.C, Wilson)
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Douglas fir is lower in modulus of elasticity (stiffness) than the Pacifie
Coast type, but higher in modulus of rupture (maximum breaeking strength),
and higher in {4 ber‘stress at proportional limit (the maximum load that may
be sustained wiﬂ;cmt permanent deformation of the beam}, Piber stress at
proportional limit governs the safe working load for the beam, as any load
causing stresses exceeding the proportionel limit will ultimately result in
failure, while modulus of rupture indicetes the abllity of the beam to withe
gstand a sudden and unexpected overload, for which allowance has not been made
in designing., Alsc the Inland Hupire fir was found to be higher than the
Coast fir in shear parallel to grain and higher in maximum crushing strength
and fiber stress at proportional limit for comnression perallel to srain.
These three values bear an important reletionship to the strength of joints
in timber framing as they Jevermine the bearing area that must be allowed
for the ends of truss members end the amount of wood necessary to resist
shearing stresses.

According to table 8 the Inland Empire fir of gresatest strzngth is
found in lincoln County, #ontane; the material of least strength in Missoula
County, Montsna; and that having intermediate strength properties in 3hoshone
County, Idako. For modulus of elssticity in static bending and for meximum
crushing strength, materiasl from H¥issouls County is weazker than that from
Johnson County, ¥yomingz, which would be of the Rocky Yoantain tyre., On the
other hand, material from Lincoln County is stronger than thet “rom

(16;
Chehal is and Clark Counties in Washington table =l.



Sumnary and Conclusions

From the results of *“his study it was found that the strongest wood
is produced by trees of & medium rate of growth; that there is a direct
relationship between percent of summerwood snd specific gravity; and that
there is an incerease in strength for larger pergentages of sumuerwood or
higher specifie gravitises, resulting from an sverage rete of growth, How-
ever, there are large verictiens from the general trend, especielly in the
case of sbnormal wood such as compression wood.

The Douglas fir of the Inland Empire may be found in all grades of
strength, Inland Empire Douglas fir mey be no stronger than the Roecky
Mountain type of fir, but on the other hand, the better mality Inland
Empire material will bs squal in strength to the Peeclfic Coast tyne of

fir.

4
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