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MOISflJ-iE CONItrNT-STXSNGIE A}TUSTI,ENTS IOR WOODt

,  I t  is of ten desirable to ad.Just strength valuos for wood at one

noisture eontent to what they woulcL be und.er sotre other cond.itlon. Ihis ca.tl

be d.one quite accurately when the d.ata apply to snatl clear specinens which

are quitJ uniformly d,ried, so ihat the rnoisture content is approximately the

same a t  a l l  po in ts  o f  the  c ross  sec t lon .

Ehree general  method.s, d. i f fer ing mater ial ly in their  accuracy, ancl

in sirpl ic i ty and. facl l i ty of  ap;ol icat ion, may be used for noisture-strength
ad. justments. Ihese are refer"" i io as the ( f)  

"pp"oxinate 
roethod',  (Z) t f te

equat ion nethod, ana (g) the graphical  method.

Annroxinate lfuthod.

The approxipate netbod. of nolstgre*strength adjustment consists

simply in an appl icat lon of the percentage f igures of table I  for the
property under eonsid-erat iorr ,  regard. less of specles. For exaupler i f  the

rr*1rr- crushing strength of Sitka spruce at l2*percent noisture content

is 51610 poutd.s per square inch, wfrat is the approxinate value at 1O-percent

noisture? Srom table I it 
"ay 

be noted. that the a\,"erage change in rnaximrln

crushing strength for l -percent change in noisture is 6 percent.  t r 'or

lable 1.--AveraEe inorease (or de. l : re.asi) ,  in value effected. bv lowerinE
(or raisine) the ndistu.r:e content 1 perser!

Property:  PPrcent
Stat ic bend. ing:

t r ' i ber  s t ress  a t  p ropor t iona l  I in i t .  . .  .  5

Iiiodulus of rupture ' or cross-breaklng strength. 4

i4cclulus of elast ic i t ; r  or st i f fness 2

W o r k  t o  p r o p o r t i o n a l  l i m i t . . .  .  B  _  , ^
Work to maxtrouia load. ol  shock-resist ing abit i ty.  Llz

Irryact bend-ing:
Siber stress at proport ional
Work to proport ional l in i t .
Eeight of d.rop of ha.mer causing coqplete failure

Coqgression paral lel  to grain:
'  I tber stress at proport ionerl  l in i t .

Maxiuun crushing strength.
Coryression perpendi cula.r to gfatpl

l i n i t  .  : . 3
4
-  L lz

*Ll2
+
\-tl2

5
6

f i b e r  s t r e s s  a t  p r o p o r t i o n a l  i l 0 1 t .  . . . . . . . . .
Hard.ness, end. grain..  .  .  .

,  - '  ;  - 'Hard .ness ,  s td .e  g ra ln . .  . .  .  .
Sheartng strength paral1el to grain. 3

l e n s i o n  p e " p e r r d - i c u l a r  t o  g r a l n ,  , : , . ,  .  r . .  r .  i  I - L l z

Itn:.. nineograph is one of a
Sorest Prod.uots laboratory

lrllnoo. l{o. IS1B

ser ies  o f  p rogress  renor ts  i ssued by  the
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Z-percent change in ncistule content ( lz-percent raoisture to 10-percent
noisture) tfre average expected. change ln naxinurn crushing strength would
consequent ly be 12 perceut.  Since this property increases with d.ecrease
in ncisture content,  the appror inate incfease in strength is 12 percent of
5,610 - 672, and. the al.proxinate naxinrun crushing strength at lO-percent
noisture is 51610 + 673 = 6,283 pound.s per sguare lnch.

Ihis ls the least accurate of the several  method.s descr ibed.,
is useful only for naking rougir approxiuations. For corparison it nay
noted. that appl lcat ion of the equat ion roethod to the foregoing exa4rle
gives a value of 6,194 pound.s per square inch,

Equat ion Method

Stucies at the Forest Prod.ucts laboratory have led. to the d-eriv:.-
t lon of a foruula for strength ad. justment,  the nu:aerical  solut ion of which
afford.s inore accurate estimates than any other nsethod. This forrmrlar known
as the erlronential forutrla, is based. on the fact that for any one s.oecies
and- strength -rropert ,v,  moisture-content values within certain l in i ts a.ncl
the logaritluas of correspond.lng strength values have been found- to conform
clcsely to a straight- I ine relat ionshitr i .

