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PART I THE MECHANICAL PROPERTIES OF WOOD

INTRODUCTION

The mechanical properties of wood are its fitness and ability to resist applied or external
forces.  By external force is meant any force outside of a given piece of material which 
tends to deform it in any manner.  It is largely such properties that determine the use of 
wood for structural and building purposes and innumerable other uses of which 
furniture, vehicles, implements, and tool handles are a few common examples.

Knowledge of these properties is obtained through experimentation either in the 
employment of the wood in practice or by means of special testing apparatus in the 
laboratory.  Owing to the wide range of variation in wood it is necessary that a great 
number of tests be made and that so far as possible all disturbing factors be eliminated. 
For comparison of different kinds or sizes a standard method of testing is necessary 
and the values must be expressed in some defined units.  For these reasons laboratory 
experiments if properly conducted have many advantages over any other method.

One object of such investigation is to find unit values for strength and stiffness, etc.  
These, because of the complex structure of wood, cannot have a constant value which 
will be exactly repeated in each test, even though no error be made.  The most that can 
be accomplished is to find average values, the amount of variation above and below, 
and the laws which govern the variation.  On account of the great variability in strength 
of different specimens of wood even from the same stick and appearing to be alike, it is 
important to eliminate as far as possible all extraneous factors liable to influence the 
results of the tests.

The mechanical properties of wood considered in this book are:  (1) stiffness and 
elasticity, (2) tensile strength, (3) compressive or crushing strength, (4) shearing 
strength, (5) transverse or bending strength, (6) toughness, (7) hardness, (8) 
cleavability, (9) resilience.  In connection with these, associated properties of 
importance are briefly treated.
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In making use of figures indicating the strength or other mechanical properties of wood 
for the purpose of comparing the relative merits of different species, the fact should be 
borne in mind that there is a considerable range in variability of each individual material 
and that small differences, such as a few hundred pounds in values of 10,000 pounds, 
cannot be considered as a criterion of the quality of the timber.  In testing material of the
same kind and grade, differences of 25 per cent between individual specimens may be 
expected in conifers and 50 per cent or even more in hardwoods.  The figures given in 
the tables should be taken as indications rather than fixed values, and as applicable to a
large number collectively and not to individual pieces.
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FUNDAMENTAL CONSIDERATIONS AND DEFINITIONS

Study of the mechanical properties of a material is concerned mostly with its behavior in
relation to stresses and strains, and the factors affecting this behavior.  A stress is a 
distributed force and may be defined as the mutual action (1) of one body upon another,
or (2) of one part of a body upon another part.  In the first case the stress is external; in 
the other internal.  The same stress may be internal from one point of view and external 
from another.  An external force is always balanced by the internal stresses when the 
body is in equilibrium.

If no external forces act upon a body its particles assume certain relative positions, and 
it has what is called its natural shape and size.  If sufficient external force is applied the 
natural shape and size will be changed.  This distortion or deformation of the material is 
known as the strain.  Every stress produces a corresponding strain, and within a certain 
limit (see elastic limit, in fundamental considerations and definitions, above) the strain is
directly proportional to the stress producing it.[1] The same intensity of stress, however, 
does not produce the same strain in different materials or in different qualities of the 
same material.  No strain would be produced in a perfectly rigid body, but such is not 
known to exist.

[Footnote 1:  This is in accordance with the discovery made in 1678 by Robert Hooke, 
and is known as Hooke’s law.]

Stress is measured in pounds (or other unit of weight or force).  A unit stress is the 
stress on a unit of the sectional
      { P }
area. { Unit stress = —– } For instance, if a load (P) of one
      { A }
hundred pounds is uniformly supported by a vertical post with a cross-sectional area (A)
of ten square inches, the unit compressive stress is ten pounds per square inch.

Strain is measured in inches (or other linear unit).  A unit strain is the strain per unit of 
length.  Thus if a post 10 inches long before compression is 9.9 inches long under the 
compressive stress, the total strain is 0.1 inch, and the unit
l 0.1
strain is --- = ----- = 0.01 inch per inch of length. 
L 10

As the stress increases there is a corresponding increase in the strain.  This ratio may 
be graphically shown by means of a diagram or curve plotted with the increments of 
load or stress as ordinates and the increments of strain as abscissae.  This is known as 
the stress-strain diagram.  Within the limit mentioned above the diagram is a straight 
line. (See Fig. 1.) If the results of similar experiments on different specimens are plotted 

16



to the same scales, the diagrams furnish a ready means for comparison.  The greater 
the resistance a material offers to deformation the steeper or nearer the vertical axis will
be the line.

17



Page 5
[Illustration:  FIG. 1.—Stress-strain diagrams of two longleaf pine beams.  E.L. = elastic 
limit.  The areas of the triangles 0(EL)A and 0(EL)B represent the elastic resilience of 
the dry and green beams, respectively.]

There are three kinds of internal stresses, namely, (1) tensile, (2) compressive, and (3) 
shearing.  When external forces act upon a bar in a direction away from its ends or a 
direct pull, the stress is a tensile stress; when toward the ends or a direct push, 
compressive stress.  In the first instance the strain is an elongation; in the second a 
shortening.  Whenever the forces tend to cause one portion of the material to slide upon
another adjacent to it the action is called a shear.  The action is that of an ordinary pair 
of shears.  When riveted plates slide on each other the rivets are sheared off.

These three simple stresses may act together, producing compound stresses, as in 
flexure.  When a bow is bent there is a compression of the fibres on the inner or 
concave side and an elongation of the fibres on the outer or convex side.  There is also 
a tendency of the various fibres to slide past one another in a longitudinal direction.  If 
the bow were made of two or more separate pieces of equal length it would be noted on
bending that slipping occurred along the surfaces of contact, and that the ends would no
longer be even.  If these pieces were securely glued together they would no longer slip, 
but the tendency to do so would exist just the same.  Moreover, it would be found in the 
latter case that the bow would be much harder to bend than where the pieces were not 
glued together—in other words, the stiffness of the bow would be materially increased.

Stiffness is the property by means of which a body acted upon by external forces tends 
to retain its natural size and shape, or resists deformation.  Thus a material that is 
difficult to bend or otherwise deform is stiff; one that is easily bent or otherwise 
deformed is flexible.  Flexibility is not the exact counterpart of stiffness, as it also 
involves toughness and pliability.

If successively larger loads are applied to a body and then removed it will be found that 
at first the body completely regains its original form upon release from the stress—in 
other words, the body is elastic.  No substance known is perfectly elastic, though many 
are practically so under small loads.  Eventually a point will be reached where the 
recovery of the specimen is incomplete.  This point is known as the elastic limit, which 
may be defined as the limit beyond which it is impossible to carry the distortion of a 
body without producing a permanent alteration in shape.  After this limit has been 
exceeded, the size and shape of the specimen after removal of the load will not be the 
same as before, and the difference or amount of change is known as the permanent 
set.

18



Page 6
Elastic limit as measured in tests and used in design may be defined as that unit stress 
at which the deformation begins to increase in a faster ratio than the applied load.  In 
practice the elastic limit of a material under test is determined from the stress-strain 
diagram.  It is that point in the line where the diagram begins perceptibly to curve.[2] 
(See Fig. 1.)

[Footnote 2:  If the straight portion does not pass through the origin, a parallel line 
should be drawn through the origin, and the load at elastic limit taken from this line. 
(See Fig. 32.)]

Resilience is the amount of work done upon a body in deforming it.  Within the elastic 
limit it is also a measure of the potential energy stored in the material and represents 
the amount of work the material would do upon being released from a state of stress.  
This may be graphically represented by a diagram in which the abscissae represent the 
amount of deflection and the ordinates the force acting.  The area included between the 
stress-strain curve and the initial line (which is zero) represents the work done. (See 
Fig. 1.) If the unit of space is in inches and the unit of force is in pounds the result is 
inch-pounds.  If the elastic limit is taken as the apex of the triangle the area of the 
triangle will represent the elastic resilience of the specimen.  This amount of work can 
be applied repeatedly and is perhaps the best measure of the toughness of the wood as
a working quality, though it is not synonymous with toughness.

Permanent set is due to the plasticity of the material.  A perfectly plastic substance 
would have no elasticity and the smallest forces would cause a set.  Lead and moist 
clay are nearly plastic and wood possesses this property to a greater or less extent.  
The plasticity of wood is increased by wetting, heating, and especially by steaming and 
boiling.  Were it not for this property it would be impossible to dry wood without 
destroying completely its cohesion, due to the irregularity of shrinkage.

A substance that can undergo little change in shape without breaking or rupturing is 
brittle.  Chalk and glass are common examples of brittle materials.  Sometimes the word
brash is used to describe this condition in wood.  A brittle wood breaks suddenly with a 
clean instead of a splintery fracture and without warning.  Such woods are unfitted to 
resist shock or sudden application of load.

The measure of the stiffness of wood is termed the modulus of elasticity (or coefficient 
of elasticity).  It is the ratio of stress per unit of area to the deformation per unit of
        { unit stress }
length. { E = ------------- } It is a number indicative of
        { unit strain }
stiffness, not of strength, and only applies to conditions within the elastic limit.  It is 
nearly the same whether derived from compression tests or from tension tests.
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Page 7
A large modulus indicates a stiff material.  Thus in green wood tested in static bending it
varies from 643,000 pounds per square inch for arborvitae to 1,662,000 pounds for 
longleaf pine, and 1,769,000 pounds for pignut hickory. (See Table IX.) The values 
derived from tests of small beams of dry material are much greater, approaching 
3,000,000 for some of our woods.  These values are small when compared with steel 
which has a modulus of elasticity of about 30,000,000 pounds per square inch. (See 
Table I.)

|------------------------------------------------------
------------------------|
|                                    TABLE I                                    |
|-----------------------------------------------------------
-------------------|
|                 COMPARATIVE STRE NGTH OF  IRON, STEEL, AND WOOD           
|
|-----------------------------------------------------------
-------------------|
|                          |  S p.   |  Mo d ulus  of |  Tensile   |  Cr u s hing  |  Mod ulus   |
|         MATERIAL         |  gr., |  el a s tici ty |  s t r e n g t h  |  s t r e n g t h  |    of     |
|                          |  d ry  |  in b e n din g  |           |           |  r u p t u r e   |
|-------------------------+ - ---- + - -----------+ - ---------+ - ---------+ - ---------|
|                          |       |  Lbs.  p e r    |  Lbs.  p e r  |  Lbs.  p e r  |  Lbs.  p e r  |
|                          |       |   s q .  in.   |  s q .  in.  |  s q .  in.  |  s q .  in.  |
|                          |       |             |           |           |           |
|  Cas t  i ron,  cold  bl as t    |       |             |           |           |           |
|    (Hod gkinso n)          |  7 . 1   |  1 7,27 0,00 0  |   1 6,70 0   |   1 0 6,00 0  |   3 8,50 0   |
|  Bess e n g e r  s t e el,        |       |             |           |           |           |
|    hig h  g r a d e  (Fai rb ain) |  7 .8   |  2 9,2 15,0 0 0  |   8 8,40 0   |   2 2 5,6 0 0  |           |
|  Longle af pin e,           |       |             |           |           |           |
|    3 . 5% m ois t u r e  (U.S.)  |   .63  |   2 ,8 0 0,00 0  |           |    1 3,00 0  |   2 1,0 0 0   |
|  Reds p r uc e ,               |       |             |           |           |           |
|    3 . 5% m ois t u r e  (U.S.)  |   .41  |   1 ,8 0 0,00 0  |           |     8 ,8 0 0  |   1 4,5 00   |
|  Pig n u t  hicko ry,         |       |             |           |           |           |
|    3 . 5% m ois t u r e  (U.S.)  |   .86  |   2 ,3 7 0,00 0  |           |    1 1,13 0  |   2 4,0 0 0   |
|-----------------------------------------------------------
-------------------|
|  NOTE.--Gre a t  va ria tion  m ay  b e  foun d  in diffe r e n t  s a m ples  of m e t als  a s  w ell
|
|  a s  of wood.  The  exa m ples  give n  r e p r e s e n t  r e a s on a ble  valu es.                   |
|-----------------------------------------------------------
-------------------|

20



TENSILE STRENGTH

Tension results when a pulling force is applied to opposite ends of a body.  This external
pull is communicated to the interior, so that any portion of the material exerts a pull or 
tensile force upon the remainder, the ability to do so depending upon the property of 
cohesion.  The result is an elongation or stretching of the material in the direction of the 
applied force.  The action is the opposite of compression.
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Wood exhibits its greatest strength in tension parallel to the grain, and it is very 
uncommon in practice for a specimen to be pulled in two lengthwise.  This is due to the 
difficulty of making the end fastenings secure enough for the full tensile strength to be 
brought into play before the fastenings shear off longitudinally.  This is not the case with 
metals, and as a result they are used in almost all places where tensile strength is 
particularly needed, even though the remainder of the structure, such as sills, beams, 
joists, posts, and flooring, may be of wood.  Thus in a wooden truss bridge the tension 
members are steel rods.

The tensile strength of wood parallel to the grain depends upon the strength of the 
fibres and is affected not only by the nature and dimensions of the wood elements but 
also by their arrangement.  It is greatest in straight-grained specimens with thick-walled 
fibres.  Cross grain of any kind materially reduces the tensile strength of wood, since the
tensile strength at right angles to the grain is only a small fraction of that parallel to the 
grain.

|------------------------------------------------------
--------|
|                            TABLE II                           |
|-----------------------------------------------------------
---|
|    RATIO OF STRENGTH OF WOOD IN TEN SIO N  AND IN COMPRESSIO N  
|
|            (Bul. 1 0,  U. S. Div. of For e s t ry, p .  4 4)            |
|-----------------------------------------------------------
---|
|                |        Ra tio:     |   A s tick 1  s q u a r e  inch  in   |
|                |                  |       c ro ss  s ec tion.         |
|                |       Tensile     |                             |
|  KIND OF WOOD  |       s t r e n g t h    |    Weigh t  r e q ui r e d  to--     |
|                |  R =  ----------- + - ---------------------------|
|                |      co m p r e s sive  |  P ull a p a r t  |  C r us h  e n d wis e  |
|                |       s t r e n g t h    |             |                |
|---------------+ - ----------------+ - -----------+ - -----------
---|
|  Hicko ry       |         3 . 7       |      3 2 ,00 0  |      8 ,50 0      |
|  El m            |         3 . 8       |      2 9 ,00 0  |      7 ,50 0      |
|  La rc h          |         2 .3       |      1 9 ,40 0  |      8 , 60 0      |
|  Longle af Pin e  |         2 .2       |      1 7,30 0  |      7 ,4 0 0      |
|-----------------------------------------------------------
---|
|  NOTE.--Mois tu r e  con di tion  no t  given.                          |
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|-----------------------------------------------------------
---|

Failure of wood in tension parallel to the grain occurs sometimes in flexure, especially 
with dry material.  The tension portion of the fracture is nearly the same as though the 
piece were pulled in two lengthwise.  The fibre walls are torn across obliquely and 
usually in a spiral direction.  There is practically no pulling apart of the fibres, that is, no 
separation of the fibres along their walls, regardless of their thickness.  The nature of 
tension failure is apparently not affected by the moisture condition of the specimen, at 
least not so much so as the other strength values.[3]
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[Footnote 3:  See Brush, Warren D.:  A microscopic study of the mechanical failure of 
wood.  Vol.  II, Rev. F.S.  Investigations, Washington, D.C., 1912, p. 35.]

Tension at right angles to the grain is closely related to cleavability.  When wood fails in 
this manner the thin fibre walls are torn in two lengthwise while the thick-walled fibres 
are usually pulled apart along the primary wall.

|--------------------------------------------|
|                  TABLE III                  |
|--------------------------------------------|
|   TENSILE STRE NGTH AT RIGHT ANGLES TO THE   |
|  GRAIN OF S MALL CLEAR PIECES OF 2 5  WOODS IN |
|               GREE N  CONDITION               |
|          (For e s t  S e rvice  Cir. 2 1 3)           |
|--------------------------------------------|
|                   |     Wh e n     |     Whe n     |
|    COM MO N  NAME    |  s u rfac e  of |  s u rfac e  of |
|    OF  S PECIES     |  failu r e  is |  failu r e  is |
|                   |    r a di al   |  t a n g e n tial  |
|------------------+ - -----------+ - -----------|
|                   |   Lbs.  p e r   |   Lbs.  p e r   |
|                   |   s q .  inch   |   s q .  inch   |
|                   |             |             |
|     H a r d woods      |             |             |
|                   |             |             |
|  Ash, w hi t e        |       6 4 5    |       6 7 1    |
|  Bas s wood          |       2 2 6    |       3 0 3    |
|  Beec h             |       6 3 3    |       9 6 9    |
|  Birc h,  yellow    |       4 4 6    |       5 2 6    |
|  El m,  slipp e ry    |       7 6 5    |       8 3 2    |
|  H a ckb e r ry        |       6 6 1    |       7 8 6    |
|  Locus t ,  ho n ey    |     1 ,13 3    |     1 ,44 5    |
|  M a ple,  s u g a r      |       6 1 0    |       8 6 4    |
|  Oak,  pos t         |       7 1 4    |       9 2 4    |
|    r e d             |       6 3 9    |       8 7 4    |
|    s w a m p  w hi t e     |       7 5 7    |       9 0 9    |
|    w hi t e           |       6 2 2    |       7 4 9    |
|    yellow         |       7 2 8    |       9 2 9    |
|  Syc a mo r e          |       5 4 0    |       7 8 1    |
|  Tup elo           |       4 7 2    |       7 9 6    |
|                   |             |             |
|     Conife r s       |             |             |
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|                   |             |             |
|  Arbo rvit a e         |       2 4 1    |       2 3 5    |
|  Cyp r e ss ,  b ald     |       2 4 2    |       2 5 1    |
|  Fir, w hi t e        |       2 1 3    |       3 0 4    |
|  H e mlock          |       2 7 1    |       3 2 3    |
|  Pine,  longle af   |       2 4 0    |       2 9 8    |
|    r e d             |       1 7 9    |       2 0 5    |
|    s u g a r           |       2 3 9    |       3 0 4    |
|    w e s t e r n  yellow |       2 3 0    |       2 5 2    |
|    w hi t e           |       2 2 5    |       2 8 5    |
|  Tam a r a ck          |       2 3 6    |       2 7 4    |
|--------------------------------------------|

COMPRESSIVE OR CRUSHING STRENGTH

Compression across the grain is very closely related to hardness and transverse shear. 
There are two ways in which wood is subjected to stress of this kind, namely, (1) with 
the load acting over the entire area of the specimen, and (2) with a load concentrated 
over a portion of the area. (See Fig. 2.) The latter is the condition more commonly met 
with in practice, as, for example, where a post rests on a horizontal sill, or a rail rests on
a cross-tie.  The former condition, however, gives the true resistance of the grain to 
simple crushing.
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[Illustration:  FIG. 2.—Compression across the grain.]

The first effect of compression across the grain is to compact the fibres, the load 
gradually but irregularly increasing as the density of the material is increased.  If the 
specimen lies on a flat surface and the load is applied to only a portion of the upper 
area, the bearing plate indents the wood, crushing the upper fibres without affecting the 
lower part. (See Fig. 3.) As the load increases the projecting ends sometimes split 
horizontally. (See Fig. 4.) The irregularities in the load are due to the fact that the fibres 
collapse a few at a time, beginning with those with the thinnest walls.  The projection of 
the ends increases the strength of the material directly beneath the compressing weight 
by introducing a beam action which helps support the load.  This influence is exerted for
a short distance only.

[Illustration:  FIG. 3.—Side view of failures in compression across the grain, showing 
crushing of blocks under bearing plate.  Specimen at right shows splitting at ends.]

[Illustration:  FIG. 4.—End view of failures in compression across the grain, showing 
splitting of the ends of the test specimens.]

When wood is used for columns, props, posts, and spokes, the weight of the load tends 
to shorten the material endwise.  This is endwise compression, or compression parallel 
to the grain.  In the case of long columns, that is, pieces in which the length is very great
compared with their diameter, the failure is by sidewise bending or flexure, instead of by
crushing or splitting. (See Fig. 5.) A familiar instance of this action is afforded by a 
flexible walking-stick.  If downward pressure is exerted with the hand on the upper end 
of the stick placed vertically on the floor, it will be noted that a definite amount of force 
must be applied in each instance before decided flexure takes place.  After this point is 
reached a very slight increase of pressure very largely increases the deflection, thus 
obtaining so great a leverage about the middle section as to cause rupture.

[Illustration:  FIG. 5.—Testing a buggy spoke in endwise compression, illustrating the 
failure by sidewise bending of a long column fixed only at the lower end. Photo by U. S. 
Forest Service]

The lateral bending of a column produces a combination of bending with compressive 
stress over the section, the compressive stress being maximum at the section of 
greatest deflection on the concave side.  The convex surface is under tension, as in an 
ordinary beam test. (See Fig. 6.) If the same stick is braced in such a way that flexure is
prevented, its supporting strength is increased enormously, since the compressive 
stress acts uniformly over the section, and failure is by crushing or splitting, as in small 
blocks.  In all columns free to bend in any direction the deflection will be seen in the 
direction in which the column is least stiff.  This sidewise bending can be overcome by 
making pillars and columns thicker in the middle than at the ends, and by bracing 

26



studding, props, and compression members of trusses.  The strength of a column also 
depends to a considerable extent upon whether the ends are free to turn or are fixed.
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[Illustration:  FIG. 6.—Unequal distribution of stress in a long column due to lateral 
bending.]

|------------------------------------------------------
-|
|                        TABLE IV                        |
|-------------------------------------------------------|
|    RESULTS OF COMPRESSION  TESTS ACROSS THE GRAIN O N     |
|    5 1  WOODS IN GREE N  CONDITION, AND COMPARISON  WITH    |
|                        WHITE OAK                       |
|                  (U.  S. For e s t  S e rvice)                |
|-------------------------------------------------------|
|                        |  Fib r e  s t r e s s   |  Fib e r  s t r e s s   |
|       COMMO N  NAME      |   a t  e l a s tic    |  in p e r  c e n t    |
|       OF  SPECIES       |      limit      |  of w hi t e  oak,  |
|                        |  p e r p e n dicula r  |  o r  8 5 3  pou n d s  |
|                        |    to  g r ain     |  p e r  s q.  in.   |
|-----------------------+ - --------------+ - --------------|
|                        |    Lbs.  p e r     |                |
|                        |    s q .  inch     |     Pe r  c e n t    |
|                        |                |                |
|  Os a g e  o r a n g e           |      2 ,26 0      |       2 6 5.0     |
|  Ho n ey locus t           |      1 ,6 84      |       1 9 7.5     |
|  Black  locus t           |      1 ,4 26      |       1 6 7.2     |
|  Pos t  oak               |      1 , 14 8      |       1 3 4.6     |
|  Pig n u t  hicko ry        |      1 , 14 2      |       1 3 3.9     |
|  Wate r  hicko ry         |      1 ,0 88      |       1 2 7.5     |
|  S h a g b a rk  hicko ry      |      1 ,07 0      |       1 2 5.5     |
|  Mock e r n u t  hicko ry     |      1 , 01 2      |       1 1 8.6     |
|  Big s h ellb a rk  hicko ry |        9 9 7      |       1 1 6.9     |
|  Bit t e r n u t  hicko ry     |        9 8 6      |       1 1 5.7     |
|  N u t m e g  hicko ry        |        9 3 8      |       1 1 0.0     |
|  Yellow oak             |        8 5 7      |       1 0 0.5     |
|  Whit e  oak              |        8 5 3      |       1 0 0.0     |
|  Bu r  oak                |        8 3 6      |        9 8.0     |
|  Whit e  a s h              |        8 2 8      |        9 7.1     |
|  Red  oak                |        7 7 8      |        9 1 .2     |
|  S u g a r  m a ple            |        7 4 2      |        8 7.0     |
|  Rock el m               |        6 9 6      |        8 1.6     |
|  Beec h                  |        6 0 7      |        7 1 .2     |
|  Slipp e ry  el m           |        5 9 9      |        7 0.2     |
|  Red wood                |        5 7 8      |        6 7.8     |
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|  Bald  cyp r e s s           |        5 4 8      |        6 4.3     |
|  Red  m a ple              |        5 3 1      |        6 2.3     |
|  H a ckb e r ry             |        5 2 5      |        6 1.6     |
|  Inc e n s e  c e d a r          |        5 1 8      |        6 0.8     |
|  H e mlock               |        4 9 7      |        5 8.3     |
|  Longle af pin e          |        4 9 1      |        5 7.6     |
|  Tam a r a ck               |        4 8 0      |        5 6.3     |
|  Silve r  m a ple           |        4 5 6      |        5 3.5     |
|  Yellow bi rc h           |        4 5 4      |        5 3.2     |
|  Tup elo                |        4 5 1      |        5 2 .9     |
|  Black  c h e r ry           |        4 4 4      |        5 2.1     |
|  Syc a mo r e               |        4 3 3      |        5 0 .8     |
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|  Dou gla s  fir            |        4 2 7      |        5 0 .1     |
|  Cucu m b e r  t r e e          |        4 0 8      |        4 7.8     |
|  S ho r tl e af pin e         |        4 0 0      |        4 6.9     |
|  Red  pin e               |        3 5 8      |        4 2.0     |
|  S u g a r  pin e             |        3 5 3      |        4 1.1     |
|  Whit e  el m              |        3 5 1      |        4 1.2     |
|  Wes t e r n  yellow pin e    |        3 4 8      |        4 0.8     |
|  Lodg e pole  pin e         |        3 4 8      |        4 0.8     |
|  Red  s p r uc e             |        3 4 5      |        4 0.5     |
|  Whit e  pin e             |        3 1 4      |        3 6.8     |
|  E n g elm a n  s p r uc e        |        2 9 0      |        3 4.0     |
|  Arbo rvit a e              |        2 8 8      |        3 3.8     |
|  La r g e too t h  a s p e n       |        2 6 9      |        3 1.5     |
|  Whit e  s p r uc e           |        2 6 2      |        3 0.7     |
|  Bu t t e r n u t              |        2 5 8      |        3 0.3     |
|  Buckeye  (yellow)      |        2 1 0      |        2 4.6     |
|  Bas s wood               |        2 0 9      |        2 4 .5     |
|  Black  willow          |        1 9 3      |        2 2.6     |
|-------------------------------------------------------|
r e >

The  co m plexity of t h e  co m p u t a tions
d e p e n d s  u po n  t h e  w ay in w hich  t h e  s t r e s s  is a p plie d
a n d  t h e  m a n n e r  in w hich  t h e  s tick  b e n d s.   Or din a rily
w h e r e  t h e  leng t h  of t h e  t e s t  s p e ci m e n  is no t  g r e a t e r
t h a n  fou r  di a m e t e r s  a n d  t h e  e n d s  a r e  s q u a r ely face d
(se e  Fig.  7), t h e  forc e  a c t s  u nifo r mly ove r  e a c h  s q u a r e
inch  of a r e a  a n d  t h e  c r u s hing  s t r e n g t h  is e q u al  to
t h e  m axi m u m  load  (P) divide d
{       P   }
by t h e  a r e a  of t h e  c ro ss-s e c tion  (A). {  C =  —–
}
{       A  }

[Illus t r a tion:  FIG. 7.—E n d wis e  co m p r e s sion
of a  s ho r t  colu m n.]

It  h a s  b e e n  d e m o n s t r a t e d[4] t h a t  t h e  ul tim a t e  s t r e n g t h
in co m p r e s sion  p a r allel to  t h e  g r ain  is ve ry n e a rly
t h e  s a m e  a s  t h e  ex t r e m e  fib r e  s t r e s s  a t  t h e  el a s tic
limit  in b e n ding.  (Se e  Table  V.) In  o t h e r  wo r ds ,  t h e
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t r a n sve r s e  s t r e n g t h  of b e a m s  a t  ela s tic  limit  is p r a c tically
e q u al  to  t h e  co m p r e s sive  s t r e n g t h  of t h e  s a m e  m a t e ri al
in  s ho r t  colu m n s.   I t  is a cco r dingly pos sible  to
c alcula t e  t h e  a p p roxim a t e  b r e a king  s t r e n g t h  of b e a m s
fro m  t h e  co m p r e s sive  s t r e n g t h  of s ho r t  colu m n s  exc e p t
w h e n  t h e  wood  is b ri t tl e.   Since  t e s t s  on  e n d wise
co m p r e s sion  a r e  si m pler, e a sie r  to  m a k e,  a n d  les s
exp e n sive  t h a n  t r a n sve r s e  b e n ding  t e s t s ,  t h e  impo r t a n c e
of t his  r el a tion  is obvious,  t hou g h  it do e s  no t  do
a w ay wi t h  t h e  n e c e s si ty of m a king  b e a m  t e s t s .

[Footno t e  4:   S e e  Circula r  No.  1 8,  U.S.  Division
of For e s t ry:  P ro g r e ss  in  tim b e r  p hysics,  p p .
1 3-1 8;  also  Bulle tin  7 0,  U.S.  Fo r e s t  S e rvice: 
Effec t  of m ois t u r e  on  t h e  s t r e n g t h  a n d  s tiffness  of
wood,  p p .  4 2,  8 9-9 0.]

|------------------------------------------------------
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|------------------------------------------------------
-------------------------|
|                                     TABLE V                                    |
|-----------------------------------------------------------
--------------------|
|    RELATION OF FIBRE STRESS AT ELASTIC LIMIT (r) IN BENDING TO 
THE CRUS HING    |
|         STRE NGTH (C) OF BLOCKS CUT THEREFROM,  IN POU NDS PER 
SQUARE INCH        |
|                         (For e s t  S e rvice  Bul. 7 0,  p .  9 0)                         |
|-----------------------------------------------------------
--------------------|
|                                  LONGLEAF PIN E                                 |
|-----------------------------------------------------------
--------------------|
|                           |  So ak e d  |  Gre e n   |  1 4     |  1 1 .5   |  9 . 5    |  Kiln-d ry  |
|     MOISTURE CO NDITION    |  5 0  p e r  |  2 3  p e r  |  p e r    |  p e r    |  p e r    |  6 .2  p e r   
|
|                           |  c e n t    |  c e n t    |  c e n t   |  c e n t   |  c e n t   |  c e n t      |
|  -------------------------+ - -------+ - -------+ - ------+ - -----
-+ - ------+ - ---------|
|  N u m b e r  of t e s t s  ave r a g e d  |       5  |       5  |      5  |      5  |      4  |         5  |
|  r  in b e n din g            |   4 , 92 0  |   5 ,94 4  |  6 ,9 24  |  7 , 85 2  |  9 , 28 0  |    1 1,55 0  |
|  C  in  co m p r e s sion        |   4 ,6 6 8  |   5 ,10 0  |  6 ,46 6  |  7 ,4 6 6  |  8 , 98 5  |    1 0,91 0  |
|  Pe r  c e n t  r  is in       |         |         |        |        |        |           |
|    exc es s  of C           |     5 .5  |    1 6.5  |    7 . 1  |    5 .2  |    3 .3  |       5 . 9  |
|-----------------------------------------------------------
--------------------|
|                                     SPRUCE                                     |
|-----------------------------------------------------------
--------------------|
|                                   |  So ak e d  |  Gre e n   |  1 0     |  8 .1    |  Kiln-d ry  |
|         MOISTURE CO NDITION        |  3 0  p e r  |  3 0  p e r  |  p e r    |  p e r    |  3 .9  p e r   |
|                                   |  c e n t    |  c e n t    |  c e n t   |  c e n t   |  c e n t      |
|----------------------------------+ - -------+ - -------+ - -----
-+ - ------+ - ---------|
|  N u m b e r  of t e s t s  ave r a g e d          |       5  |       4  |      5  |      3  |         4  |
|  r  in b e n din g                    |   3 ,00 2  |   3 ,3 6 2  |  6 , 45 8  |  8 ,40 0  |    1 0,17 0  |
|  C  in  co m p r e s sion                |   2 , 68 0  |   3 ,0 25  |  6 ,1 2 0  |  7 , 61 0  |     9 ,3 3 5  |
|  Pe r  c e n t  r                      |         |         |        |        |           |
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|    is in exce ss  of C             |    1 2 .0  |    1 1.1  |    5 .5  |   1 0.4  |       9 . 0  |
|-----------------------------------------------------------
--------------------|

Whe n  a  s ho r t  colu m n  is co m p r e s s e d  u n til it b r e aks ,
t h e  m a n n e r  of failu r e  d e p e n d s  p a r t ly u po n  t h e  a n a to mic al
s t r uc t u r e  a n d  p a r tly u po n  t h e  d e g r e e  of h u midi ty of
t h e  wood.   The  fib r e s  ( t r ac h eid s  in conife r s)
a c t  a s  hollow t u b e s  bo u n d  closely to g e t h er, a n d  in
giving  w ay t h ey ei th e r  (1) b u ckle,  o r  (2) b e n d.[5]

[Footno t e  5:   S e e  Bulle tin  7 0 ,  op.  ci t. ,
p .  1 2 9.]
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The  firs t  is typical of a ny d ry t hin-w alled  c ells,
a s  is u s u ally t h e  c a s e  in s e a so n e d  w hi t e  pin e  a n d
s p r u c e ,  a n d  in t h e  e a r ly wood  of h a r d  pin es ,  h e mlock,
a n d  o th e r  s p ecie s  wit h  d e cid e d  con t r a s t  b e t w e e n  t h e
t wo  po r tions  of t h e  g row t h  ring.   As a  r ul e  b uckling
of a  t r ac h eid  b e gins  a t  t h e  bo r d e r e d  pi t s  w hich  for m
plac e s  of lea s t  r e sis t a nc e  in t h e  w alls.  In  h a r d woods
s uc h  a s  oak, ch e s t n u t ,  a s h,  e t c ., b u ckling  occ u r s
only in t h e  t hinn e s t-w alled  ele m e n t s ,  s uc h  a s  t h e
vess el s, a n d  no t  in t h e  t r u e  fib r e s .

Accor din g  to  Jacca r d[6] t h e  folding  of t h e  c ells  is
a c co m p a nie d  by c h a r a c t e ri s tic  al t e r a tions  of t h ei r
w alls  w hich  s e e m  to  s plit  t h e m  in to  ex t r e m ely t hin
laye r s.   Wh e n  g r e a tly m a g nified,  t h e s e  laye r s
a p p e a r  in longi tu din al  s e c tions  a s  d elica t e  t h r e a d s
wi tho u t  a ny d efini t e  a r r a n g e m e n t s ,  w hile  on  c ros s  s ec tion
t h ey a p p e a r  a s  n u m e ro u s  conc e n t ric  s t r a t a .   This
m ay b e  explain e d  on  t h e  g ro u n d  t h a t  t h e  g row t h  of
a  fib r e  is by s ucc es sive  laye r s  w hic h,  u n d e r  t h e  influe nc e
of co m p r e s sion,  a r e  s h e a r e d  a p a r t .   This is p a r ticula rly
t h e  c a s e  wi t h  t hick-w alled  c ells  s uc h  a s  a r e  foun d
in la t e  wood.

