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SUPPLEMENT TO U. S. DEPARTMENT OF AGRICULTURE MISOELLANZOUS PUBLICATION 189,

"GUIIE TO THE GRADING OF STRUCTURAL TIMBERS AND THE DETZRMINATION

OF WORKING STRESSES"

By
T. R. C. WILSON, Senior Engineer
PROVISIONS FOR STRUCTURAL DIMENSION (JOIST AND PLANK) IN GRADES
HAVING IESS THAN 50 PZRCENT OF THE STRINGTH OF CIEAR MATERIAL

——

Secope and Purpose

Miscellaneous Publication 185 provides for grades having "strength
ratios" of 50 to 100 percent, but does not consider materisl whese strength
as reduced by defects is less than 5@ percent of that of clear wood, The
purpose of this supplement is to extend the system of strength grading to
dimension material that is below the 50 percent limit in strength,

The grading methods for these lower grades are similar to those of
Miscellaneous Publication 185, with one principal exception. To simplify
the grading and in order that material cut to shorter lengths subsequent to
grading will not be lowered in grade, knots are limited to the same size
regardless of their position in the lengzth of the piece, and slope of grain
is limited to the same value throughout the length,

Speecial Provisions

Following the procedure of Miscellaneous Publication 185, the struc-
tural grading requirements are based on strength considerations only, How-
ever, for uses such as house framing the desirability of seasoned material
and of reasonably straizht members is recognized, and provision is accord-
ingly mede for use requirements limiting moisture content and crook,

Specification Requirements for Joist and Plank of __ Grade (Joists,
Rafters, Studs, Planks, Factory Flooring, Ete. )=

500, The strength ratios of this grade are .. percent for stress in
extreme fiber and __' percent for stress in horizontal sghear,

1
—Applicable to grade-strength ratios of 25 to 50 percent.
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501, Primary pse.--As beams with load applied to either the wide or .
the narrow face.

502, Nominal dimensions,--Two to 4 inches in thiclkmess and 3 inches
and wider, KActual dimension® shall conform to the following: Rough (un-
surfaced) pieces shall be sawn full to nominal dimension except that occa-
sional slight variation in sawing 1s permiseible, At no part of the
length shall any piece because of such variation be more than 3{16 inch
under the nominal dimension when this is 3 to 7 inches, inclusive, nor more .
than 1/4 inch under the nominal dimension when this is & inches or greater.

The actual thickness of nominal 2-inch material shall not be less than
1~7/8 inches at any part of, the length. Purther, no shipment shall contain
more than 20 percent of pieces of minimum dimension,

Surfacing, whether on one or both of a pesir of opposite faces, shall
leave the finished size not more than 3/8 inch under the nominal dimension
when this is 7 inches or lees and not more than 1[2 inch uander the nominal
dimension when this is & inches or more.

503, Decay.-~Pieces containing unsound knots are acceptavle provided
the surrounding woed is firm and sound and the sizes of knots do not exceed
the limits later specified. Pieces containing soft strealks or spots are
acceptable provided these do not éecupy more than 1/3 the width at any
point and do not extend through more than 1/3 of the thickness, "Firm red
heart" (red heart that has not rteached the pocket stage), "heart stain,”
and similar early stages of decay are acceptable,

504, Slope of grain,-~Slope of grain is to be measured over a d:!.s—
tance. sufficiently great to determine the general slope disregarding slight
local deviations and is not to be steeper than 1 in &,

505,. The size of a knot on a marrow face is taken as the width bo-
tween lines enclosing the knot and parallel to the edges of the piece, The
only knots measured on narrow faces (see paragraph 507), are those that do
not show on the wide faces and spike-kmots which cross the cormers of side-
cut pisces.

506, The size of a knot on a.wide face is the average of its largsst
and smallest diameters.