The formtrla nay be written
loe (st : sr)

L o S S U = I o g S " + ( C - O ) A - 3

content and. Ss' Sb' Uc, and. 54
strength value fron tests mad-e
value ad.justed. to noisture con-

which is equivalent to
a-  3

I oe%-1ogS .

a-t

neasures the change ln strength propertl' caused by a ehange of 1 percent in
i ,he moisture content.  Requireci  for eval-uat ion of this e4pression a:re
sbrength values S" and. S5 found. from tests made at twc d.ifferent nolsture
Contents A and.3 on natcf i .ed specl]nens; that ts,  speclnens than can be as-
br:-uietL to be ali.ke exeept for the single faetor of noleture content, such as
speeimens from elosely adjacent posltions within the safte ar.nual growth
La.;rers.

l-Jrd
'lra

where A, 3, C, a::d. D, are values of molsture
are correspond-ing strength values; S^ is the
at noisture content C and. 56 is this-strength
tent D. The expression

roe (% i s")

I31s -2-



When in
the corresponding
t ion  is  l i s ted .  in

Tpble 2.*@

any instance a strength value ls that for green naterialt

nolsture content to be used. for the species under considerar
table 2.

Spebies l Percent

fTh" 
"*"" t  

value has been determined. only for the species l isted'  here'  For

other species the value of 24 percent may be assunod to apply'

fhree types of noisture-strength adjust luent d. i f fer ing with respect

to the source of the d.ata for evaluatlng the expression

roe (% i s")
A -  B

are defLned. and- il lustrated. in the followlng paragraphs:

Type'I . : - I t rom tests on natched groups of nater ial  at  two d- i f ferent

moisture*c.ontent values, a sttength value correspond'ing to a third' value of

molstuxe content is computed., thJ d.ata for evaluating the expression

Io9(S6 * s")

a-8

belng suppl-ied. by the tests oh the naterial und.er consid'eratlon.

Exa^uroLe.--The average maxlmtn crushtng stfength of_Sitka spruce

ias l isted. ei ther in table 1, U.S. Department of Agrlcul ture [echnical

Bnlletin 47g nstrength ariA feUted F-ropertlert of l ' lood 0rown tn the Untted-

24
27
24
24
28
2B

2L
2I
24
2T

27
27
24

igrS
r+r ' .

rOr



Statess or tabLe 8 of the nWood. Iland.booknl i" 2,670 pouno-s per so.ua.re
inch for gleen naterial and !1510 pound.s per square inch for materiaL al
12 percent moisture. Conpute the maximr:m crushing strength correspond.ing
to a moistr:re content of 14 percent,

So = 2,570 from either lechnical 3u11et1n 479 or the nWood. Hand*
Sooktt and. A-for green material is 2/.

% 
-  5 ,610,  3  = 12,  C nay be taken e i ther  as 27 or  12 wi th  corres-

pond.ing choice of S^; that is, either the value for green naterial or that
for material at 12-iercent molsture may be ad.justed. to llFpercent moisture
conten t .
D = 1 4

T a k i n g C = 1 2 ,  a n d l

I,og Sr4 =

Then
or

Taking C

Sc  =  5 ,5 t0 .

l os  5 ,610  +  ( ra  -  14 )

=3.7\gO-2xw

= J.7490 - o.oUJo = 3.7o5o

Slh  =  an t i l og  3 .7O5O =  , tO82 .

= 27 and S"  = 2,670

1og (5 ,5 t0  *  ? ,670)

27 -L2

tos  (5 ,5 t0  ;  z ,5To)
27 -12

hg St*  = log 2,670 +

'  =3 .1+265+t3

-  3 , \Z6 j  +  0.2794 = 3.7Or9

fhen S.,4 = ant i log 3,7059 --  
5,082 as before, ancl  the maxirnm crushing strength

of Sttka s 'Druce at I l { -percent moisture content,  as obtained. by atLjust ing to
this moisture content the avera€e values given in either TechnicaJ- 3ulletin
479 or the rlTfood. Handbookn is 5,Oge pounds per square incb.