[Footno t e  6:   Jacc a r d ,  P.:  E t u d e  a n a to miqu e
d e s  bois  co m p ri m e s.   Mit. d .   Sc hw.  Ce n t r al a ns t al t
f.d. fors t .   Vers uc h s w es e n.   X. Ban d,  1 .  
H ef t.   Zu rich,  1 9 1 0,  p .  6 6.]

|------------------------------------------------------
-|
|                        TABLE VI                        |
|-------------------------------------------------------|
|   RESULTS OF E NDWISE COMPRESSION  TESTS ON  S MALL CLEAR  |
|          PIECES  OF 4 0  WOODS IN GREE N  CO NDITION         |
|                (For e s t  S e rvice  Cir. 2 1 3)                |
|-------------------------------------------------------|
|                    |    Fib r e    |           |   Mod ulus    |
|     COMMO N  NAME    |  s t r e s s  a t  |  C r us hing  |      of     |
|     OF  S PECIES     |   e l a s tic   |  s t r e n g t h  |  e l a s tici ty |
|                    |    limit    |           |             |

34



|-------------------+ - ----------+ - ---------+ - -----------|
|                    |  Lbs.  p e r   |  Lbs.  p e r  |   Lbs.  p e r   |
|                    |  s q .  inch   |  s q .  inch  |   s q.  inch   |
|                    |            |           |             |
|     H a r d woods       |            |           |             |
|                    |            |           |             |
|  Ash, w hi t e         |    3 ,51 0    |    4 ,22 0   |   1 ,5 3 1,00 0  |
|  Bas s wood           |      7 8 0    |    1 , 82 0   |   1 ,01 6,0 00  |
|  Beec h              |    2 ,77 0    |    3 , 48 0   |   1 ,4 1 2,00 0  |
|  Birc h,  yellow     |    2 ,5 70    |    3 ,4 00   |   1 , 91 5,00 0  |
|  El m,  slipp e ry     |    3 ,4 10    |    3 ,9 90   |   1 , 45 3,00 0  |
|  H a ckb e r ry         |    2 ,73 0    |    3 ,31 0   |   1 , 06 8,00 0  |
|  Hicko ry,          |            |           |             |
|    big  s h ellb a rk    |    3 ,5 7 0    |    4 ,5 20   |   1 ,65 8,00 0  |
|    bi t t e r n u t        |    4 ,3 3 0    |    4 ,5 7 0   |   1 ,61 6,00 0  |
|    m ock e r n u t        |    3 , 99 0    |    4 , 32 0   |   1 ,35 9,0 00  |
|    n u t m e g           |    3 ,6 2 0    |    3 ,9 8 0   |   1 ,41 1,00 0  |
|    pig n u t           |    3 ,52 0    |    4 ,82 0   |   1 ,9 8 0,00 0  |
|    s h a g b a rk         |    3 , 73 0    |    4 ,6 0 0   |   1 ,94 3,0 00  |
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|    w a t e r            |    3 ,2 40    |    4 ,66 0   |   1 , 92 6,00 0  |
|  Locus t ,  ho n ey     |    4 ,30 0    |    4 ,97 0   |   1 , 53 6,00 0  |
|  M a ple,  s u g a r       |    3 , 04 0    |    3 , 67 0   |   1 ,4 63,0 0 0  |
|  Oak,  pos t          |    2 , 78 0    |    3 , 33 0   |   1 ,06 2,0 00  |
|    r e d              |    2 , 29 0    |    3 , 21 0   |   1 ,2 95,0 0 0  |
|    s w a m p  w hi t e      |    3 , 47 0    |    4 , 36 0   |   1 ,48 9,0 00  |
|    w hi t e            |    2 ,40 0    |    3 ,52 0   |     9 4 6,0 0 0  |
|    yellow          |    2 , 87 0    |    3 , 70 0   |   1 ,4 65,0 0 0  |
|  Os a g e  o r a n g e       |    3 ,98 0    |    5 ,81 0   |   1 ,3 3 1,00 0  |
|  Syc a mo r e           |    2 ,32 0    |    2 , 79 0   |   1 ,0 7 3,00 0  |
|  Tup elo            |    2 ,28 0    |    3 , 55 0   |   1 ,2 8 0,00 0  |
|                    |            |           |             |
|     Conife r s        |            |           |             |
|                    |            |           |             |
|  Arbo rvit a e          |    1 ,42 0    |    1 ,99 0   |     7 5 4,00 0  |
|  Ce d ar, inc e n s e     |    2 ,7 10    |    3 ,03 0   |     8 6 8,00 0  |
|  Cyp r e ss ,  b ald      |    3 ,56 0    |    3 ,96 0   |   1 ,7 3 8,00 0  |
|  Fir, a lpin e        |    1 ,66 0    |    2 ,06 0   |     8 8 2,0 0 0  |
|    a m a bilis         |    2 ,7 6 3    |    3 ,0 40   |   1 ,57 9,00 0  |
|    Dougla s          |    2 ,39 0    |    2 ,92 0   |   1 , 44 0,00 0  |
|    w hi t e            |    2 ,61 0    |    2 ,80 0   |   1 ,3 3 2,00 0  |
|  H e mlock           |    2 ,11 0    |    2 ,75 0   |   1 ,0 5 4,00 0  |
|  Pine,  lodg e pole    |    2 ,2 90    |    2 ,53 0   |   1 , 21 9,00 0  |
|    longle af        |    3 ,42 0    |    4 ,28 0   |   1 ,8 9 0,00 0  |
|    r e d              |    2 , 47 0    |    3 , 08 0   |   1 ,6 46,0 0 0  |
|    s u g a r            |    2 ,34 0    |    2 , 60 0   |   1 ,0 2 9,00 0  |
|    w e s t e r n  yellow  |    2 , 10 0    |    2 , 42 0   |   1 ,2 71,0 0 0  |
|    w hi t e            |    2 ,37 0    |    2 ,72 0   |   1 ,3 1 8,00 0  |
|  Red wood            |    3 ,4 20    |    3 ,82 0   |   1 , 17 5,00 0  |
|  S p r u c e ,  E n g el m a n n  |    1 ,8 80    |    2 ,1 70   |   1 , 02 1,00 0  |
|  Tam a r a ck           |    3 ,0 10    |    3 ,48 0   |   1 , 59 6,00 0  |
|-------------------------------------------------------|
r e >

The  s e con d  c a s e ,  w h e r e  t h e  fib r e s  b e n d  wi th  m o r e  o r
les s  r e g ula r  c u rves  ins t e a d  of b uckling,  is ch a r ac t e ri s tic
of a ny g r e e n  o r  w e t  wood,  a n d  in d ry  woods  w h e r e  t h e
fib r e s  a r e  t hick-w alled.   In  woods  in w hich  t h e
fib r e  w alls  s how  all g r a d a tions  of t hickn e s s—in
oth e r  wo r d s,  w h e r e  t h e  t r a n si tion  fro m  t h e  t hin-w alled
c ells  of t h e  e a rly wood  to  t h e  t hick-w alled  c ells  of

36



t h e  la t e  wood  is g r a d u al—t h e  t wo  kinds  of
failu r e,  n a m ely, b u ckling  a n d  b e n din g,  g r a d e  in to
e a c h  o t h er.  In  woods  wi th  ve ry d e cide d  con t r a s t
b e t w e e n  e a rly a n d  la t e  wood  t h e  t wo  for m s  a r e  u s u ally
dis tinc t.   Exc e p t  in t h e  c a s e  of co m ple t e  failu r e
t h e  c avity of t h e  d efo r m e d  c ells  r e m ains  op e n,  a n d
in h a r d woods  t his  is t r u e  no t  only of t h e  wood  fib r e s
b u t  also  of t h e  t u b e-like  vess els.   In  m a ny  c a s e s
longi tu din al s plit s  occ u r  w hich  isola t e  b u n dle s  of
el e m e n t s  by g r e a t e r  o r  les s  in t e rv als.  The  s pli t ting
occ u r s  by  a  t e a rin g  of t h e  fib r e s  o r  r ays  a n d  no t  by
t h e  s e p a r a tion  of t h e  r ays  fro m  t h e  a dj ac e n t  el e m e n t s.

[Illus t r a tion:  FIG. 8.—Failu r e s  of
s ho r t  colu m n s  of g r e e n  s p r u c e.]

[Illus t r a tion:  FIG. 9.—Failu r e s  of
s ho r t  colu m n s  of d ry  ch e s t n u t .]
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Mois t u r e  in wood  d e c r e a s e s  t h e  s tiffness  of t h e  fib r e
w alls  a n d  e nla r g e s  t h e  r e gion  of failu r e.   The
c u rve  w hich  t h e  fib r e  w alls  m a k e  in t h e  r e gion  of
failu r e  is m o r e  g r a d u al  a n d  al so  m o r e  ir r e g ula r  t h a n
in d ry wood,  a n d  t h e  fib r e s  a r e  m o r e  likely to  b e
s e p a r a t e d .

In  exa mining  t h e  line s  of r u p t u r e  in co m p r e s sion  p a r allel
to  t h e  g r ain  it  a p p e a r s  t h a t  t h e r e  do e s  no t  exis t
a ny s p e cific typ e,  t h a t  is, on e  t h a t  is c h a r ac t e ri s tic
of all woods.   Tes t  blocks  t ak e n  fro m  diffe r e n t
p a r t s  of t h e  s a m e  log  m ay s how  ve ry d e cid e d  diffe r e nc e s
in t h e  m a n n e r  of failu r e ,  w hile  blocks  t h a t  a r e  m u c h
alike  in t h e  size,  n u m b er, a n d  dis t ribu tion  of t h e
el e m e n t s  of u n e q u al  r e si s t a n c e  m ay  b e h ave  ve ry simila rly. 
The  di r ec tion  of r u p t u r e  is, a cco r din g  to  Jacca r d,
no t  influe nc e d  by t h e  dis t r ibu tion  of t h e  m e d ulla ry
r ays.[7] Thes e  a r e  c u rve d  wi th  t h e  b u n dle s  of fib r e s
to  w hich  t h ey a r e  a t t a c h e d.   In  a ny c a s e  t h e  failu r e
s t a r t s  a t  t h e  w e ak e s t  poin t s  a n d  follows  t h e  lines
of lea s t  r e si s t a n c e .   The  pl a n e  of failu r e,  a s
visible  on  r a di al s u rfac e s,  is ho rizon t al, a n d  on
t h e  t a n g e n ti al s u rfac e  it is di a go n al.

[Footno t e  7:   This  do e s  no t  co r r e s po n d  exac tly
wi th  t h e  conclusions  of A. Thil, w ho  s ays  ("Cons ti t u tion
a n a to miqu e  d u  bois,” p p .  1 4 0-1 4 1):  “The
sides  of t h e  m e d ulla ry r ays  so m e ti m e s  p rod uc e  pl a n e s
of lea s t  r e si s t a n c e  va rying  in size  wi th  t h e  h eigh t
of t h e  r ays.   The  m e d ulla ry r ays  a s s u m e  a  di r ec tion
m o r e  o r  less  p a r allel to  t h e  lum e n  of t h e  cells  on
w hich  t h ey  bo r d e r;  t h e  la t t e r  c u rve  to  t h e  rig h t  o r
lef t  to  m a k e  roo m  for  t h e  r ay  a n d  t h e n  clos e  a g ain
b eyon d  it.  If t h e  forc e  a c t s  p a r allel to  t h e
axis  of g ro wt h,  t h e  t r ac h eids  a r e  m o r e  likely to  b e
dis plac e d  if t h e  m a r gin al  c ells  of t h e  m e d ulla ry r ays
a r e  p rovide d  wi th  w e ak  w alls  t h a t  a r e  r e a dily co m p r e s s e d .  
This  explains  w hy on  t h e  r a di al s u rfac e  of t h e  t e s t
blocks  t h e  pl a n e  of r u p t u r e  p a s s e s  in  a  di r ec tion
n e a rly following  a  m e d ulla ry r ay, w h e r e a s  on  t h e  t a n g e n ti al
s u rfac e  t h e  di r ec tion  of t h e  pl a n e  of r u p t u r e  is obliqu e— b u t
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with  a n  obliqui ty va rying  wi t h  t h e  s p e cie s  a n d  d e t e r min e d
by t h e  pi tc h  of t h e  s pi r als  alon g  w hich  t h e  m e d ulla ry
r ays  a r e  dis t r ibu t e d  in t h e  s t e m.”  S e e
Jacc a r d ,  op.  ci t. , p p.  5 7  e t  s e q. ]

SHEARING STRENGTH

Whe n eve r  force s  a c t  u po n  a  body in s uc h  a  w ay t h a t
on e  po r tion  t e n d s  to  slide  u po n  a no t h e r  a dj ac e n t  to
it  t h e  a c tion  is c alled  a  s h ear .[8] In wood
t his  s h e a ring  a c tion  m ay  b e  (1) alon g  t h e  grain ,
o r  (2) across  t h e  grain .  A t e no n  b r e a king
ou t  it s  m o r ti se  is a  fa milia r  ex a m ple  of s h e a r  alon g
t h e  g r ain,  w hile  t h e  s hoving  off of t h e  t e no n  it s elf
wo uld  b e  s h e a r  a c ros s  t h e  g r ain.   The  u s e  of wood
for  pins  o r  t r e e-n ails  involves  r e sis t a nc e  to  s h e a r
a c ross  t h e  g r ain.   Anoth e r  co m mo n  ins t a nc e  of
t h e  la t t e r  is w h e r e  t h e  s t e el  e d g e  of t h e  eye  of a n
ax e  o r  h a m m e r  t e n ds  to  c u t  off t h e  h a n dle.   In
Fig.  1 0  t h e  a c tion  of t h e  wood e n  s t r u t  t e n d s  to  s h e a r
off alon g  t h e  g r ain  t h e  po r tion  AB  of t h e  wood e n
tie  r o d,  a n d  it is e s s e n ti al  t h a t  t h e  len g t h  of t his
po r tion  b e  g r e a t  e no u g h  to  g u a r d  a g ain s t  it.  Fig.
1 1  s hows  ch a r ac t e ri s tic  failu r e s  in s h e a r  alon g  t h e
g r ain.
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[Footno t e  8:   S h e a r  s hould  no t  b e  confus e d  wi th
o r din a ry c u t ting  o r  incision.]

[Illus t r a tion:  FIG. 1 0.—Exa m ple  of
s h e a r  alon g  t h e  g r ain.]

[Illus t r a tion:  FIG. 1 1.—Failu r e s  of
t e s t  s p e cim e n s  in  s h e a r  along  t h e  g r ain.   In  t h e
block a t  t h e  lef t  t h e  s u rf ac e  of failu r e  is r a di al;
in  t h e  on e  a t  t h e  rig h t ,  t a n g e n ti al]

|---------------------------------------------|
|                   TABLE VII                  |
|---------------------------------------------|
|  S H EARING STRE NGTH ALONG THE GRAIN OF S MALL  |
|  CLEAR PIECES OF 4 1  WOODS IN GREE N  CONDITION |
|           (For e s t  S e rvice  Cir. 2 1 3)           |
|---------------------------------------------|
|                    |     Whe n     |     Wh e n     |
|    COM MO N  NAME     |  s u rfac e  of |  s u rfac e  of |
|    OF  S PECIES      |  failu r e  is |  failu r e  is |
|                    |    r a di al   |  t a n g e n tial  |
|-------------------+ - -----------+ - -----------|
|                    |   Lbs.  p e r   |   Lbs.  p e r   |
|                    |   s q .  inch   |   s q .  inch   |
|                    |             |             |
|     H a r d woods       |             |             |
|                    |             |             |
|  Ash, bl ack         |       8 7 6    |       8 3 2    |
|    w hi t e            |     1 ,36 0    |     1 ,3 12    |
|  Bas s wood           |       5 6 0    |       6 1 7    |
|  Beec h              |     1 ,15 4    |     1 ,37 5    |
|  Birc h,  yellow     |     1 ,1 0 3    |     1 , 18 8    |
|  El m,  slipp e ry     |     1 ,1 9 7    |     1 , 17 4    |
|    w hi t e            |       7 7 8    |       8 7 2    |
|  H a ckb e r ry         |     1 ,0 95    |     1 ,1 6 1    |
|  Hicko ry,          |             |             |
|    big  s h ellb a rk    |     1 , 13 4    |     1 , 19 1    |
|    bi t t e r n u t        |     1 , 13 4    |     1 , 34 8    |
|    m ock e r n u t        |     1 , 25 1    |     1 ,31 3    |
|    n u t m e g           |     1 , 01 0    |     1 , 05 3    |

40



|    pig n u t           |     1 ,33 4    |     1 ,4 57    |
|    s h a g b a rk         |     1 , 23 0    |     1 , 29 7    |
|    w a t e r            |     1 ,3 9 0    |     1 ,4 9 0    |
|  Locus t ,  ho n ey     |     1 ,8 85    |     2 ,0 96    |
|  M a ple,  r e d         |     1 , 13 0    |     1 ,33 0    |
|    s u g a r            |     1 ,19 3    |     1 ,45 5    |
|  Oak,  pos t          |     1 , 19 6    |     1 ,40 2    |
|    r e d              |     1 ,13 2    |     1 ,19 5    |
|    s w a m p  w hi t e      |     1 , 19 8    |     1 ,39 4    |
|    w hi t e            |     1 ,09 6    |     1 ,2 92    |
|    yellow          |     1 ,16 2    |     1 ,19 6    |
|  Syc a mo r e           |       9 0 0    |     1 ,10 2    |
|  Tup elo            |       9 7 8    |     1 ,08 4    |
|                    |             |             |
|     Conife r s        |             |             |
|                    |             |             |
|  Arbo rvit a e          |       6 1 7    |       6 1 4    |
|  Ce d ar, inc e n s e     |       6 1 3    |       6 6 2    |
|  Cyp r e ss ,  b ald      |       8 3 6    |       8 0 0    |
|  Fir, a lpin e        |       5 7 3    |       6 5 4    |
|    a m a bilis         |       5 1 7    |       6 3 9    |
|    Dougla s          |       8 5 3    |       8 5 8    |
|    w hi t e            |       7 4 2    |       7 2 3    |
|  H e mlock           |       7 9 0    |       8 1 3    |
|  Pine,  lodg e pole    |       6 7 2    |       7 4 7    |
|    longle af        |     1 ,06 0    |       9 5 3    |
Both  s h e a rin g  s t r e s s e s  m ay  a c t  a t  t h e  s a m e  ti m e.  
Thus  t h e  w eigh t  c a r ri e d  by a  b e a m  t e n d s  to  s h e a r  it
off a t  r igh t  a n gle s  to  t h e  axis; t hi s  s t r e s s  is e q u al
to  t h e  r e s ul t a n t  forc e  a c ting  p e r p e n dic ula rly a t  a ny
poin t ,  a n d  in a  b e a m  u nifor mly load e d  a n d  s u p po r t e d
a t  ei t h e r  e n d  is m axim u m  a t  t h e  poin t s  of s u p po r t  a n d
ze ro  a t  t h e  c e n t r e .   In  a d di tion  t h e r e  is a  s h e a rin g
forc e  t e n din g  to  m ove  t h e  fib r e s  of t h e  b e a m  p a s t
e a c h  o t h e r  in a  longi tu din al di r ec tion.  (Se e  Fig.
1 2 .) This longi tu din al s h e a r  is m axi m u m  a t  t h e  n e u t r al
pl a n e  a n d  d ec r e a s e s  tow a r d  t h e  u p p e r  a n d  low e r  s u rf ac e s .

[Illus t r a tion:  FIG. 1 2.—Ho rizon t al
s h e a r  in a  b e a m.]

S h e a ring  a c ross  t h e  g r ain  is so  clos ely r el a t e d  to
co m p r e s sion  a t  r ig h t  a n gle s  to  t h e  g r ain  a n d  to  h a r d n e s s
t h a t  t h e r e  is li t tl e  to  b e  g ain e d  by m a kin g  s e p a r a t e
t e s t s  u po n  it.  Knowle d g e  of s h e a r  p a r allel to
t h e  g r ain  is impo r t a n t ,  sinc e  wood  fre q u e n tly fails
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in  t h a t  w ay.  The  value  of s h e a ring  s t r e s s  p a r allel
to  t h e  g r ain  is foun d  by dividing  t h e  m axi m u m  load
in pou n ds  (P) by  t h e  a r e a  of t h e  c ros s  s ec tion  in
inch es  (A).

{           P   }
{  S h e a r  =  —– }
{           A  }

Obliqu e  s h e a ring  s t r e s s e s  a r e  d evelop e d
in a  b a r  w h e n  it  is s u bjec t e d  to  di r ec t  t e n sion  o r
co m p r e s sion.   The  m axim u m  s h e a ring  s t r e s s  occ u r s
alon g  a  pl a n e  w h e n  it m a k e s  a n  a n gle  of 4 5  d e g r e e s
P
wi th  t h e  axis  of t h e  s p eci m e n.   In  t his  c a s e ,
s h e a r  =  -----.  Whe n
2
A
t h e  value  of t h e  a n gle  [Gre ek:  t h e t a]  is les s
t h a n  4 5  d e g r e e s ,
P
t h e  s h e a r  alon g  t h e  pl a n e  =  —– sin
[Gr e ek:  t h e t a]  cos  [Gre ek: 
A
t h e t a].  (Se e  Fig.  1 3.) The  effec t  of obliqu e  s h e a r
is oft e n  visible  in t h e  failu r e s  of s ho r t  colu m n s.
(Se e  Fig.  1 4 .)

[Illus t r a tion:  FIG. 1 3.—Obliqu e  s h e a r
in a  s ho r t  colu m n.]

[Illus t r a tion:  FIG. 1 4.—Failu r e  of
s ho r t  colu m n  by obliqu e  s h e ar.]

|------------------------------------------------------
---------------------|
|                                 TABLE VIII                                 |
|-----------------------------------------------------------
----------------|
|        S H EARING STRE NGTH ACROSS THE GRAIN OF  VARIOUS 
AMERICAN WOODS        |
|   (J.C.  Tra u t win e.   Jour.  F r a nklin  Ins ti t u t e .   Vol. 1 0 9,  1 8 8 0,  p p .  1 0 5-1 0 6)  |
|-----------------------------------------------------------
----------------|
|      KIND OF WOOD      |  Lbs.  p e r  |         KIND OF WOOD         |  Lbs.  p e r  |
|                        |  s q .  inch  |                              |  s q .  inc h  |
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|-----------------------+ - ---------+ - -----------------------
-----+ - ---------|
|  Ash                   |    6 , 28 0   |  Hicko ry                     |    7 ,28 5   |

TRANSVERSE OR BENDING STRENGTH:  BEAMS

Whe n  ex t e r n al  forc e s  a c ting  in t h e  s a m e  pl a n e  a r e
a p plied  a t  r i gh t  a n gle s  to  t h e  axis  of a  b a r  so  a s
to  c a u s e  it to  b e n d,  t h ey  occ a sion  a  s ho r t e ning  of
t h e  longit udin al fib r e s  on  t h e  co nc ave  sid e  a n d  a n
elon g a tion  of t hos e  on  t h e  convex sid e.   Within
t h e  el a s tic  limit  t h e  r el a tive  s t r e t c hing  a n d  con t r a c tion
of t h e  fib r e s  is di r ec tly[9] p ropo r tion al to  t h ei r
dis t a n c e s  fro m  a  pl a n e  int e r m e dia t e  b e t w e e n  t h e m— t h e
n e u tral plan e .  (N_{1 }  P  in  Fig.  1 5.) Thus
t h e  fib r e s  h alf-w ay b e t w e e n  t h e  n e u t r al  pl a n e  a n d
t h e  ou t e r  s u rfac e  exp e ri e nc e  only h alf a s  m u c h  s ho r t e ning
o r  elon g a tion  a s  t h e  ou t e r m os t  o r  ex t r e m e  fib r e s.  
Si mila rly for  o t h e r  dis t a nc e s .   The  ele m e n t s  alon g
t h e  n e u t r al pl a n e  exp e ri e nc e  no  t e n sion  o r  co m p r e s sion
in a n  axial di r e c tion.   The  line  of in t e r s e c tion
of t his  pl a n e  a n d  t h e  pl a n e  of s e c tion  is know n  a s
t h e  n e u tral axis  (N A in Fig.  1 5) of t h e  s ec tion.

[Footno t e  9:   While  in r e ali ty t his  r el a tions hip
do es  no t  ex ac tly hold,  t h e  for m ula e  for  b e a m s  a r e
b a s e d  on  it s  a s s u m p tion.]

[Illus t r a tion:  FIG. 1 5.—Diag r a m  of
a  sim ple  b e a m.   N_{ 1 }  P  =  n e u t r al  pl a n e ,  N  A =
n e u t r al  axis  of s ec tion  R S.]

If t h e  b a r  is sy m m e t ric al a n d  ho m og e n eo us  t h e  n e u t r al
pl a n e  is loca t e d  h alf-w ay b e t w e e n  t h e  u p p e r  a n d  low e r
s u rfac e s,  so  long  a s  t h e  d eflec tion  do e s  no t  exc e e d
t h e  el a s tic  limit  of t h e  m a t e ri al.   Owing  to  t h e
fac t  t h a t  t h e  t e n sile  s t r e n g t h  of wood  is fro m  t wo
to  n e a rly fou r  tim e s  t h e  co m p r e s sive  s t r e n g t h ,  it
follows  t h a t  a t  r u p t u r e  t h e  n e u t r al  pl a n e  is m u c h  n e a r e r
t h e  convex t h a n  t h e  conc ave  sid e  of t h e  b a r  o r  b e a m,
since  t h e  s u m  of all t h e  co m p r e s sive  s t r e s s e s  on  t h e
conc ave  po r tion  m u s t  alw ays  e q u al t h e  s u m  of t h e  t e n sile
s t r e s s e s  on  t h e  convex po r tion.   The  n e u t r al  pl a n e
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b e gins  to  c h a n g e  fro m  its  ce n t r al  posi tion  a s  soon
a s  t h e  el a s tic  limi t  h a s  b e e n  p a s s e d.   I t s  loc a tion
a t  a ny ti m e  is ve ry u n c e r t ain.
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The  ex t e r n al  force s  a c ting  to  b e n d  t h e  b a r  al so  t e n d
to  r u p t u r e  i t a t  r i gh t  a n gles  to  t h e  n e u t r al  pl a n e
by c a u sin g  on e  t r a n sve r s e  s ec tion  to  slip  p a s t  a no t h er. 
This  s t r e s s  a t  a ny poin t  is e q u al  to  t h e  r e s ul t a n t
p e r p e n dicula r  to  t h e  axis  of t h e  forc e s  a c ting  a t
t his  poin t ,  a n d  is t e r m e d  t h e  t ransv ers e  s h ear
(o r  in  t h e  c a s e  of b e a m s,  v er tical s h ear ).

In  a d di tion  to  t his  t h e r e  is a  s h e a rin g  s t r e s s,  t e n ding
to  m ove  t h e  fib r e s  p a s t  on e  a no t h e r  in a n  axial di r ec tion,
w hich  is c alled  longi tu dinal s h ear  (or  in t h e
c a s e  of b e a m s,  horizon tal s h ear ).  This
s t r e s s  m u s t  b e  t ak e n  in to  consid e r a tion  in  t h e  d e sig n
of ti m b e r  s t r uc t u r e s .   I t  is m axim u m  a t  t h e  n e u t r al
pl a n e  a n d  d ec r e a s e s  to  ze ro  a t  t h e  ou t e r  el e m e n t s
of t h e  s e c tion.   The  s ho r t e r  t h e  s p a n  of a  b e a m
in p ropo r tion  to  it s  h eigh t ,  t h e  g r e a t e r  is t h e  liabili ty
of failu r e  in ho rizon t al  s h e a r  b efo r e  t h e  ul ti m a t e
s t r e n g t h  of t h e  b e a m  is r e a c h e d.

B ea m s
The r e  a r e  t h r e e  co m m o n  for m s  of b e a m s,  a s  follows: 

(1) Si m ple  b ea m —a  b a r  r e s ting  u po n
t wo s u p po r t s ,  on e  n e a r  e a c h  e n d.  (Se e  Fig.  1 6,  No.
1.)

(2) Can tilev er  b ea m —a  b a r  r e s tin g
u po n  on e  s u p po r t  o r  fulc r u m,  o r  t h a t  po r tion  of a ny
b e a m  p rojec ting  ou t  of a  w all o r  b eyon d  a  s u p po r t .
(Se e  Fig.  1 6 ,  No.  2 .)

(3) Con tinuo us  b ea m —a  b a r  r e s ting
u po n  m o r e  t h a n  t wo  s u p po r t s .  (Se e  Fig.  1 6,  No. 3 .)

[Illus t r a tion:  FIG. 1 6.—Thr e e  co m m o n
for m s  of b e a m s.  1 .   Si m ple.  2 .   Ca n tilever.
3 .   Con tinuou s.]

S ti f f n e ss  of  B ea m s
The  two  m ain  r e q ui r e m e n t s  of a  b e a m  a r e  s tiffnes s
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a n d  s t r e n g t h.   The  for m ula e  for  t h e  m o d ulus
of  elas tici ty  (E)  o r  m e a s u r e  of s tiffnes s  of a
r e c t a n g ula r  p ri s m a tic  sim ple  b e a m  load e d  a t  t h e  c e n t r e
a n d  r e s ting  fre ely on  s u p po r t s  a t  ei t h e r  e n d  is:[10]

[Footno t e  1 0:   Only t hi s  for m  of b e a m  is conside r e d
since  it  is t h e  si m ple s t .   Fo r  c a n tileve r  a n d
con tinuo us  b e a m s,  a n d  b e a m s  rigidly fixed  a t  on e  o r
bo t h  e n d s,  a s  w ell a s  for  diffe r e n t  m e t ho ds  of loadin g,
diffe r e n t  for m s  of c ro ss  s e c tion,  e t c ., o th e r
for m ula e  a r e  r e q ui r e d.   S e e  a ny book on  m e c h a nics.]

P’ l ^ { 3 }
E  =  -------------
4  D b  h ^ { 3 }

b  =  b r e a d t h  o r  wid t h  of b e a m,  inch e s .
h  =  h eigh t  o r  d e p t h  of b e a m,  inch e s .
l =  s p a n  (leng t h  b e t w e e n  poin t s  of s u p po r t s)  of
b e a m,  inch e s .  
D =  d eflec tion  p ro d u c e d  by load  P’, inc h e s.  
P’ =  loa d  a t  o r  b elow el a s tic  limit,  po u n d s.

F ro m  t his  for m ula e  it  is evide n t  t h a t  for  r ec t a n g ula r
b e a m s  of t h e  s a m e  m a t e r ial, m o d e  of s u p po r t ,  a n d  loa ding,
t h e  d eflec tion  is affec t e d  a s  follows: 

(1) I t  is inve r s ely p ro po r tion al to  t h e  wid t h  for
b e a m s  of t h e  s a m e  leng t h  a n d  d e p t h .   If t h e  wid t h
is t ripled  t h e  d eflec tion  is on e-t hi rd  a s  g r e a t .

(2) I t  is inve r s ely p ro po r tion al to  t h e  c u b e  of t h e
d e p t h  for  b e a m s  of t h e  s a m e  len g t h  a n d  b r e a d t h .  
If t h e  d e p t h  is t ripled  t h e  d eflec tion  is on e  t w e n ty-s eve n t h
a s  g r e a t .

(3) I t  is di r ec tly p ro po r tion al  to  t h e  c u b e  of t h e
s p a n  for  b e a m s  of t h e  s a m e  b r e a d t h  a n d  d e p t h.  
Tripling  t h e  s p a n  gives  t w e n ty-s eve n  tim e s  t h e  d eflec tion.
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The  n u m b e r  of pou n d s  w hich  conc e n t r a t e d  a t  t h e  c e n t r e
will d eflec t  a  r e c t a n g ula r  p ris m a tic  sim ple  b e a m  on e
inch  m ay  b e  foun d  fro m  t h e  p r e c e din g  for m ula e  by s u b s ti t u ting
D =  1”  a n d  solving  for  P’.  The  for m ula e
t h e n  b eco m e s:  

4  E  b  h ^ { 3 }
N e c e s s a ry w eig h t  (P’) =  -------------
l ^ { 3 }

In  t his  c a s e  t h e  values  for  E  a r e  r e a d  fro m  t a ble s
p r e p a r e d  fro m  d a t a  ob t ain e d  by exp e ri m e n t a tion  on
t h e  give n  m a t e ri al.

S tr e n g t h  of  B ea m s
The  m e a s u r e  of t h e  b r e a king  s t r e n g t h  of a  b e a m  is
exp r e s s e d  in t e r m s  of u ni t  s t r e s s  by  a  m o d ulus
of  rup t ur e , w hich  is a  p u r ely hypo t h e tical exp r e s sion
for  poin t s  b eyon d  t h e  el a s tic  limit.   The  for m ula e
u s e d  in co m p u ting  t his  m o d ulus  is a s  follows: 

1 .5  P  l
R =  ---------
b  h { ^ 2 }

  b ,  h ,  l =  b r e a d t h,  h eig h t ,  a n d  s p a n,  r e s p e c tively,
a s  in
    p r e c e ding  for m ula e.  
  R =  m o d ulus  of r u p t u r e ,  po u n d s  p e r  s q u a r e
inch.  
  P  =  m axim u m  load,  pou n d s.

In  c alc ula ting  t h e  fib r e  s t r e s s  a t  t h e  el a s tic  limit
t h e  s a m e  for m ula e  is u s e d  exc e p t  t h a t  t h e  load  a t
el a s tic  limi t  (P_{1 })  is s u b s ti t u t e d  for  t h e  m axim u m
loa d  (P).

F ro m  t his  for m ula e  it  is evide n t  t h a t  for  r ec t a n g ula r
p ris m a tic  b e a m s  of t h e  s a m e  m a t e ri al, m o d e  of s u p po r t ,
a n d  loading,  t h e  load  w hich  a  give n  b e a m  c a n  s u p po r t
va rie s  a s  follows: 
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(1) I t  is di r ec tly p ro po r tion al  to  t h e  b r e a d t h  for
b e a m s  of t h e  s a m e  leng t h  a n d  d e p t h ,  a s  is t h e  c a s e
wi th  s tiffnes s.

(2) I t  is di r ec tly p ro po r tion al  to  t h e  s q u a r e  of t h e
h eig h t  for  b e a m s  of t h e  s a m e  len g t h  a n d  b r e a d t h ,  ins t e a d
of a s  t h e  c u b e  of t his  di m e n sion  a s  in s tiffnes s.

(3) I t  is inve r s ely p ro po r tion al to  t h e  s p a n  for  b e a m s
of t h e  s a m e  b r e a d t h  a n d  d e p t h  a n d  no t  to  t h e  c u b e
of t his  di m e n sion  a s  in s tiffnes s.