507. Corner knots,--A eplke knot which crosses a cormer of a sido-
cut piece and contains the intersection of adjacent faces, or a kmot which
extends entirely across a face of a piece, shall be measured only on its end .
or ends, between lines parallel to the edgos of the piece and shall be con-
sidered to .be on the face on which the measurcment is taken, Knots crossing
the corners of side-cut pieces are disregardéd if thoy do not extend farther -
on either face than the permissible wane (sec paragraph 515),

508. . Shakes are measured at the ends of‘the piece, Only those within
the middle half of the width of ‘the wide face of the piece are considered.
The size of a shake is the distance between lines enclosing the shaize and
parallel to the wide faces of the piece, The permissible size 1o deter- .
mined by the width of the narrow face of the piece, i
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509. Meximum permissible sizes of knots and shakes? are shown in the
following schedule:

according to ‘raccording to  :3 according 1A of table 4:3 of table 4

Size of knot :Nominal: Bize of shake
--------------------- mmmmmem— e e ee—ee! §ldth @ - e L L
On narrow face:At edge of wide:Along center: of : In zreen : In season-

$ face : line of ¥ face ¢ pliece 1 ad piece

3 : wide face ! or end: :

1 : 2 S 3 e IO 5 : &
Inches : Inches 3 Inches : Inches: Inches @ Inches

: - P » - !
(Pind sizes :(Find sizes :{Fingd sizes : 2_1/2 +(Find sizes :(Find sizes
from table 1 :from table 2 : from table : tfrom section:from section
width of face :width of face :to width of : 6 taccording to:according to
and the tand the strength:face and the: 8 iwidth of end:widts of end
strength ratio:ratio for istrength : ete, :and the 1and the
for stress in istress in ex- :ratio for :strength rstreungth

ratio for tratio for
istress in :stress in
thorizontal :horizontal
:shear as :ghear as
ispecified in:tspecified in
tparegrarh  iparagrach
:500) +500)

extreme fiber :treme fiber as :stress in

ag specified tspecified in iextreme

in paragraph :paragraph 500) :fiber as
500) $ ispecified in
‘paragraph
:500)

e ma
"4 S8 4w EE e sa 4w P 4w

H10, The size of knots on wide faces may increase proportionately
from the size permitted at the edge to the size permitted along the center
line,

511, Cluster knots and knots in groups are not permitted,

512. Knot holes and holes from causes other than knots are measured
gpd limited as provided for knots,

513, Checks,--Checle near sach end of the piece arc limited to the
same size as shakes. Checks are measured within the middle half of the
width of tho piece and within three times the width from the end, the size
being taken as one~third the sum of seven depth measurements, one on the end

gmhe following is an alternative to the schedule of sizes of shakes in

paragraph 509 and is desiznated paragraph 509a: The size of shake shall
not exceed __ of the width of the end of a green pisce nor __ of the
width of end of a seasoned piece, (Values for the blanks in parazraph
5092 are found from equations given in the footnote te table 4.)
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and three on each side of the pisce. BNach measurement shall represent

the greatest depth of any check within the central half of the width;

the measurement on the end shall be taken at the center of the thickness,

and those on the sides at distances from the end of one, two, and thrae

times the width. Fach messurement shall be determined by the penetration

into the piece of a probe 1/6U-inch thick and 1fU-inch wide. '

51l Splits,--Splits at either end and within the central half
of the width shall not exceed in lcngthd __ times the width of the wide
face.

515. Wane at any point on any face shall not excced one-third the
width of the face,

Requirements in Addition to Stronsth

The following additional requirements are suzgested for inclusion
in specifications for house-framing material,

lThE value to be inserted is to be taken from table 5 to corrcspond to the
strength ratio for stress in horizontal shear specified in paragraph 500, .
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516, Material shall be seasoned to a moisture content of not to
exceed 19 percent! in any individual piece,

517. Crook shall not exceed 1/U4 inch in any 8 feet of the length
of pieces 6 inches or less in width nor 3/16 inch in any 8 feet of length
of pieces more than 6 inches in width. Croock is to be measured after the

X material has been seasoned ss specified in paragraph 515.

DISCUSSION OF SPECIFICATION REQUIREMENTS

Slopes of grain steeper than 1 in & could be permitted in grades
with strength ratios below about 45 percent as far as direct effect of
strength is concerned. Aside from spiral grain, however, such slopes
are unlikely to occur except in material from logs with excessive taper,
crooked logs, or logs with crooked pith, or as a result of gross mismanu-
facture, Steep slope of grain from any of these causes is conducive to
severe warping and twisting with resultant high stress in pieces held in
position while drying or forced into position after they have become
warped and twisted. Consequently, it is considered inadvisable to permit
slopes steeper than 1 in B.