Type ?.-A strength value obtained. at one moisfure content is ad-
justed. to a second val-ue of nolsture content,  the d.ata for evaluat ing the
exnres sion

ros (%
A-3

as fou-nd- in other tests on the same species being assumed. to appj-y.

s")

Tor sale by the Superintentlent of Documents, trlashington, D.

r3t1 -th

fo t  35 i  each.



Sxa,uple.q-A spectnen of longleaf piae at 9.8-percent nolsture soIF

tent was tEffion tesi; tq have a laodh+lus of ruptrrre of, U'5@ pound's per

square iuob, Estiete tbe value of rooduLus of rutrlture ttrat would have re'

urilt"a had. the test been nad.e at a noistr:re content of 12 percent'

Val.ues of norlufus of rr4lture on aatched spocinens of lon6}eaf plne

are given ln elther table l- of tecbnical 3ulletin l+p or table I of the Qfooit

Eandbgoktr as 8r7@, ehich is eqrral to 9", aaa ll+r700, whlclr ls equal to S6r
pornds per squErre inch for the g3eea snil ]2rPercent noistr:re conditlons'
r espec t l ve l y .  A ,  f l on  t ab le  ?=2J - . . 3=1? r  q  =p .8 ,  andD=12 '

Ehen substituting in the f,orlqula

loe $12 = ros LJr5oo r (g.s - ral ros (llil9ori gr,79o)
21' -  1?

= I+.UgJ - 2.2 x 0'ee?8

= \.t365- O.O55T = 4.OTII5

ta = ant1log }t,0746 = 11,67[
andl the nodulus of ruptr:re at I2-pereent msisture as esti.nratedl fron the value
tleternined at !.8 percent nolstr:re l.s 111874 poUncts per sguelre lngh.

, tsqpe l.+As in tgre 2, excopt that t\e tlata for evaluati:g tbe ex-
presslon

3-og (s6 i sa)

A-3

for the sane species oot betrrg b;lonn, an avetrage value as corputecl from tests
of other E)ecies is assrrned to Eply

&arpIe.-[he nodr:-Lus of nrtrltrrre of a sanple of a hardwoocl species
testeil at !ffint moisture content was ].1rJ00 pound.s per squ{rre inc}r. Estl-
nate the val-ue at lSrpercent uolsturq Eere So = 111700, 0 = 9, anil D = 12'
No values of Soancl 56 for the sa.ne species being avaiLable, 1t is assr:rnecl
that tbe stren[tt-rnoistr:re relatLonship for thie hardwood ts sinilar to that

for the harclwood. strlecles in genera] and

notlulus of rutrlture of harttwootl specles

andL for B the valuo of Ztt frorr table 2 is taken. Substltutlng in the formfa:

trog s12 = tos rr,7oo + (9 _. r2]_ Ifrt#
' 

Ol20tl{=\ .o5ga_5x_T_

= }t.0582 * oroSoJ = l+.0U9
sla = antllog 4.0179 = lo,\oo

Obvlorsly, adJustnente of type I are nost, glrd tlrose of type J Least ac,'
ourate, lllre, inao$rrg,oy in types B ana J trs due to ttre f,aot tbat the aEsunod
values of tbe €tpfeBsl-oa
1lr3 *vr



3-P+-4
are not d.efinltely applicahle.

In types 2 and. J the accuracy of the
d.ecreases with increase ln noisture d.ifference

corputecl or estimated. value
for which adJustmant is merda.

Tab1e ].--An_"rrg" tt","tgth 
"ati*

for specles ln drying from a green

eondition to 12-l""c"g!-ggistr:re content

(#)

Property : I{a.rdwood.s : Sof twood.s
:  (1 r l  spee ies)  :  (54  spec ies)

2
Static beniling: !

F i b e r  s t r e s s  a t  p r o p o r t i o n a l  l i u r i t ? . . .  . . . . , . . .  !
l r l o d . u l u s  o f  r r r p t r : r e . . . . . . . . . . . . . . . . . . . .  c o o t l
l i t o c l u l u s  o f  e l a s t t c i t y . , . . . . . , , . . r r . . 3
I l o r k  t o  p r o p o r t i o n a l  l i m l t . . . . .  . . . . . , . , . . i
t r o r k  t o  r n a x i m u m  l o a c l .  . . . . . . . . . .  . . . . . !