The  fac t  t h a t  t h e  s t r e n g t h  va rie s  a s  t h e  s q uare
of t h e  h eig h t  a n d  t h e  s tiffness  a s  t h e  c u b e
explains  t h e  r el a tions hip  of b e n ding  to  t hickn e s s.  
Were  t h e  law t h e  s a m e  for  s t r e n g t h  a n d  s tiffnes s  a
t hin  pi ec e  of m a t e r ial s uc h  a s  a  s h e e t  of p a p e r  could
no t  b e  b e n t  a ny fu r t h e r  wi tho u t  b r e akin g  t h a n  a  t hick
piec e ,  s ay a n  inch  bo a r d .  |---------------------------------
----------------------------------------------------|
|                                       TABLE IX   
                                   |  |----------------------
---------------------------------------------------------------|
|  RESULTS OF STATIC BE NDING TESTS ON  S MALL CLEAR BEAMS
OF 4 9  WOODS IN GREE N  CO NDITION |  |                
             (For e s t  S e rvice  Cir. 2 1 3)             
                  |  |---------------------------------------
----------------------------------------------|
|                  |    Fib r e    |           |         
   |         Work in Ben ding         |  |    COM MO N  NAME
  |  s t r e s s  a t  |  Mod ulus   |   Mo d ulus    |-------------------------------|
|    OF  S PECIES    |   el a s tic   |     of    |      of 
   |     To    |     To    |          |  |            
     |    limit    |  r u p t u r e   |  el a s tici ty |  e l a s tic
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|  m axi m u m   |   Total  |  |                  |       
    |           |             |   limit    |    load    |
        |  |-----------------+ - ----------+ - ---------+ - -------
----+ - ---------+ - ---------+ - --------|
|                  |            |           |         
   |  In.-lbs.  |  In.-lbs.  |  In.-lb. |  |            
     |  Lbs.  p e r   |  Lbs.  p e r  |   Lbs.  p e r   |  p e r  cu.
 |  p e r  c u.   |  p e r      |  |                  |  s q .  in.
  |  s q .  in.  |   s q .  in.   |  inc h      |  inch      |  inc h
   |  |                  |            |           |   
         |           |           |          |  |    H a r d woods
    |            |           |             |          
|           |          |  |                  |        
   |           |             |           |           |
        |  |  Ash, bl ack       |     2 , 58 0   |    6 , 00 0
 |     9 6 0,00 0  |     0 .4 1   |     1 3.1   |    3 8.9   |  |
  w hi t e          |     5 ,1 80   |    9 ,92 0   |   1 , 41 6,00 0
|     1 . 10   |     2 0.0   |    4 3.7   |  |  Bas s wood      
  |     2 ,48 0   |    4 , 45 0   |    8 4 2,0 00   |      .45   |
    5 .8   |     8 . 9   |  |  Beec h            |     4 ,4 9 0
 |    8 , 61 0   |   1 ,3 53,0 0 0  |      .96   |     1 4 .1   |   
3 1 .4   |  |  Birch,  yellow   |     4 ,1 90   |    8 ,39 0   |
 1 , 59 7,00 0  |      .62   |     1 4.2   |    3 1 .5   |  |  El m,
rock        |     4 ,2 9 0   |    9 ,43 0   |   1 , 22 2,00 0  |   
  .90   |     1 9.4   |    4 7 .4   |  |    slipp e ry       |
   5 ,56 0   |    9 ,51 0   |   1 ,3 1 4,00 0  |     1 .3 2   |     1 1.7
 |    4 4.2   |  |    w hi t e          |     2 ,85 0   |    6 , 94 0
 |   1 , 05 2,00 0  |      .44   |     1 1.8   |    2 7.4   |  |
Gu m, r e d         |     3 ,4 6 0   |    6 ,45 0   |   1 , 13 8,00 0
|           |           |          |  |  H a ck b e r ry     
  |     3 ,32 0   |    7 , 80 0   |   1 ,1 7 0,00 0  |      .56   |
   1 9.6   |    5 2 .9   |  |  Hicko ry,        |          
 |           |             |           |           |   
      |  |    big  s h ellb a rk  |     6 , 37 0   |   1 1,11 0   |
 1 , 56 2,00 0  |     1 . 47   |     2 4.3   |    7 8.0   |  |    bi t t e r n u t
    |     5 ,4 7 0   |   1 0,2 80   |   1 ,39 9,00 0  |     1 . 22  
|     2 0.0   |    7 5.5   |  |    m ock e r n u t      |     6 ,55 0
 |   1 1 ,11 0   |   1 ,5 0 8,00 0  |     1 .5 0   |     3 1.7   |   
8 4 .4   |  |    n u t m e g         |     4 ,8 6 0   |    9 ,06 0   |
 1 , 28 9,00 0  |     1 . 06   |     2 2.8   |    5 8.2   |  |    pig n u t
       |     5 ,86 0   |   1 1,81 0   |   1 ,7 6 9,00 0  |     1 .1 2
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 |     3 0.6   |    8 6.7   |  |    s h a g b a rk       |     6 ,12 0
 |   1 1 ,00 0   |   1 ,7 5 2,00 0  |     1 .2 2   |     1 8.3   |   
7 2 .3   |  |    w a t e r          |     5 ,98 0   |   1 0,74 0   |
 1 , 56 3,00 0  |     1 . 29   |     1 8.8   |    5 2.9   |  |  Locus t ,
ho n ey   |     6 , 02 0   |   1 2,36 0   |   1 ,7 32,0 0 0  |     1 .2 8
 |     1 7.3   |    6 4.4   |  |  M a ple,  r e d       |     4 ,4 50
 |    8 , 31 0   |   1 ,4 45,0 0 0  |      .78   |      9 . 8   |   
1 7 .1   |  |    s u g a r          |     4 , 63 0   |    8 , 86 0   |
 1 , 46 2,00 0  |      .88   |     1 2.7   |    3 2 .0   |  |  Oak,
pos t        |     4 , 72 0   |    7 , 38 0   |     9 1 3,00 0  |   
 1 . 39   |      9 . 1   |    1 7 .4   |  |    r e d            |
   3 ,49 0   |    7 ,78 0   |   1 ,2 6 8,00 0  |      .60   |     1 1.4
 |    2 6.0   |  |    s w a m p  w hi t e    |     5 , 38 0   |    9 ,8 6 0
 |   1 , 59 3,00 0  |     1 .0 5   |     1 4.5   |    3 7.6   |  |
  t a n b a rk        |     6 , 58 0   |   1 0,71 0   |   1 ,6 78,0 0 0
|     1 . 49   |           |          |  |    w hi t e       
  |     4 ,32 0   |    8 , 09 0   |   1 ,1 3 7,00 0  |      .95   |
   1 2.1   |    3 6 .7   |  |    yellow        |     5 , 06 0
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|    8 , 57 0   |   1 ,21 9,0 00  |     1 .20   |     1 1 .7   |   
3 0 .7   |  |  Os a g e  o r a n g e     |     7 ,76 0   |   1 3,66 0   |
 1 , 32 9,00 0  |     2 . 53   |     3 7.9   |   1 0 1.7   |  |  Syc a mo r e
       |     2 ,82 0   |    6 , 30 0   |     9 6 1,0 00  |      .51
 |      7 .1   |    1 3.6   |  |  Tup elo          |     4 ,3 00
 |    7 , 38 0   |   1 ,0 45,0 0 0  |     1 .0 0   |      7 .8   |   
2 0 .9   |  |                  |            |           |
           |           |           |          |  |    Conife r s
     |            |           |             |         
 |           |          |  |                  |       
    |           |             |           |           |
        |  |  Arbo rvit a e        |     2 ,60 0   |    4 , 25 0
 |     6 4 3,00 0  |      .60   |      5 .7   |     9 .5   |  |
Ce d ar, ince ns e   |     3 ,9 5 0   |    6 ,0 40   |     7 5 4,00 0
|           |           |          |  |  Cyp r e s s ,  b ald
  |     4 ,43 0   |    7 , 11 0   |   1 ,3 7 8,00 0  |      .96   |
    5 .1   |    1 5.4   |  |  Fir, alpine      |     2 , 36 6
 |    4 , 45 0   |     8 6 1,0 00  |      .66   |      4 . 4   |   
 7 . 4   |  |    a m a bilis       |     4 ,06 0   |    6 ,57 0   |
 1 , 32 3,00 0  |           |           |          |  |    Dou gla s
      |     3 , 57 0   |    6 ,3 4 0   |   1 ,24 2,0 00  |      .59
 |      6 .6   |    1 3.6   |  |    w hi t e          |     3 ,8 8 0
 |    5 , 97 0   |   1 ,1 31,0 0 0  |      .77   |      5 . 2   |   
1 4 .9   |  |  H e mlock         |     3 ,41 0   |    5 , 77 0   |
   9 1 7,00 0  |      .73   |      6 .6   |    1 2.9   |  |  Pin e,
lodg e pole  |     3 , 08 0   |    5 ,1 3 0   |   1 ,01 5,0 00  |    
 .54   |      5 .1   |     7 .4   |  |    longle af      |  
  5 ,09 0   |    8 , 63 0   |   1 ,6 62,0 0 0  |      .88   |      8 . 1
 |    3 4.8   |  |    r e d            |     3 , 74 0   |    6 , 43 0
 |   1 , 38 4,00 0  |      .59   |      5 .8   |    2 8.0   |  |
  s ho r tl e af     |     4 ,36 0   |    7 , 71 0   |   1 ,3 95,0 0 0
|           |           |          |  |    s u g a r       
  |     3 ,33 0   |    5 , 27 0   |     9 6 6,0 0 0  |      .66   |
    5 .0   |    1 1.6   |  |    w es t ,  yellow  |     3 ,1 8 0
 |    5 , 18 0   |   1 ,1 11,0 0 0  |      .52   |      4 . 3   |   
1 5 .6   |  |  Whit e            |     3 ,4 1 0   |    5 ,3 10   |
 1 , 07 3,00 0  |      .62   |      5 .9   |    1 3.3   |  |  Red wood
        |     4 ,53 0   |    6 , 56 0   |   1 ,0 2 4,00 0  |      
    |           |          |  |  S p r u c e ,          |    
       |           |             |           |        
  |          |  |    E n g elm a n n      |     2 ,7 40   |    4 ,55 0
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 |     8 6 6,00 0  |      .50   |      4 .8   |     6 .1   |  |
  r e d            |     3 ,44 0   |    5 , 82 0   |   1 ,1 4 3,00 0
|      .62   |      6 .0   |          |  |    w hi t e       
  |     3 ,16 0   |    5 , 20 0   |     9 6 8,0 0 0  |      .58   |
    6 .6   |          |  |  Tam a r ack         |     4 ,2 0 0
 |    7 , 17 0   |   1 ,2 36,0 0 0  |      .84   |      7 . 2   |   
3 0 .0   |  |---------------------------------------------------
----------------------------------|

Kinds  of  Loads
The r e  a r e  va rious  w ays  in w hich  b e a m s  a r e  loa d e d,
of w hich  t h e  following  a r e  t h e  m o s t  im po r t a n t:  

(1) U nifor m  load  occ u r s  w h e r e  t h e  load  is s p r e a d
eve nly ove r  t h e  b e a m.

(2) Conc e n trat e d  load  occ u r s  w h e r e  t h e  loa d
is a p plied  a t  single  poin t  o r  poin t s.

(3) Live  o r  i m m e diat e  load  is on e  of
m o m e n t a ry  o r  s ho r t  d u r a tion  a t  a ny on e  poin t ,  s uc h
a s  occ u r s  in c rossing  a  b ridg e.
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(4) Dead  o r  p er m a n e n t  load  is on e  of
con s t a n t  a n d  ind e t e r min a t e  d u r a tion,  a s  books  on  a
s h elf.  In  t h e  c a s e  of a  b ridg e  t h e  w eigh t  of
t h e  s t r u c t u r e  it s elf is t h e  d e a d  load.   All la rg e
b e a m s  s u p po r t  a  u nifor m  d e a d  load  consis ting  of t h ei r
ow n  w eig h t .

The  effec t  of d e a d  load  on  a  wood e n  b e a m  m ay  b e  t wo
or  m o r e  tim e s  t h a t  p rod uc e d  by a n  im m e dia t e  loa d  of
t h e  s a m e  w eig h t .   Loads  g r e a t e r  t h a n  t h e  el as tic
limit  a r e  u n s afe  a n d  will g e n e r ally r e s ul t  in  r u p t u r e
if con tinu e d  long  e no u g h.   A b e a m  m ay  b e  conside r e d
s afe  u n d e r  p e r m a n e n t  load  w h e n  t h e  d eflec tions  di minish
d u ring  e q u al  s ucc e s sive  p e riods  of tim e.   A co n tin u al
inc r e a s e  in d eflec tion  indica t e s  a n  u n s afe  load  w hich
is al mos t  c e r t ain  to  r u p t u r e  t h e  b e a m  eve n t u ally.

Varia tions  in t h e  h u midi ty of t h e  s u r ro u n din g  ai r
influe nc e  t h e  d eflec tion  of d ry  wood  u n d e r  d e a d  loa d,
a n d  inc r e a s e d  d eflec tions  d u ring  d a m p  w e a t h e r  a r e
c u m ul a tive  a n d  no t  r e cove r e d  by s u b s e q u e n t  d rying.  
In  t h e  c a s e  of longle af pin e,  d ry b e a m s  m ay  wi th  s afe ty
b e  load e d  p e r m a n e n tly to  wi thin  t h r e e-fou r t h s  of t h ei r
el a s tic  limi t  a s  d e t e r min e d  fro m  o r din a ry s t a tic  t e s t s .  
Inc r e a s e d  m ois tu r e  con t e n t ,  d u e  to  g r e a t e r  h u midi ty
of t h e  air, lowe r s  t h e  el a s tic  limit  of wood  so  t h a t
w h a t  w a s  a  s afe  loa d  for  t h e  d ry  m a t e ri al m ay  b e co m e
u n s afe.

Whe n  a  d e a d  load  no t  g r e a t  e no u g h  to  r u p t u r e  a  b e a m
h a s  b e e n  r e m ove d,  t h e  b e a m  t e n d s  g r a d u ally to  r e cove r
its  for m e r  s h a p e,  b u t  t h e  r e cove ry is no t  alw ays  co m ple t e.  
If s p eci m e n s  fro m  s uc h  a  b e a m  a r e  t e s t e d  in t h e  o r din a ry
t e s ting  m a c hin e  it will b e  foun d  t h a t  t h e  a p plica tion
of t h e  d e a d  load  did  no t  affec t  t h e  s tiffnes s,  ul tim a t e
s t r e n g t h ,  o r  el a s tic  limit  of t h e  m a t e ri al.  In
o th e r  wo r d s,  t h e  d eflec tions  a n d  r e cove rie s  p ro d uc e d
by live  loa ds  a r e  t h e  s a m e  a s  wo uld  h ave  b e e n  p ro d u c e d
h a d  no t  t h e  b e a m  p r eviously b e e n  s u bjec t e d  to  a  d e a d
loa d.[11]
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[Footno t e  1 1:   S e e  Tie m a n n,  H a r ry  D.:  So m e
r e s ul t s  of d e a d  load  b e n din g  t e s t s  of tim b e r  by m e a n s
of a  r e co r din g  d eflec to m e t er.  P roc.   Am. 
Soc.  for  Testing  M a t e ri als.   P hila.   Vol. 
IX, 1 9 0 9,  p p.  5 3 4-5 4 8.]

M a xi m u m  load  is t h e  g r e a t e s t  loa d  a  m a t e r ial
will s u p po r t  a n d  is u s u ally g r e a t e r  t h a n  t h e  loa d
a t  r u p t u r e .

S af e  load  is t h e  load  consid e r e d  s afe  for  a
m a t e ri al  to  s u p po r t  in  a c t u al  p r a c tic e.   I t  is
alw ays  les s  t h a n  t h e  loa d  a t  el a s tic  limi t  a n d  is
u s u ally t ak e n  a s  a  c e r t ain  p ropo r tion  of t h e  ul tim a t e
o r  b r e akin g  load.

The  r a tio  of t h e  b r e a kin g  to  t h e  s afe  load  is c alled
t h e  fac to r  of s afe ty. (Fac to r  of s afe ty =  ul tim a t e
s t r e n g t h  / s afe  load) In o r d e r  to  m a k e  d u e  allow a nc e
for  t h e  n a t u r al  va ria tions  a n d  imp e rfec tions  in wood
a n d  in t h e  a g g r e g a t e  s t r u c t u r e ,  a s  w ell a s  for  va ri a tions
in t h e  load,  t h e  fac to r  of s afe ty is u s u ally a s  hig h
a s  6  o r  1 0,  e s p e cially if t h e  s afe ty of h u m a n  life
d e p e n d s  u po n  t h e  s t r uc t u r e .   This  m e a n s  t h a t  only
fro m  on e-sixth  to  on e-t e n t h  of t h e  co m p u t e d  s t r e n g t h
values  is conside r e d  s afe  to  u s e .   If t h e  d e p t h
of ti m b e r s  exc e e d s  fou r  t im e s  t h ei r  t hickn e s s  t h e r e
is a  g r e a t  t e n d e n cy for  t h e  m a t e ri al to  t wis t  w h e n
loa d e d.   I t  is to  ove rco m e  t his  t e n d e n cy t h a t
floor  jois t s  a r e  b r a c e d  a t  fr eq u e n t  in t e rvals.  
S ho r t  d e e p  piec es  s h e a r  ou t  o r  s plit  b efo r e  t h ei r
s t r e n g t h  in b e n din g  c a n  fully co m e  in to  play.
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Ap plication  of  Loads
The r e  a r e  t h r e e[12] g e n e r al  m e t hods  in  w hich  loa ds
m ay b e  a p plie d  to  b e a m s,  n a m ely: 

[Footno t e  1 2:   A fou r t h  mig h t  b e  a d d e d,  n a m ely,
vibra tory , o r  har m o nic  rep e ti tion , w hich
is fr e q u e n tly s e rious  in t h e  c a s e  of b ridg e s.]

(1) S ta tic  loading  o r  t h e  g r a d u al  imposi tion
of loa d  so  t h a t  t h e  m oving  p a r t s  a c q ui r e  no  a p p r e ci a ble
m o m e n t u m.   Loads  a r e  so  a p plied  in t h e  o r din a ry
t e s ting  m a c hin e.

(2) S u d d e n  i m position  of  load wi t ho u t  ini tial v eloci ty.
“Thus  in  t h e  c a s e  of pl acing  a  load  on  a  b e a m,
if t h e  loa d  b e  b ro u g h t  in to  con t ac t  wi th  t h e  b e a m,
b u t  it s  w eig h t  s u s t aine d  by ex t e r n al  m e a n s,  a s  by
a  co r d,  a n d  t h e n  t his  ex t e r n al  s u p po r t  b e  s u d d e nly
(ins t a n t a n eo usly) r e m ove d,  a s  by q uickly c u t ting  t h e
co r d,  t h e n,  al t ho u g h  t h e  loa d  is al r e a dy to uc hin g  t h e
b e a m  (an d  h e n c e  t h e r e  is no  r e al  imp ac t), ye t  t h e
b e a m  is a t  fir s t  offe ring  no  r e sis t a nc e ,  a s  it h a s
ye t  s uffe r e d  no  d efo r m a tion.   F u r t h e r m o r e ,  a s
t h e  b e a m  d eflec t s  t h e  r e sis t a nc e  inc r e a s e s ,  b u t  do e s
no t  co m e  to  b e  e q u al  to  t h e  load  u n til it h a s  a t t ain e d
its  no r m al d eflec tion.   In  t h e  m e a n tim e  t h e r e
h a s  b e e n  a n  u n b ala nc e d  force  of g r avity a c ting,  of
a  cons t a n tly di minishing  a m o u n t ,  e q u al  a t  fir s t  to
t h e  e n ti r e  load,  a t  t h e  no r m al d eflec tion.   Bu t
a t  t his  ins t a n t  t h e  load  a n d  t h e  b e a m  a r e  in m o tion,
t h e  hi t h e r to  u n b al a nc e d  forc e  h aving  p rod uc e d  a n  a cc ele r a t e d
veloci ty, a n d  t his  veloci ty of t h e  w eig h t  a n d  b e a m
gives  to  t h e m  a n  e n e r gy, o r  vis  viva , w hich
m u s t  now  s p e n d  it s elf in ove rco min g  a n  e xc e s s
of r e si s t a n c e  ove r  a n d  a bove  t h e  impos e d  loa d,  a n d
t h e  w hole  m a s s  will no t  s top  u n til t h e  d eflec tion  (as
w ell a s  t h e  r e sis t a nc e)  h a s  co m e  to  b e  e q u al  to  t wic e
t h a t  co r r e s po n din g  to  t h e  s t a tic  load  impos e d.  
H e n c e  w e  s ay t h e  effec t  of a  s u d d e nly impos e d  load
is to  p rod uc e  t wice  t h e  d eflec tion  a n d  s t r e s s  of t h e
s a m e  load  s t a tic ally a p plied.   I t  m u s t  b e  evide n t ,
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how ever, t h a t  t his  c a s e  h a s  no t hing  in co m m o n  wi th
ei t h e r  t h e  o r din a ry ‘st a tic’ t e s t s  of s t r u c t u r al
m a t e ri als  in t e s ting-m a c hin es ,  o r  wit h  imp ac t  t e s t s ."[13]

[Footno t e  1 3:   Johnson,  J.B.:  The  m a t e ri als
of cons t r uc tion,  p p.  8 1-8 2.]

(3) I m pact ,  s hoc k,  o r  blow.[14] The r e
a r e  va rious  co m m o n  u s e s  of wood  w h e r e  t h e  m a t e ri al
is s u bjec t e d  to  s u d d e n  s hocks  a n d  ja r s  o r  imp ac t .  
S uc h  is t h e  a c tion  on  t h e  felloes  a n d  s poke s  of a
w a go n  w h e el  p a s sing  ove r  a  r o u g h  ro a d;  on  a  h a m m e r
h a n dle  w h e n  a  blow is s t r uck; on  a  m a ul  w h e n  it  s t r ikes
a  w e d g e.

[Footno t e  1 4:   S e e  Tie m a n n,  H a r ry  D.:  The
t h eo ry of imp ac t  a n d  it s  a p plica tion  to  t e s tin g  m a t e ri als. 
Jour.  F r a nklin  Ins t . ,  Oc t .,  N ov., 1 9 0 9,  p p.  2 3 5-2 5 9,
3 3 6-3 6 4.]
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Resis t a n c e  to  imp a c t  is r e sis t a nc e  to  e n e r gy w hich
is m e a s u r e d  by t h e  p ro d uc t  of t h e  force  in to  t h e  s p a c e
t h ro u g h  w hic h  it  m oves,  o r  by  t h e  p ro d u c t  of on e-h alf
t h e  m oving  m a s s  w hich  c a u s e s  t h e  s hock  in to t h e  s q u a r e
of it s  veloci ty.  The  wo rk  do n e  u po n  t h e  piec e
a t  t h e  ins t a n t  t h e  veloci ty is e n ti r ely r e m ove d  fro m
t h e  s t riking  bo dy is e q u al  to  t h e  to t al  e n e r gy of t h a t
body.  It  is impos sible,  how ever, to  g e t  all of
t h e  e n e r gy of t h e  s t riking  bo dy s to r e d  in t h e  s p ecim e n,
t hou g h  t h e  g r e a t e r  t h e  m a s s  a n d  t h e  s ho r t e r  t h e  s p a c e
t h ro u g h  w hic h  it  m oves,  or, in  o th e r  wo r d s,  t h e  g r e a t e r
t h e  p ro po r tion  of w eigh t  a n d  t h e  s m alle r  t h e  p ropo r tion
of veloci ty m a kin g  u p  t h e  e n e r gy of t h e  s t riking  body,
t h e  m o r e  e n e r gy t h e  s p eci m e n  will a b so r b.   The
r e s t  is los t  in fric tion,  vib r a tions,  h e a t ,  a n d  m o tion
of t h e  a nvil.

In  imp ac t  t h e  s t r e s s e s  p rod uc e d  b e co m e  ve ry co m plex
a n d  difficul t  to  m e a s u r e ,  e s p e ci ally if t h e  veloci ty
is high,  o r  t h e  m a s s  of t h e  b e a m  its elf is la r g e  co m p a r e d
to  t h a t  of t h e  w eigh t .

The  difficul ti es  a t t e n din g  t h e  m e a s u r e m e n t  of t h e
s t r e s s e s  b eyond  t h e  el a s tic  limi t  a r e  so  g r e a t  t h a t
co m m o nly t h ey a r e  no t  r e ckon e d.   Within  t h e  el a s tic
limit  t h e  for m ula e  for  c alcul a tin g  t h e  s t r e s s e s  a r e
b a s e d  on  t h e  a s s u m p tion  t h a t  t h e  d eflec tion  is p ropo r tion al
to  t h e  s t r e s s  in t hi s  c a s e  a s  in s t a tic  t e s t s .

A co m m o n  m e t ho d  of m a king  t e s t s  u po n  t h e  r e sis t a n c e
of wood  to  s hock  is to  s u p po r t  a  s m all b e a m  a t  t h e
e n d s  a n d  d ro p  a  h e avy w eigh t  u po n  it in t h e  middle.
(Se e  Fig.  4 0 .) The  h eigh t  of t h e  w eig h t  is inc r e a s e d
af t e r  e ac h  d rop  a n d  r e co r ds  of t h e  d eflec tion  t ak e n
u n til failu r e.   The  to t al  wo rk  do n e  u po n  t h e  s p e cim e n
is e q u al  to  t h e  a r e a  of t h e  s t r e s s-s t r ain  dia g r a m  plu s
t h e  effec t  of local ine r ti a  of t h e  m olec ule s  a t  poin t
of con t ac t .

The  s t r e s s e s  involve d  in im p a c t  a r e  co m plica t e d  by
t h e  fac t  t h a t  t h e r e  a r e  va rious  w ays  in w hich  t h e
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e n e r gy of t h e  s t r iking  body m ay  b e  s p e n t:  

(a ) I t  p ro d uc e s  a  local d efo r m a tion  of bo t h
bodie s  a t  t h e  s u rfac e  of co n t ac t ,  wi thin  o r  b eyon d
t h e  el a s tic  limit.   In  t e s ting  wood  t h e  co m p r e s sion
of t h e  s u b s t a nc e  of t h e  s t e el  s t r iking-w eigh t  m ay
b e  n e glec t e d ,  since  t h e  s t e el  is ve ry h a r d  in co m p a rison
wi th  t h e  wood.   In  a d di tion  to  t h e  co m p r e s sion
of t h e  fib r e s  a t  t h e  s u rfac e  of con t ac t  r e sis t a nc e
is al so  offe r e d  by  t h e  ine r ti a  of t h e  p a r ticle s  t h e r e ,
t h e  co m bin e d  effec t  of w hich  is a  s t r e s s  a t  t h e  s u rfac e
of con t ac t  oft e n  e n ti r ely ou t  of p ro po r tion  to  t h e
co m p r e s sion  w hich  would  r e s ul t  fro m  t h e  a c tion  of
a  s t a tic  force  of t h e  s a m e  m a g ni tu d e.   I t  fr e q u e n tly
exc e e d s  t h e  c r u s hin g  s t r e n g t h  a t  t h e  ex t r e m e  s u rf ac e
of con t ac t ,  a s  in t h e  c a s e  of t h e  s w a gin g  a c tion  of
a  h a m m e r  on  t h e  h e a d  of a n  iron  s pike,  o r  of a  loco motive
w h e el  on  t h e  s t e el r ail.  This is al so  t h e  c a s e
w h e n  a  b ulle t  is s ho t  t h ro u g h  a  bo a r d  o r  a  p a n e  of
gl a s s  wi tho u t  b r e a kin g  it  a s  a  w hole.

(b ) I t  m ay  m ove  t h e  s t r uck  bo dy a s  a  w hole
wi th  a n  a c c el e r a t e d  veloci ty, t h e  r e sis t a nc e  consis ting
of t h e  ine r ti a  of t h e  bo dy.  This  effec t  is s e e n
w h e n  a  c roq u e t  b all is s t r uck  wi th  a  m alle t .
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(c ) I t  m ay  d efo r m  a  fixed  body a g ains t  it s
ex t e r n al  s u p po r t s  a n d  r e sis t a n c e s .   In  m a king
imp a c t  t e s t s  in  t h e  labo r a to ry t h e  t e s t  s p eci m e n  is
in  r e ali ty in t h e  n a t u r e  of a  c us hion  b e t w e e n  t wo
imp a c ting  bo die s,  n a m ely, t h e  s t riking  w eig h t  a n d  t h e
b a s e  of t h e  m a c hin e.   I t  is impo r t a n t  t h a t  t h e
m a s s  of t his  b a s e  b e  s ufficien tly g r e a t  t h a t  it s  r ela tive
veloci ty to  t h a t  of t h e  co m m o n  c e n t r e  of g r avi ty of
it s elf a n d  t h e  s t riking  w eigh t  m ay  b e  dis r e g a r d e d.

(d ) I t  m ay  d efo r m  t h e  s t r u ck  body a s  a  w hole
a g ain s t  t h e  r e sis ting  s t r e s s e s  d evelop e d  by it s  ow n
ine r ti a,  a s ,  for  exa m ple,  w h e n  a  b a s e b all b a t  is b rok e n
by s t riking  t h e  b all.

|------------------------------------------------------
-|
|                         TABLE X                        |
|-------------------------------------------------------|
|  RESULTS OF IMPACT BENDING TESTS O N  S MALL CLEAR BEAMS  |
|             OF  3 4  WOODS IN GREE N  CO NDITION             |
|                (For e s t  S e rvice  Cir. 2 1 3)                |
|-------------------------------------------------------|
|                    |    Fib r e    |             |  Work in  |
|     COMMO N  NAME    |  s t r e s s  a t  |  Mo d ulus  of |  b e n din g   |
|     OF  S PECIES     |   e l a s tic   |  e la s tici ty |     to     |
|                    |    limit    |             |  el a s tic   |
|                    |            |             |   limit    |
|-------------------+ - ----------+ - -----------+ - ---------|
|                    |            |             |  In.-lbs.  |
|                    |  Lbs.  p e r   |   Lbs.  p e r   |  p e r  c u.   |
|                    |  s q .  in.   |   s q .  in.   |  inch      |
|                    |            |             |           |
|     H a r d woods       |            |             |           |
|                    |            |             |           |
|  Ash, bl ack         |     7 ,8 40   |     9 5 5,00 0  |     3 . 69   |
|    w hi t e            |    1 1,7 10   |   1 ,56 4,00 0  |     4 . 93   |
|  Bas s wood           |     5 ,48 0   |     9 1 7,00 0  |     1 .8 4   |
|  Beec h              |    1 1,7 60   |   1 , 50 1,00 0  |     5 . 10   |
|  Birc h,  yellow     |    1 1,08 0   |   1 ,8 12,0 0 0  |     3 .79   |
|  El m,  rock         |    1 2,09 0   |   1 ,36 7,0 00  |     6 .52   |
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|    slipp e ry        |    1 1,7 0 0   |   1 ,56 9,00 0  |     4 .86   |
|    w hi t e            |     9 ,91 0   |   1 , 13 8,00 0  |     4 . 82   |
|  H a ckb e r ry         |    1 0,4 2 0   |   1 ,39 8,0 00  |     4 .48   |
|  Locus t ,  ho n ey     |    1 3,4 6 0   |   2 ,11 4,00 0  |     4 .76   |
|  M a ple,  r e d         |    1 1 ,67 0   |   1 , 41 1,00 0  |     5 .4 5   |
|    s u g a r            |    1 1,6 80   |   1 , 68 0,00 0  |     4 . 55   |
|  Oak,  pos t          |    1 1 ,26 0   |   1 , 59 6,00 0  |     4 .4 1   |
|    r e d              |    1 0,58 0   |   1 , 50 6,00 0  |     4 . 16   |
|    s w a m p  w hi t e      |    1 3 ,28 0   |   2 , 04 8,00 0  |     4 .7 9   |
|    w hi t e            |     9 ,86 0   |   1 , 41 4,00 0  |     3 . 84   |
|    yellow          |    1 0,84 0   |   1 , 47 9,00 0  |     4 . 44   |
|  Os a g e  o r a n g e       |    1 5,5 20   |   1 ,49 8,00 0  |     8 . 92   |
|  Syc a mo r e           |     8 ,18 0   |   1 , 16 5,00 0  |     3 . 22   |
|  Tup elo            |     7 ,65 0   |   1 , 31 0,00 0  |     2 . 49   |
|                    |            |             |           |
|     Conife r s        |            |             |           |
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|                    |            |             |           |
|  Arbo rvit a e          |     5 ,2 90   |     7 7 8,00 0  |     2 . 04   |
|  Cyp r e ss ,  b ald      |     8 ,29 0   |   1 , 43 1,00 0  |     2 . 71   |
|  Fir, a lpin e        |     5 ,28 0   |     9 8 0,00 0  |     1 .5 9   |
|    Dougla s          |     8 ,8 70   |   1 ,57 9,00 0  |     2 . 79   |
|    w hi t e            |     7 ,23 0   |   1 , 32 6,00 0  |     2 . 21   |
|  H e mlock           |     6 ,33 0   |   1 , 02 5,00 0  |     2 . 19   |
|  Pine,  lodg e pole    |     6 ,8 7 0   |   1 ,14 2,00 0  |     2 .31   |
|    longle af        |     9 ,68 0   |   1 , 73 9,00 0  |     3 . 02   |
|    r e d              |     7 ,48 0   |   1 , 43 8,00 0  |     2 .1 8   |
|    s u g a r            |     6 ,74 0   |   1 , 08 3,00 0  |     2 . 34   |
|    w e s t e r n  yellow  |     7 ,07 0   |   1 , 11 5,00 0  |     2 .5 1   |
|    w hi t e            |     6 ,49 0   |   1 , 15 6,00 0  |     2 . 06   |
|  S p r u c e ,  E n g el m a n n  |     6 ,3 0 0   |   1 ,07 6,0 00  |     2 .09   |
|  Tam a r a ck           |     7 ,7 5 0   |   1 ,26 3,00 0  |     2 .67   |
|-------------------------------------------------------|
r e >

Im p a c t  t e s tin g  is difficul t  to  con d uc t  s a tisfac to rily
a n d  t h e  d a t a  ob t aine d  a r e  of chief value  in a  r el a tive
s e n s e,  t h a t  is, for  co m p a rin g  t h e  s hock-r e sis ting
a bili ty of woods  of w hic h  like  s p e ci m e n s  h ave  b e e n
s u bjec t e d  to  exa c tly ide n tical t r e a t m e n t .   Yet
t his  t e s t  is on e  of t h e  m o s t  impo r t a n t  m a d e  on  wood,
a s  it b ring s  ou t  p ro p e r ti e s  no t  evide n t  fro m  o t h e r
t e s t s .   Defec t s  a n d  b ri t tl en e s s  a r e  r eve al ed  by
imp a c t  b e t t e r  t h a n  by a ny o t h e r  kind  of t e s t .  
In  co m m o n  p r a c tice  n e a rly all ex t e r n al  s t r e s s e s  a r e
of t h e  n a t u r e  of imp ac t .   In  fac t,  no  t wo  m oving
bodie s  c a n  co m e  tog e t h e r  wi tho u t  imp a c t  s t r e s s.  
Im p a c t  is t h e r efo r e  t h e  co m m o n e s t  for m  of a p plied
s t r e s s ,  al t hou g h  t h e  m o s t  difficul t  to  m e a s u r e .

Failures  in Ti m b er  B ea m s
If a  b e a m  is load e d  too  h e avily i t will b r e a k  o r  fail
in  so m e  ch a r ac t e ri s tic  m a n n er.  Thes e  failu r e s
m ay b e  cl as sified  a c co r din g  to  t h e  w ay in w hich  t h ey
d evelop,  a s  t e n sion,  co m p r e s sion,  a n d  ho rizon t al s h e a r ;
a n d  a cco r ding  to  t h e  a p p e a r a n c e  of t h e  b rok e n  s u rfac e,
a s  b r a s h ,  a n d  fib rous .   A n u m b e r  of for m s  m ay
d evelop  if t h e  b e a m  is co m ple t ely r u p t u r e d.
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Sinc e  t h e  t e nsile  s t r e n g t h  of wood  is on  t h e  ave r a g e
a bo u t  t h r e e  tim e s  a s  g r e a t  a s  t h e  co m p r e s sive  s t r e n g t h ,
a  b e a m  s ho uld,  t h e r efo r e,  b e  exp e c t e d  to  fail by  t h e
for m a tion  in  t h e  fir s t  plac e  of a  fold on  t h e  co m p r e s sion
side  d u e  to  t h e  c r u s hing  a c tion,  follow e d  by failu r e
on  t h e  t e n sion  sid e.   This is u s u ally t h e  c a s e
in g r e e n  o r  m ois t  wood.   In  d ry m a t e ri al  t h e  fir s t
visible  failu r e  is no t  infr e q u e n tly on  t h e  lowe r  o r
t e n sion  side,  a n d  va rious  a t t e m p t s  h av e  b e e n  m a d e
to  explain  w hy s uc h  is t h e  c a s e.[15]

[Footno t e  1 5:   S e e  P roc.   In t.   Assn.
for  Testing  M a t e ri als,  1 9 1 2,  XXIII_{2 },  p p.  1 2-1 3.]
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Within  t h e  el a s tic  limi t  t h e  elong a tions  a n d  s ho r t e ning s
a r e  e q u al, a n d  t h e  n e u t r al  pla n e  lies  in t h e  mid dle
of t h e  b e a m.   (Se e  TRANSVERSE OR BENDING STRE NGTH: 
BEAMS, a bove.) La te r  t h e  top  laye r  of fib r e s  on  t h e
u p p e r  o r  co m p r e s sion  sid e  fail, a n d  on  t h e  load  inc r e a sin g,
t h e  n ex t  laye r  of fib r e s  fail, a n d  so  on,  eve n  t hou g h
t his  failu r e  m ay  no t  b e  visible.   As a  r e s ul t  t h e
s ho r t e nin gs  on  t h e  u p p e r  side  of t h e  b e a m  b e co m e  consid e r a bly
g r e a t e r  t h a n  t h e  elon g a tions  on  t h e  lowe r  side.  
The  n e u t r al  pl a n e  m u s t  b e  p r e s u m e d  to  sink  g r a d u ally
tow a r d  t h e  t e n sion  side,  a n d  w h e n  t h e  s t r e s s e s  on
t h e  ou t e r  fib r e s  a t  t h e  bo t to m  h av e  b e co m e  s ufficien tly
g r e a t ,  t h e  fib r e s  a r e  p ulled  in t wo, t h e  t e nsion  a r e a
b ein g  m u c h  s m alle r  t h a n  t h e  co m p r e s sion  a r e a .  
The  r u p t u r e  is of t e n  ir r e g ular, a s  in di r ec t  t e n sion
t e s t s .   Failu r e  m ay  occu r  p a r ti ally in single
b u n dle s  of fib r e s  so m e  ti m e  b efo r e  t h e  final failu r e
t ak e s  plac e.   On e  r e a so n  w hy t h e  failu r e  of a
d ry  b e a m  is diffe r e n t  fro m  on e  t h a t  is m ois t ,  is t h a t
d rying  inc r e a s e s  t h e  s tiffnes s  of t h e  fib r e s  so  t h a t
t h ey  offe r  m o r e  r e sis t a n c e  to  c r u s hing,  w hile  it  h a s
m u c h  less  effec t  u po n  t h e  t e n sile  s t r e n g t h .