One-third the actual dimension is set as the maximum wane in order
to provide bearing for framing members and to provide for reasonably
satisfactory junctions of covering materials on such members,

The object of a limitation of crook in house framing material is to
provide for the alignment of members over which flexible surfacing materials
are to be attached and to avoid stresses induced by drawing members to a
common "level in attachinz stiffer sheathing, subflooring, etc,, The limita-
tion is not fully effective unless the material is of such a grade and
cheracter that objectionable crook does not develop im drying or unless in-
spection is made after seasoning to a moisture content reasonably close %o
that which will obtain in service. Otherwise, objectionable crock may
develop after inspection and if the development occurs after the framing is
covered misalignment, severe stress, or breakage of plaster may occur.

If the curvature is uniform, a crook of 1/4 inch in 8 feet or 3/16
inch in 8 feet is approximately equivalent to a total crook of 1 inch or
3/4 inch, respectively, in pieces 16 feet long, Limiting the crook in any
8 feet of the length is simpler and more definite than the common practice
of stating the limit for 16-foot pieces with the provision that in shorter
pieces the crook may be in proportion to the length, The suggested limita-

' tion would restrict crook of the "dog leg" type to 1/2 inch or 3/8 inch

when measured over the full length of 16-foot pieces.

1Since seasoning to an avetrase moisture content well below 19 percent is
desirable for house-framing material, this figure should be regarded
as a maximum, subject to revision downward as increased drying facili-
. ties become awvailable,

scHO0L OF FORESTRY
OREGOH STATE COLLEGE
CORYALLIS, OREGON
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COMMENTS ON TABIES OF SIZES OF IEFECTS

Computation of Strenszth Ratlos

In the tabulations of sizes of knots and shakes in Miscellaneous
Publication 185 strength ratios were based on the relation of the size of
defect to the nominal dimensions of the plece. Zxtension of the same - .
system to lower grades leads to obvious absurdities and to unsafe strength
ratinrs, For example, in a 25 percent grade the size of knot allowable on
a narrow face of a piece 2 inches thick is 3/l the width of that face, If
this fraction is applied to the nominal 2-inch Aimension the computed per-
missible gize of kmot is 1-1/2 inches whereas ®n¢ siendard thickness of
nominal 2-inch stock when S15 or S28 is only 1-5/8 inches, In the follow-
ing tables of sizes of knots and shakes, strength raties of 45 percent or
higher are based on mominal dimensions and others on A,L,S, standard di-
mensions for surfaced matsrial, Otherwise the tables were derived in
exactly the same way as those in Miscellaneous Publication 185, Strength
ratios for nominal 2-1/2-inch thickmess have been added in tables 1 and 4,

Choice of Strength Ratio for Stress in Horizontal Shear

If the rated strength in horizontal shear is too low, the span of
a joist will be limited by shear without the rated stress in outer fiber
in bendirg being attained. Hence, it is desirable that in any grade the
rating in shear be at least high enough to "balance" the rated bending
strength, The following formula may be used to determine the shearing
stress necessary to effect such balance!

. o ffwms _ ws
- V192w 96p

stress in horigontal shear .. pounds per square inch,
stress in outer fiber in bending __ pounds per square inch.
uniformly-distributed lozd .. pounds per square foot.

Joist spacing __. inches, 3

thickness of Jjoist _. inches,

o'w 3§ v n
(T | |

If S is made at least as great as indicated by this formulanpans will n?t
be limited by shear when the allowable fiber sfress.is or exam % §

f is 900 pounds per sguare inch: s is 16 incheﬁ.ls 56bp§%nigﬁgggiggg g? ; a?
then the value of S from the formula above is 43 pounds per sguare inch, -
and if this value of shearing strength is provided, the spans for 2-inch
joists spaced 16 inches and carrying 50 pounds per square foot will in no
instance be limited by shear,

