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MOISTURE CONTENT-STRENGTH ADJUSTHENTS FOR wooD:

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

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

Approximate Method

, The approximate method of moisture-strength adjustment consists
simply in an application of the percentage figures of table 1 for the
property under consideration, regardless of species. For example, if the
maximum crushing strength of Sitka spruce at 12-percent moisture content
is 5,610 pounds per square inch, what is the approximate value at 10-percent
moisture? ZFrom table 1 it may be noted that the average change in maximum
crushing strength for l-percent change in moisture is 6 percent, For

Table l.--Average increase (or decreaég)'in value effected by lowering

(or raising) the moisture content 1 nercent

Property: ' Percent
Static bending:

Fiber stress at proportional limit.... ............... 5
Modulus of rupture, or cross-breaking strength........ 4
Modulus of elasticity or stiffmess............ —«..... 2
Work to proportiondl limit............cecevriniieennns 8
Work to maximum load or shock-resisting ability....... 1/2
Impact bending:
Fiber stress at proportional limit................ 2 Bc 3
Work to proportional limit. ........ceiniiiei vennaanan 4
Height of drop of hamuer causing complete failure..... = 1/2
Compression parallel to grain: B
Fiber stress at proportional limit.................... 5
Maximam crushing strength............. ala AT b ST A 6
Compression perpendicular to graint
Fiber stress at proportional limite......... 50506500 .. 5-1f2
Herdness, end grain............. T R 4
Hardness, side grain...........c.c.vuoivunnnns S 55 -
Shearing strength parallel to grain....... e e .- 3
Tension perpendicular to grain,..... «.......ee. ceeve: 1-1/2

iThis mimeograph is one of a series of progress reports issued by the
Forest Products Laboratory to aid the Nation's defense effort.
Mimeo. No., 1313




2-percent change in moisture content (l2-percent moisture to lO-percent
moisture) the average expected change in maximum crushing strength would
consequently be 12 percent. ©Since this property increases with decrease
in meisture content, the approximate increase in strength is 12 percent of
5,610 = 673, and the arproximate maximum crushing strength at 10-percent
moisture is 5,610 + 873 = 6,283 pounds per square inch.

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

Bquation Method

Studies at the Forest Products Léboratory have led to the derivc-~
tion of a formula for strength adjustment, the numerical solution of which
affords wmore accurate estimates than any other method, This formula, known
as the exponential formula, is based on the fact that for any one species
and strength sroperty, moisture~content values within certain limits and
the logarithis of corresponding strength values have been found to conform
closely to a straight-line relationship.

The formula may be written: .
log (S‘b - Sa)
Log 85 = log 6, + (C - D) 7 , 3

where A, B, 0, and D, are values of moisture content and S,, Sy, 8, and Sg
are corresponéing strength values; S, is the strength value from tests made
at moisture content C and S3 is this strength value adjusted to moisture con-
tent D. The expression

log (8 = S,)

A - B

which is equivalent to
log Sb - log Sa

A-3B

measures the change in strength property caused by a change of 1 percent in
the moisture content, Required for evaluation of this expression are
Strength values S, and 5, found from tests made at two different moisture
contents A and B on matched specimens; that is, specimens than can be as-
Suned to be alike except for the single factor of molsture content, such as
5P801mens from closely adJacent positions within the same annual growth
layers,
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When in any instance a strength value is that for green material,
the corresponding moisture content to be used for the species under considera~
tion is listed in table 2,

Table 2,~-Moisture Content

Spebiesl : Percent

Ash, white....... ceceatareatennn il e Y 24
Birch, y€llOWsueeeeuuenorans olele e o sla e alalaele dslalelol ke el _7
American chestnubte......coveeeiennnnn 3 & P00 oKD © 1 0 00 C = 24
3o |0 T- =T 5 I R R . 24
Hemlock, wesSterNe...v.veeeennoss teesrbisevescenrspeseat 28
Larch, western............ olalalolelola ol ete et aratelals Slesetotidelehelaleh olote 28
Pine: ¢

Loblollye .o ee e iannennns e el oie al e alnlele ol s slelels nlele s 30 21

-Longleaf. . ver e cieennnanns e e o1s dhel 500D 0s00go Moo . A 21

RBede...vvococoranancans deecnasl 5 ol 4Tl e s e 24
REd-WOOd-coco-.o--..-.....-oo-'.-.o.-u'-..;-‘-.-0---.’-0---: 21
Spruce: :

Red‘.t.c‘olc‘l...‘..'lv.ll"-.o.o..no-.l.....nh-.'. 27

Sitkaseevovecosocescvcnsnsas -,..--.--.-....oo-»-noo.: 27
TamaracKee.essace-asse e eienbsecsierasrnaareaoserarenat 24
1mhe exact value has been determined only for the species iisted here. For

other species the value of 24 percent may be agsumed to apply.

Three types of moisture-strength adjustmént differing with respect
to the source of the data for evaluating the expression

log (S, + 5,)
A-B

are defined and illustrated in the following paragraphé:

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

log(Sp + Sg)
LA-3B

bteing supplied by the tests on the material under consideration.