IElpacl oend.Ingi !
F i b e r  s t r e s s  a t  p r o p o r t l o n a l  l i m l t . . . . . . . . . .  r o  !
? T o r k  t o  p r o p o r t i o n a l  l i m i . t . . . . .  . . . . . 2
Ee igh t  o f  d rop  caus ing  corp le te  fa i lu re .  o . . . . .1

Courpression parallel to grain: :
F i b e r  s t r e s s  a t  p r o p o r t i o n a l .  I i m i t . , . .  .  . .  r . .  r o  !
M a x i g u n  c r u s h i n g  s t r e n g t h . . . . . . . . , a . . . . . .  o r  r r e  !

Compression perpendlcular to graint I' lber t
s t r e s s  a t  p r o p o r t i o n a l  I t m t t . . .  .  .  . . . . .  .  . . ,  t . . . ' .

i lartlness: 3
E n d . . . . . . . .  . . , . . . i
S i i l e .  . . . . . . . . . .  . . , , . . 1

Shear para.11e1 to graint llaxinun shearlng ,
s t r e n g t h . . . . . .  . . . r . r . . . . . . . . . . . . . . . , , , t t t 2

Tensiorr peqoendicular to gfaln: trlaximur !
t e n s i l c  s t r e n g t h . . . . . . . . . . .  . . . . . . . . . !

Graphtcal l{etFod

Ihe graphlcal rnethod. eonsists of using the accompanying ehart
(figure 1) for the solution of the forrnula rleseribed rmder the equation
nethcd-, thus avoid.ing the use of logarithns as required. in the ar'ltb.netical
ealcuration. this netbod" is, therefore, eiurpler than the equation method.

L3L3

1 .60
r .  59
1.  l1
2 . \g
1 .05

1.44
r ,5g

.89

1 ,7 \
L .95

1.  S4

L .55
r .33

I .4J

1 .20

L .81
1 ,51
L .2g
2.56
1.  r l

L . t9
r .59
1.0J

L ,86
L.9T

L.g5

L.67
1.40

L,37

L,2 '



(") trborn the t?sts
the ad.Justneat is to be nade.

(t) Fron the tlata for green
fechnlcal Brrlletin 479 ot table 8 of the

(") Tron the ratlos of table

but due to the personal equatlon in read.ing the ohart ancl the snall scale of

the chartr the adjustnent is less accurate.

Tbe procedure ln the use of the chart ls as follows:

I. First deternine X, the ratlo of the strength when d'ry to the

strength wben green for the strength property antt species-under consideratlon'

fhls ratio should. be tleternlnetl. frou one-of the thrle following sources' with

preference in the orcler naned.:

of'natched' green antl tlry naterial for whlch

and. d.ry naterial in elther table 1 of
ttWood lland.bookr.
3 .

2, Deterntne the d.lfference in nolsture between the value to be
.used for green uaterial and the nolsture content of the dry naterial on r'ltrlch

the precedlng dry to groen strength ratio is based.

3. Deternlne tbe difference between the uolsture content of thB

naterial at test anrl the nolsture content to whlch a.d.justnent ls to be nade'

trris d.tffereace represents the range tn nolsture over-r,rhich the atljustnent

ls to be nad.e.

4. Lrocate on the chart a 1
molsture content as d.etermlned. under i
horo the l ine jolning tbls polnt wlth
chartr the ratto correspond.lng to any
fouad.

5. Locate on thls line the polnt th'at corresponcls to the d'ifference

|n tbe noisture content as deterroinetl uird.er 3, ancl read the correspond'lng new

strength ratto K on the left-trand scFle..