The r e  is consid e r a ble  va ria tion  in t e n sion  failu r e s
d e p e n din g  u po n  t h e  tou g h n e s s  o r  t h e  b ri t tl e n e s s  of
t h e  wood,  t h e  a r r a n g e m e n t  of t h e  g r ain,  d efec t s,  e t c .,
m a king  fu r t h e r  clas sifica tion  d e si r a bl e.   The
fou r  m o s t  co m m o n  for m s  a r e:  

(1) ~ Si m ple  t e n sion, ~  in w hich  t h e r e  is a  di r ec t  p ulling
in t wo  of t h e  wood  on  t h e  u n d e r  side  of t h e  b e a m  d u e
to  a  t e n sile  s t r e s s  p a r allel to  t h e  g r ain,  (Se e  Fig.
1 7 ,  No.  1 .) This  is co m m o n  in s t r aig h t-g r ain e d  b e a m s,
p a r t icul a rly w h e n  t h e  wood  is s e a so n e d.

[Illus t r a tion:  FIG. 1 7.—Ch a r a c t e ris tic
failu r e s  of sim ple  b e a m s.]

(2) ~ C ros s-g r ain e d  t e n sion, ~  in w hich  t h e  frac t u r e
is c a u s e d  by a  t e n sile  forc e  a c ting  obliqu e  to  t h e
g r ain.  (Se e  Fig.  1 7,  No. 2 .) This is a  co m m o n  for m
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of failu r e  w h e r e  t h e  b e a m  h a s  di ago n al, s pi r al  o r
o th e r  for m  of c ro ss  g r ain  on  it s  low e r  sid e.   Sinc e
t h e  t e n sile  s t r e n g t h  of wood  a c ros s  t h e  g r ain  is only
a  s m all fr ac tion  of t h a t  wit h  t h e  g r ain  it  is e a sy
to  s e e  w hy a  c ross-g r ain e d  tim b e r  would  fail in t his
m a n n er.

(3) ~ S plin t e ring  t e nsion, ~  in w hich  t h e  failu r e  consis t s
of a  conside r a ble  n u m b e r  of sligh t  t e n sion  failu r e s,
p ro d ucing  a  r a g g e d  o r  s plin t e ry  b r e a k  on  t h e  u n d e r
s u rfac e  of t h e  b e a m.  (Se e  Fig.  1 7,  No. 3 .) This is
co m m o n  in tou g h  woods.   In  t hi s  c a s e  t h e  s u rf ac e
of frac t u r e  is fib rous.

(4) ~ B ri t tl e  t e n sion, ~  in w hich  t h e  b e a m  fails  by  a
cle a n  b r e a k  ext e n ding  e n ti r ely t h ro u g h  it. (Se e  Fig.
1 7 ,  No.  4 .) I t  is c h a r a c t e ris tic  of a  b ri t tl e  wood
w hich  gives  w ay s u d d e nly wi thou t  w a r nin g,  like  a  pi ec e
of c h alk.  In  t his  c a s e  t h e  s u rf ac e  of fr ac t u r e
is d e s c rib e d  a s  b r a s h.

Co m pr e s sion  failur e  (s e e  Fig.  1 7,  No.  5)  h a s
few va ria tions  exc e p t  t h a t  it  a p p e a r s  a t  va rious  dis t a nc e s
fro m  t h e  n e u t r al  pl a n e  of t h e  b e a m.   I t  is ve ry
co m m o n  in g r e e n  ti m b e r s.   The  co m p r e s sive  s t r e s s
p a r allel to  t h e  fib r e s  c a u s e s  t h e m  to  b uckle  o r  b e n d
a s  in a n  e n d wis e  co m p r e s sive  t e s t .   This a c tion
u s u ally b e gins  on  t h e  top  sid e  s ho r tly af t e r  t h e  el a s tic
limit  is r e ac h e d  a n d  ext e n d s  do w n w a r d,  so m e tim e s  al mos t
r e a c hin g  t h e  n e u t r al  pl a n e  b efo r e  co m ple t e  failu r e
occ u r s.   F r e q u e n tly t wo  o r  m o r e  failu r e s  d evelop
a t  a bo u t  t h e  s a m e  ti m e.
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H orizon tal s h ear  failure,  in  w hic h  t h e  u p p e r
a n d  lowe r  po r tions  of t h e  b e a m  slide  alon g  e ac h  o th e r
for  a  po r tion  of t h ei r  len g t h  ei t h e r  a t  on e  o r  a t
bo t h  e n d s  (se e  Fig.  1 7 ,  No.  6), is fai rly co m m o n  in
ai r-d ry m a t e ri al  a n d  in g r e e n  m a t e ri al w h e n  t h e  r a tio
of t h e  h eig h t  of t h e  b e a m  to  t h e  s p a n  is r el a tively
la rg e .   I t  is no t  co m m o n  in s m all cle a r  s p e ci m e ns.  
I t  is of t e n  d u e  to  s h a k e  o r  s e a so n  c h e cks,  co m m o n
in la rg e  tim b e r s,  w hich  r e d uc e  t h e  a c t u al  a r e a  r e si s ting
t h e  s h e a ring  a c tion  consid e r a bly b elow t h e  c alcula t e d
a r e a  u s e d  in t h e  for m ula e  for  ho rizon t al s h e ar. (Se e
p a g e  9 8  for  t his  for m ula e .) For  t his  r e a so n  it is
u n s afe,  in d e sig ning  la rg e  ti m b e r  b e a m s,  to  u s e  s h e a ring
s t r e s s e s  high e r  t h a n  t hos e  c alcula t e d  for  b e a m s  t h a t
failed  in ho rizon t al s h e ar.  The  effec t  of a  failu r e
in ho rizon t al s h e a r  is to  divide  t h e  b e a m  in to  t wo
or  m o r e  b e a m s  t h e  co m bine d  s t r e n g t h  of w hich  is m u c h
less  t h a n  t h a t  of t h e  o riginal b e a m.   Fig.  1 8
s how s  a  la r g e  b e a m  in w hich  t wo  failu r e s  in ho rizon t al
s h e a r  occ u r r e d  a t  t h e  s a m e  e n d.   Tha t  t h e  p a r t s
b e h ave  ind e p e n d e n tly is s how n  by t h e  co m p r e s sion  failu r e
b elow t h e  o rigin al loca tion  of t h e  n e u t r al  pl a n e .

[Illus t r a tion:  FIG. 1 8.—Failu r e  of
a  la rg e  b e a m  by ho rizon t al  s h e ar. Photo  by  U. S ,
Fores t  S e rvice. ]

Table  XI gives  a n  a n alysis  of t h e  c a u s e s  of fi r s t
failu r e  in  8 4 0  la r g e  ti m b e r  b e a m s  of nin e  diffe r e n t
s p eci es  of conife r s .   Of t h e  to t al  n u m b e r  t e s t e d
1 6 5  w e r e  ai r-s e a so n e d,  t h e  r e m ain d e r  g r e e n .   The
failu r e  occ u r ring  fir s t  signifies  t h e  poin t  of g r e a t e s t
w e a k n e s s  in  t h e  s p ecim e n  u n d e r  t h e  p a r t icula r  con di tions
of loa ding  e m ploye d  (in t hi s  c a s e,  t hi r d-poin t  s t a tic
loa ding).

|------------------------------------------------------
-----|
|                          TABLE XI                          |
|-----------------------------------------------------------
|
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|           MAN N ER OF FIRST FAILURE OF LARGE BEAMS           |
|              (For e s t  S e rvice  Bul. 1 0 8,  p .  5 6)               |
|-----------------------------------------------------------
|
|                   |  Total  |  Pe r  c e n t  of to t al  failing  by   |
|    COM MO N  NAME    |  n u m b e r  |---------+ - ------------+ - ------|
|    OF  S PECIES     |  of     |  Tension  |  Co m p r e s sion  |  S h e a r  |
|                   |  t e s t s   |          |              |        |
|------------------+ - -------+ - --------+ - ------------+ - ------
|
|  Longle af pin e:     |         |          |              |        |
|    g r e e n           |     1 7   |     1 8    |       2 4      |    5 8   |
|    d ry             |      9   |     2 2    |       2 2      |    5 6   |
|  Dou gla s  fir:      |         |          |              |        |
|    g r e e n           |    1 9 1   |     2 7    |       7 2      |     1   |
|    d ry             |     9 1   |     1 9    |       7 6      |     5   |
|  S ho r tle af pin e:    |         |          |              |        |
|    g r e e n           |     4 8   |     2 7    |       5 6      |    1 7   |
|    d ry             |     1 3   |     5 4    |              |    4 6   |
|  Wes t e r n  la rc h:     |         |          |              |        |
|    g r e e n           |     6 2   |     2 3    |       7 1      |     6   |

TOUGHNESS:  TORSION

Toug h n e s s  is a  t e r m  a p plied  to  m o r e  t h a n  on e  p ro p e r ty
of wood.  Thus  wood  t h a t  is difficul t  to  s pli t
is s aid  to  b e  to u g h.   Again,  a  tou g h  wood  is on e
t h a t  will no t  r u p t u r e  u n til i t h a s  d efo r m e d  consid e r a bly
u n d e r  loads  a t  o r  n e a r  i ts  m axim u m  s t r e n g t h,  o r  on e
w hich  s till h a n g s  tog e t h e r  af t e r  it  h a s  b e e n  r u p t u r e d
a n d  m ay  b e  b e n t  b a ck  a n d  for t h  wi thou t  b r e a king  a p a r t .  
Toug h n e s s  includ e s  flexibility a n d  is t h e  r ev e r s e
of b ri t tle n es s,  in t h a t  tou g h  woods  b r e a k  g r a d u ally
a n d  give  w a r nin g  of failu r e.   Tough  woods  offe r
g r e a t  r e si s t a n c e  to  imp ac t  a n d  will p e r mi t  r o u g h e r
t r e a t m e n t  in m a nip ula tions  a t t e n ding  m a n ufac t u r e  a n d
u s e.   Tough n e s s  is d e p e n d e n t  u po n  t h e  s t r e n g t h ,
coh e sion,  q u ali ty, leng t h,  a n d  a r r a n g e m e n t  of fib r e,
a n d  t h e  pliabili ty of t h e  wood.   Conife ro us  woods
a s  a  r ul e  a r e  no t  a s  tou g h  a s  h a r d woods,  of w hich
hicko ry a n d  el m  a r e  t h e  b e s t  ex a m ples .

The  to r sion  o r  t wis ting  t e s t  is u s eful in d e t e r mining
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t h e  tou g h n e s s  of wood.   If t h e  e n d s  of a  s h aft
a r e  t u r n e d  in opposi t e  di r ec tions,  o r  on e  e n d  is t u r n e d
a n d  t h e  o t h e r  is fixed,  all of t h e  fib r e s  exc e p t  t hos e
a t  t h e  axis  t e n d  to  a s s u m e  t h e  for m  of h elices.  (Se e
Fig.  1 9.) The  s t r ain  p ro d uc e d  by to r sion  o r  twis ting
is e s s e n ti ally s h e a r  t r a n sve r s e  a n d  p a r allel to  t h e
fib r e s,  co m bine d  wi th  longi tu din al t e n sion  a n d  t r a n sve r s e
co m p r e s sion.   Within  t h e  el a s tic  limit  t h e  s t r ain s
inc r e a s e  di r ec tly a s  t h e  dis t a n c e  fro m  t h e  axis of
t h e  s p e ci m e n.   The  ou t e r  el e m e n t s  a r e  s u bjec t e d
to  t e n sile  s t r e s s e s ,  a n d  a s  t h ey  b e co m e  t wis t e d  t e n d
to  co m p r e s s  t hos e  n e a r  t h e  axis.   The  elon g a t e d
ele m e n t s  al so  con t r a c t  la t e r ally.  Cross  s e c tions
w hich  w e r e  o rigin ally pl a n e  b e co m e  w a r p e d.   With
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inc r e a sin g  s t r ain  t h e  la t e r al a d h e sion  of t h e  ou t e r
fib r e s  is d e s t roye d,  allowing  t h e m  to  slide  p a s t  e a c h
o th er, a n d  r e d u cing  g r e a tly t h ei r  pow e r  of r e sis t a nc e.  
In  t his  w ay t h e  s t r ains  on  t h e  fib r e s  n e a r e r  t h e  axis
a r e  p ro g r e s sively inc r e a s e d  u n til finally all of t h e
el e m e n t s  a r e  s h e a r e d  a p a r t .   I t  is only in t h e
tou g h e s t  m a t e ri als  t h a t  t h e  full effec t  of t his  a c tion
c a n  b e  obs e rve d.  (Se e  Fig.  2 0.) Bri t tl e  woods  s n a p
off s u d d e nly wi th  only a  s m all a m o u n t  of to r sion,
a n d  t h ei r  fr ac t u r e  is i r r e g ula r  a n d  obliqu e  to  t h e
axis  of t h e  piec e  ins t e a d  of fr aye d  ou t  a n d  m o r e  n e a rly
p e r p e n dicula r  to  t h e  axis  a s  is t h e  c a s e  wi t h  to u g h
woods.

[Illus t r a tion:  FIG. 1 9.—Torsion  of
a  s h af t .]

[Illus t r a tion:  FIG. 2 0.—Effec t  of
to r sion  on  diffe r e n t  g r a d e s  of hicko ry. Photo  b y
U. S .  Fores t  S e rvice. ]

HARDNESS

The  t e r m  hard n e s s  is u s e d  in  t wo  s e n s e s,  n a m ely: 
(1) r e si s t a nc e  to  inde n t a tion,  a n d  (2) r e sis t a nc e
to  a b r a sion  o r  sc r a t c hing.   In  t h e  la t t e r  s e n s e
h a r d n e s s  co m bin e d  wi th  tou g h n e s s  is a  m e a s u r e  of t h e
w e a rin g  a bili ty of wood  a n d  is a n  impo r t a n t  consid e r a tion
in t h e  u s e  of wood  for  floors,  p aving  blocks,  b e a ring s,
a n d  rolle r s.   While  r e sis t a nc e  to  ind e n t a tion  is
d e p e n d e n t  m o s tly u po n  t h e  d e n si ty of t h e  wood, t h e
w e a rin g  q u ali tie s  m ay  b e  gove r n e d  by o th e r  fac to r s
s uc h  a s  tou g h n e s s,  a n d  t h e  size,  coh e sion,  a n d  a r r a n g e m e n t
of t h e  fib r e s .   In  u s e  for  floors,  so m e  woods
t e n d  to  co m p a c t  a n d  w e a r  s m oo t h,  w hile  o t h e r s  b e co m e
s plin t e ry a n d  ro u g h.   This  fea t u r e  is affec t e d
to  so m e  ex t e n t  by  t h e  m a n n e r  in w hich  t h e  wood  is
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s a w e d; t h us  e d g e-g r ain  pin e  flooring  is m u c h  b e t t e r
t h a n  fla t-s a w n  for  u nifor mity of w e ar.

|------------------------------------------------------
-------------|
|                              TABLE XII                             |
|-----------------------------------------------------------
--------|
|              HARDNES S  OF 3 2  WOODS IN GREE N  CO NDITION,              |
|             AS INDICATED BY THE LOAD REQUIRED TO IMBED             |
|          A 0.4 4 4-INCH  STEEL BALL TO O N E-HALF ITS DIAMETER          |
|                      (For e s t  S e rvice  Cir. 2 1 3)                      |
|-----------------------------------------------------------
--------|
|  COM MO N  NAME OF S PECIES |  Aver a g e  |    E n d    |  R a dial  |  Tang e n ti al |
|                         |          |  s u rfac e  |  s u rf ac e  |   s u rfac e    |
|------------------------+ - --------+ - --------+ - --------+ - ---
--------|
|                         |   Poun d s  |   Poun d s  |   Poun d s  |    Poun ds    |
|                         |          |          |          |             |
|     H a r d woods            |          |          |          |             |
|                         |          |          |          |             |
|   1  Os a g e  o r a n g e         |    1 ,97 1  |    1 , 83 8  |    2 ,31 2  |     1 ,76 2    |
|   2  Ho n ey locus t         |    1 ,8 51  |    1 , 86 2  |    1 ,8 6 0  |     1 ,83 2    |
|   3  S w a m p  w hi t e  oak      |    1 ,1 74  |    1 ,20 5  |    1 ,2 1 7  |     1 ,0 99    |
|   4  Whit e  oak            |    1 , 16 4  |    1 ,1 83  |    1 , 16 3  |     1 , 14 7    |
Test s  for  ei t h e r  for m  of h a r d n e s s  a r e  of co m p a r a t ive
value  only.  Tes t s  for  ind e n t a tion  a r e  co m m o nly
m a d e  by p e n e t r a tions  of t h e  m a t e ri al wi th  a  s t e el
p u n c h  o r  b all.[16] Tes t s  for  a b r a sion  a r e  m a d e  by
w e a rin g  dow n  wood  wi t h  s a n d p a p e r  o r  by m e a n s  of a  s a n d
bla s t .

[Footno t e  1 6:   S e e  a r ticle s  by  Ga b riel Janka  lis t e d
in bibliog r a p hy, p a g e s  1 5 1-1 5 2.]

CLEAVABILITY

Cleavabili ty  is t h e  t e r m  u s e d  to  d e no t e  t h e
facili ty wi th  w hic h  wood  is s pli t.   A s pli t ting
s t r e s s  is on e  in w hich  t h e  force s  a c t  no r m ally like
a  w e d g e.  (Se e  Fig.  2 1.) The  pl a n e  of cle ava g e  is p a r allel
to  t h e  g r ain,  e i t h e r  r a di ally o r  t a n g e n ti ally.
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[Illus t r a tion:  FIG. 2 1.—Cle ava g e  of
hig hly el a s tic  wood.   The  clef t  r u n s  fa r  a h e a d
of t h e  w e d g e.]

This  p ro p e r ty of wood  is ve ry impo r t a n t  in c e r t ain
u s e s  s uc h  a s  fir e wood,  fenc e  r ails, bille t s ,  a n d  s q u a r e s .  
Resis t a n c e  to  s pli t ting  o r  low cle ava bili ty is d e si r a ble
w h e r e  wood  m u s t  hold  n ails  o r  sc r e w s,  a s  in box-m a king.  
Wood  u s u ally s plit s  m o r e  r e a dily alon g  t h e  r a dius
t h a n  p a r allel to  t h e  g ro w t h  rin gs  t hou g h  exce p tions
occ ur, a s  in  t h e  c a s e  of c ross  g r ain.

S plit ting  involves  t r a n sve r s e  t e n sion,  b u t  only a
po r tion  of t h e  fib r e s  a r e  u n d e r  s t r e s s  a t  a  t im e.  
A wood  of lit tle  s tiffnes s  a n d  s t ron g  coh e sion  a c ross
t h e  g r ain  is difficul t  to  s pli t,  w hile  on e  wi th  g r e a t
s tiffne ss,  s uc h  a s  longle af pin e ,  is e a sily s pli t.  
The  for m  of t h e  g r ain  a n d  t h e  p r e s e nc e  of kno t s  g r e a tly
affec t  t his  q u ali ty.

|---------------------------------------------|
|                  TABLE XIII                  |
|---------------------------------------------|
|  CLEAVAGE STRE NGTH OF S MALL CLEAR PIECES  OF   |
|          3 2  WOODS IN GREE N  CONDITION         |
|           (For e s t  S e rvice  Cir. 2 1 3)           |
|---------------------------------------------|
|                    |     Whe n     |     Wh e n     |
|    COM MO N  NAME     |  s u rfac e  of |  s u rfac e  of |
|    OF  S PECIES      |  failu r e  is |  failu r e  is |
|                    |    r a di al   |  t a n g e n tial  |
|-------------------+ - -----------+ - -----------|
|                    |   Lbs.  p e r   |   Lbs.  p e r   |
|                    |   s q .  inch   |   s q .  inch   |
|                    |             |             |
|     H a r d woods       |             |             |
|                    |             |             |
|  Ash, bl ack         |      2 7 5     |      2 6 0     |
|    w hi t e            |      3 3 3     |      3 4 6     |
|  Bas h wood           |      1 3 0     |      1 6 8     |
|  Beec h              |      3 3 9     |      5 2 7     |
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|  Birc h,  yellow     |      2 9 4     |      2 8 7     |
|  El m,  slipp e ry     |      4 0 1     |      4 2 4     |
|    w hi t e            |      2 1 0     |      2 7 0     |
|  H a ckb e r ry         |      4 2 2     |      4 3 6     |
|  Locus t ,  ho n ey     |      5 5 2     |      6 1 0     |
|  M a ple,  r e d         |      2 9 7     |      3 3 0     |
|    s u g a r            |      3 7 6     |      5 1 3     |
|  Oak,  pos t          |      3 5 4     |      4 8 7     |
|    r e d              |      3 8 0     |      4 7 0     |
|    s w a m p  w hi t e      |      4 2 8     |      5 3 6     |
|    w hi t e            |      3 8 2     |      4 5 7     |
|    yellow          |      3 7 9     |      4 7 0     |
|  Syc a mo r e           |      2 6 5     |      4 2 5     |
|  Tup elo            |      2 7 7     |      3 8 0     |
|                    |             |             |
|     Conife r s        |             |             |
|                    |             |             |
|  Arbo rvit a e          |      1 4 8     |      1 3 9     |
|  Cyp r e ss ,  b ald      |      1 6 7     |      1 5 4     |
|  Fir, a lpin e        |      1 3 0     |      1 3 3     |
|    Dougla s          |      1 3 9     |      1 2 7     |
|    w hi t e            |      1 4 5     |      1 8 7     |
|  H e mlock           |      1 6 8     |      1 5 1     |
|  Pine,  lodg e pole    |      1 4 2     |      1 4 0     |

PART II FACTORS AFFECTING THE MECHANICAL 
PROPERTIES OF WOOD

INTRODUCTION

Wood is a n  o r g a nic  p rod uc t—a  s t r u c t u r e
of infini te  va ria tion  of d e t ail a n d  d e sign.[17] I t
is on  t his  a c co u n t  t h a t  no  t wo  woods  a r e  alike—in
r e ali ty no  two  s p e ci m e n s  fro m  t h e  s a m e  log  a r e  ide n tic al. 
The r e  a r e  c e r t ain  p ro p e r ti e s  t h a t  c h a r a c t e rize  e a c h
s p ecies ,  b u t  t h ey a r e  s u bjec t  to  consid e r a ble  va ria tion.  
O ak, for  exa m ple,  is consid e r e d  h a r d,  h e avy, a n d  s t ro n g,
b u t  so m e  pi ec es ,  eve n  of t h e  s a m e  s p ecie s  of oak,
a r e  m u c h  h a r d er, h e avier, a n d  s t ro n g e r  t h a n  o t h e r s .  
With  hicko ry a r e  a s socia t e d  t h e  p ro p e r ti e s  of g r e a t
s t r e n g t h ,  to u g h n e s s ,  a n d  r e silienc e,  b u t  so m e  piec e s
a r e  co m p a r a t ively w e ak  a n d  b r a s h  a n d  ill-s ui t e d  for
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t h e  exac ting  d e m a n d s  for  w hich  good  hicko ry is p e c ulia rly
a d a p t e d .

[Footno t e  1 7:   Fo r  d e t ails  r e g a r ding  t h e  s t r u c t u r e
of wood  s e e  Reco r d,  S a m u el  J.:  Ide n tifica tion
of t h e  econo mic  woods  of t h e  U ni t e d  S t a t e s.   N e w
York, John  Wiley & So ns,  1 9 1 2.]

It  follows  t h a t  no  d efini t e  valu e  c a n  b e  a s sign e d
to  t h e  p ro p e r ti e s  of a ny wood  a n d  t h a t  t a bl e s  giving
av e r a g e  r e s ul t s  of t e s t s  m ay  no t  b e  di r e c tly a p plica ble
to  a ny individu al s tick.   With  s ufficien t  knowle d g e
of t h e  in t rinsic  fac to r s  affec ting  t h e  r e s ul t s  it
b eco m e s  pos sible  to  infe r  fro m  t h e  a p p e a r a n c e  of m a t e ri al
it s  p ro b a ble  va ria tion  fro m  t h e  av e r a g e.   As yet
too  lit tle  is know n  of t h e  r el a tion  of s t r uc t u r e  a n d
c h e mic al co m posi tion  to  t h e  m e c h a nical a n d  p hysical
p ro p e r ti e s  to  p e r mi t  m o r e  t h a n  g e n e r al  conclusions .

RATE OF GROWTH

To u n d e r s t a n d  t h e  effec t  of va ri a tions  in t h e  r a t e
of g row t h  it  is fi r s t  n ec es s a ry to  know how  wood  is
for m e d.   A t r e e  inc r e a s e s  in di a m e t e r  by  t h e  for m a tion,
b e t w e e n  t h e  old  wood  a n d  t h e  inn e r  b a rk,  of n e w  woody
laye r s  w hich  e nv elop  t h e  e n t i r e  s t e m,  living  b r a nc h e s ,
a n d  roo t s.   U n d e r  o rdin a ry  con di tions  on e  laye r
is for m e d  e a c h  ye a r  a n d  in c ro ss  s ec tion  a s  on  t h e
e n d  of a  log  t h ey a p p e a r  a s  r in gs—ofte n
s pok e n  of a s  ann ual rings .  Thes e  g ro wt h
laye r s  a r e  m a d e  u p  of wood  c ells  of va rious  kinds,
b u t  for  t h e  m o s t  p a r t  fib rous.   In  ti m b e r s  like
pin e ,  s p r uc e ,  h e mlock, a n d  o t h e r  conife rous  o r  sof twood
s p ecies  t h e  wood  c ells  a r e  m o s tly of on e  kind,  a n d
a s  a  r e s ul t  t h e  m a t e ri al is m u c h  m o r e  u nifo r m  in s t r uc t u r e
t h a n  t h a t  of m os t  h a r d woods.  (Se e  F ro n tispiec e.) The r e
a r e  no  vess el s  o r  po r e s  in conife ro us  wood  s uc h  a s
on e  s e e s  so  p ro min e n tly in  oak  a n d  a s h,  for  ex a m ple.  
(Se e  Fig.  2 2 .)

[Illus t r a tion:  FIG. 2 2.—Cross  s ec tions
of a  r in g-po ro us  h a r d wood  (whi t e  a s h), a  diffus e-po ro us
h a r d wood  (re d  g u m), a n d  a  no n-po ro us  o r  conife ro us
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wood  (ea s t e r n  h e mlock).  X 3 0.  Photo micrograp hs
b y  t h e  au t hor.]
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The  s t r u c t u r e  of t h e  h a r d woods  is m o r e  co m plex. 
They a r e  m o r e  o r  les s  filled  wi th  vess el s, in so m e
c a s e s  (oak, c h e s t n u t ,  a s h)  q ui t e  la r g e  a n d  dis tinc t,
in  o th e r s  (buck eye,  po plar, g u m) too  s m all to  b e  s e e n
plainly wit ho u t  a  s m all h a n d  lens.   In  disc ussin g
s uc h  woods  it is cu s to m a ry to  divide  t h e m  in to two
la rg e  cl as s e s—ring-porous  a n d  diff us e-porous .
(Se e  Fig.  2 2 .) In  rin g-po rous  s p e ci e s,  s uc h  a s  oak,
c h e s t n u t ,  a s h ,  bl ack  locus t ,  c a t alp a ,  m ulb e r ry, hicko ry,
a n d  el m,  t h e  la r g e r  vess els  o r  po r e s  (as  c ross  s e c tions
of vess el s  a r e  c alle d) b e co m e  localized  in on e  p a r t
of t h e  g ro wt h  rin g,  t h u s  for min g  a  r e gion  of m o r e
o r  les s  op e n  a n d  po ro us  ti s s u e .   The  r e s t  of t h e
ring  is m a d e  u p  of s m alle r  vess el s  a n d  a  m u c h  g r e a t e r
p ro po r tion  of wood  fib r e s.   The s e  fib r e s  a r e  t h e
el e m e n t s  w hich  give  s t r e n g t h  a n d  tou g h n e s s  to  wood,
w hile  t h e  vess els  a r e  a  sou rc e  of w e ak n e s s.

In  diffus e-po ro us  woods  t h e  po r e s  a r e  sc a t t e r e d  t h ro u g ho u t
t h e  g ro wt h  rin g  ins t e a d  of b eing  collec t e d  in  a  b a n d
o r  row.  Exa m ple s  of t his  kind  of wood  a r e  g u m,
yellow poplar, bi rc h,  m a ple,  co t to nwood,  b a s s wood,
b u ck eye,  a n d  willow.  So m e  s p ecie s,  s uc h  a s  w aln u t
a n d  c h e r ry, a r e  on  t h e  bo r d e r  b e t w e e n  t h e  two  cl a s s e s ,
for min g  a  so r t  of in t e r m e dia t e  g ro u p.

If on e  exa min e s  t h e  s m oo thly c u t  e n d  of a  s tick  of
al mos t  a ny kind  of wood,  h e  will no t e  t h a t  e a c h  g ro wt h
ring  is m a d e  u p  of t wo  m o r e  o r  les s  w ell-d efine d  p a r t s .  
Tha t  o rigin ally n e a r e s t  t h e  c e n t r e  of t h e  t r e e  is
m o r e  op e n  t ex tu r e d  a n d  al mos t  inva ria bly ligh t e r  in
colo r  t h a n  t h a t  n e a r  t h e  ou t e r  po r tion  of t h e  ri ng.  
The  inn e r  po r tion  w a s  for m e d  e a rly in t h e  s e a so n,  w h e n
g row t h  w a s  co m p a r a tively r a pid  a n d  is know n  a s  early
w ood  (also s p rin g  wood); t h e  ou t e r  po r tion  is
t h e  lat e  w oo d , b eing  p rod uc e d  in t h e  s u m m e r
o r  e a rly fall.  In  sof t  pin e s  t h e r e  is no t  m u c h
con t r a s t  in t h e  diffe r e n t  p a r t s  of t h e  rin g,  a n d  a s
a  r e s ul t  t h e  wood  is ve ry u nifor m  in t ext u r e  a n d  is
e a sy to  work.   In  h a r d  pin e,  on  t h e  o t h e r  h a n d,
t h e  la t e  wood  is ve ry d e n s e  a n d  is d e e p-colo r e d,  p r e s e n tin g
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a  ve ry d ecide d  con t r a s t  to  t h e  soft,  s t r a w-colo r e d
e a rly wood.  (Se e  Fig.  2 3.) In  rin g-po rou s  woods  e a c h
s e a so n’s g row t h  is alw ays  w ell d efin e d,  b e c a u s e
t h e  la r g e  po r e s  of t h e  s p rin g  a b u t  on  t h e  d e n s e r  ti s s u e
of t h e  fall b efo r e .   In  t h e  diffus e-po rou s,  t h e
d e m a r c a tion  b e t w e e n  rings  is no t  alw ays  so  cle a r  a n d
in no t  a  few c as e s  is al mos t ,  if no t  e n ti r ely, invisible
to  t h e  u n aid e d  eye.  (S e e  Fig.  2 2.)

[Illus t r a tion:  FIG. 2 3.—Cross  s ec tion
of longle af pin e  s howing  s eve r al g ro wt h  ring s  wi th
va ri a tions  in  t h e  wid t h  of t h e  d a rk-colo r e d  la t e  wood.  
S eve n  r e sin  d u c t s  a r e  visible.   X 3 3.  Photo micrograp h
b y  U.S.   Fores t  S e rvice ]
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If on e  co m p a r e s  a  h e avy piec e  of pin e  wi t h  a  ligh t
s p eci m e n  it will b e  s e e n  a t  onc e  t h a t  t h e  h e avie r
on e  con t ains  a  la r g e r  p ro po r tion  of la t e  wood  t h a n
t h e  o t h er, a n d  is t h e r efo r e  conside r a bly d a rk er. 
The  la t e  wood  of all s p ecie s  is d e n s e r  t h a n  t h a t  for m e d
e a rly in t h e  s e a son,  h e nc e  t h e  g r e a t e r  t h e  p ro po r tion
of la t e  wood  t h e  g r e a t e r  t h e  d e n si ty a n d  s t r e n g t h.  
Whe n  exa min e d  u n d e r  a  mic roscop e  t h e  c ells  of t h e  la t e
wood  a r e  s e e n  to  b e  ve ry t hick-w alle d  a n d  wi th  ve ry
s m all c avities,  w hile  t hos e  for m e d  fir s t  in t h e  s e a so n
h ave  t hin  w alls  a n d  la rg e  c avities.   The  s t r e n g t h
is in t h e  w alls, no t  t h e  c aviti es.   In  c hoosing
a  pi ec e  of pine  w h e r e  s t r e n g t h  o r  s tiffnes s  is t h e
impor t a n t  co nsid e r a tion,  t h e  p rincipal t hing  to  obs e rve
is t h e  co m p a r a tive  a m o u n t s  of e a r ly a n d  la t e  wood.  
The  wid t h  of r i ng,  t h a t  is, t h e  n u m b e r  p e r  inch,  is
no t  n e a rly so  impo r t a n t  a s  t h e  p ro po r tion  of t h e  la t e
wood  in t h e  ri ng.

It  is no t  only t h e  p ro po r tion  of la t e  wood,  b u t  al so
its  q u ality, t h a t  cou n t s .   In  s p e ci m e n s  t h a t  s how
a  ve ry la rg e  p ro po r tion  of la t e  wood  it  m ay  b e  no tic e a bly
m o r e  po ro us  a n d  w eig h  conside r a bly les s  t h a n  t h e  la t e
wood  in pi ec e s  t h a t  con t ain  b u t  lit tl e.   On e  c a n
judg e  co m p a r a tive  d e n si ty, a n d  t h e r efo r e  to  so m e  ex t e n t
w eig h t  a n d  s t r e n g t h,  by  visu al  ins p e c tion.

The  conclu sions  of t h e  U.S.  For e s t  S e rvice  r e g a r din g
t h e  effec t  of r a t e  of g row t h  on  t h e  p ro p e r ti e s  of
Dougla s  fi r  a r e  s u m m a rize d  a s  follows: 

“1.  In  g e n e r al, r a pidly g row n  wood  (les s
t h a n  eigh t  r in gs  p e r  inc h) is r el a tively w e a k.  
A s t u dy of t h e  individu al  t e s t s  u po n  w hich  t h e  ave r a g e
poin t s  a r e  b a s e d  s hows,  ho w ever, t h a t  w h e n  it is no t
a s socia t e d  wi th  ligh t  w eigh t  a n d  a  s m all p ropo r tion
of s u m m e r  wood,  r a pid  g ro wt h  is no t  indic a tive  of
w e a k  wood.

“2.  An ave r a g e  r a t e  of g row t h,  indica t e d
by fro m  1 2  to  1 6  r ings  p e r  inch,  s e e m s  to  p ro d u c e
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t h e  b e s t  m a t e ri al.

“3.  In  r a t e s  of g row t h s  lowe r  t h a n  1 6  rin gs
p e r  inch,  t h e  ave r a g e  s t r e n g t h  of t h e  m a t e ri al  d e c r e a s e s ,
a p p a r e n tly a p p ro ac hing  a  u nifo r m  co n di tion  a bove  2 4
rings  p e r  inch.   In  s uc h  slow r a t e s  of g ro w t h
t h e  t ext u r e  of t h e  wood  is ve ry u nifo r m,  a n d  n a t u r ally
t h e r e  is lit tle  va ri a tion  in w eig h t  o r  s t r e n g t h.