Example.--The average maximum crushing strength of Sitka spruce
‘a8 listed either in teble 1, U.S5, Department of Agriculture Technical
Bulletin 479 "Strength and Helatved Properties of Wood Grown ln the United
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2 .
States" or table & of the "Wood Handbook™  is 2,670 pounds per sguare
inch for green material and 5,610 pounds per square inch for material at
12 percent moisture. Compute the maximum crushing strength corresponding
to a moisture content of 14 percent.

Sa = 2,670 from either Technical Bulletin 479 or the "Wood Hande
Book" and A for green material is 27.

- 5,610, B =12, ¢ may be taken either as 27 or 12 with corres-

ponding choice of 8 _; that is, either the value for green material or that
for material at l2-percent moisture may be adjusted to ll~percent moisture

content,
D =14

Taking ¢ = 12, and §, = 5,610.
log (5,610 + 2,670)

Log §p), = log 5,610 + (12 — 1k4) o
= 3,7490 - 2 x 9=%§§E
= 3,7490 - 0,0430 = 3.7060
Then Sy, = antilog 3.7060 = 5,082.
or

Taking ¢ = 27 and sc = 2,670
11y log (5,610 £ 2,670)

Log S., = log 2,670 + (27 -
14 " 27 - 12
© = 3.4265 + 13 x 0—33;—2

i

3.4265 + 0.2794% = 3.70R79

Then STH = antilog 3.70h9 = 5,082 as before, and the maximum crushing strength

of 3itka spruce at llU-percent moisture content, as obtained by adjusting to
this moisture content the average values given in either Technical Bulletin
479 or the "Wood Handbook" is 5,082 pounds per square inch.

Type 2.——A strength value obtained at one moisture content is ad-
Justed to a second value of moisture content, the data for evaluating the
expression
log (8 + §,)
A~ B

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

2
—For sale by the Superintendent of Documents, Washington, D. C., for 35¢ each.
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Example.~=4 specimen of longleaf pine at 9.&percent moisture cop~
tent was found from test to have a modulus of rupture of 13,500 pounds per
squere inch, ZEstioate the value of modulus of rupture that would have rew
sulted had the test been made at a moisture content of 12 percent.

Values of modulus of rupture on matched specimens of longleaf pine
are glven in either table 1 of Technical Bulletin 479 or table € of the "Wood
Handhook" as 8,700, which is equal to S, and 14,700, which is equal %0 Sy,
pounds per square inch for the green and 1l2=-percent moisture conditions,
respectively. A, from table 2 =21, B =12, € = 9.8, and D = 12.

Then substituting in the formula

Log Syp = log 13,500 + (9.8 = 12) Log (14,700 = 8,700)
21 - 12

it

i

4.1303 =~ 2.2 x 9_-%2}_5.

= 4.1365 - 0.0557 = 4.0746
Sy = antilog 4,0746 = 11,87H
and the modulus of rupture at l2-percent meisture as estimated from the value
determined at 9.8 percent moisture is 11,874 pounds per square inch.

_ Type 3.+=4s in type 2, excopt that the data for evaluating the ex=
pression '

log (Sy T Sa)

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

Example.-w~The modulus of rupture of a sample of 2 hardwood species
tested at J=percent moisture content was 11,700 pounds per squere inch. ZEsti-
mate the value at lawpercent moisture, Here §, = 11,700, ¢ =9, and D = 12.

No values of § and S, for the same species being available, it is assumed
that the strength-moisture relationship for this hardwood is similar to that

: 5
for the hardwood species in general and 1l.59, the value of §_1_2_ ag given for
g
modulus of rupture of hardwood species in table 3 is used for :;’;. A=12
: b

and for B the value of 24 from table 2 is taken. Substituting in the formulas

log 11,700 + (9 - 12) 08 1. )
oz 11,700 + (9 22-“2521‘222

- 0,201k
u,0682 -3z s

_ = 4.0682 « 0,0503 = 4.0179
S1o = antilog 4.0179 = 10,400

LOg 512

4

Obviously, adjustments of type 1 are most, and those of type 3 least ac»
curate. The. inacourady in types 2 end 3 i due to the fact that the assumsd
values of the expfedsion ,‘ )
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log (Sp = Sa)
)

are not definitely applicahle.

In types 2 and 3 the accuracy of the computed or estimated value
decreases with increase in moisture difference for which adjustment is made.