It may be noted that the required value of S is independent of the
depth of the joist and is greater the greater are the values of f, w, and
s and is less the greater is the thickness b, This last relation suggests
that the strength ratio for stress in shear might be varied with the thick-
ness without disturbing the balance between shear resistance and bending
strength of joists,
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Tgbles for Use in Determinins Permissible
Sizes of Knots, Shakes, and Splits
in Accordance with the Strength Ratio

Table 1,~-Knots on narrow face, Strength ratios
for stress in extreme fiber in bend-
ing corresponding to various combina-
tions of size of knot and width of face

2 Percentage strength ratios for

- knot:nominal face width (inches) indicated

i S . e s S e o S, o, B o e T s

AUl - e
IREhesT--;“-----”‘-:--- ; h*;
1 : : ; ;
1-1/8 : Eg : : :
1-1/4 : ¥ . 5 : £
1-3/8 + 33 E% : g
1-1;2 g @y A : El |
1-5/8 : 7 : :
1-3/4 4 : 22 : E% 3
1-7/2 N 3
2 : : s 36 @
2-1/8 : : . 2B : ug
2-1/4 : : :t 26 : 52
2-3/8 : : : ¥ %
2-1;2 : : : -
2-h/8 H : ! : 29
2~3/4 : : : 1 25

Strength ratios of U5 percent or higher are based on
the relation of size of knot to nominal width of
face; others on relation of size of knot to actual
width.
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Table 2.--Knots at edge of wide face, Strength ratios for stress in ex-
treme fiber in bending corresponding to various combinations
of size of Imot and width of face

Percentage strength ratios g : Percentage strength
Size for nominal face width : Size : ratios for nominal
of @ {inches) i a® face width (inches)
knot indicated ¢ knot indicated
¢ 3t By B B0 iy B i R R s
e - SN NSNS [SUSSPR ST DS PR e
Inches : ¢ 3 : - H } : Inches *
1 s 4b : : : : : t b ¢ 3% 3 Eg g
1-1/8 : 3% : 53 ¢ : : : : s dfg v 30 2 O
1-1/4% : 29 : 49 : : : : r $-Xfe ¢ 28 % WO L6
1-3/8 : 40 : : : : e hgig v 27 v 3 & Iy
1-1/2 1 36 : : : b1/ 25 37 41
1-5/8 : 32 ¢ : : Y5/8 36 4o
=3/% : (28:8La ' P43/l ¢ 3 39
1-7/8 : s 48 : r Y=7/8 33 51
2 : : U5 ' : 3 32 36
2-1/8 : ﬁg : ' : 1 5-1/8 31t 35
2-1/4 ! s 37 1 52 ¢ : ¢ 5-1/4 30 3!
2-3/8. : : : 34 50 ¢ : : ¢ 5-3/8 ¢ 29 5 33
2-1/2 : P30 1 s : : y 5-1/2 ¢ 26 % 38
2-5/8 : : 29 1 46 : : : 5-5/8 ¥ | BBz 2y
2-3/4 : s 27 ¢ o2 : : s 5-3/4 ¢ w5 2
2-7/8 : 125 ¢ 4o ¢ 51 t 1 BaT/8 3 : s 28
: g : 2 3B 2 BD @ : : b { 4 B
| 3.1/8 : ! : §6 : ES : : ¢ 6118 1 : : 26
| 3-1/4 : 4 : 34 : b6 : : 6-1/4 : $ 25
3-3/8 : : : $ 32 : 39 : : : : : :
‘ 3-1/2 : : $ 30 1 %7 1 El ' : ' : :
3-5/8 : : : t 28 : 32 « 4g :
‘ 3-3/4 : ; s 26 * 34 s 48 ¢ 5 : $
| 3-7/8 : : : 3 » 33 ¢ B6 ¢ 50 3 : '
|