“An a n alysis  of t e s t s  on  la rg e  b e a m s  w a s  m a d e
to  a sc e r t ain  if av e r a g e  r a t e  of g ro wt h  h a s  a ny r el a tion
to  t h e  m e c h a nic al p ro p e r ti e s  of t h e  b e a m s.   The
a n alysis  indic a t e d  conclusively t h a t  t h e r e  w a s  no
s uc h  r el a tion.   Aver a g e  r a t e  of g row t h  [withou t
con sid e r a tion  al so  of d e n si ty], t h e r efo r e ,  h a s  lit tl e
significa nc e  in  g r a ding  s t r u c t u r al  tim b er."[18] This
is b ec a u s e  of t h e  wide  va ria tion  in t h e  p e r c e n t a g e
of la t e  wood  in diffe r e n t  p a r t s  of t h e  c ross  s ec tion.

[Footno t e  1 8:   Bul. 8 8:   P rop e r ti e s  a n d  u s e s
of Dougla s  fir, p .  2 9.]

Exp e rim e n t s  s e e m  to  indica t e  t h a t  for  m os t  s p e cie s
t h e r e  is a  r a t e  of g row t h  w hich,  in g e n e r al, is a s socia t e d
wi th  t h e  g r e a t e s t  s t r e n g t h,  e s p e cially in s m all s p e ci m e n s.  
For  eigh t  conife r s  i t is a s  follows:[19]

[Footno t e  1 9:   Bul. 1 0 8,  U. S. For e s t  S e rvice:  
Test s  of s t r uc t u r al  tim b e r s ,  p .  3 7.]
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Rings  p e r  inch
Dougla s  fi r              2 4
S ho r tle af pin e           1 2
Loblolly pin e             6
West e r n  la rc h            1 8
West e r n  h e mlock         1 4
Tam a r ack                 2 0
N o r w ay pin e              1 8
Re d wood                  3 0

N o  s a tisfac to ry expla n a tion  c a n  a s  ye t  b e  given  for
t h e  r e al  c a u s e s  u n d e rlying  t h e  for m a tion  of e a rly
a n d  la t e  wood.   S eve r al fac to r s  m ay  b e  involve d.  
In  conife r s,  a t  le a s t ,  r a t e  of g row t h  alon e  do e s  no t
d e t e r min e  t h e  p ro po r tion  of t h e  t wo  po r tions  of t h e
ring,  for  in so m e  c as es  t h e  wood  of slow g row t h  is
ve ry h a r d  a n d  h e avy, w hile  in o th e r s  t h e  op posi t e
is t r u e .   The  q u ali ty of t h e  si t e  w h e r e  t h e  t r e e
g row s  u n do u b t e dly affec t s  t h e  c h a r a c t e r  of t h e  wood
for m e d,  t ho u g h  it is no t  possible  to  for m ula t e  a  r ule
gove r nin g  it.  In  g e n e r al, how ever, it m ay  b e  s aid
t h a t  w h e r e  s t r e n g t h  o r  e a s e  of working  is e s s e n ti al,
woods  of m o d e r a t e  to  slow g ro wt h  s ho uld  b e  chos e n.  
Bu t  in c hoosing  a  p a r tic ula r  s p e ci m e n  it is no t  t h e
wid t h  of r in g,  b u t  t h e  p ropo r tion  a n d  c h a r a c t e r  of
t h e  la t e  wood  w hich  s ho uld  gove r n .

In  t h e  c a s e  of t h e  rin g-po ro us  h a r d woods  t h e r e  s e e m s
to  exis t  a  p r e t ty  d efini t e  r el a tion  b e t w e e n  t h e  r a t e
of g row t h  of ti m b e r  a n d  it s  p ro p e r ti e s.   This
m ay b e  b riefly s u m m e d  u p  in t h e  g e n e r al  s t a t e m e n t
t h a t  t h e  m o r e  r a pid  t h e  g row t h  o r  t h e  wid e r  t h e  ri ng s
of g row t h,  t h e  h e avier, h a r d er, s t ro n g er, a n d  s tiffe r
t h e  wood.   This, i t m u s t  b e  r e m e m b e r e d,  a p plies
only to  rin g-po ro us  woods  s uc h  a s  oak, a s h,  hicko ry,
a n d  o th e r s  of t h e  s a m e  g ro u p,  a n d  is, of co u r s e ,  s u bjec t
to  so m e  exc e p tions  a n d  limit a tions.

In  ri ng-po rou s  woods  of good  g row t h  it  is u s u ally
t h e  mid dle  po r tion  of t h e  rin g  in w hich  t h e  t hick-w alled,
s t r e n g t h-giving  fib r e s  a r e  m os t  a b u n d a n t .   As
t h e  b r e a d t h  of r i ng  di minish e s ,  t his  middle  po r tion
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is r e d u c e d  so  t h a t  ve ry slow g ro w t h  p ro d uc e s  co m p a r a tively
ligh t ,  po ro us  wood  co m pos e d  of t hin-w alled  vess el s
a n d  wood  p a r e nc hy m a.   In  good  oak  t h e s e  la r g e  ves s els
of t h e  e a rly wood  occ u py fro m  6  to  1 0  p e r  c e n t  of
t h e  volu m e  of t h e  log,  w hile  in  infe rio r  m a t e ri al
t h ey  m ay  m a k e  u p  2 5  p e r  c e n t  o r  m o r e .   The  la t e
wood  of good  oak, exce p t  for  r a di al g r ayish  p a t c h e s
of s m all po r e s ,  is d a rk  colo r e d  a n d  fir m,  a n d  consis t s
of t hick-w alled  fib r e s  w hich  for m  on e-h alf o r  m o r e
of t h e  wood.   In  infe rio r  oak,  s uc h  fib r e  a r e a s
a r e  m u c h  r e d uc e d  bo t h  in q u a n ti ty a n d  q u ali ty. 
S uc h  va ri a tion  is ve ry la rg ely t h e  r e s ul t  of r a t e
of g row t h.

Wide-ring e d  wood  is of te n  c alled  “seco n d-g ro wt h,”
b ec a u s e  t h e  g row t h  of t h e  you n g  ti m b e r  in op e n  s t a n d s
af t e r  t h e  old  t r e e s  h av e  b e e n  r e m ove d  is m o r e  r a pid
t h a n  in t r e e s  in  t h e  fore s t ,  a n d  in t h e  m a n ufac t u r e
of a r t icles  w h e r e  s t r e n g t h  is a n  impo r t a n t  conside r a tion
s uc h  “secon d-g row t h” h a r d wood  m a t e ri al
is p r efe r r e d .   This  is p a r ticul a rly t h e  c a s e  in
t h e  choice  of hicko ry for  h a n dle s  a n d  s pok es .  
H e r e  no t  only s t r e n g t h ,  b u t  tou g h n e s s  a n d  r e silienc e
a r e  impor t a n t .   The  r e s ul t s  of a  s e ri e s  of t e s t s
on  hicko ry by  t h e  U.S.  For e s t  S e rvice  s how  t h a t
“th e  wo rk  o r  s hock-r e sis ting  a bili ty is g r e a t e s t
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in  wid e-rin g e d  wood  t h a t  h a s  fro m  5  to  1 4  rin gs  p e r
inch,  is fai rly cons t a n t  fro m  1 4  to  3 8  rings ,  a n d
d ec r e a s e s  r a pidly fro m  3 8  to  4 7  ring s.   The  s t r e n g t h
a t  m axim u m  load  is no t  so  g r e a t  wit h  t h e  m o s t  r a pid-g rowing
wood; it  is m axi m u m  wit h  fro m  1 4  to  2 0  ring s  p e r  inch,
a n d  a g ain  b e co m e s  less  a s  t h e  wood  b e co m e s  m o r e  clos ely
ring e d.   The  n a t u r al  d e d u c tion  is t h a t  wood  of
fir s t-cla s s  m e c h a nical value  s how s  fro m  5  to  2 0  rin gs
p e r  inch  a n d  t h a t  slow e r  g ro wt h  yields  poo r e r  s tock.  
Thus  t h e  insp ec to r  o r  b uye r  of hicko ry s ho uld  di sc ri min a t e
a g ain s t  ti m b e r  t h a t  h a s  m o r e  t h a n  2 0  rin gs  p e r  inch.  
Exce p tions  exis t ,  how ever, in  t h e  c a s e  of no r m al  g ro wt h
u po n  d ry  si t u a tions ,  in w hich  t h e  slow-g rowin g  m a t e ri al
m ay b e  s t ron g  a n d  tou g h."[20]

[Footno t e  2 0:   Bul. 8 0:   The  co m m e r cial hicko rie s,
p p.  4 8-5 0.]

The  effec t  of r a t e  of g row t h  on  t h e  q u ali ti es  of c h e s t n u t
wood  is s u m m a rize d  by t h e  s a m e  a u t ho ri ty a s  follows: 
“Wh e n  t h e  rin gs  a r e  wid e,  t h e  t r a n si tion  fro m
s p rin g  wood  to  s u m m e r  wood  is g r a d u al, w hile  in t h e
n a r ro w  rin gs  t h e  s p rin g  wood  p a s s e s  in to  s u m m e r  wood
a b r u p tly.  The  wid t h  of t h e  s p ring  wood  c h a n g e s
b u t  li t tl e  wi th  t h e  wid t h  of t h e  a n n u al  r in g,  so  t h a t
t h e  n a r rowing  o r  b ro a d e nin g  of t h e  a n n u al  r in g  is
alw ays  a t  t h e  exp e n s e  of t h e  s u m m e r  wood.   The
n a r ro w  vess els  of t h e  s u m m e r  wood  m a k e  it  r ich e r  in
wood  s u bs t a nc e  t h a n  t h e  s p rin g  wood  co m pos e d  of wid e
vess el s.  The r efo r e,  r a pid-g rowing  s p eci m e n s  wi th
wid e  ring s  h ave  m o r e  wood  s u bs t a nc e  t h a n  slow-g rowin g
t r e e s  wi th  n a r ro w  ring s.   Sinc e  t h e  m o r e  t h e  wood
s u b s t a n c e  t h e  g r e a t e r  t h e  w eigh t ,  a n d  t h e  g r e a t e r
t h e  w eigh t  t h e  s t ro n g e r  t h e  wood,  c h e s t n u t s  wi th  wide
rings  m u s t  h ave  s t ron g e r  wood  t h a n  c h e s t n u t s  wi th  n a r row
rings .   This a g r e e s  wi t h  t h e  a cc e p t e d  view t h a t
s p ro u t s  (which  alw ays  h ave  wid e  rings) yield  b e t t e r
a n d  s t ro n g e r  wood  t h a n  s e e dling  c h es t n u t s,  w hich  g row
m o r e  slowly in di a m e t er."[21]

[Footno t e  2 1:   Bul. 5 3:   Ch e s t n u t  in  so u t h e r n
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M a ryla n d,  p p.  2 0-2 1.]

In  diffus e-po ro us  woods,  a s  h a s  b e e n  s t a t e d,  t h e  ves s els
o r  po r e s  a r e  s c a t t e r e d  t h ro u g ho u t  t h e  ri ng  ins t e a d
of collec t e d  in t h e  e a r ly wood.   The  effec t  of
r a t e  of g row t h  is, t h e r efo r e,  no t  t h e  s a m e  a s  in t h e
ring-po ro us  woods,  a p p ro ac hing  m o r e  n e a rly t h e  con di tions
in t h e  conife r s .   In  g e n e r al  i t m ay  b e  s t a t e d  t h a t
s uc h  woods  of m e diu m  g ro wt h  affor d  s t ro n g e r  m a t e ri al
t h a n  w h e n  ve ry r a pidly o r  ve ry slowly g row n.  
In  m a ny  u s e s  of wood,  s t r e n g t h  is no t  t h e  m ain  co nsid e r a tion.  
If e a s e  of wo rkin g  is p rized,  wood  s ho uld  b e  c hos e n
wi th  r e g a r d  to  it s  u nifor mity of t ex tu r e  a n d  s t r aig h t n e s s
of g r ain,  w hich  will in  m o s t  c a s e s  occ u r  w h e n  t h e r e
is li t tle  co n t r a s t  b e t w e e n  t h e  la t e  wood  of on e  s e a so n’s
g row t h  a n d  t h e  e a rly wood  of t h e  n ext .

HEARTWOOD AND SAPWOOD

Exa min a tion  of t h e  e n d  of a  log  of m a ny  s p ecie s  r eve al s
a  d a rk e r-colo r e d  inn e r  po r tion—t h e  h ear t wood ,
s u r ro u n d e d  by a  ligh t e r-colo r e d  zon e—t h e
sap woo d .  In  so m e  ins t a nc e s  t his  dis tinc tion
in colo r  is ve ry m a r k e d;  in  o t h e r s ,  t h e  con t r a s t  is
sligh t ,  so  t h a t  it  is no t  alw ays  e a sy  to  t ell w h e r e
on e  leaves  off a n d  t h e  o th e r  b e gin s.   The  colo r
of fre s h  s a p wood  is alw ays  ligh t ,  so m e ti m es  p u r e  w hi t e ,
b u t  m o r e  of t e n  wi th  a  d ecide d  ting e  of g r e e n  o r  b ro w n.
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S a p wood  is co m p a r a tively n e w  wood.   The r e  is a
ti m e  in t h e  e a r ly his to ry of eve ry  t r e e  w h e n  it s  wood
is all s a p wood.   I t s  p rincip al func tions  a r e  to
con d uc t  w a t e r  fro m  t h e  roo t s  to  t h e  leaves  a n d  to
s to r e  u p  a n d  give  b ack  a cco r din g  to  t h e  s e a son  t h e
food  p r e p a r e d  in t h e  leaves .   The  m o r e  leaves  a
t r e e  b e a r s  a n d  t h e  m o r e  t h rif ty it s  g ro w t h,  t h e  la r g e r
t h e  volu m e  of s a p wood  r e q ui r e d,  h e n c e  t r e e s  m a king
r a pid  g row t h  in  t h e  op e n  h ave  t hicke r  s a p wood  for
t h ei r  size  t h a n  t r e e s  of t h e  s a m e  s p ecie s  g rowing
in d e n s e  for e s t s .   So m e ti m e s  t r e e s  g row n  in t h e
op e n  m ay  b e co m e  of conside r a ble  size,  a  foot  o r  m o r e
in di a m e t er, b efo r e  a ny h e a r t wood  b e gins  to  for m,
for  ex a m ple,  in s econ d-g ro wt h  hicko ry, o r  field-g row n
w hi t e  a n d  loblolly pin e s.

As a  t r e e  inc r e a s e s  in a g e  a n d  di a m e t e r  a n  inn e r  po r tion
of t h e  s a p wood  b e co m e s  inac tive  a n d  finally c e a s e s
to  func tion.   This  ine r t  o r  d e a d  po r tion  is c alled
h e a r t wood,  d e riving  it s  n a m e  solely fro m  its  posi tion
a n d  no t  fro m  a ny vit al impor t a nc e  to  t h e  t r e e ,  a s
is s how n  by t h e  fac t  t h a t  a  t r e e  c a n  t h rive  wi th  it s
h e a r t  co m ple t ely d e c aye d.   So m e,  s p e ci e s  b e gin
to  for m  h e a r t wood  ve ry e a rly in life, w hile  in o th e r s
t h e  ch a n g e  co m e s  slowly.  Thin  s a p wood  is c h a r a c t e ris tic
of s uc h  t r e e s  a s  c h e s t n u t ,  bl ack  locus t ,  m ulb e r ry,
Os a g e  o r a n g e,  a n d  s a ss af r a s,  w hile  in m a ple,  a s h,
g u m,  hicko ry, h a ck b e r ry, b e e c h,  a n d  loblolly pin e,
t hick  s a p wood  is t h e  r ul e .

The r e  is no  d efini t e  r el a tion  b e t w e e n  t h e  a n n u al  r in gs
of g row t h  a n d  t h e  a m o u n t  of s a p wood.   Within  t h e
s a m e  s p e ci es  t h e  c ross-s ec tion al a r e a  of t h e  s a p wood
is ro u g hly p ro po r tion al  to  t h e  size  of t h e  c row n  of
t h e  t r e e .   If t h e  rin gs  a r e  n a r row, m o r e  of t h e m
a r e  r e q ui r e d  t h a n  w h e r e  t h ey  a r e  wid e.   As t h e
t r e e  g e t s  la r g er, t h e  s a p wood  m u s t  n ec e s s a rily b e co m e
t hin n e r  o r  inc r e a s e  m a t e ri ally in volu m e.   S a p wood
is t hicke r  in t h e  u p p e r  po r tion  of t h e  t r u nk  of a
t r e e  t h a n  n e a r  t h e  b a s e ,  b e c a u s e  t h e  a g e  a n d  t h e  di a m e t e r
of t h e  u p p e r  s ec tions  a r e  less.
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Whe n  a  t r e e  is ve ry youn g  it is cove r e d  wi th  lim bs
al mos t ,  if no t  e n ti r ely, to  t h e  g ro u n d,  b u t  a s  it
g row s  olde r  so m e  o r  all of t h e m  will eve n t u ally di e
a n d  b e  b rok e n  off.  S u b s e q u e n t  g ro wt h  of wood
m ay co m ple t ely conc e al  t h e  s t u bs  w hich,  how ever, will
r e m ain  a s  kno t s.   No  m a t t e r  how  s moot h  a n d  cle a r
a  log  is on  t h e  ou t sid e,  it  is m o r e  o r  les s  kno t ty
n e a r  t h e  mid dle.   Cons e q u e n tly t h e  s a p wood  of
a n  old  t r e e ,  a n d  p a r tic ula rly of a  for e s t-g row n  t r e e ,
will b e  fre e r  fro m  kno t s  t h a n  t h e  h e a r t wood.   Sinc e
in m os t  u s e s  of wood,  kno ts  a r e  d efec t s  t h a t  w e a k e n
t h e  tim b e r  a n d  in t e rfe r e  wi th  it s  e a s e  of wo rking
a n d  o th e r  p ro p e r ti e s,  it follows  t h a t  s a p w ood,  b ec a u s e
of it s  posi tion  in  t h e  t r e e ,  m ay  h ave  ce r t ain  a dv a n t a g e s
ove r  h e a r t wood.

It  is r e ally r e m a rk a ble  t h a t  t h e  inn e r  h e a r t wood  of
old  t r e e s  r e m ains  a s  sou n d  a s  i t u s u ally do e s ,  sinc e
in m a ny  c a s e s  it is h u n d r e d s  of ye a r s ,  a n d  in a  few
ins t a nc e s  t ho us a n d s  of ye a r s ,  old.   Eve ry b roke n
lim b  or  roo t,  o r  d e e p  wou n d  fro m  fir e,  ins ec t s,  o r
falling  ti m b er, m ay  affo rd  a n  e n t r a n c e  for  d e c ay,
w hich,  onc e  s t a r t e d ,  m ay  p e n e t r a t e  to  all p a r t s  of
t h e  t r u nk.   The  la rva e  of m a ny insec t s  bo r e  in to
t h e  t r e e s  a n d  t h ei r  t u n n els  r e m ain  indefini t ely a s
so u rc e s  of w e ak n e s s.   Wh a t eve r  a dv a n t a g e s,  ho w ever,
t h a t  s a p wood  m ay  h av e  in t his  con n e c tion  a r e  d u e  solely
to  it s  r ela tive  a g e  a n d  posi tion.
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If a  t r e e  g ro w s  all it s  life  in t h e  op e n  a n d  t h e  con di tions
of soil a n d  si t e  r e m ain  u nc h a n g e d,  i t will m a k e  its
m os t  r a pid  g row t h  in you t h,  a n d  g r a d u ally d ecline.  
The  a n n u al  r i ngs  of g row t h  a r e  for  m a ny ye a r s  q ui t e
wid e,  b u t  la t e r  t h ey b eco m e  n a r ro w e r  a n d  n a r ro w er. 
Sinc e  e a c h  s ucc e e din g  r ing  is laid  do w n  on  t h e  ou t side
of t h e  wood  p r eviously for m e d,  it  follows  t h a t  u nle s s
a  t r e e  m a t e ri ally inc r e a s es  it s  p rod uc tion  of wood
fro m  ye a r  to  year, t h e  ri ng s  m u s t  n e c e s s a rily b e co m e
t hin n er.  As a  t r e e  r e a c h e s  m a t u ri ty it s  c row n
b eco m e s  m o r e  op e n  a n d  t h e  a n n u al  wood  p ro d uc tion  is
les s e n e d,  t h e r e by r e d u cin g  s till m o r e  t h e  wid t h  of
t h e  g ro wt h  rin gs.   In  t h e  c a s e  of for e s t-g ro w n
t r e e s  so  m u c h  d e p e n d s  u po n  t h e  co m p e ti tion  of t h e
t r e e s  in t h ei r  s t r u g gle  for  ligh t  a n d  no u ris h m e n t
t h a t  p e riods  of r a pid  a n d  slow g row t h  m ay  al t e r n a t e .  
So m e  t r e e s,  s uc h  a s  sou t h e r n  o aks,  m ain t ain  t h e  s a m e
wid t h  of r in g  for  h u n d r e d s  of ye a r s .   U po n  t h e
w hole,  how ever, a s  a  t r e e  g e t s  la rg e r  in di a m e t e r
t h e  wid t h  of t h e  g row t h  rin gs  d ec r e a s e s.

It  is evid e n t  t h a t  t h e r e  m ay  b e  d e cid e d  diffe r e nc e s
in t h e  g r ain  of h e a r t wood  a n d  s a p wood  c u t  fro m  a  la r g e
t r e e ,  p a r ticula rly on e  t h a t  is ove r m a t u r e .   The
r el a tions hip  b e t w e e n  wid t h  of g ro wt h  rin gs  a n d  t h e
m e c h a nical p rop e r ti e s  of wood  is discus s e d  u n d e r  Ra t e
of Growt h.   In  t his  con n e c tion,  how ever, it  m ay
b e  s t a t e d  t h a t  a s  a  g e n e r al  r ule  t h e  wood  laid on
la t e  in t h e  life  of a  t r e e  is sof t er, ligh t er, w e a k er,
a n d  m o r e  eve n-t ex tu r e d  t h a n  t h a t  p rod uc e d  e a rlier. 
I t  follows  t h a t  in  a  la r g e  log  t h e  s a p wood,  b e c a u s e
of t h e  tim e  in t h e  life of t h e  t r e e  w h e n  it  w a s  g ro w n,
m ay b e  infe rio r  in h a r d n e s s ,  s t r e n g t h,  a n d  tou g h n e s s
to  e q u ally so u n d  h e a r t wood  fro m  t h e  s a m e  log.

Afte r  exh a u s tive  t e s t s  on  a  n u m b e r  of diffe r e n t  woods
t h e  U.S.  For e s t  S e rvice  conclud e s  a s  follows: 
“S a p wood,  exce p t  t h a t  fro m  old,  ove r m a t u r e  t r e e s ,
is a s  s t ron g  a s  h e a r t wood,  o t h e r  t hings  b eing  e q u al,
a n d  so  fa r  a s  t h e  m e c h a nic al p ro p e r ti e s  go  s ho uld
no t  b e  r e g a r d e d  a s  a  d efec t ."[22] Ca r eful ins p ec tion
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of t h e  individu al t e s t s  m a d e  in t h e  inves tig a tion
fails  to  r eve al  a ny r el a tion  b e t w e e n  t h e  p ro po r tion
of s a p w ood  a n d  t h e  b r e a king  s t r e n g t h  of tim b er.

[Footno t e  2 2:   Bul. 1 0 8:   Tes t s  of s t r u c t u r al
ti m b er, p .  3 5 .]

In  t h e  s t u dy of t h e  hicko ri es  t h e  conclusion  w a s:  
“The r e  is a n  u nfou n d e d  p r ejudice  a g ain s t  t h e
h e a r t wood.   S p e cifica tions  pl ac e  w hi t e  hicko ry,
o r  s a p w ood,  in a  high e r  g r a d e  t h a n  r e d  hicko ry, o r
h e a r t wood,  t ho u g h  t h e r e  is no  inh e r e n t  diffe r e nc e  in
s t r e n g t h .   In  fac t,  in t h e  c a s e  of la rg e  a n d  old
hicko ry t r e e s ,  t h e  s a p wood  n e a r e s t  t h e  b a rk  is co m p a r a tively
w e a k,  a n d  t h e  b e s t  wood  is in t h e  h e a r t ,  t ho u g h  in
youn g  t r e e s  of t h rif ty g ro w t h  t h e  b e s t  wood  is in
t h e  s a p."[23] The  r e s ul t s  of t e s t s  fro m  s elec t e d  piec e s
lying  side  by  sid e  in t h e  s a m e  t r e e,  a n d  al so  t h e
av e r a g e  valu es  for  h e a r t w ood  a n d  s a p w ood  in s hip m e n t s
of t h e  co m m e r cial hicko ries  wi tho u t  s el ec tion,  s how
conclusively t h a t  “th e  t r a n sfo r m a tion  of s a p wood
into  h e a r t wood  do e s  no t  affec t  ei t h e r  t h e  s t r e n g t h
o r  tou g h n e s s  of t h e  wood....  I t  is t r u e ,  how ever,
t h a t  s a p wood  is u s u ally m o r e  fre e  fro m  la t e n t  d ef ec t s
t h a n  h e a r t wood."[24]
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[Footno t e  2 3:   Bul. 8 0:   The  co m m e r cial hicko rie s,
p .  5 0.]

[Footno t e  2 4:   Loc. ci t .]

S p e cifica tions  for  p aving  blocks  oft e n  r e q ui r e  t h a t
longle af pin e  b e  9 0  p e r  c e n t  h e a r t .   This  is on
t h e  b elief t h a t  s a p wood  is no t  only m o r e  s u bjec t  to
d ec ay, b u t  is also  w e ak e r  t h a n  h e a r t wood.   In
r e ali ty t h e r e  is no  so u n d  b a si s  for  disc rimin a tion
a g ain s t  s a p wood  on  a cco u n t  of s t r e n g t h,  p rovide d  o t h e r
con di tions  a r e  e q u al.  I t  is t r u e  t h a t  s a p wood
will no t  r e sis t  d e c ay a s  long  a s  h e a r t wood,  if bo t h
a r e  u n t r e a t e d  wi th  p r e s e rv a tives.   I t  is e s p e ci ally
so  of woods  wi th  d e e p-colo r e d  h e a r t wood,  a n d  is d u e
to  infilt r a tions  of t a n nin s,  oils, a n d  r e sin s,  w hich
m a k e  t h e  wood  m o r e  o r  les s  ob noxious  to  d e c ay-p rod ucin g
fungi.  If, ho w ever, t h e  ti m b e r s  a r e  to  b e  t r e a t e d ,
s a p wood  is no t  a  d efec t;  in fac t ,  b ec a u s e  of t h e  r el a tive
e a s e  wi th  w hich  it c a n  b e  imp r e g n a t e d  wi th  p r e s e rva tives
it  m ay  b e  m a d e  m o r e  d e si r a bl e  t h a n  h e a r t wood.[25]

[Footno t e  2 5:   Althou g h  t h e  fac to r  of h e a r t  o r
s a p wood  do e s  no t  influe nc e  t h e  m e c h a nical p rop e r ti e s
of t h e  wood  a n d  t h e r e  is u s u ally no  diffe r e nc e  in
s t r uc t u r e  obs e rva ble  u n d e r  t h e  mic roscop e,  n eve r t h el e s s
s a p wood  is g e n e r ally d ecid e dly diffe r e n t  fro m  h e a r t wood
in it s  p hysic al p ro p e r ti es.   I t  d ri e s  b e t t e r  a n d
m o r e  e a sily t h a n  h e a r t wood,  u s u ally wi th  les s  s h rink a g e
a n d  li t tl e  c h e cking  o r  ho n eyco m bing.   This  is
e s p e cially t h e  c a s e  wi th  t h e  m o r e  r ef r ac to ry woods,
s uc h  a s  w hi t e  oaks  a n d  E ucalyp t u s  glob ulus
a n d  vi minalis .  I t  is u s u ally m u c h  m o r e
p e r m e a ble  to  air, ev e n  in g r e e n  wood,  no t a bly so  in
loblolly pine  a n d  eve n  in w hi t e  oak.  As al r e a dy
s t a t e d,  it  is m u c h  m o r e  s u bjec t  to  d e c ay.  The
s a p wood  of w hi t e  o ak  m ay  b e  imp r e g n a t e d  wi th  c r eoso t e
wi th  co m p a r a tive  e a s e ,  w hile  t h e  h e a r t wood  is p r a c tically
imp e n e t r a ble.   The s e  fac t s  indic a t e  a  diffe r e n c e
in it s  ch e mic al n a t u r e .—H.D.  Tie m a n n.]
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In  s p ecifica tions  for  s t r uc t u r al  ti m b e r s  r ef e r e nc e
is so m e ti m e s  m a d e  to  “boxhe a r t ,” m e a ning
t h e  inclusion  of t h e  pi th  o r  c e n t r e  of t h e  t r e e  wi thin
a  c ross  s ec tion  of t h e  tim b er.  F ro m  n u m e ro us
exp e ri m e n t s  it a p p e a r s  t h a t  t h e  posi tion  of t h e  pi th
do es  no t  b e a r  a ny r el a tion  to  t h e  s t r e n g t h  of t h e
m a t e ri al.  Sinc e  m os t  s e a so n  ch ecks,  ho w ever,
a r e  r a di al, t h e  posi tion  of t h e  pi th  m ay  influe nc e
t h e  r e sis t a nc e  of a  s e a so n e d  b e a m  to  ho rizon t al s h e ar,
b ein g  g r e a t e s t  w h e n  t h e  pi th  is loca t e d  in t h e  mid dle
h alf of t h e  s e c tion.[26]

[Footno t e  2 6:   Bul. 1 0 8,  U.S.  For e s t  S e rvice,
p .  3 6.]

WEIGHT, DENSITY, AND SPECIFIC GRAVITY

F ro m  d a t a  ob t ain e d  fro m  a  la r g e  n u m b e r  of t e s t s  on
t h e  s t r e n g t h  of diffe r e n t  woods  it a p p e a r s  t h a t ,  o th e r
t hin gs  b ein g  e q u al, t h e  c r u s hing  s t r e n g t h  p a r allel
to  t h e  g r ain,  fib r e  s t r e s s  a t  e l a s tic  limit  in b e n ding,
a n d  s h e a rin g  s t r e n g t h  alon g  t h e  g r ain  of wood  va ry
in di r ec t  p ro po r tion  to  t h e  w eigh t  of d ry wood  p e r
u ni t  of volu m e  w h e n  g r e e n.   Ot h e r  s t r e n g t h  valu es
follow diffe r e n t  laws.   The  h a r d n e s s  va ri es  in
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a  sligh tly g r e a t e r  r a tio  t h a n  t h e  s q u a r e  of t h e  d e n si ty. 
The  wo rk  to  t h e  b r e akin g  poin t  inc r e a s e s  eve n  m o r e
r a pidly t h a n  t h e  c u b e  of d e n si ty.  The  m o d ulus
of r u p t u r e  in b e n din g  lies  b e t w e e n  t h e  fi rs t  pow e r
a n d  t h e  s q u a r e  of t h e  d e n si ty.  This, of cou r s e,
is t r u e  only in c a s e  t h e  g r e a t e r  w eigh t  is d u e  to
inc r e a s e  in t h e  a m o u n t  of wood  s u bs t a nc e .   A wood
h e avy wi th  r e sin  o r  o t h e r  infil t r a t e d  s u b s t a nc e  is
no t  n e c e ss a rily s t ro n g e r  t h a n  a  si mila r  s p e ci m e n  fr e e
fro m  s uc h  m a t e ri als.   If diffe r e nc es  in w eig h t
a r e  d u e  to  d e g r e e  of s e a so nin g,  in o th e r  wo r d s,  to
t h e  r el a tive  a m o u n t s  of w a t e r  con t ain e d,  t h e  r ul e s
give n  a bove  will of cou r s e  no t  hold,  sinc e  s t r e n g t h
inc r e a s e s  wi t h  d ryn es s.   But  of give n  s p e cim e n s
of pin e  o r  of o ak,  for  ex a m ple,  in t h e  g r e e n  con di tion,
t h e  co m p a r a tive  s t r e n g t h  m ay b e  infe r r e d  fro m  t h e
w eig h t .   I t  is no t  p e r missible ,  ho w ever, to  co m p a r e
s uc h  widely diffe r e n t  woods  a s  o ak  a n d  pin e  on  a  b a sis
of t h ei r  w eigh t s.[27]

[Footno t e  2 7:   The  o aks  for  so m e  u nk now n  r e a son
fall b elow t h e  no r m al  s t r e n g t h  for  w eig h t ,  w h e r e a s
t h e  hicko ri es  r i s e  a bove.  Ce r t ain  o t h e r  woods
al so  a r e  so m e w h a t  exc e p tion al  to  t h e  no r m al  r el a tion
of s t r e n g t h  a n d  d e n si ty.]

The  w eig h t  of wood  s u bs t a n c e,  t h a t  is, t h e  m a t e ri al
w hich  co m pos es  t h e  w alls  of t h e  fib r e s  a n d  o t h e r  c ells,
is p r a c tically t h e  s a m e  in all s p e cie s,  w h e t h e r  pin e,
hicko ry, o r  co t ton wood,  b ein g  a  lit tle  g r e a t e r  t h a n
h alf a g ain  a s  h e avy a s  w a t er.  It  va rie s  sligh tly
fro m  b e e c h  s a p wood,  1 .5 0,  to  Dougla s  fir  h e a r t wood,
1.57,  ave r a gin g  a bo u t  1 .5 5  a t  3 0  d e g.  to  3 5  d e g.  
C., in t e r m s  of w a t e r  a t  i ts  g r e a t e s t  d e n si ty 4  d e g.  
C. The  r e a so n  a ny wood  floa t s  is t h a t  t h e  ai r  imp rison e d
in it s  c avities  b uoys  it  u p.   Wh e n  t his  is dis plac e d
by w a t e r  t h e  wood  b e co m e s  w a t e r-logg e d  a n d  sinks.  
Le aving  ou t  of consid e r a tion  infil t r a t e d  s u b s t a nc e s ,
t h e  r e a so n  a  cu bic  foot  of on e  kind  of d ry  wood  is
h e avie r  t h a n  t h a t  of a no t h e r  is b e c a u s e  it co n t ain s
a  g r e a t e r  a m o u n t  of wood  s u b s t a n c e .   Densi ty
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is m e r ely t h e  w eigh t  of a  u ni t  of volu m e,  a s  3 5  pou n d s
p e r  c u bic  foot,  o r  0 .5 6  g r a m s  p e r  c u bic  c e n ti m e t r e.
S p e cific gravi ty  o r  r el a tive  d e n si ty is t h e
r a t io  of t h e  d e n si ty of a ny m a t e ri al to  t h e  d e n si ty
of dis tilled  w a t e r  a t  4  d e g.   C. (39.2  d e g.  
F.).  A c u bic  foot  of dis tilled  w a t e r  a t  4  d e g.  
C. w eig hs  6 2 .43  po u n d s.   H e nc e  t h e  s p e cific g r avity
of a  pi ec e  of wood  wi th  a  d e n si ty of 3 5  pou n ds  is
3 5  / 6 2.4 3  =  0.5 6 1.   To find  t h e  w eigh t  p e r  cu bic
foot  w h e n  t h e  s p ecific g r avi ty is give n,  si m ply m ul tiply
by 6 2.43.   Thus,  0 .56 1  X 6 2.4 3  =  3 5.   In  t h e
m e t ric  sys t e m,  sinc e  t h e  w eigh t  of a  c u bic  c e n ti m e t r e
of p u r e  w a t e r  is on e  g r a m,  t h e  d e n si ty in g r a m s  p e r
c u bic c e n ti m e t r e  h a s  t h e  s a m e  n u m e ric al valu e  a s  t h e
s p ecific g r avity.