~

. 019
Table 3.~~Average strength ratios (?éa) for species in drying from a green

condition to l2~percent moisture content

Property : Hardwoods : Softwoods
: (113 species) :(54 species)

Static bending: : -

Fiber stress at proportional limit.,....... 0000 1.80 ¢ 1.81

MOAUIUS OF IUPHUTEuverotasenoseeoasvosasossooss 1.59 : 1.61

Modulus of elasticity........... 5060000 500000083 1.31 : 1.28

Work to proportional limits....... Cerrieeneeet 2.49 : 2.56

Work to maximum oad....eiivevieronriosorenanst 1.05 : 1.13
Impact bendings : :

Fiber stress at proportional limite.........o0t 1.4y : 1.39

Work to proportional limite.eu......oo..u... 664 1.68 : 1.59

Height of drop causing complete failure.......: .89 : 1,03
Compression parallel to grain: : H

Fiber stress at proportional limite..........0 1.74 : 1.86

Maximum crushing strengtheceececoracorerrecoont 1.95 : 1.97
Compression perpendicular to grain: Fiber : :

stress at proportional limite.ccooevveescvnonst 1.84 : 1.96
Hardness: : :

Endee.ovvacen.. S R Baae Ceaeas e .3 1.55 : 1.67

Stde.oo-ivenn... e an 50060060 feeaea e eoel 1.33 ¢ 1.40
Shear parallel to grain: Mazximum shearing : : :

strength....................................u: 1-“’3 : 1-37
Tension perpendicular to grain: Maximum : :

tensile strengtheeecertiocee i vveeee... 00000000 A 1.20 H 1,23

Graphical Method

The graphical method consists of using the accompanying chart
(figure 1) for the solution of the formula described under the equation
methcd, thus avoiding the use of logarithms as required in the arithmetical
calculation. This method is, therefore, simpler than the equation method.

1313
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but due to the personal equation in reading the chart and the small scale of
the chart, the adjustment is less accurate. .

The procedure in the use of the chart is as follows:

1. Yirst determine K, the ratio of the strength when dry to the
strength when green for the strength property and species under consideration.
This ratio should be determined from one of the three following sources, with
preference in the order named:

(s) TFrom the tests of matched green and dry material for which
the adjustment is to be made. '

(b) From the data for green and dry material in either table 1 of
Technical Bulletin 479 or table 8 of the "Wood Handbook".

(¢) From the ratios of table 3.

2. Determine the difference in moisture between the value to be
-used for green material and the moisture content of the dry material on which
the preceding dry to green strength ratio ig based.

3, Determine the difference between the moisture content of the
material at test and the molsture content to which adjustment is to be made.
This difference represents the range in moisture over which the adjustment
is to be made,

4, ZLocate on the chart a point corresponding to the difference in
moisture content as determined under 2 and the ratio K as determined under 1,
From the line joining this point with the lower left~hand corner of the
chart, the ratio corresponding to any difference in moisture content can be
found.,

5, Locate on this line the point that corresponds to the difference
in the moisture content as determined under 3, and read the corresponding new
strength ratio K on the left~hand scale. \

6., (a) If the adjustment is being made to & lower moisture con-
tent than that at which the tests were made, multiply the strength at test
bty the new ratio (as obtained in 5 above) to get the adjusted strength vslue,

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

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

3 - 10,680 _
1., The ratio K 5940 - 2,71,
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2, The difference between the moisture content to be used for
green material (see table 2) and that at test is 24 - 6,2 = 17,8 which is the
difference in moisture content to whieh the ratio 2,71 applies.

3+ The difference between the moisture content of the dry material
at test and the moisture content to which adjustment is desired is 12 -~ 6,2 =
5.8,

4, Starting with the ratio 2,71 on the left~hand margin of
figure 1, and following horizontally to the vertical representing the 17,8
percent moisture difference, locate a point.

5, Following the converging line on which this point is located
to its intersection with a vertical corresponding to the moisture difference
of 5.8 (step 3), and thence horizontally to the left~hand margin a new ratio
K of 1,38 is found.

6. The maximum crushing strength at 12 percent moisture is
lg ggq = 7,740 pounds per square inch, The moisture content of 12 percent to

which adjustment is made is higher than the moisture content at test, Conse-
quently the strength value at test is divided by the ratio,

Example 2.~-The modulus of rupture of a sample of hardweod species
tested at l3-percent moisture content was 10,030 pounds per square inch, What
is the estimated value at 9-percent moisture?

l. Since data on matched green and dry material are not available,
the average ratio of strength when dry (12-percent moisture content) to
that when green for a hardwood is taken from table 3, and is 1.59.

2. From table 2 the moisture content to be used for green
material is assumed to be 24-percent moisture content. The ratio of 1.59
applies to material at 12-percent moisture content. The moisture difference
is, therefore, 24 - 12 = 12-percent moisture content,

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

4, Starting with the ratio 1,59 on the left-hand margin of
figure 1, and, following horizontally to the vertical representing 12-percent
moisture difference, locate a point,

S« Following the converging line through this point to its in-
tersection with the vertical corresponding to the moisture difference of 4
percent (step 3), and thence horizontally to the left-hand margin, the
ratio K of 1,165 is found,

6. The modulus of rupture at 9-percent moisture content is
10,030 x 1,165 = 11,680 pounds per square inch, In this instance the moisture
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content of 9 percent to which adjustment is made is lower than the moisture
content at test and- the strength value at test is_multiplied by the ratio K.

Limltations to Moisture-Strength Adjustments

) When the strength data are from tests on material in which the
moisture is not uniformly distributed in the cross section, moisture-~strength
adjustments on the basis of the methods just outlined cannot be considered
as reliable, and no acceptable general method for the adjustment of such
data is available.
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Fig. 1.

Chart for making strength-moisture adjustments.
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