5. (") I f  the aitJustnent Is belng uad'e to.a lower rnoisture con-

tent than that at whtch the tests wore mad.el ur:.ltiply tbe strength at test

by ttre new ratlo-t".-"tttf.ea in-5 above) to get the-ad.Justed' strength value'

(t) If the adJustnent ls belng natle to a hlgber nolstr.re content

than that at whlch the tests wefe natle, d.lvld.e the strength at test by the

i"" 
""tio 

(as obtalnecl in 5 above) to get the ailjusted' strength value'

. SFs^EpIe 1.-Tests of Balchetl speclnens of Douglas-fir gave valuee

of naxtmua eru"bf"g strength of 319a0 and,-1Or6BO porurd.s per square lncht

.respectivelyp for green wood. ancl woocl at 6.2-perc-ent noliture content' Ithat

fs fife tstren€th at lz-.percent molsture content?

l-. rhe ratio * = +sffi = b'?1.

i n
L .

T3I3 -7n



2, The tlifference between the noisture content to be used. for
green material (see table ?) and that et test is 24 - 6.2 = 1?.9 which is the
dlfference in uoistr:re coatent to wtrJgh the ratio Z.?l applies.

3. Ehe d.ifference between tbe ooisture content of the d.ry rrraterial
at test and the uolsture content to which ad.Justnent ls d.eslred. is L2 - 6,2 =
5 .  B .

4, Start ing with the ratio 2.7L on the left-hand nargtn of
figure 1r a,:rd. followlng borizontally to the vertleal representlng tbe 1?.8
percent noistrrre d.i f ference, locate a polnt.

5' 3ol lowlng the converging l lne on whicb this polnt is located
to i ts intersection with a vert ical correspondtng to the nolsture difference
o-f 5.8 (step 3), and thence horizontally to the left-hand. nargin a new ratio
K of 1.38 is for:ncl.

6. The naxiur::n crrrshing strength at L2 percent nolsture ls
t9'690 = ?t?40 porrads p"" ,q*e tncb. The nooisture content of 12 percent to
l . 39

which adjustnent is nnad.e is higher than the noistwe contont at test, Conse-
quently the strength value at test ls d.ivided by the ratio.

. Sxample Z.--Ihe nod,ulus of rupture of a splnFle of hardwood species
testetl at l&-percent nolsture contegt was 1O'O3O pound.s per square iuch, What
ls the estlnated. value at 9-percent noisture?

I. $lnce tlata on natched. green antL d.ry naterial are not available,
the average ratlo of strength when ari (fe-percent moisture coltent) to
that when greerr for a hardwood. ts taken frorn table B, antl is 1.59.

2, I ron table 2 thb nolsture content to be used. for green
uaterial ls assunetl to be a4-percent noistr:re content. The ratio of i_.b9
applies to material qt lz-percent nolsture content. The moisture d.ifference
ist  therefore, 24 -  L2 = L}-percent moisture content.

3. [he d.lffereace between the moisture content of the sarople at
test and. the uolsture to which ad.justnent is cLsslrecl is 13 - 9 = 4 percent.

4. Starting with the ratio L59 on the left-hand. nargin of
flgure 1, and., followlng horlzontally to the vertical representlng l2-percent
moisture d. l f ference, locate a polnt.

5. Irollowing the converglng line through this point to its in-
tersectlon wlth the verttcal correspond.lng to the noisture d.lfference of 4
perceat (step 3), and. thence horlzontally to the left-hand. nargln, the
rat lo K of 1.165 ls found.

6. [he motlulus of
lo'OSO.x 1.165 = II,68O pound.s

l3Lq.

rupture at 9-percent noisture content is
per square inch. In thts instance the nolsture



content
eontent

of
al

9 percent to
test  and. ' the

which adJustrnent
stren$th value at

ls uade ls lower than the moisture
test is-rsultiplietl ]y the ratio K'

- 
Wh'bn the strength tlata afe fron tests on rnaterial in whlch the

nolstufe Lu 
"ot 

r .ur i fornly d. lstr ibutet l .  ln the or-ose sect ionl  uoisture-strength

ad.justfierrts on the basls of the nethods Just outlined' cannot be consldered

as reliable, a.nd. no acceptable general nethod. for the ad.justnent of such

data ls available. '
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Fig. 1. Char+ for naklng strength-noisturc adJuatneatc.
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