Sinc e  t h e  a m o u n t  of w a t e r  in wood  is ex t r e m ely va ri a ble
it  u s u ally is no t  s a tisfac to ry to  r efe r  to  t h e  d e n si ty
of g r e e n  wood.   For  sci en tific p u r pos e s  t h e  d e n si ty
of “oven-d ry” wood  is u s e d;  t h a t  is, t h e
wood  is d ri ed  in a n  ove n  a t  a  t e m p e r a t u r e  of 1 0 0  d e g.C.
(21 2  d e g.F.) u n til a  cons t a n t  w eig h t  is a t t ain e d.  
For  co m m e r cial p u r pos e s  t h e  w eig h t  o r  d e n si ty of ai r-d ry
o r  “shipping-d ry” wood  is u s e d.   This
is u s u ally exp r e ss e d  in  po u n d s  p e r  t hou s a n d  bo a r d
fee t,  a  bo a r d  foot  b ein g  conside r e d  a s  on e-t w elf th
of a  c u bic  foot.
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Wood s h rinks  g r e a tly in d rying  fro m  t h e  g r e e n  to  t h e
ove n-d ry co n di tion.  (Se e  Table  XIV.) Cons e q u e n tly
a  block of wood  m e a s u rin g  a  c u bic  foot  w h e n  g r e e n
will m e a s u r e  conside r a bly les s  w h e n  oven-d ry. 
I t  follows  t h a t  t h e  d e n si ty of oven-d ry  wood  do e s
no t  r e p r e s e n t  t h e  w eigh t  of t h e  d ry  wood  s u b s t a n c e
in a  cu bic  foot  of g r e e n  wood.   In  o th e r  wo r d s,
it  is no t  t h e  w eigh t  of a  c u bic  foot  of g r e e n  wood
min u s  t h e  w eig h t  of t h e  w a t e r  w hich  it con t ain s.  
Sinc e  t h e  la t t e r  is of t e n  a  m o r e  conve nie n t  figu r e
to  u s e  a n d  m u c h  e a si e r  to  ob t ain  t h a n  t h e  w eig h t  of
ove n-d ry wood,  it is co m m o nly exp r e s s e d  in t a bl e s
of “spe cific g r avi ty o r  d e n si ty of d ry  wood.”

|------------------------------------------------------
----------------------|
|                                  TABLE XIV                                  |
|-----------------------------------------------------------
-----------------|
|             SPECIFIC GRAVITY, AND S HRINKAGE OF 5 1  AMERICAN WOODS  
|
|                          (For e s t  S e rvice  Cir. 2 1 3)                           |
|-----------------------------------------------------------
-----------------|
|                  |          |   S p e cific g r avi ty  |  S h rinka g e  fro m  g r e e n  to    |
|                  |  Mois-   |  oven-d ry, b a s e d  on  |  ove n-d ry con di tion         |
|    COM MO N  NAME   |   t u r e    |--------------------+ - --------------------------|
|    OF  S PECIES    |  con t e n t  |  Volum e   |   Volum e   |  In      |         |  Tang e n- |
|                  |          |    w h e n   |    w h e n    |  volu m e  |  R a dial |  t i al    |
|                  |          |   g r e e n   |  oven-d ry |         |         |          |
|-----------------+ - --------+ - --------+ - ---------+ - -------+ -
-------+ - --------|
|                  |    Pe r    |          |           |   Pe r    |   Pe r    |    Pe r    |
|                  |    c e n t   |          |           |   c e n t   |   c e n t   |    c e n t   |
|                  |          |          |           |         |         |          |
|     H a r d woods     |          |          |           |         |         |          |
|                  |          |          |           |         |         |          |
|  Ash, bl ack       |      7 7   |   0 . 46 6   |           |         |         |          |
|    w hi t e          |      3 8   |    .550   |    0 .6 40   |   1 2.6   |    4 .3   |     6 . 4   |
|      "           |      4 7   |    .516   |     .590   |   1 1.7   |         |          |
|  Bas s wood         |     1 1 0   |    .315   |     .37 4   |   1 4.5   |    6 .2   |     8 .4   |
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|  Beec h            |      6 1   |    .556   |     .66 9   |   1 6 .5   |    4 .6   |    1 0.5   |
|  Birc h,  yellow   |      7 2   |    .54 5   |     .661   |   1 7.0   |    7 .9   |     9 . 0   |
|  El m,  rock       |      4 6   |    .578   |           |         |         |          |
|    slipp e ry      |      5 7   |    .541   |     .639   |   1 5.5   |    5 .1   |     9 .9   |
|    w hi t e          |      6 6   |    .430   |           |         |         |          |
|  Gu m,  r e d         |      7 1   |    .434   |           |         |         |          |
|  H a ckb e r ry       |      5 0   |    .504   |     .576   |   1 4.0   |    4 .2   |     8 . 9   |
|  Hicko ry,        |          |          |           |         |         |          |
|------------------------------------------------------
----------------------|
|                              TABLE XIV (CO NT.)                              |
|-----------------------------------------------------------
-----------------|
|             SPECIFIC GRAVITY, AND S HRINKAGE OF 5 1  AMERICAN WOODS  
|
|                          (For e s t  S e rvice  Cir. 2 1 3)                           |
This  w eigh t  divide d  by 6 2.4 3  gives  t h e  s p ecific g r avi ty
p e r  g r e e n  volu m e.   I t  is p u r ely a  fic ti tious  q u a n ti ty. 
To conve r t  t his  figu r e  in to  a c t u al d e n si ty o r  s p e cific
g r avity of t h e  d ry wood,  it is n e c e s s a ry  to  know  t h e
a m o u n t  of s h rink a g e  in volu m e.   If S  is t h e  p e r c e n t a g e
of s h rink a g e  fro m  t h e  g r e e n  to  t h e  ove n-d ry  con di tion,
b a s e d  on  t h e  g r e e n  volu m e;  D, t h e  d e n si ty of t h e  d ry
wood  p e r  c u bic  foot  w hile  g r e e n;  a n d  d  t h e  a c t u al
                                   D
d e n si ty of ove n-d ry wood,  t h e n  ---------- =  d.
                                1
— .0  S

This  r el a tion  b e co m e s  cle a r e r  fro m  t h e  following  a n alysis: 
Taking  V a n d  W a s  t h e  volu m e  a n d  w eigh t ,  r e s p ec tively,
w h e n
g r e e n,  a n d  v a n d  w  a s  t h e  co r r e s po n ding  volu m e  a n d
w eig h t  w h e n
                     w
        W         V — v
ove n-d ry, t h e n ,  d  =  --- ; D =  --- ; S  =  ------- X
1 0 0,  a n d
                     v
        V           V
     V — v
s  =  ------- X 1 0 0,  in  w hich  S  is t h e  p e r c e n t a g e  of
s h rink a g e
       v
fro m  t h e  g r e e n  to  t h e  ove n-d ry  con di tion,  b a s e d  on
t h e  g r e e n
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volu m e,  a n d  s  t h e  s a m e  b a s e d  on  t h e  oven-d ry  volu m e.

In  t a ble s  of s p ecific g r avi ty o r  d e n si ty of wood  it
s ho uld  alw ays  b e  s t a t e d  w h e t h e r  t h e  d ry w eig h t  p e r
u ni t  of volu m e  w h e n  g r e e n  o r  t h e  d ry  w eig h t  p e r  u ni t
of volu m e  w h e n  d ry is in t e n d e d,  sinc e  t h e  s h rink a g e
in volu m e  m ay  va ry fro m  6  to  5 0  p e r  c e n t ,  t ho u g h  in
conife r s  it  is u s u ally a bo u t  1 0  p e r  c e n t ,  a n d  in h a r d woods
n e a r e r  1 5  p e r  c e n t .  (S e e  Table  XIV.)

COLOR

In  s p eci es  w hich  s how  a  di s tinc t  diffe r e nc e  b e t w e e n
h e a r t wood  a n d  s a p wood  t h e  n a t u r al  colo r  of h e a r t wood
is inva ri a bly d a rk e r  t h a n  t h a t  of t h e  s a p wood,  a n d
ve ry fr eq u e n tly t h e  con t r a s t  is cons picuo us.  
This  is p ro d uc e d  by d e posi t s  in t h e  h e a r t wood  of va rious
m a t e ri als  r e s ul ting  fro m  t h e  p roc es s  of g row t h,  inc r e a s e d
pos sibly by  oxida tion  a n d  o t h e r  c h e mical c h a n g e s ,
w hich  u s u ally h ave  lit tle  o r  no  a p p r e ci a ble  effec t
on  t h e  m e c h a nic al p ro p e r ti e s  of t h e  wood.  (Se e  H EARTWOOD
AND SAPWOOD, a bove.) So m e  exp e ri m e n t s[28] on  ve ry
r e sinous  longle af pin e  s p ecim e n s,  how ever, indica t e
a n  inc r e a s e  in s t r e n g t h .   This is d u e  to  t h e  r e sin
w hich  inc r e a s e s  t h e  s t r e n g t h  w h e n  d ry.  S p r u c e
imp r e g n a t e d  wi th  c r u d e  r e sin  a n d  d ri ed  is g r e a tly inc r e a s e d
in s t r e n g t h  t h e r e by.

[Footno t e  2 8:   Bul. 7 0,  U.S.  For e s t  S e rvice,
p .  9 2;  also  p.  1 2 6,  a p p e n dix.]

Sinc e  t h e  la t e  wood  of a  g row t h  ring  is u s u ally d a rk e r
in colo r  t h a n  t h e  e a rly wood,  t his  fac t  m ay  b e  u s e d
in judging  t h e  d e n si ty, a n d  t h e r efo r e  t h e  h a r d n e s s
a n d  s t r e n g t h  of t h e  m a t e ri al.  This  is p a r ticula rly
t h e  c a s e  wi t h  conife ro us  woods.   In  ri ng-po ro us
woods  t h e  vess els  of t h e  e a r ly wood  no t  inf r e q u e n tly
a p p e a r  on  a  finish e d  s u rf ac e  a s  d a rk e r  t h a n  t h e  d e n s e r
la t e  wood,  t hou g h  on  c ross  s ec tions  of h e a r t w ood  t h e
r eve r s e  is co m mo nly t r u e .   Exc e p t  in t h e  m a n n e r
jus t  s t a t e d  t h e  colo r  of wood  is no  indic a tion  of
s t r e n g t h .
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Abnor m al discolo r a tion  of wood  oft e n  d e no t e s  a  dis e as e d
con di tion,  indica tin g  u n so u n d n e s s.   The  bl ack  c h e ck
in w e s t e r n  h e mlock is t h e  r e s ul t  of ins ec t  a t t acks.[29]
The  r e d dish-b ro w n  s t r e aks  so  co m m o n  in hicko ry a n d
c e r t ain  o th e r  woods  a r e  m o s tly t h e  r e s ul t  of inju ry
by bi r d s.[30] The  discolo r a tion  is m e r ely a n  indica tion
of a n  inju ry, a n d  in all p rob a bili ty do e s  no t  of it s elf
affec t  t h e  p ro p e r ti es  of t h e  wood.   Ce r t ain  ro t-p ro d ucing
fungi imp a r t  to  wood  ch a r ac t e ri s tic  colo r s  w hich  t h u s
b eco m e  c ri t e rions  of w e ak n e s s.   Or din a ry s a p-s t aining
is d u e  to  fun go us  g row t h,  b u t  do e s  no t  n e c e s s a rily
p ro d uc e  a  w e a k e ning  effec t .[31]

[Footno t e  2 9:   S e e  Burke,  H.E.:  Black  c h eck
in w e s t e r n  h e mlock.  Cir.  No.  6 1,  U.S. 
Bu.  E n to mology, 1 9 0 5.]

[Footno t e  3 0:   S e e  M cAte e,  W.L.:  Woodp eck e r s
in r el a tion  to  t r e e s  a n d  wood  p ro d uc t s .   Bul. 
No.  3 9,  U.S.  Biol.  S u rvey, 1 9 1 1.]

[Footno t e  3 1:   S e e  Von Sc h r e n ck,  H e r m a n n: 
The  “bluing” a n d  t h e  “r e d  ro t”
of t h e  w e s t e r n  yellow pin e,  wi th  s p eci al r ef e r e nc e
to  t h e  Black  Hills for e s t  r e s e rve.   Bul. 
No.  3 6,  U.S.  Bu.  Pl an t  Ind us t ry, Washing to n,
1 9 0 3,  p p.  1 3-1 4.

Weiss,  Ho w a r d,  a n d  Ba r n u m,  Ch a rle s  T.:  The  p r eve n tion
of s a p s t ain  in lum b er.  Cir. 1 9 2,  U.S.  Fo r e s t
S e rvice,  Washing ton,  1 9 1 1,  p p.  1 6-1 7.]

CROSS GRAIN

Cross  grain  is a  ve ry co m m o n  d efec t  in  tim b er. 
On e  for m  of it  is p ro d uc e d  in lum b e r  by  t h e  m e t ho d
of s a win g  a n d  h a s  no  r ef e r e nc e  to  t h e  n a t u r al  a r r a n g e m e n t
of t h e  wood  ele m e n t s.   Thus  if t h e  pl a n e  of t h e
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s a w  is no t  a p p roxim a t ely p a r allel to  t h e  axis  of t h e
log  t h e  g r ain  of t h e  lu m b e r  c u t  is no t  p a r allel to
t h e  e d g e s  a n d  is t e r m e d  di a go n al.  This  is likely
to  occu r  w h e r e  t h e  logs  h av e  consid e r a ble  t a p er, a n d
in t his  c a s e  m ay b e  p ro d u c e d  if s a w e d  p a r allel to
t h e  axis  of g row t h  ins t e a d  of p a r allel to  t h e  g row t h
rings .

Lu m b e r  a n d  tim b e r  wi th  di a go n al  g r ain  is alw ays  w e ak e r
t h a n  s t r aigh t-g r ain e d  m a t e ri al, t h e  ext e n t  of t h e
d efec t  va rying  wi t h  t h e  d e g r e e  of t h e  a n gle  t h e  fib r e s
m a k e  wi th  t h e  axis of t h e  s tick.  In  t h e  vicinity
of la rg e  kno t s  t h e  g r ain  is likely to  b e  c ro ss.  
The  d efec t  is m o s t  s e rious  w h e r e  wood  is s u bjec t e d
to  flexu r e ,  a s  in b e a m s.

S piral grain  is a  ve ry co m m o n  d efec t  in a  t r e e ,
a n d  w h e n  exc e s sive  r e n d e r s  t h e  ti m b e r  valu ele s s  for
u s e  exc e p t  in t h e  ro u n d.   I t  is p ro d uc e d  by t h e
a r r a n g e m e n t  of t h e  wood  fib r e s  in a  s pi r al  di r e c tion
a bo u t  t h e  axis  ins t e a d  of ex ac tly ve r tical.  Timb e r
wi th  s pi r al  g r ain  is al so  know n  a s  “to r s e  wood.” 
S pi r al g r ain  u s u ally c a n no t  b e  d e t e c t e d  by c a s u al
ins p ec tion  of a  s tick,  sinc e  it do es  no t  s how  in t h e
so-c alled  visible  g r ain  of t h e  wood, by w hich  is co m m o nly
m e a n t  a  s ec tion al  view of t h e  a n n u al  r i ng s  of g row t h
c u t  longit u din ally.  I t  is a c co r dingly ve ry e a sy
to  allow s pi r al-g r ain e d  m a t e ri al to  p a s s  ins p ec tion,
t h e r e by in t ro d ucin g  a n  el e m e n t  of w e a k n e s s  in a  s t r uc t u r e .

The r e  a r e  m e t hod s  for  r e a dily d e t e c ting  s pi r al  g r ain.  
The  si m ple s t  is t h a t  of s pli t ting  a  s m all pi ec e  r a di ally. 
I t  is n e c e ss a ry, of cou r s e ,  t h a t  t h e  s pli t  b e  r a di al,
t h a t  is, in  a  pl a n e  p a s sin g  t h ro u g h  t h e  axis  of t h e
log,  a n d  no t  t a n g e n ti ally.  In  t h e  la t t e r  c a s e
it  is q ui t e  p rob a ble  t h a t  t h e  wood  would  s pli t  s t r aigh t ,
t h e  line  of cle ava g e  b eing  b e t w e e n  t h e  g row t h  rin gs.
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In  ins p ec tion,  t h e  el e m e n t s  to  exa min e  a r e  t h e  r ays.  
In  t h e  c a s e  of oak  a n d  ce r t ain  o t h e r  h a r d woods  t h e s e
r ays  a r e  so  la r g e  t h a t  t h ey a r e  r e a dily s e e n  no t  only
on  a  r a di al s u rfac e,  b u t  on  t h e  t a n g e n ti al a s  w ell. 
On  t h e  for m e r  t h ey a p p e a r  a s  flakes,  on  t h e  la t t e r
a s  s ho r t  lines .   Sinc e  t h e s e  r ays  a r e  b e t w e e n  t h e
fib r e s  i t n a t u r ally follows  t h a t  t h ey will b e  ve r tical
o r  incline d  a cco r ding  a s  t h e  t r e e  is s t r aigh t-g r ain e d
o r  s pi r al-g r ain e d.   While  t h ey a r e  no t  cons picuo us
in t h e  softwoods,  t h ey  c a n  b e  s e e n  u po n  close  sc r u tiny,
a n d  p a r ticula rly so  if a  s m all h a n d  m a g nifie r  is u s e d .

Whe n  wood  h a s  b e g u n  to  d ry a n d  c h e ck  it is ve ry e a sy
to  s e e  w h e t h e r  o r  no t  i t is s t r aig h t- o r  s pi r al-g r ain e d,
since  t h e  ch ecks  will for  t h e  m o s t  p a r t  follow alon g
t h e  r ays.   If on e  ex a min es  a  ro w  of t el e p ho n e
pole s,  for  exa m ple,  h e  will p rob a bly find  t h a t  m o s t
of t h e m  h ave  c h e cks  r u n ning  s pi r ally a ro u n d  t h e m.  
If bo a r d s  w e r e  s a w e d  fro m  s uc h  a  pole  af t e r  it w a s
b a dly ch e ck e d  t h ey would  fall to  pi ec e s  of t h ei r  ow n
w eig h t .   The  only w ay to  g e t  s t r aigh t  m a t e ri al
wo uld  b e  to  s pli t  it  ou t.

I t  is for  t his  r e a so n  t h a t  s plit  bille t s  a n d  s q u a r e s
a r e  s t ro n g e r  t h a n  m o s t  s a w e d  m a t e ri al.  The  p r e s e nc e
of t h e  s pi r al  g r ain  h a s  lit tl e,  if a ny, effec t  on
t h e  tim b e r  w h e n  it  is u s e d  in  t h e  ro u n d,  b u t  in s a w e d
m a t e ri al  t h e  g r e a t e r  t h e  pi tc h  of t h e  s pi r al  t h e  g r e a t e r
is t h e  d efec t.

KNOTS

Knot s  a r e  po r tions  of b r a n c h e s  includ e d  in
t h e  wood  of t h e  s t e m  o r  la rg e r  b r a n c h.   Br a nc h e s
o rigin a t e  a s  a  r ul e  fro m  t h e  c e n t r al  axis  of a  s t e m,
a n d  w hile  living  inc r e a s e  in  size  by  t h e  a d di tion
of a n n u al woody laye r s  w hich  a r e  a  co n tin u a tion  of
t hos e  of t h e  s t e m.   The  includ e d  po r tion  is i r r e g ula rly
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conical in s h a p e  wi th  t h e  t ip  a t  t h e  pi th .   The
di r e c tion  of t h e  fib r e  is a t  r i gh t  a n gle s  o r  obliqu e
to  t h e  g r ain  of t h e  s t e m,  t h us  p rod ucin g  loc al c ro ss
g r ain.

Du ring  t h e  d evelop m e n t  of a  t r e e  m os t  of t h e  limbs,
e s p e cially t h e  low e r  on e s,  di e ,  b u t  p e r sis t  for  a
ti m e—ofte n  for  ye a r s .   S u bs e q u e n t  laye r s
of g row t h  of t h e  s t e m  a r e  no  long e r  in tim a t ely joine d
wi th  t h e  d e a d  lim b,  b u t  a r e  laid  a ro u n d  it.  H e nc e
d e a d  b r a nc h e s  p ro d uc e  kno ts  w hich  a r e  no t hing  m o r e
t h a n  p e g s  in  a  hole,  a n d  likely to  d ro p  ou t  af t e r
t h e  t r e e  h a s  b e e n  s a w e d  in to  lu m b er.  In  g r a din g
lu m b e r  a n d  s t r uc t u r al t im b er, kno t s  a r e  cl as sified
a c co r din g  to  t h ei r  for m, size,  so u n d n e s s ,  a n d  t h e
fir m n e s s  wi th  w hich  t h ey  a r e  h eld  in  plac e.[32]

[Footno t e  3 2:   S e e  S t a n d a r d  clas sifica tion  of
s t r uc t u r al  tim b er.  Yearbook Am.  Soc.  for
Testing  M a t e ri als,  1 9 1 3,  p p .  3 0 0-3 0 3.   Con t ain s
t h r e e  pl a t e s  s howing  s t a n d a r d  d efec t s.]

96



Page 50

Knots  m a t e ri ally affec t  c h ecking  a n d  w a r ping,  e a s e
in wo rking,  a n d  cle ava bili ty of tim b er.  They
a r e  d efec t s  w hic h  w e ak e n  ti m b e r  a n d  d e p r e cia t e  i t s
value  for  s t r uc t u r al  p u r pos e s  w h e r e  s t r e n g t h  is a n
impor t a n t  co nsid e r a tion.   The  w e a k e ning  effec t
is m u c h  m o r e  s e rious  w h e r e  ti m b e r  is s u bjec t e d  to
b e n din g  a n d  t e n sion  t h a n  w h e r e  u n d e r  co m p r e s sion.  
The  ex t e n t  to  w hich  kno ts  affec t  t h e  s t r e n g t h  of a
b e a m  d e p e n d s  u po n  t h ei r  posi tion,  size,  n u m b er, di r e c tion
of fib r e,  a n d  con di tion.   A kno t  on  t h e  u p p e r  sid e
is co m p r e s s e d,  w hile  on e  on  t h e  low e r  sid e  is s u bjec t e d
to  t e n sion.   The  kno t ,  e s p e cially (as  is oft e n
t h e  c a s e)  if t h e r e  is a  s e a son  ch e ck  in it,  offe r s
li t tle  r e sis t a n c e  to  t his  t e n sile  s t r e s s.   S m all,
kno t s,  ho w ever, m ay b e  so  loca t e d  in a  b e a m  alon g  t h e
n e u t r al  pl a n e  a s  a c t u ally to  inc r e a s e  t h e  s t r e n g t h
by t e n ding  to  p r eve n t  longi tu din al  s h e a ring.  
Knots  in a  bo a r d  o r  pla nk  a r e  lea s t  inju rious  w h e n
t h ey ex t e n d  t h ro u g h  it a t  r i gh t  a n gles  to  it s  b ro a d e s t
s u rfac e.   Knots  w hich  occ u r  n e a r  t h e  e n d s  of a
b e a m  do  no t  w e ak e n  it.  Sou n d  kno t s  w hich  occ u r
in t h e  ce n t r al  po r tion  on e-fou r t h  t h e  h eigh t  of t h e
b e a m  fro m  ei t h e r  e d g e  a r e  no t  s e rious  d efec t s.

Ext e nsive  exp e ri m e n t s  by  t h e  U.S.  For e s t  S e rvice[33]
indica t e  t h e  following  effec t s  of kno t s  on  s t r u c t u r al
ti m b e r s :  

[Footno t e  3 3:   Bul. 1 0 8,  p p .  5 2  e t  s e q . ]

(1) Knots  do  no t  m a t e ri ally influe nc e  t h e  s tiffnes s
of s t r uc t u r al  tim b er.

(2) O nly d efec t s  of t h e  m o s t  s e rious  c h a r a c t e r  affec t
t h e  el a s tic  limit  of b e a m s.   S tiffne ss  a n d  el a s tic
s t r e n g t h  a r e  m o r e  d e p e n d e n t  u po n  t h e  q u ali ty of t h e
wood  fib r e  t h a n  u po n  d efec t s  in t h e  b e a m.

(3) The  effec t  of kno t s  is to  r e d u c e  t h e  diffe r e nc e
b e t w e e n  t h e  fib r e  s t r e s s  a t  e la s tic  limit  a n d  t h e
m o d ulus  of r u p t u r e  of b e a m s.   The  b r e a king  s t r e n g t h
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is ve ry s u sc e p tible  to  d ef ec t s.

(4) Sou n d  kno t s  do  no t  w e ak e n  wood  w h e n  s u bjec t  to
co m p r e s sion  p a r allel to  t h e  g r ain.[34]

[Footno t e  3 4:   Bul. 1 1 5,  U.S.  For e s t  S e rvice:  
M ec h a nic al p rop e r ti e s  of w e s t e r n  h e mlock, p .  2 0.]

FROST SPLITS

A co m m o n  d efec t  in s t a n din g  tim b e r  r e s ul t s  fro m  r a dial
s plit s  w hich  ext e n d  inw a r d  fro m  t h e  p e riph e ry of t h e
t r e e ,  a n d  al mos t ,  if no t  alw ays,  n e a r  t h e  b a s e .  
I t  is m os t  co m m o n  in t r e e s  w hich  s pli t  r e a dily, a n d
t hos e  wi th  la r g e  r ays  a n d  t hin  b a rk.   The  p ri m a ry
c a u s e  of t h e  s pli t ting  is fros t ,  a n d  va rious  t h eo ri es
h ave  b e e n  a dva nc e d  to  explain  t h e  a c tion.

R. H a r tig[35] b elieves  t h a t  fr e ezing  forc es  ou t  a
p a r t  of t h e  imbibition  w a t e r  of t h e  c ell w alls, t h e r e by
c a u sing  t h e  wood  to  s h rink,  a n d  if t h e  in t e rio r  laye r s
h ave  no t  ye t  b e e n  cooled,  t a n g e n ti al  s t r ains  a ri s e
w hich  finally p ro d uc e  r a di al clef t s.

[Footno t e  3 5:   H a r tig,  R.:  The  dis e a s e s  of
t r e e s  (t r a n s.  by So m e rville  a n d  Ward), Londo n  a n d
N e w  York, 1 8 9 4,  p p .  2 8 2-2 9 4.]

Anot h e r  t h eo ry holds  t h a t  t h e  w a t e r  is no t  d rive n
ou t  of t h e  c ell w alls, b u t  t h a t  diffe r e nc e  in  t e m p e r a t u r e
con di tions  of inn e r  a n d  ou t e r  laye r s  is it s elf s ufficien t
to  s e t  u p  t h e  s t r ains ,  r e s ul ting  in s plit ting.  
An ai r  t e m p e r a t u r e  of 1 4  d e g.F. o r  les s  is conside r e d
n ec es s a ry  to  p ro d uc e  fros t  s pli t s .
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A s till m o r e  r e c e n t  t h eo ry is t h a t  of Buss e[36]  w ho
con sid e r s  t h e  m e c h a nic al a c tion  of t h e  win d  a  ve ry
impor t a n t  fac tor.  H e  obs e rve d:   (a)
F ros t  s pli t s  so m e ti m e s  occu r  a t  high e r  t e m p e r a t u r e s
t h a n  1 4  d e g.F. (b ) Mos t  s pli t s  t ak e  pl ac e  s ho r tly
b efo r e  s u n ris e,  i.e. , a t  t h e  ti m e  of low es t
ai r  a n d  soil t e m p e r a t u r e;  t h ey  a r e  n ev e r  h e a r d  to
t ak e  pl ac e  a t  noo n,  af t e r noo n,  o r  eve ning.  (c )
They alw ays  occ u r  b e t w e e n  t wo  roo t s  o r  b e t w e e n  t h e
colla r s  of t wo  roo t s,  (d ) They a r e  m o s t  fr e q u e n t
in old,  s to u t-roo t e d,  b ro a d-c row n e d  t r e e s;  in youn g e r
s t a n ds  it is a lw ays  t h e  s to u t e s t  m e m b e r s  t h a t  a r e  foun d
wi th  fros t  s pli t s,  w hile  in q ui t e  youn g  s t a n d s  t h ey
a r e  al tog e t h e r  a b s e n t ,  (e ) Tre e s  on  w e t  si t e s
a r e  m os t  liable  to  s plit s,  d u e  to  diffe r e nc e  in wood
s t r uc t u r e ,  jus t  a s  diffe r e n c e  in wood  s t r u c t u r e  m a k e s
diffe r e n t  s p e ci e s  va ry in  t his  r e g a r d.  ( f)
F ros t  s pli t s  a r e  m o s t  n u m e ro u s  les s  t h a n  t h r e e  fee t
a bove  t h e  g ro u n d.

[Footno t e  3 6:   Buss e,  W.:  F ro s t-, Ring- u n d
Kern riss e.   Fors t wis s.   Ce n t r alb.,  XXXII,
2,  1 9 1 0,  p p .  7 4-8 1.]

Whe n  a  t r e e  is s w aye d  by t h e  wind  t h e  roo t s  a r e  cou n t e r a c tin g
forc e s,  a n d  t h e  wood  fib r e s  a r e  t e s t e d  in t e n sion  a n d
co m p r e s sion  by t h e  opposing  forc e s;  w h e r e  t h e  roo ts
exe rcise  t e n sion  s t r e s s e s  m o s t  effec tively t h e  effec t
of co m p r e s sion  s t r e s s e s  is a t  a  mi nim u m;  only w h e r e
t h e  p r e s s u r e  is in  exc es s  of t h e  t e n sion,  i.e. ,
b e t w e e n  t h e  roo t s,  c a n  a  s e p a r a tion  of t h e  fib r e  r e s ul t .  
H e n c e,  w h e n  by fros t  a  t e n sion  on  t h e  e n ti r e  p e riph e ry
is e s t a blish e d,  a n d  t h e  win d  localizes  a d di tion al
s t r ain s,  failu r e  occ u r s .   The  s t ro n g e r  t h e  co m p r e s sion
a n d  t e nsion,  t h e  s eve r e r  t h e  s t r ains  a n d  t h e  oft e n e r
failu r e s  occ ur.  The  occ u r r e nc e  of r e po r t s  of
fros t  s plit s  on  wind-s till d ays  is b elieve d  by Buss e
to  b e  d u e  to  t h e  op e nin g  of old  fros t  s pli t s  w h e r e
t h e  t e n sion  p rod uc e d  by t h e  fros t  alon e  is s ufficien t .

F ros t  s pli t s  m ay  h e al  ove r  t e m po r a rily, b u t  u s u ally
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op e n  u p  a g ain  d u rin g  t h e  following  win t er.  The
p r e s e n c e  of old  s pli t s  is oft e n  indic a t e d  by a  ri dg e
of c allous,  t h e  r e s ul t  of t h e  c a m biu m’s effor t
to  occlud e  t h e  wo u n d.   F ros t  s plit s  no t  only affec t
t h e  value  of lu m b er, b u t  also  affor d  a n  e n t r a n c e  in to
t h e  living  t r e e  for  dis e a s e  a n d  d e c ay.

SHAKES, GALLS, PITCH POCKETS

H ear t  s ha k e  occ u r s  in n e a rly all ove r m a t u r e
ti m b er, b ein g  m o r e  fre q u e n t  in h a r d woods  (es p e ci ally
o ak) t h a n  in conife r s.   In  typical h e a r t  s h ak e
t h e  c e n t r e  of t h e  hole  s ho ws  indica tions  of b e co ming
hollow a n d  r a dial clef t s  of va rying  size  ex t e n d  ou t w a r d
fro m  t h e  pi th ,  b eing  wid e s t  inw a r d.   I t  fr e q u e n tly
affec t s  only t h e  b u t t  log,  b u t  m ay  ext e n d  to  t h e  e n ti r e
hole  a n d  ev e n  t h e  la rg e r  b r a n c h e s.   I t  u s u ally
r e s ul t s  fro m  a  s h rink a g e  of t h e  h e a r t wood  d u e  p rob a bly
to  c h e mical ch a n g e s  in t h e  wood.
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Whe n  it  consis t s  of a  sin gle  clef t  ex t e n din g  a c ross
t h e  pi th  it  is t e r m e d  si m ple  h ear t  s ha k e . 
S h a k e  of t his  ch a r ac t e r  in s t r aig h t-g r ain e d  t r e e s
affec t s  only on e  o r  t wo  c e n t r al  bo a r d s  w h e n  c u t  in to
lu m b er, b u t  in s pi r al-g r ain e d  tim b e r  t h e  d a m a g e  is
m u c h  g r e a t er.  Whe n  s h ak e  consis t s  of s eve r al  r a di al
clef t s  it  is t e r m e d  s tar  s ha k e .  In  so m e
ins t a nc e s  on e  o r  m o r e  of t h e s e  cleft s  m ay  ext e n d  n e a rly
to  t h e  b a rk.   In  felled  o r  conve r t e d  tim b e r  clef t s
d u e  to  h e a r t  s h ak e  m ay  b e  di s ting uish e d  fro m  s e a so nin g
c r a cks  by  t h e  d a rk e r  colo r  of t h e  expos e d  s u rfac es .  
S uc h  clef t s,  how ever, t e n d  to  op e n  u p  m o r e  a n d  m o r e
a s  t h e  ti m b e r  s e a sons.

Cup  o r  ring  s ha k e  r e s ul t s  fro m  t h e  p ulling
a p a r t  of t wo  o r  m o r e  g row t h  ring s.   I t  is on e
of t h e  m o s t  s e rious  d efec t s  to  w hich  sou n d  tim b e r
is s u bjec t,  a s  i t s e riously r e d uc e s  t h e  t e c h nic al
p ro p e r ti e s  of wood.   I t  is ve ry co m m o n  in syca mo r e
a n d  in w e s t e r n  la rc h,  p a r ticul a rly in  t h e  b u t t  po r tion.  
I t s  occ u r r e nc e  is m o s t  fr e q u e n t  a t  t h e  junc tion  of
t wo  g row t h  laye r s  of ve ry u n e q u al  t hickn es s .  
Cons e q u e n tly it  is likely to  occ u r  in  t r e e s  w hich
h ave  g row n  slowly for  a  ti m e,  t h e n  a b r u p tly inc r e a s e d ,
d u e  to  imp rove d  con di tions  of ligh t  a n d  food, a s  in
t hin nin g.   Old tim b e r  is m o r e  s u bjec t  to  it  t h a n
youn g  t r e e s .   The  d a m a g e  is la rg ely co nfine d  to
t h e  b u t t  log.  Cu p  s h a k e  is of t e n  a s socia t e d  wi t h
o th e r  for m s  of s h ak e,  a n d  no t  inf r e q u e n tly s how s  t r a c e s
of d e c ay.

The  c a u s e s  of c u p  s h ak e  a r e  u nc e r t ain.   The  s w aying
a c tion  of t h e  win d  m ay r e s ul t  in s h e a rin g  a p a r t  t h e
g row t h  laye r s ,  e s p e cially in t r e e s  g ro wing  in expos e d
plac e s.   F ro s t  m ay in so m e  ins t a nc e s  b e  r e s po nsible
for  c u p  s h a k e  o r  a t  le a s t  a  con t rib u tin g  fac tor, a l t ho u g h
t r e e s  g ro win g  in r e gions  fre e  fro m  fros t  of t e n  h ave
ring  s h ak e.   S h rink a g e  of t h e  h e a r t wood  m ay  b e
conc e n t ric  a s  w ell a s  r a dial in it s  a c tion,  t h u s  p ro d u cing
c u p  s h a k e  ins t e a d  of, o r  in con n ec tion  wi th,  h e a r t
s h ak e.
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A local d ef ec t  so m e w h a t  si mila r  in  effec t  to  c u p  s h a k e
is know n  a s  rind  gall.  If t h e  c a m biu m
laye r  is expos e d  by t h e  r e m oval of t h e  e n ti r e  b a rk
o r  ri nd  it  will di e.   S u b s e q u e n t  g row t h  ove r  t h e
d a m a g e d  po r tion  do e s  no t  co h e r e  wi th  t h e  wood  p r eviously
for m e d  by t h e  old  c a m biu m.   The  d efec t  r e s ul ting
is t e r m e d  rin d  g all.  The  m o s t  co m m o n  c a u s e s  of
it  a r e  fir e,  g n a wing,  blazing,  c hipping,  s u n  sc ald,
ligh t nin g,  a n d  a b r a sions.