Strength ratios of 45 percent or higher are based on the relation of size
of knot to nominal width of face; othsrs on relation of size of kmot to
actual width,
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. Table 3,--Knots along center line of wide face, Strength
ratios for stress in extreme fiber in bending
corresponding to various combinations of size

of knot and width of face

¢+ Percentage strength ratios for nominal
Size of knmot face width (inches) indicated

e e o o e e e e B B e e i

: oz o5 B 82l o iz p Al
In;hes -------- : ----------- - : : ;
: 3 : : 3 : :
1-1/2 Bt : : ; .
L3/ .5 35 s : = : :
2 e o g o SEETES
2-1/h : s U5 1 : £ :
2-1f2 $ 32 1 : : : :
2-3/4 a3 9 : ' : :
3 e
3-1 : t 47 ¢ : !
» 3-1/2 : 1 39 2 : :
3-3/u : : 34 B4
N : 29 150 ¢
h-1/u : $ 125 %Z :
L-1/2 : : : JcTs B : 5
-3/ : ! : B3P BE :
¥oo a0 oy gl geeaies S
5-l§h % : : ! gl : Eg 3 7
- h-1/2 ! s ' Eay @ - H
5-3/4 : : : : : Eg 25 B8 -
: ' { : : ' !
6 : ! : : ¢ 37 480
6-1/4 : : ¢ : + 35 1 hg 1 52
6-1/2 : : : : : 32 3 U6 50
6=3/4 : : : : 29 : L2 : ug
7 ol R R et g0
7-1/k - : : ' : 45 TR
7-1/2 : ¢ : ! : ! 35 Lo
7-3/4 : : ! : : : 33 : 4O
g : : : 4 : T 31 o
: g-1/4 : H : : : t2g 36
g-1/2 : : : : : : 26 @ 34
g-3/U4 5 s ' : : : 2l 32
9 : : : - : : P30
9_]_'[)4 H : H : : : ¢ og
9-1/2 : : : : : : : 26
. Strength ratios of U5 percent or higher zre based on the r=lation of

| size of knot to nominal width of face; others on relation of size
: of knot to actual width,
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Table U4.--Shakes, Strength ratios for stress in horizontal shear correspond-
ing to various combinations of size of shake and thickness of piece

A t Section : B
Green material ! Size of ¢ Seasoned material
———— ———— - - } Shakel lesemmmmc e e e e -
’ Percentage strength ratio for i Percentage strength ratio for
nominal thickness (inches) : : nominal thickness (inches)
indicated : ! indicated
2 ¢ 2ulp v 3 - T S 1 2 ¢ Gl vy B 3
! ! $ : Inches : s s -
o) - ! 3 £ 3 3 : ; $
4 : : : 1-1/8 ! ] :
25 § 52 3 : ¢ 1-1/4 Eg : 3 13
s K7 ! t 1-3/8 1 2 : : (h
R El ] : 1-1/2 1 RS R :
g S8 e AR ¢ 1-5/8 2 2 R CER
: e s 1-3/4 ¢ ¢ s B
: :t 30 { 3-7/8 : T
H : 25 : 51 () $ : - 29 :
: t : E& P 2-1/% ! 2 ¥ ’ 54
: t H 39 b 2_1/]4, : : i i 0
: : 3 36 $ 2_3/3 - H H : _EZ_
: : t 32 tadfe ¢ | : RS
: : H 29 H 2_5/5 : H i - 33
: : : 25 : 2_3/)4 H : H : 29
Pl o ST S SRRV il

Strength ratios of 45 percent or higher are based on the relation of size of
shake to nominal thickness; others on relation of size of shake to actual
thickness,

f it is de tate the permissible size of shake as a fraction or pro-
purtzgﬁ ? g €5§t%hfﬂkiigig5%§Qs§§§if tabulating the size for each thiclknmess,
the correct fraction can be found from the following equations:

!'-O?—Da——ﬂ; For seasoned material S = %

Where S is the allowable size of shalp expressed as a fraction of the thickness
and R is the strength ratic, in percent, for stress in horizontal shear.
Examples: If R is U0 percent

- For green material § = EQQEEEEQ = 0,60 or 60 percent

For seasoned material S = 900950 20 . 0.67 or 67 percent.
R being less than 45 percent, the allowable size of shake is 60 percent of
| the actual thickness in green material of 67 percent of this thickness in
| . seasoned material,

For green material S =

R1225
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Table 5.--Splits, Strength ratios for stress

in horizontal shear corresponding %o

splits whose length is various multiples
of the width of the wide face

Length of split in terms :  Strength ratio for stress
of nominal width : in horimontal
of wide face s shear
: Percant
1=1/% : 58
1-1/2 : 50
1-3/4 : ko
2 33
2-1/4 2h
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