H ear t  br ea k  is a  t e r m  a p plied  to  a r e a s  of co m p r e s sion
failu r e  alon g  t h e  g r ain  foun d  in occa sion al logs.  
So m e ti m e s  t h e s e  b r e a ks  a r e  invisible  u n til t h e  wood
is m a n ufac t u r e d  in to t h e  finish e d  a r ticle.   The
occ u r r e nc e  of t his  d efec t  is m o s tly limit e d  to  t h e
d e n s e  h a r d w oods,  s uc h  a s  hicko ry a n d  to  h e avy t ropical
s p eci es .   I t  is t h e  so u rc e  of conside r a ble  loss
in t h e  fancy ven e e r  ind us t ry, a s  t h e  ve n e e r  fro m  valu a ble
logs  so  affec t e d  d ro ps  to  piec e s.

The  c a u s e  of h e a r t  b r e ak  is no t  posi tively know n.  
It  is highly p ro b a ble,  ho w ever, t h a t  w h e n  t h e  t r e e
is felled  t h e  t r u nk  s t rikes  a c ro ss  a  rock  o r  a no t h e r
log,  a n d  t h e  imp ac t  c a us e s  a c t u al  failu r e  in t h e  log
a s  in a  b e a m.

102



Page 53

R e sin  o r  pi tc h  poc k e t s  a r e  of co m mo n
occ u r r e nc e  in t h e  wood  of la rc h,  s p r uc e ,  fir, a n d
e s p e cially of longle af a n d  o t h e r  h a r d  pin e s.  
They a r e  d u e  to  a cc u m ula tions  of r e sin  in op e nings
b e t w e e n  a djac e n t  laye r s  of g row t h.   They a r e  m o r e
fre q u e n t  in t r e e s  g ro wing  alon e  t h a n  in  t hos e  of d e n s e
s t a n ds.   The  pocke t s  a r e  u s u ally a  few inch es
in g r e a t e s t  di m e n sion  a n d  affec t  only on e  o r  t wo  g ro wt h
laye r s.   They a r e  hid d e n  u n til expos e d  by t h e
s aw, r e n d e rin g  it impos sible  to  c u t  lu m b e r  wi t h  r ef e r e nc e
to  t h ei r  posi tion.   Oft e n  s eve r al  bo a r d s  a r e  d a m a g e d
by a  single  pock e t .   In  g r a ding  lum b er, pi t c h
pocke t s  a r e  cla s sified  a s  s m all, s t a n d a r d ,  a n d  la r g e ,
d e p e n din g  u po n  t h ei r  wid t h  a n d  leng t h.

INSECT INJURIES[37]

[Footno t e  3 7:   Fo r  d e t aile d  infor m a tion  r e g a r din g
ins ec t  inju ri es,  t h e  r e a d e r  is r efe r r e d  to  t h e  va rious
p u blica tions  of t h e  U.S.  Bu r e a u  of En to mology,
Washing ton,  D.C.]

The  la rva e  of m a ny insec t s  a r e  d e s t r uc tive  to  wood.  
So m e  a t t a ck  t h e  wood  of living  t r e e s,  o t h e r s  only
t h a t  of felled  o r  conve r t e d  m a t e r ial.  Eve ry hole
b r e aks  t h e  con tinui ty of t h e  fib r e s  a n d  imp ai r s  t h e
s t r e n g t h ,  a n d  if t h e r e  a r e  ve ry m a ny of t h e m  t h e  m a t e ri al
m ay b e  r uin e d  for  all p u r pos e s  w h e r e  s t r e n g t h  is r e q ui r e d.

So m e  of t h e  m os t  co m m o n  ins ec t s  a t t a cking  t h e  wood
of living  t r e e s  a r e  t h e  oak  ti m b e r  wo r m,  t h e  c h e s t n u t
ti m b e r  wor m,  c a r p e n t e r  wo r m s,  a m b rosia  b e e tl es,  t h e
locus t  bo r er, t u r p e n tin e  b e e tl e s  a n d  t u r p e n tin e  bo r e r s,
a n d  t h e  w hi t e  pin e  w e evil.

The  ins ec t  inju ries  to  for e s t  p ro d uc t s  m ay  b e  cl as s e d
a c co r din g  to  t h e  s t a g e  of m a n ufac t u r e  of t h e  m a t e ri al. 
Thus  ro u n d  tim b e r  wi t h  t h e  b a rk  on,  s uc h  a s  pole s,
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pos t s,  min e  p ro ps ,  a n d  s a wlogs,  is s u bjec t  to  s e rious
d a m a g e  by t h e  s a m e  cl as s  of ins ec t s  a s  t hos e  m e n tion e d
a bove,  p a r ticula rly by t h e  ro u n d-h e a d e d  bo r e r s ,  ti m b e r
wo r m s,  a n d  a m b rosi a  b e e tl es.   M a n ufac t u r e d  u n s e a so n e d
p ro d uc t s  a r e  s u bjec t  to  d a m a g e  fro m  a m b rosia  b e e tl e s
a n d  o th e r  wood  bo r e r s .   S e a son e d  h a r d w ood  lum b e r
of all kinds,  ro u g h  h a n dle s,  w a go n  s tock, e t c .,
m a d e  p a r ti ally o r  e n ti r ely of s a p wood,  a r e  oft e n  r e d u c e d
in value  fro m  1 0  to  9 0  p e r  c e n t  by a  cla s s  of ins ec t s
know n  a s  pow d e r-pos t  b e e tle s.   Finish e d  h a r d w ood
p ro d uc t s  s uc h  a s  h a n dle s,  w a go n,  c a r ri a g e  a n d  m a c hin e ry
s tock, e s p e ci ally if a s h  o r  hicko ry, a r e  of te n  d e s t roye d
by t h e  po w d e r-pos t  b e e tle s.   Cons t r uc tion  ti m b e r s
in b uildings,  b rid g e s  a n d  t r e s tl es,  c ro ss-ti e s,  pole s,
min e  p ro ps ,  fenc e  pos t s,  e t c ., a r e  so m e ti m e s
s e riously inju r e d  by wood-bo ring  la rva e ,  t e r mi t e s ,
bl ack  a n t s ,  c a r p e n t e r  b e e s,  a n d  po w d e r-pos t  b e e tl e s,
a n d  so m e ti m e s  r e d uc e d  in value  fro m  1 0  to  1 0 0  p e r
c e n t .   In  t ropical cou n t rie s  t e r mit e s  a r e  a  ve ry
s e rious  p e s t  in t his  r e s p e c t .

MARINE WOOD-BORER INJURIES

Vast  a m o u n t s  of ti m b e r  u s e d  for  piles  in w h a rve s  a n d
o th e r  m a rin e  s t r u c t u r e s  a r e  cons t a n tly b ein g  d e s t roye d
o r  s e riously inju r e d  by  m a rin e  bo r e r s .   Almos t
inva ri a bly t h ey a r e  confine d  to  s al t  w a t er, a n d  all
t h e  woods  co m mo nly u s e d  for  piling  a r e  s u bjec t  to
t h ei r  a t t a cks.   The r e  a r e  t wo  g e n e r a  of m ollusks,
Xylotrya  a n d  Teredo , a n d  t h r e e  of c r u s t a c e a n s ,
Li m noria, Ch elura , a n d  S p ho ero m a , t h a t
do  s e rious  d a m a g e  in m a ny pl ac es  along  bo t h  t h e  Atlan tic
a n d  Pacific coa s t s .
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The s e  m ollusks,  w hich  a r e  po p ula rly know n  a s  “shipwo r m s,”
a r e  m u c h  alike  in s t r uc t u r e  a n d  m o d e  of life. 
They a t t ack  t h e  expos e d  s u rfac e  of t h e  wood  a n d  im m e dia t ely
b e gin  to  bo r e .   The  t u n n els,  oft e n  a s  la r g e  a s
a  lea d  p e ncil, ex t e n d  u s u ally in  a  longi tu din al  di r ec tion
a n d  follow a  ve ry ir r e g ular, t a n gle d  cou r s e .  
H a r d  woods  a r e  a p p a r e n tly p e n e t r a t e d  a s  r e a dily a s
soft  woods,  t ho u g h  in t h e  s a m e  ti m b e r  t h e  soft e r  p a r t s
a r e  p r efe r r e d .   The  food  consis t s  of infuso ri a
a n d  is no t  ob t ain e d  fro m  t h e  wood  s u bs t a nc e .  
The  sole  objec t  of bo ring  in to  t h e  wood  is to  ob t ain
s h el t er.

Althou g h  s hipwor m s  c a n  live in cold  w a t e r  t h ey  t h rive
b e s t  a n d  a r e  m os t  d e s t r uc tive  in  w a r m  w a t er. 
The  leng t h  of tim e  r e q ui r e d  to  d e s t roy a n  av e r a g e
b a rk e d,  u n p ro t e c t e d  pin e  pile  on  t h e  Atlan tic  coa s t
so u t h  fro m  Ch e s a p e a k e  Bay a n d  along  t h e  e n ti r e  Pacific
co a s t  va rie s  fro m  b u t  on e  to  t h r e e  ye a r s .

Of t h e  c r u s t ac e a n  bo r e r s ,  Li m noria , o r  t h e
“wood  lous e,” is t h e  only on e  of g r e a t
impor t a nc e ,  al t ho u g h  S p ho ero m a  is r e po r t e d
d e s t r uc tive  in pl ac e s.  Li m noria  is a bo u t  t h e
size  of a  g r ain  of r ice  a n d  t u n n els  in to  t h e  wood
for  bo t h  food  a n d  s h el t er.  The  g alle rie s  ex t e n d
inw a r d  r a di ally, side  by side,  in cou n tle s s  n u m b e r s ,
to  t h e  d e p t h  of a bo u t  on e-h alf inch.   The  t hin
wood  p a r ti tions  r e m aining  a r e  d e s t roye d  by w av e  a c tion,
so  t h a t  a  fr e s h  s u rfac e  is expos e d  to  a t t a ck.  
Both  h a r d  a n d  soft  woods  a r e  d a m a g e d,  b u t  t h e  r a t e
is fas t e r  in t h e  soft  woods  o r  soft e r  po r tions  of
a  wood.

Timb e r s  s e riously a t t a ck e d  by m a rin e  bo r e r s  a r e  b a dly
w e a k e n e d  o r  co m ple t ely d e s t roye d.   If t h e  o riginal
s t r e n g t h  of t h e  m a t e ri al is to  b e  p r e s e rve d  it  is
n ec es s a ry  to  p ro t ec t  t h e  wood  fro m  t h e  bo r e r s .  
This  is so m e ti m e s  a cco m plish e d  by p ro p e r  injec tion
of c r eoso t e  oil, a n d  m o r e  o r  less  s ucc e s sfully by  t h e
u s e  of va rious  kinds  of ex t e r n al  co a tings .[38] N o  t r e a t m e n t ,
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how ever, h a s  p rove d  e n ti r ely s a tisfac to ry.

[Footno t e  3 8:   S e e  S mit h,  C. S tow ell:  P r e s e rv a tion
of piling  a g ain s t  m a rin e  wood  bo r e r s .   Cir. 1 2 8,
U.S.  For e s t  S e rvice,  1 9 0 8,  p p.  1 5 .]

FUNGOUS INJURIES[39]

[Footno t e  3 9:   S e e  Von Sc h r e n ck,  H.:  The
d ec ay of ti m b e r  a n d  m e t ho ds  of p r eve n tin g  it. 
Bul. 1 4,  U.S.  Bu.  Pla n t  Ind us t ry, Washing to n,
D.C., 1 9 0 2.   Also Buls. 3 2 ,  1 1 4,  2 1 4,  2 6 6.

M ein eok e,  E.P.:  For e s t  t r e e  dis e a s e s  co m mo n  in
Californi a  a n d  N eva d a,  U.S.  For e s t  S e rvice,  Washin g ton,
D.C., 1 9 1 4.

H a r tig,  R.:  The  dis e a s e s  of t r e e s .   London
a n d  N e w  York, 1 8 9 4.]

F u n gi a r e  r e s po nsible  for  al mos t  all d e c ay of wood.  
So  fa r  a s  know n,  all d e c ay is p ro d uc e d  by living  o r g a nis m s,
ei t h e r  fun gi o r  b a c t e ri a.   So m e  s p e cie s  a t t a ck
living  t r e e s ,  so m e ti m e s  killing  t h e m,  o r  m a kin g  t h e m
hollow, o r  in t h e  c a s e  of p e cky cyp r e s s  a n d  inc e ns e
c e d a r  filling  t h e  wood  wi th  g alle rie s  like  t hos e  of
bo rin g  ins ec t s.   A m u c h  la r g e r  va ri e ty wo rk  only
in felled  o r  d e a d  wood,  eve n  af t e r  it  is pl ac e d  in
b uildings  o r  m a n ufac t u r e d  a r ticles.   In  a ny c a s e
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t h e  p roc e ss  of d e s t r uc tion  is t h e  s a m e.   The  mycelial
t h r e a d s  p e n e t r a t e  t h e  w alls  of t h e  c ells  in s e a r c h
of food, w hich  t h ey  find  ei th e r  in t h e  c ell con t e n t s
(s t a r c h e s ,  s u g a r s ,  e t c .), o r  in t h e  c ell w all
it s elf.  The  b r e a kin g  dow n  of t h e  c ell w alls  t h rou g h
t h e  ch e mic al a c tion  of so-c alled  “enzy m e s”
s ec r e t e d  by t h e  fungi follows, a n d  t h e  eve n t u al  p rod uc t
is a  r o t t e n,  m ois t  s u b s t a n c e  c r u m bling  r e a dily u n d e r
t h e  sligh t e s t  p r e s s u r e .   So m e  s p ecie s  r e m ove  t h e
lign eo us  m a t t e r  a n d  le ave  al mos t  p u r e  c ellulos e,  w hich
is w hi t e ,  like  co t ton;  o th e r s  dissolve  t h e  c ellulos e,
leaving  a  b ri t tl e,  d a rk  b row n  m a s s  of ligno-c ellulos e.  
F u n gi (suc h  a s  t h e  bluing  fung u s) w hich  m e r ely s t ain
wood  u s u ally do  no t  affec t  it s  m e c h a nic al p ro p e r ti e s
u nle ss  t h e  a t t a cks  a r e  exce s sive.

It  is evid e n t ,  t h e n,  t h a t  t h e  a c tion  of r o t-c a u sing
fungi is to  d e c r e a s e  t h e  s t r e n g t h  of wood,  r e n d e ring
it  u n so u n d,  b ri t tl e ,  a n d  d a n g e ro us  to  u s e .   The
m os t  d a n g e ro u s  kinds  a r e  t h e  so-c alled  “d ry-ro t”
fungi w hich  wo rk  in  m a ny kinds  of lu m b e r  af t e r  it is
pl ac e d  in t h e  b uildings.   They a r e  p a r ticul a rly
to  b e  d r e a d e d  b e c a u s e  u n s e e n,  working  a s  t h ey do  wi thin
t h e  w alls  o r  inside  of c a sing s.   S eve r al  s e rious
w r ecks  of la r g e  b uildings  h ave  b e e n  a t t r ibu t e d  to
t his  c a u s e.   I t  is s t a t e d[4 0] t h a t  in t h e  t h r e e
ye a r s  (191 1-1 9 1 3) m o r e  t h a n  $ 1 0 0,0 00  w a s  r e q ui r e d  to
r e p ai r  d a m a g e  d u e  to  d ry  ro t .

[Footno t e  4 0:   Dry ro t  in fac to ry tim b e r s ,  by
Ins p e c tion  Dep t .   Associa t e d  Fac to ry M u t u al Fi r e
Ins u r a n c e  Cos., 3 1  Milk S t r e e t ,  Bos ton,  1 9 1 3.]

Dry ro t  d evelops  b e s t  a t  7 5  d e g.F. a n d  is s aid  to
b e  killed  by  a  t e m p e r a t u r e  of 1 1 0  d e g.F.[41] F ully
7 0  p e r  c e n t  h u midity is n e c e s s a ry  in  t h e  ai r  in w hich
a  ti m b e r  is s u r ro u n d e d  for  t h e  g ro wt h  of t hi s  fung us,
a n d  p rob a bly t h e  wood  m u s t  b e  q ui t e  n e a r  i t s  fib r e
s a t u r a tion  con di tion.   N eve r t h el e s s  M e r ulius
lacry m a n s  (one  of t h e  m o s t  impo r t a n t  s p e ci es) h a s
b e e n  foun d  to  live fou r  ye a r s  a n d  eigh t  m o n t h s  in
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a  d ry con di tion.[42] Tho ro u g h  kiln-d rying  will kill
t his  fung u s,  b u t  will no t  p r eve n t  it s  r e d evelop m e n t.  
Antis e p tic  t r e a t m e n t ,  s uc h  a s  c r eoso ting,  is t h e  b e s t
p r eve n tion.

[Footno t e  4 1:   Falck, Rich a r d:   Die  M e r uliusfau ele
d e s  Bau holzes,  H a u s s c h w a m mfor sc h u n g e n,  6 .   H ef t. ,
Jen a,  1 9 1 2.]

[Footno t e  4 2:   M ez, Ca rl:  De r  H a u s sc h w a m m.  
Dr es d e n,  1 9 0 8,  p .  6 3.]

All fungi r e q ui r e  m ois t u r e  a n d  ai r[43] for  t h ei r  g ro wt h.  
Dep rived  of ei t h e r  of t h e s e  t h e  fung u s  die s  o r  c e a s e s
to  d evelop.  Jus t  w h a t  d e g r e e  of m ois t u r e  in  wood
is n ec es s a ry  for  t h e  “d ry-ro t” fung us
h a s  no t  b e e n  d e t e r min e d,  b u t  it is evide n tly consid e r a bly
a bove  t h a t  of t ho ro u g hly ai r-d ry tim b er, p rob a bly
m o r e  t h a n  1 5  p e r  c e n t  m ois t u r e.   H e nc e  t h e  im po r t a nc e
of fre e  ci rc ul a tion  of ai r  a bo u t  all ti m b e r s  in a
b uilding.

[Footno t e  4 3:   A cul tu r e  of fun g us  pl ac e d  in a
gl a s s  ja r  a n d  t h e  ai r  p u m p e d  ou t  c e a s es  to  g row, b u t
will s t a r t  a g ain  a s  soon  a s  oxyge n  is a d mi t t e d.]
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War m t h  is also  con d u cive  to  t h e  g row t h  of fungi, t h e
m os t  favor a ble  t e m p e r a t u r e  b ein g  a bo u t  9 0  d e g.F. 
They c a n no t  g row  in ext r e m e  cold,  al t hou g h  no  d e g r e e
of cold  s uc h  a s  occ u r s  n a t u r ally will kill t h e m.  
On  t h e  o t h e r  h a n d,  high  t e m p e r a t u r e  will kill t h e m,
b u t  t h e  s po r e s  m ay s u rvive  eve n  t h e  boiling  t e m p e r a t u r e .  
Mo uld  fung us  h a s  b e e n  obs e rve d  to  d evelop  r a pidly
a t  1 3 0  d e g.F. in a  d ry  kiln  in  m ois t  air, a  con di tion
u n d e r  w hich  a n  a ni m al c a n no t  live  m o r e  t h a n  a  few
min u t e s .   This  fun g u s  w a s  killed,  ho w ever, a t
a bo u t  1 4 0  d e g.  o r  1 4 5  d e g.F.[44]

[Footno t e  4 4:   Expe ri m e n t s  in kiln-d rying  E ucalyp t u s
in  Be rk eley, U.S.  For e s t  S e rvice.]

The  fun g u s  (E n dot hia parasi tica  And.) w hich
c a u s e s  t h e  c h es t n u t  bligh t  kills t h e  t r e e s  by gi r dling
t h e m  a n d  h a s  no  di r ec t  effec t  u po n  t h e  wood  s ave  pos sibly
t h e  fou r  o r  five  g ro wt h  rin gs  of t h e  s a p wood.[45]

[Footno t e  4 5:   S e e  Ande r son,  Paul J.:  The
m o r p hology a n d  life  his to ry of t h e  c h es t n u t  bligh t
fung us.   Bul.  No. 7 ,  Pe n n a.   Ch e s t n u t
Tre e  Bligh t  Co m., H a r ri sb u r g,  1 9 1 4,  p .  1 7.]

PARASITIC PLANT INJURIES.[46]

[Footno t e  4 6:   S e e  York, H a rl a n  H.:  The  a n a to my
a n d  so m e  of t h e  biological a s p ec t s  of t h e  “Americ a n
mis tl e toe.”  Bul. 1 2 0,  Sci.  S er. 
No.  1 3,  U niv. of Texas,  Aus tin,  1 9 0 9.

Bray, Wm. L.:  The  mis tle to e  p e s t  in  t h e  Sou t h w e s t .  
Bul. 1 6 6,  U.S.  Bu.  Pla n t  Ind., Washing to n,
1 9 1 0.

M ein e cke,  E.P.:  For e s t  t r e e  dis e a s e s  co m m o n  in
Californi a  a n d  N eva d a.   U.S.  Fo r e s t  S e rvice,
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Washing ton,  1 9 1 4,  p p.  5 4-5 8.]

The  m o s t  co m m o n  of t h e  hig h e r  p a r a si tic  pl a n t s  d a m a gin g
ti m b e r  t r e e s  a r e  mi s tl e toes .   M a ny s p e ci es  of
d eciduo us  t r e e s  a r e  a t t ack e d  by t h e  co m m o n  mis tle toe
(Phorad e n dron  flave sc e ns ).  I t  is ve ry
p r ev ale n t  in  t h e  Sou t h  a n d  So u t h w e s t  a n d  w h e n  p r e s e n t
in s ufficie n t  q u a n ti ty do e s  consid e r a ble  d a m a g e .  
The r e  is al so  a  conside r a ble  n u m b e r  of s m alle r  mi s tle toes
b elon ging  to  t h e  g e n u s  Ra zo u m of s kya  (Arce u t ho biu m)
w hich  a r e  wid ely dis t r ibu t e d  t h ro u g ho u t  t h e  cou n t ry,
a n d  s eve r al  of t h e m  a r e  co m m o n  on  conife rous  t r e e s
in t h e  Rocky Mo u n t ain s  a n d  along  t h e  Pacific co as t .

On e  effec t  of t h e  co m m o n  mis tle to e  is t h e  for m a tion
of la rg e  s w ellings  o r  t u m o rs .   Ofte n  t h e  e n t i r e
t r e e  m ay b eco m e  s t u n t e d  o r  dis to r t e d.   The  w e s t e r n
mis tl e toe  is m o s t  co m m o n  on  t h e  b r a nc h e s ,  w h e r e  i t
p ro d uc e s  “witc h e s’ b roo m.”  I t
fr e q u e n tly a t t a cks  t h e  t r u nk  a s  w ell, a n d  bo a r d s  cu t
fro m  s uc h  t r e e s  a r e  filled  wi th  long, r a di al hole s
w hich  s e riously d a m a g e  o r  d e s t roy t h e  valu e  of t h e
ti m b e r  affec t e d.

LOCALITY OF GROWTH

The  d a t a  av ailable  r e g a r din g  t h e  effec t  of t h e  loc ali ty
of g row t h  u po n  t h e  p ro p e r ti e s  of wood  a r e  no t  s ufficien t
to  w a r r a n t  d efini t e  conclusions.   The  s u bjec t
h a s,  how ever, b e e n  ke p t  in  min d  in m a ny of t h e  U.S. 
For e s t  S e rvice  ti m b e r  t e s t s  a n d  t h e  following  q uo t a tions
a r e  a s s e m ble d  fro m  va rious  r e po r t s:  
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“In bo t h  t h e  Cu b a n  a n d  longle af pin e  t h e  loc ality
w h e r e  g ro w n  a p p e a r s  to  h ave  b u t  li t tle  influe nc e  on
w eig h t  o r  s t r e n g t h,  a n d  t h e r e  is no  r e a s on  to  b elieve
t h a t  t h e  longle af pin e  fro m  on e  S t a t e  is b e t t e r  t h a n
t h a t  fro m  a ny o t h er, sinc e  s uc h  va ri a tions  a s  a r e
claim e d  c a n  b e  foun d  on  a ny 4 0-a c r e  lot  of ti m b e r  in
a ny S t a t e .   Bu t  wi th  loblolly a n d  s till m o r e  wit h
s ho r tle af t hi s  s e e m s  no t  to  b e  t h e  c a s e .   Being
wid ely di s t r ib u t e d  ove r  m a ny locali tie s  diffe r e n t
in soil a n d  clim a t e ,  t h e  g row t h  of t h e  s ho r tl e af pin e
s e e m s  m a t e ri ally influe nc e d  by loc a tion.   The  wood
fro m  t h e  sou t h e r n  co a s t  a n d  g ulf r e gion  a n d  ev e n  Arka n s a s
is g e n e r ally h e avie r  t h a n  t h e  wood  fro m  loc ali ti es
fa r t h e r  no r t h .   Very ligh t  a n d  fine-g r ain e d  wood
is s eldo m  m e t  n e a r  t h e  sou t h e r n  limi t  of t h e  r a n g e,
w hile  i t is a l mos t  t h e  r ul e  in Missou ri,  w h e r e  for m s
r e s e m bling  t h e  N o r w ay pine  a r e  by  no  m e a n s  r a r e .  
The  loblolly, occ u pying  bo t h  w e t  a n d  d ry  soils, va ri es
a c co r din gly.”  Cir.  No.  1 2,  p .  6 .

" ...  I t  is cle a r  t h a t  a s  all locali ties  h ave
t h ei r  h e avy a n d  t h ei r  ligh t  ti m b er, so  t h ey all s h a r e
in s t ro n g  a n d  w e ak,  h a r d  a n d  soft  m a t e r ial, a n d  t h e
diffe r e nc e  in q u ali ty of m a t e ri al is evide n tly fa r
m o r e  a  m a t t e r  of individu al  va ri a tion  t h a n  of soil
o r  clim a t e .” Ibid. , p .22

“A r e p r e s e n t a tive  co m mit t e e  of t h e  Ca r ri a g e
Builde r s’ Associa tion  h a d  p u blicly d e cla r e d
t h a t  t hi s  impor t a n t  indus t ry could  no t  d e p e n d  u po n
t h e  s u p plies  of sou t h e r n  tim b er, a s  t h e  oak  g row n
in t h e  So u t h  lack e d  t h e  n e c e s s a ry  q u ali ti es  d e m a n d e d
in c a r ri ag e  cons t r uc tion.   Witho u t  exp e ri m e n t  t his
s t a t e m e n t  could  b e  lit tl e  b e t t e r  t h a n  a  g u e s s ,  a n d
w a s  do u bly u n w a r r a n t e d ,  sinc e  it  con d e m n e d  a n  e no r m o u s
a m o u n t  of m a t e ri al, a n d  on e  p ro d uc e d  u n d e r  a  g r e a t
va rie ty of con di tions  a n d  by a t  le a s t  a  doz e n  s p ecie s
of t r e e s ,  involving, t h e r efo r e ,  a  co m plexity of p ro ble m s
difficul t  e no u g h  for  t h e  c a r eful inves tig a tor, a n d
e n ti r ely b eyon d  t h e  few u n sys t e m a tic  obs e rv a tions  of
t h e  m e m b e r s  of a  co m mit t e e  on  a  flying  t r ip  t h ro u g h
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on e  of t h e  g r e a t e s t  ti m b e r  r e gions  of t h e  wo rld.

“A n u m b e r  of s a m ples  w e r e  a t  onc e  collec t e d
(pa r t  of t h e m  s u p plie d  by  t h e  c a r ri a g e  b uilde r s’
co m mit t e e), a n d  t h e  fallacy of t h e  b ro a d  s t a t e m e n t
m e n tion e d  w a s  fully d e m o ns t r a t e d  by  a  s ho r t  s e ri e s
of t e s t s  a n d  a  m o r e  ex t e n sive  s t u dy in to  s t r uc t u r e
a n d  w eig h t  of t h e s e  m a t e ri als.   F ro m  t h e s e  t e s t s
it  a p p e a r s  t h a t  pi ec es  of w hi t e  o ak  fro m  Arka ns a s
exc elled  w ell-s elec t e d  pi ec e s  fro m  Con n ec ticu t ,  bo t h
in s tiffnes s  a n d  e n d wis e  co m p r e s sion  (th e  two  m os t
impor t a n t  for m s  of r e sis t a nc e).”  Repo r t
u po n  t h e  for e s t ry  inves tig a tions  of t h e  U.S.D.A. 1 8 7 7-1 8 9 8,
p .  3 3 1.   S e e  also  Re p.  of Div. of For., 1 8 9 0,
p .  2 0 9.

“In so m e  r e gions  t h e r e  a r e  m a ny  s m all, s t u n t e d
hicko rie s,  w hic h  m o s t  u s e r s  will no t  touc h.   They
h ave  n a r row  s a p,  a r e  likely to  b e  bi r d p eck e d,  a n d
s how  ve ry slow g ro wt h.   Yet five  of t h e s e  t r e e s
fro m  a  s t e e p,  d ry  so u t h  slop e  in Wes t  Virginia  h a d
a n  ave r a g e  s t r e n g t h  fully e q u al  to  t h a t  of t h e  pign u t
fro m  t h e  b e t t e r  si t u a tion,  a n d  w e r e  s u p e rio r  in tou g h n e s s ,
t h e  wo rk  to  m axi m u m  load  b ein g  3 6.8  a s  a g ains t  3 1 .2
for  pign u t .   The  t r e e s  h a d  a bo u t  t wice  a s  m a ny
rings  p e r  inch  a s  o t h e r s  fro m  b e t t e r  si t u a tions.
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“This, how ever, is no t  ve ry sig nifica n t ,  a s
t r e e s  of t h e  s a m e  s p e cie s,  a g e ,  a n d  size,  g rowing
side  by  sid e  u n d e r  t h e  s a m e  con di tions  of soil a n d
si tu a tion,  s how  g r e a t  va ri a tion  in t h ei r  t e c h nic al
value.   I t  is h a r d  to  a cco u n t  for  t hi s  diffe r e n c e ,
b u t  it s e e m s  t h a t  t r e e s  g rowin g  in w e t  o r  m ois t  si t u a tions
a r e  r a t h e r  infe rio r  to  t hos e  g rowing  on  fre s h e r  soil;
al so, i t is claim e d  by m a ny hicko ry u s e r s  t h a t  t h e
wood  fro m  lim es to n e  soils  is s u p e rio r  to  t h a t  fro m
s a n dy soils.

“On e  of t h e  m oot  q u e s tions  a m o n g  hicko ry m e n
is t h e  r el a tive  value  of no r t h e r n  a n d  so u t h e r n  hicko ry. 
The  im p r e s sion  p r ev ails  t h a t  sou t h e r n  hickory is m o r e
po ro us  a n d  b r a s h  t h a n  hicko ry fro m  t h e  no r t h.  
The  t e s t s  ... indica t e  t h a t  sou t h e r n  hicko ry is a s
tou g h  a n d  s t ro n g  a s  no r t h e r n  hicko ry of t h e  s a m e  a g e .  
Bu t  t h e  sou t h e r n  hicko rie s  h av e  a  g r e a t e r  t e n d e ncy
to  b e  s h a ky, a n d  t his  r e s ul t s  in m u c h  w a s t e .  
In  t r e e s  fro m  so u t h e r n  rive r  bo t to m s  t h e  los s  t h ro u g h
s h ak e s  a n d  g r u b-hole s  in m a ny  c a s e s  a m o u n t s  to  a s
m u c h  a s  5 0  p e r  c e n t .

“It  is cle ar, t h e r efo r e,  t h a t  t h e  diffe r e nc e
in no r t h e r n  a n d  so u t h e r n  hicko ry is no t  d u e  to  g eog r a p hic
loc a tion,  b u t  r a t h e r  to  t h e  c h a r a c t e r  of tim b e r  t h a t
is b ein g  cu t .   N e a rly all of t h a t  fro m  so u t h e r n
rive r  bo t to m s  a n d  fro m  t h e  Cu m b e rl a n d  Mo u n t ains  is
fro m  la rg e ,  old-g row t h  t r e e s;  t h a t  fro m  t h e  no r t h  is
fro m  youn g e r  t r e e s  w hich  a r e  g ro w n  u n d e r  m o r e  favor a ble
con di tions ,  a n d  it  is d u e  sim ply to  t h e  g r e a t e r  a g e
of t h e  sou t h e r n  t r e e s  t h a t  hicko ry fro m  t h a t  r e gion
is ligh t e r  a n d  m o r e  b r a s h  t h a n  t h a t  fro m  t h e  no r t h.” 
Bul. 8 0,  p p .  5 2-5 5.

SEASON OF CUTTING
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It  is g e n e r ally b elieve d  t h a t  win t e r-felled  tim b e r
h a s  d e cid e d  a dv a n t a g e s  ove r  t h a t  cu t  a t  o t h e r  s e a so ns
of t h e  year, a n d  to  t h a t  c a us e  alon e  a r e  fre q u e n tly
a s c rib e d  m u c h  g r e a t e r  d u r a bili ty, les s  liability to
c h e ck  a n d  s pli t,  b e t t e r  color, a n d  eve n  inc r e a s e d
s t r e n g t h  a n d  tou g h n e s s.   The  conclusion  fro m  t h e
va rious  exp e ri m e n t s  m a d e  on  t h e  s u bjec t  is t h a t  w hile
t h e  tim e  of felling  m ay, a n d  oft e n  do e s,  affec t  t h e
p ro p e r ti e s  of wood,  s uc h  r e s ul t  is d u e  to  t h e  w e a t h e r
con di tions  r a t h e r  t h a n  to  t h e  con di tion  of t h e  wood.

The r e  a r e  t wo  p h a s e s  of t his  q u e s tion.   On e  is
conc e r n e d  wi th  t h e  p hysiologic al c h a n g e s  w hich  mig h t
t ak e  pl ac e  d u ring  t h e  yea r  in  t h e  wood  of a  living
t r e e .   The  o t h e r  d e als  wi th  t h e  p u r ely p hysical
r e s ul t s  d u e  to  t h e  w e a t h er, a s  diffe r e nc e s  in t e m p e r a t u r e ,
h u midi ty, m ois t u r e ,  a n d  o t h e r  fea t u r e s  to  b e  m e n tion e d
la t er.

Thos e  w ho  a d h e r e  to  t h e  fir s t  view m ain t ain  t h a t  wood
c u t  in s u m m e r  is q ui t e  diffe r e n t  in  co m position  fro m
t h a t  cu t  in win t er.  On e  opinion  is t h a t  in s u m m e r
t h e  “s a p  is u p,” w hile  in win t e r  i t is
“dow n,” co ns e q u e n tly win t e r-felled  tim b e r
is d r ier.  A va ria tion  of t his  b elief is t h a t
in  s u m m e r  t h e  s a p  con t ain s  ce r t ain  ch e mic als  w hich
affec t  t h e  p ro p e r ti es  of wood  a n d  do e s  no t  con t ain
t h e m  in win t er.  Again  it is so m e ti m e s  a s s e r t e d
t h a t  wood  is a c t u ally d e n s e r  in win t e r  t h a n  in s u m m er,
a s  p a r t  of t h e  wood  s u bs t a nc e  is di ssolve d  ou t  in
t h e  s p rin g  a n d  u s e d  for  pl a n t  food, b eing  r e s to r e d
in t h e  fall.
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It  is obvious  t h a t  s uc h  views  could  a p ply only to
s a p wood,  sinc e  it a lon e  is in  living  con di tion  a t
t h e  tim e  of c u t ting.   H e a r t wood  is d e a d  wood  a n d
h a s  al mos t  no  func tion  in  t h e  exis t e nc e  of t h e  t r e e
o th e r  t h a n  t h e  p u r ely m e c h a nic al on e  of s u p po r t .  
H e a r t wood  do es  u n d e r go  c h a n g e s,  b u t  t h ey  a r e  g r a d u al
a n d  al mos t  e n ti r ely ind e p e n d e n t  of t h e  s e a so ns.

S a p wood  mig h t  r e a so n a bly b e  exp ec t e d  to  r e s pon d  to
s e a so n al  ch a n g e s ,  a n d  to  so m e  ext e n t  it do es .  
Jus t  b e n e a t h  t h e  b a rk  t h e r e  is a  t hin  laye r  of cells
w hich  d u ring  t h e  g rowing  s e a so n  h ave  no t  a t t ain e d
t h ei r  g r e a t e s t  d e n si ty.  With  t h e  exc e p tion  of
t his  on e  a n n u al  r i ng,  o r  po r tion  of on e,  t h e  d e n si ty
of t h e  wood  s u b s t a n c e  of t h e  s a p w ood  is n e a rly t h e
s a m e  t h e  ye a r  r o u n d.   Sligh t  va ri a tions  m ay  occ u r
d u e  to  imp r e g n a tion  wi th  s u g a r  a n d  s t a r c h  in t h e  win t e r
a n d  it s  di ssolu tion  in t h e  g rowing  s e a so n.   The
ti m e  of c u t tin g  c a n  h av e  no  m a t e r ial effec t  on  t h e
inh e r e n t  s t r e n g t h  a n d  o t h e r  m e c h a nic al p ro p e r ti es
of wood  exc e p t  in t h e  ou t e r m os t  a n n u al  r in g  of g row t h.

The  po p ula r  b elief t h a t  s a p  is u p  in t h e  s p rin g  a n d
s u m m e r  a n d  is dow n  in t h e  win t e r  h a s  no t  b e e n  s u b s t a n ti a t e d
by exp e ri m e n t .   The r e  a r e  s e a son al  diffe r e n c e s
in t h e  co m position  of s a p ,  b u t  so  fa r  a s  t h e  a m o u n t
of s a p  in a  t r e e  is conc e r n e d  t h e r e  is fully a s  m u c h,
if no t  m o r e ,  d u rin g  t h e  win t e r  t h a n  in s u m m er. 
Wint e r-c u t  wood  is no t  d ri er, to  b e gin  wi th,  t h a n
s u m m e r-felled—in r e ali ty, it  is likely to
b e  w e t t er.[47]

[Footno t e  4 7:   S e e  Reco r d,  S.J.:  S a p  in  r el a tion
to  t h e  p ro p e r ti e s  of wood.   P roc.   Am. 
Wood  P r e s e rve r s’ Assn., Baltimor e,  M d., 1 9 1 3,
p p.  1 6 0-1 6 6.

Kem pfer, W m. H.:  The  ai r-s e a so nin g  of ti m b er. 
In  Bul. 1 6 1,  Am.  Ry.  E n g.   Assn., 1 9 1 3,
p .  2 1 4.]
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The  im po r t a n t  conside r a tion  in r e g a r d  to  t his  q u e s tion
is t h e  s e rie s  of ci rc u m s t a n c e s  a t t e n din g  t h e  h a n dling
of t h e  tim b e r  af t e r  i t is felled.   Wood d rie s
m o r e  r a pidly in  s u m m e r  t h a n  in win t er, no t  b ec a u s e
t h e r e  is les s  m ois t u r e  a t  on e  ti m e  t h a n  a no t h er, b u t
b ec a u s e  of t h e  high e r  t e m p e r a t u r e  in s u m m er.  This
g r e a t e r  h e a t  is of t e n  a cco m p a nied  by low h u midity,
a n d  con di tions  a r e  favor a ble  for  t h e  r a pid  r e m oval
of m ois t u r e  fro m  t h e  expos e d  po r tions  of wood. 
Wood  d ri es  by  eva po r a tion,  a n d  o t h e r  t hin gs  b eing
e q u al,  t his  will p roc e e d  m u c h  fas t e r  in  ho t  w e a t h e r
t h a n  in cold.

It  is a  m a t t e r  of co m m o n  obs e rv a tion  t h a t  w h e n  wood
d ri e s  it s h rinks,  a n d  if s h rinka g e  is no t  u nifo r m
in all di r ec tions  t h e  m a t e r ial p ulls  a p a r t ,  c a u sin g
s e a so n  c h ecks.  (Se e  Fig.  2 7.) If eva po r a tion  p roc e e d s
m o r e  r a pidly on  t h e  ou t side  t h a n  inside,  t h e  g r e a t e r
s h rink a g e  of t h e  ou t e r  po r tions  is bo u n d  to  r e s ul t
in  m a ny  ch e cks,  t h e  n u m b e r  a n d  size  inc r e a sin g  wi t h
t h e  d e g r e e  of ine q u ali ty of d rying.

In  cold  w e a t h er, d rying  p roc e e d s  slowly b u t  u nifo r mly,
t h u s  allowing  t h e  wood  ele m e n t s  to  a dju s t  t h e m s elves
wi th  t h e  le as t  a m o u n t  of r u p t u ring.   In  s u m m er,
d rying  p roc e e d s  r a pidly a n d  ir r e g ula rly, so  t h a t  m a t e ri al
s e a so n e d  a t  t h a t  ti m e  is m o r e  likely to  s plit  a n d
c h e ck.
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The r e  is les s  d a n g e r  of s a p  ro t  w h e n  t r e e s  a r e  felled
in win t e r  b e c a u s e  t h e  fun g u s  do es  no t  g row  in t h e
ve ry cold  w e a t h er, a n d  t h e  lu m b e r  h a s  a  c h a n c e  to
s e a so n  to  b elow t h e  d a n g e r  poin t  b efo r e  t h e  fung us
g e t s  a  ch a nc e  to  a t t a ck  it.   If t h e  logs  in  e a c h
c a s e  could  b e  c u t  in to  lum b e r  im m e dia t ely af t e r  felling
a n d  give n  exac tly t h e  s a m e  t r e a t m e n t ,  for  exa m ple,
kiln-d ri ed,  no  diffe r e nc e  d u e  to  t h e  s e a so n  of c u t ting
wo uld  b e  no t e d.

WATER CONTENT[48]

[Footno t e  4 8:    S e e  Tie m a n n,  H.D.:  Effec t
of m ois t u r e  u po n  t h e  s t r e n g t h  a n d  s tiffne ss  of wood.  
Bul. 7 0,  U.S.  For e s t  S e rvice,  Washing to n,  D.C.,
1 9 0 6;  al so  Cir. 1 0 8,  1 9 0 7.]

Wate r  occ u r s  in living  wood  in t h r e e  con di tions,  n a m ely: 
(1) in t h e  c ell w alls, (2) in t h e  p ro topla s mic  con t e n t s
of t h e  cells, a n d  (3) a s  fr e e  w a t e r  in t h e  c ell c aviti es
a n d  s p ac e s .   In  h e a r t wood  it  occ u r s  only in t h e
fir s t  a n d  las t  for m s.   Wood  t h a t  is t ho rou g hly
ai r-d ri e d  r e t ain s  fro m  8  to  1 6  p e r  c e n t  of w a t e r  in
t h e  c ell w alls, a n d  no n e,  o r  p r a c tically no n e,  in  t h e
o th e r  for m s.   Eve n  ove n-d ri e d  wood  r e t ain s  a  s m all
p e r c e n t a g e  of m ois tu r e ,  b u t  for  all exc e p t  c h e mic al
p u r pos es ,  m ay b e  consid e r e d  a b solu t ely d ry.

The  g e n e r al  effec t  of t h e  w a t e r  con t e n t  u po n  t h e  wood
s u b s t a n c e  is to  r e n d e r  it sof t e r  a n d  m o r e  pliable.  
A simila r  effec t  of co m m o n  obs e rva tion  is in t h e  soft e nin g
a c tion  of w a t e r  on  r a w hid e,  p a p er, o r  clo th.  
Within  c e r t ain  limit s  t h e  g r e a t e r  t h e  w a t e r  con t e n t
t h e  g r e a t e r  i ts  sof t e nin g  effec t.

Drying  p ro d uc e s  a  d e cide d  inc r e a s e  in t h e  s t r e n g t h
of wood, p a r ticul a rly in s m all s p e ci m e ns.   An
ex t r e m e  ex a m ple  is t h e  c a s e  of a  co m ple t ely d ry  s p r uc e
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block t wo  inch e s  in s ec tion,  w hich  will s u s t ain  a
p e r m a n e n t  load  fou r  ti m es  a s  g r e a t  a s  t h a t  w hic h  a
g r e e n  block of t h e  s a m e  size  will s u p po r t .

The  g r e a t e s t  inc r e a s e  d u e  to  d rying  is in  t h e  ul ti m a t e
c r u s hin g  s t r e n g t h ,  a n d  s t r e n g t h  a t  e l a s tic  limi t  in
e n d wise  co m p r e s sion; t h e s e  a r e  follow e d  by t h e  m o d ulus
of r u p t u r e ,  a n d  s t r e s s  a t  el a s tic  limi t  in c ross-b e n din g,
w hile  t h e  m o d ulus  of el a s tici ty is le a s t  affec t e d.  
The s e  r a tios  a r e  s how n  in Table  XV, b u t  it is to  b e
no t e d  t h a t  t h ey  a p ply only to  wood  in a  m u c h  d rie r
con di tion  t h a n  is u s e d  in  p r a c tice.   For  ai r-d ry
wood  t h e  r a tios  a r e  conside r a bly lower, p a r ticula rly
in t h e  c a s e  of t h e  ul tim a t e  s t r e n g t h  a n d  t h e  el a s tic
limit.   S tiffnes s  (within  t h e  el a s tic  limi t),
w hile  following  a  simila r  law, is les s  affec t e d.  
In  t h e  c a s e  of s h e a r  p a r allel to  t h e  g r ain,  t h e  g e n e r al
effec t  of d rying  is to  inc r e a s e  t h e  s t r e n g t h ,  b u t
t his  is of t e n  offs e t  by s m all s pli t s  a n d  c h e cks  c a u s e d
by s h rink a g e.

|------------------------------------------------------
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|------------------------------------------------------
----------------|
|                                TABLE XV                               |
|-----------------------------------------------------------
-----------|
|    E F FECT OF DRYING O N  THE M ECHANICAL PROPERTIES OF WOOD, 
S HOW N  IN    |
|        RATIO OF INCREASE DUE TO REDUCING MOISTURE CO NTE NT 
FROM        |
|             THE GREE N  CO NDITION TO KILN-DRY (3.5  PER CE NT)            |
|                    (For e s t  S e rvice  Bul. 7 0 ,  p .  8 9)                     |
|-----------------------------------------------------------
-----------|
|       KIND OF STRE NGTH      |   Longle af   |    S p r uc e     |   Ch e s t n u t    |
|                             |     pin e      |              |              |
|----------------------------+ - ------------+ - ------------+ - -
-----------|
|                             |   (1)    (2) |   (1)    (2) |   (1)   (2)  |
|                             |              |              |              |
|  Cr u s hing  s t r e n g t h  p a r allel |              |              |              |
|    to  g r ain                  |  2 .89    2 . 60  |  3 . 71    3 .4 1  |  2 .8 3    2 .55  |
|  El as tic  limit  in           |              |              |              |
|    co m p r e s sion               |              |              |              |
|    p a r allel to  g r ain         |  2 .6 0    2 .34  |  3 .80    3 . 49  |  2 .4 0    2 .26  |
|  Mo d ulus  of r u p t u r e  in      |              |              |              |
|    b e n din g                   |  2 . 50    2 .2 0  |  2 .81    2 . 50  |  2 . 09    1 .8 2  |
|  S t r e s s  a t  e la s tic  limit  in  |              |              |              |
|    b e n din g                   |  2 . 90    2 .5 5  |  2 .90    2 . 58  |  2 . 30    2 .0 0  |
|  Cr u s hing  s t r e n g t h  a t  r ig h t  |              |              |              |
|    a n gle s  to  g r ain           |              |  2 .5 8    2 .48  |              |
|  S h e a rin g  s t r e n g t h  p a r allel |              |              |              |
|    to  g r ain                  |  2 .01    1 . 91  |  2 . 03    1 .9 5  |  1 .5 5    1 .47  |
|  Mo d ulus  of el a s tici ty in   |              |              |              |
|    co m p r e s sion  p a r allel to   |              |              |              |
|    g r ain                     |  1 .63    1 . 47  |  2 .2 6    2 .08  |  1 .43    1 . 29  |
|  Mo d ulus  of el a s tici ty in   |              |              |              |
|  b e n ding                     |  1 . 59    1 .3 5  |  1 .43    1 . 23  |  1 . 44    1 .2 1  |
|-----------------------------------------------------------
-----------|
|  NOTE.--The  figu r e s  in t h e  fi r s t  colu m n  s how  t h e  r el a tive  inc r e a s e  in |
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|  s t r e n g t h  b e t w e e n  a  g r e e n  s p e cim e n  a n d  a  kiln-d ry  s p e cim e n  of e q u al    |
|  size.   The  figu r e s  in t h e  s econ d  colu m n  s how  t h e  r el a tive  inc r e a s e  of |
|  s t r e n g t h  of t h e  s a m e  block af t e r  b eing  d ri e d  fro m  a  g r e e n  con di tion   |
|  to  3 .5  p e r  c e n t  m ois t u r e ,  co r r e c tion  h aving  b e e n  m a d e  for  s h rink a g e.  |
|  Tha t  is, in t h e  fi r s t  colu m n  t h e  s t r e n g t h  value s  p e r  a c t u al  u ni t  of  |
|  a r e a  a r e  u s e d;  in  t h e  s e co n d  t h e  values  p e r  u ni t  of a r e a  of g r e e n     |
|  wood  w hich  s h rinks  to  s m alle r  size  w h e n  d ri e d.                        |
|                                                                       |
|  S e e  also  Cir. 1 0 8,  Fig.  1 ,  p .  8 .                                      |
The  m ois tu r e  con t e n t  h a s  a  d ecid e d  b e a ring  also  u po n
t h e  m a n n e r  in  w hich  wood  fails.  In  co m p r e s sion
t e s t s  on  ve ry d ry  s p e ci m e n s  t h e  e n ti r e  piec e  s plit s
s u d d e nly in to  piec e s  b efor e  a ny b uckling  t ak e s  pl ac e
(se e  Fig.  9 .), w hile  wit h  w e t  m a t e ri al  t h e  block gives
w ay g r a d u ally, d u e  to  t h e  b uckling  o r  b e n ding  of t h e
w alls  of t h e  fib r e s  alon g  on e  o r  m o r e  s h e a ring  pl a n e s .
(Se e  Fig.  1 4 .) In  b e n din g  t e s t s  on  w e t  b e a m s,  fir s t
failu r e  occ u r s  by co m p r e s sion  on  to p  of t h e  b e a m,
g r a d u ally ext e n ding  dow n w a r d  tow a r d  t h e  n e u t r al  axis. 
Fin ally t h e  b e a m  r u p t u r e s  a t  t h e  bo t to m.   In  t h e
c a s e  of ve ry d ry  b e a m s  t h e  failu r e  is u s u ally by s pli t ting
o r  t e n sion  on  t h e  u n d e r  side  (se e  Fig.  1 7.), wi thou t
co m p r e s sion  on  t h e  u p p er, a n d  is oft e n  s u d d e n  a n d  wi thou t
w a r nin g,  a n d  eve n  w hile  t h e  loa d  is s till inc r e a sin g.  
The  effec t  va ri e s  so m e w h a t  wi th  diffe r e n t  s p ecie s,
c h e s t n u t ,  for  exa m ple,  b e co ming  m o r e  b ri t tl e  u po n
d rying  t h a n  do  a s h ,  h e mlock, a n d  longle af pin e.  
The  t e n sile  s t r e n g t h  of wood  is lea s t  affec t e d  by
d rying,  a s  a  r ule .

In  d rying  wood  no  inc r e a s e  in  s t r e n g t h  r e s ul t s  u n til
t h e  fre e  w a t e r  is eva po r a t e d  a n d  t h e  c ell w alls  b e gin
to  d ry[49].  This  c ri tic al poin t  h a s  b e e n  c alle d
t h e  fibre-sa t ura tion  poin t .  (S e e  Fig.
2 4 .) Conve r s ely, af t e r  t h e  c ell w alls  a r e  s a t u r a t e d
wi th  w a t er, a ny inc r e a s e  in t h e  a m o u n t  of w a t e r  a b so r b e d
m e r ely fills t h e  c avitie s  a n d  in t e r c ellula r  s p ac e s ,
a n d  h a s  no  effec t  on  t h e  m e c h a nical p ro p e r ti e s.  
H e n c e,  so aking  g r e e n  wood  do e s  no t  les s e n  it s  s t r e n g t h
u nle ss  t h e  w a t e r  is h e a t e d ,  w h e r e u po n  a  d e cide d  w e ak e nin g
r e s ul t s .

[Footno t e  4 9:   The  wood  of E ucalyp t u s  glob ulus
(blue  g u m) a p p e a r s  to  b e  a n  exce p tion  to  t his  r ul e.  
Tie m a n n  s ays:  “The  wood  of blu e  g u m  b e gins
to  s h rink  im m e dia t ely fro m  t h e  g r e e n  con di tion,  eve n
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a t  7 0  to  9 0  p e r  c e n t  m ois tu r e  con t e n t ,  ins t e a d  of
fro m  3 0  o r  2 5  p e r  c e n t  a s  in o t h e r  s p ecie s  of h a r d woods.” 
P roc.   Soc.   Am.  For., Washing to n,  Vol. 
VIII, No.  3 ,  Oc t.,  1 9 1 3,  p .  3 1 3.]

[Illus t r a tion:  FIG. 2 4.—Rela tion  of
t h e  m ois tu r e  con t e n t  to  t h e  va rious  s t r e n g t h  value s
of s p r u c e .   F S P  =  fib r e-s a t u r a tion  poin t .]

The  s t r e n g t h e ning  effec t s  of d rying,  w hile  ve ry m a r k e d
in t h e  c a s e  of s m all piec e s,  m ay  b e  fully offse t  in
s t r uc t u r al  tim b e r s  by  inh e r e n t  w e a k e ning  effec t s  d u e
to  t h e  s plit ting  a p a r t  of t h e  wood  el e m e n t s  a s  a  r e s ul t
of i r r e g ula r  s h rink a g e,  a n d  in  so m e  c a s e s  also  to
t h e  sli t ting  of t h e  c ell w alls  (se e  Fig.  2 5). 
Cons e q u e n tly wi th  la rg e  tim b e r s  in co m m e rcial u s e  it
is u n s afe  to  co u n t  u po n  a ny g r e a t e r  s t r e n g t h,  eve n
af t e r  s e a soning,  t h a n  t h a t  of t h e  g r e e n  o r  fr e s h  con dition.

[Illus t r a tion:  FIG. 2 5.—Cross  s ec tion
of t h e  wood  of w e s t e r n  la rc h  s howing  fiss u r e s  in  t h e
t hick-w alled  c ells  of t h e  la t e  wood.   Highly m a g nified.
Photo  b y  U. S .  Fores t  S e rvice. ]

In  g r e e n  wood  t h e  c ells  a r e  all in tim a t ely joine d
tog e t h e r  a n d  a r e  a t  t h ei r  n a t u r al  o r  no r m al size  w h e n
s a t u r a t e d  wi t h  w a t er.  The  cell w alls  m ay  b e  consid e r e d
a s  m a d e  u p  of li t tl e  p a r ticle s  wi th  w a t e r  b e t w e e n
t h e m.   Whe n  wood  is d ri e d  t h e  films  of w a t e r  b e t w e e n
t h e  p a r ticle s  b e co m e  t hin n e r  a n d  t hinn e r  u n til a l mos t
e n ti r ely go n e.   As a  r e s ul t  t h e  c ell w alls  g ro w
t hin n e r  wit h  loss  of m ois t u r e ,—in o t h e r
wo r d s,  t h e  c ell s h rinks.
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It  is a t  onc e  evid e n t  t h a t  if d rying  do e s  no t  t ak e
plac e  u nifo r mly t h ro u g ho u t  a n  e n ti r e  pi ec e  of tim b er,
t h e  s h rink a g e  a s  a  w hole  c a n no t  b e  u nifo r m.   The
p roc e s s  of d rying  is fro m  t h e  ou t side  inw a r d ,  a n d
if t h e  los s  of m ois tu r e  a t  t h e  s u rf ac e  is m e t  by  a
s t e a dy c a pilla ry c u r r e n t  of w a t e r  fro m  t h e  insid e,
t h e  s h rink a g e,  so  fa r  a s  t h e  d e g r e e  of m ois t u r e  affec t e d
it, wo uld  b e  u nifo r m.   In  t h e  b e s t  typ e  of d ry
kilns  t his  con di tion  is a p p roxim a t e d  by fir s t  h e a tin g
t h e  wood  t ho ro u g hly in a  m ois t  a t m os p h e r e  b efo r e  allowing
d rying  to  b e gin.

In  ai r-s e a soning  a n d  in o r din a ry d ry  kilns  t his  con di tion
too of t e n  is no t  a t t ain e d,  a n d  t h e  r e s ul t  is t h a t
a  d ry s h ell is for m e d  w hich  e nclos es  a  m ois t  in t e rior.
(Se e  Fig.  2 6 .) S u bs e q u e n t  d rying  ou t  of t h e  inn e r
po r tion  is r e n d e r e d  m o r e  difficul t  by  t his  “cas e-h a r d e n e d”
con di tion.   As t h e  ou t e r  p a r t  d ri e s  it is p r eve n t e d
fro m  s h rinking  by t h e  w e t  in t e rior, w hich  is s till
a t  i ts  g r e a t e s t  volu m e.   This  ou t e r  po r tion  m u s t
ei t h e r  c h eck  op e n  o r  t h e  fib r e s  b e co m e  s t r ain e d  in
t e n sion.   If t his  ou t e r  s h ell d ri es  w hile  t h e
fib r e s  a r e  t h u s  s t r ain e d  t h ey b e co m e  “s e t”
in t his  con dition,  a n d  a r e  no  long e r  in  t e n sion.  
La te r  w h e n  t h e  inn e r  p a r t  d ri e s,  i t t e n d s  to  s h rink
a w ay fro m  t h e  h a r d e n e d  ou t e r  s h ell, so  t h a t  t h e  inn e r
fib r e s  a r e  now  s t r ain e d  in  t e n sion  a n d  t h e  ou t e r  fib r e s
a r e  in co m p r e s sion.   If t h e  s t r e s s  exc e e d s  t h e
coh e sion,  n u m e ro u s  c r acks  op e n  u p,  p ro d ucing  a  “hon ey-co m b e d”
con di tion,  o r  “hollow-ho r nin g,” a s  it  is
c alle d.   If s uc h  a  c a s e-h a r d e n e d  s tick  of wood
b e  r e s a w e d,  t h e  t wo  h alves  will c u p  fro m  t h e  in t e r n al
t e n sion  a n d  ex t e r n al  co m p r e s sion,  wi th  t h e  conc ave
s u rfac e  inw a r d.

[Illus t r a tion:  FIG. 2 6.—P rog r e s s  of
d rying  t h ro u g ho u t  t h e  len g t h  of a  c h e s t n u t  b e a m,  t h e
black  s po t s  indic a ting  t h e  p r e s e nc e  of fr e e  w a t e r
in t h e  wood.   The  fir s t  s ec tion  a t  t h e  left  w a s
c u t  on e-fou r t h  inch  fro m  t h e  e n d,  t h e  n ex t  on e-h alf
inch,  t h e  n ex t  on e  inch,  a n d  all t h e  o t h e r s  on e  inch
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a p a r t .   The  illus t r a tion  s how s  c a s e-h a r d e nin g
ve ry cle a rly. Photo  by  U. S .  Fores t  S e rvice. ]

For  a  given  s u rfac e  a r e a  t h e  los s  of w a t e r  fro m  wood
is alw ays  g r e a t e r  fro m  t h e  e n d s  t h a n  fro m  t h e  side s,
d u e  to  t h e  fac t  t h a t  t h e  vess els  a n d  o t h e r  w a t e r-c a r r ie r s
a r e  c u t  a c ro ss,  a llowing  r e a dy e n t r a nc e  of d rying
ai r  a n d  ou tl e t  for  t h e  w a t e r  vapor.  Wate r  do e s
no t  flow ou t  of bo a r ds  a n d  tim b e r s  of it s  ow n  a cco r d,
b u t  m u s t  b e  eva po r a t e d ,  t ho u g h  it  m ay  b e  forc e d  ou t
of ve ry s a p py s p e ci m e n s  by  h e a t .   In  d rying  a
log  o r  pole  wit h  t h e  b a rk  on,  m os t  of t h e  w a t e r  m u s t
b e  ev a po r a t e d  t h ro u g h  t h e  e n d s,  b u t  in t h e  c a s e  of
p e el e d  tim b e r s  a n d  s a w n  bo a r ds  t h e  loss  is g r e a t e s t
fro m  t h e  s u rfac e  b e c a u s e  t h e  a r e a  expos e d  is so  m u c h
g r e a t er.

The  m o r e  r a pid  d rying  of t h e  e n d s  c a u s e s  local s h rink a g e,
a n d  w e r e  t h e  m a t e ri al s ufficien tly pl a s tic  t h e  e n d s
wo uld  b e co m e  blu n tly t a p e ring.   The  rigidi ty of
t h e  wood  s u b s t a n c e  p r eve n t s  t his  a n d  t h e  fib r e s  a r e
s plit  a p a r t .   La t er, a s  t h e  r e m aind e r  of t h e  s tick
d ri e s  m a ny of t h e  ch e cks  will co m e  tog e t h er, t ho u g h
so m e  of t h e  la r g e s t  will r e m ain  a n d  eve n  inc r e a s e  in
size  a s  t h e  d rying  p roc e e ds.  (S e e  Fig.  2 7.)
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[Illus t r a tion:  FIG. 2 7.—Exc es sive
s e a so n  c h ecking.  Photo  by  U. S .  Fores t  S e rvice. ]

A wood  c ell s h rinks  ve ry li t tl e  len g t h wis e.   A
d ry  wood  cell is, t h e r efo r e ,  p r a c tic ally of t h e  s a m e
len g t h  a s  it w a s  in a  g r e e n  o r  s a t u r a t e d  co n di tion,
b u t  is s m alle r  in c ross  s ec tion,  h a s  t hinn e r  w alls,
a n d  a  la r g e r  c avity.  I t  is a t  onc e  evide n t  t h a t
t his  fac t  m a k e s  s h rink a g e  m o r e  ir r e g ular, for  w h e r eve r
c ells  c ross  e a c h  o t h e r  a t  a  d e cide d  a n gle  t h ey will
t e n d  to  p ull a p a r t  u po n  d rying.   This occ u r s  w h e r eve r
pi t h  r ays  a n d  wood  fib r e s  m e e t .   A conside r a ble
po r tion  of eve ry wood  is m a d e  u p  of t h e s e  r ays,  w hic h
for  t h e  m os t  p a r t  h ave  t h ei r  cells  lying  in a  r a di al
di r e c tion  ins t e a d  of longi tu din ally. (S e e  F ro n tispi ec e.)
In  pin e ,  ove r  1 5,0 00  of t h e s e  occu r  on  a  s q u a r e  inch
of a  t a n g e n tial  s ec tion,  a n d  eve n  in oak  t h e  ve ry
la rg e  r ays  w hich  a r e  r e a dily visible  to  t h e  eye  a s
flakes  on  q u a r t e r-s a w e d  m a t e ri al r e p r e s e n t  sc a r c ely
on e  p e r  c e n t  of t h e  n u m b e r  w hich  t h e  mic roscop e  r eve als.

A pi th  r ay  s h rinks  in h eig h t  a n d  wid t h,  t h a t  is,  ve r tic ally
a n d  t a n g e n tially a s  a p plie d  to  t h e  posi tion  in a  s t a n din g
t r e e ,  b u t  ve ry lit tl e  in leng t h  o r  r a di ally. 
The  o t h e r  el e m e n t s  of t h e  wood  s h rink  r a di ally a n d
t a n g e n ti ally, b u t  al mos t  no n e  len g t h wis e  o r  ve r tically
a s  a p plie d  to  t h e  t r e e .   H e r e ,  t h e n,  w e  find  t h e
s h rink a g e  of t h e  r ays  t e n din g  to  s ho r t e n  a  s tick of
wood,  w hile  t h e  o t h e r  cells  r e si s t  it,  a n d  t h e  t e n d e n cy
of a  s tick to  g e t  s m alle r  in ci rc u mfe r e nc e  is r e sis t e d
by t h e  e n d wis e  r e ac tion  o r  t h r u s t  of t h e  r ays.  
Only in a  t a n g e n ti al di r e c tion,  o r  a ro u n d  t h e  s tick
in di r ec tion  of t h e  a n n u al  r i ng s  of g row t h,  do  t h e
t wo  forc es  coincide.   Anoth e r  fac to r  to  t h e  s a m e
e n d  is t h a t  t h e  d e n s e r  b a n d s  of la t e  wood  a r e  con tinuou s
in a  t a n g e n ti al di r ec tion,  w hile  r a di ally t h ey a r e
s e p a r a t e d  by al t e r n a t e  zon es  of les s  d e n s e  e a rly wood.  
Cons e q u e n tly t h e  s h rink a g e  along  t h e  ring s  (t a n g e n ti al)
is fully t wice  a s  m u c h  a s  tow a r d  t h e  ce n t r e  (r a di al).
(Se e  Table  XIV.) This  explains  w hy so m e  c r acks  op e n
m o r e  a n d  m o r e  a s  d rying  a dva nc es .  (Se e  Fig.  2 7 .)
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Althou g h  a c t u al  s h rink a g e  in len g t h  is s m all, n eve r t h el e s s
t h e  t e n d e n cy of t h e  r ays  to  s ho r t e n  a  s tick p ro d uc e s
s t r ain s  w hich  a r e  r e s po nsible  for  so m e  of t h e  s plit ting
op e n  of ti e s,  pos t s ,  a n d  s a w e d  ti m b e r s  wi t h  box h e a r t .  
At t h e  ve ry c e n t r e  of a  t r e e  t h e  wood  is ligh t  a n d
w e a k,  w hile  fa r t h e r  ou t  it  b e co m e s  d e n s e r  a n d  s t ro n g er. 
Longi tu din al s h rink a g e  is a c co r din gly lea s t  a t  t h e
c e n t r e  a n d  g r e a t e r  tow a r d  t h e  ou t side,  t e n din g  to  b e co m e
g r e a t e s t  in t h e  s a p wood.   Wh e n  a  ro u n d  o r  a  box-h e a r t
ti m b e r  d ri e s  fas t  i t s pli t s  r a di ally, a n d  a s  d rying
con tinu e s  t h e  cleft  wide n s  p a r tly on  a cco u n t  of t h e
g r e a t e r  t a n g e n ti al s h rinka g e  a n d  also  b e c a u s e  t h e
g r e a t e r  con t r a c tion  of t h e  ou t e r  fib r e s  w a r p s  t h e
s ec tions  a p a r t .   If a  s m all h a r d wood  s t e m  is s plit
w hile  g r e e n  for  a  s ho r t  di s t a nc e  a t  t h e  e n d  a n d  pl ac e d
w h e r e  it c a n  d ry  ou t  r a pidly, t h e  s ec tions  will b e co m e
bow-s h a p e d  wi th  t h e  conc ave  sid es  ou t .   Thes e
va rious  fac t s,  t ak e n  tog e t h er, explain  w hy, for  ex a m ple,
a n  oak  ti e ,  pole,  o r  log  m ay s pli t  op e n  it s  e n ti r e
len g t h  if d rying  p roc e e ds  r a pidly a n d  fa r  e no u g h.  
Ini ti al s t r e s s e s  in t h e  living  t r e e s  p ro d uc e  a  simila r
effec t  w h e n  t h e  log  is s a w n  in to  bo a r d s .   This
is e s p e cially so  in  E ucalyp t u s  globulus  a n d
to  a  less  ex t e n t  wit h  a ny r a pidly g row n  wood.

125



Page 65

The  u s e  of S-s h a p e d  t hin  s t e el  cla m p s  to  p r eve n t  la r g e
c h e cks  a n d  s pli t s  is no w  a  co m m o n  p r a c tic e  in  t his
cou n t ry  wi th  c ro ss ti e s  a n d  pole s  a s  i t h a s  b e e n  for
a  long  tim e  in E u ro p e a n  cou n t ri e s.   The s e  d evices
a r e  d rive n  in to  t h e  b u t t s  of t h e  ti m b e r s  so  a s  to
c ross  incipie n t  ch e cks  a n d  p r eve n t  t h ei r  wide nin g.  
In  pl ac e  of t h e  r e g ula r  S-hook a no t h e r  of c ri m p e d  iron
h a s  b e e n  d evise d.  (Se e  Fig.  2 8.) Thin  s t r a p s  of iron
wi th  on e  t a p e r e d  e d g e  a r e  r u n  b e t w e e n  in t e r m e s hin g
cogs  a n d  c ri m p e d,  af t e r  w hich  t h ey  m ay  b e  c u t  off
a ny len g t h  d e si r e d.   The  ti m e  for  d riving  S-irons
of ei t h e r  for m  is w h e n  t h e  c r a cks  fir s t  a p p e ar.

[Illus t r a tion:  FIG. 2 8.—Con t rol of
s e a so n  c h ecking  by t h e  u s e  of S-irons.  Photo  b y
U. S .  Fores t  S e rvice. ]

The  t e n d e ncy of logs  to  s pli t  e m p h a size s  t h e  impo r t a n c e
of conve r ting  t h e m  in to  pl a nks  o r  tim b e r s  w hile  in
a  g r e e n  con dition.   Ot h e r wis e  t h e  p r e s e nc e  of
la rg e  c h ecks  m ay  r e n d e r  m u c h  lu m b e r  wo r t hle s s  w hich
mig h t  h ave  b e e n  c u t  ou t  in good  con di tion.   The
loss  wo uld  no t  b e  so  g r e a t  if logs  w e r e  p e rf ec tly
s t r aig h t-g r ain e d,  b u t  t his  is s eldo m  t h e  c a s e ,  m o s t
t r e e s  g ro win g  m o r e  o r  less  s pi r ally o r  ir r e g ula rly. 
La r g e  pi ec e s  c r ack  m o r e  t h a n  s m alle r  on e s ,  q u a r t e r e d
lu m b e r  les s  t h a n  t h a t  s a w e d  t h ro u g h  a n d  t h ro u g h,  t hin
piec e s,  e s p e cially ven e e r s ,  les s  t h a n  t hicke r  bo a r ds .

In  o r d e r  to  p r eve n t  c r a cks  a t  t h e  e n d s  of bo a r d s ,
s m all s t r a p s  of wood  m ay  b e  n ailed  on  t h e m  or  t h ey
m ay b e  p ain t e d.   This  m e t ho d  is u s u ally conside r e d
too exp e n sive,  exc e p t  in t h e  c a s e  of valu a ble  m a t e ri al.  
S q u a r e s  u s e d  for  s h u t tl es,  fu rni tu r e ,  g u n-s tocks,
a n d  tool h a n dles  s ho uld  alw ays  b e  p ro t ec t e d  a t  t h e
e n d s.   O n e  of t h e  b e s t  m e a n s  is to  dip  t h e m  in to
m el t e d  p a r affine,  w hic h  s e als  t h e  e n d s  a n d  p r eve n t s
loss  of m ois t u r e  t h e r e .   Anot h e r  m e t ho d  is to
glu e  p a p e r  on  t h e  e n d s.   In  so m e  c a s e s  a b ro a d
p a p e r  is glu e d  on  to  all t h e  s u rfac e s  of valua ble
exo tic  b alks.   Oth e r  s u b s t a n c es  so m e ti m e s  e m ploye d

126



for  t h e  p u r pos e  of s e aling  t h e  wood  a r e  g r e a s e ,  c a r boline u m,
w ax, cl ay, p e t role u m,  lins e e d  oil, t ar, a n d  soluble
gla s s .   In  pl ac e  of solid  b e a m s,  b uil t-u p  m a t e ri al
is oft e n  p r efe r a ble,  a s  t h e  dis a s t ro us  r e s ul t s  of
s e a so n  c h ecks  a r e  t h e r e by la r g ely ove rco m e  or  minimize d.

TEMPERATURE

The  effec t  of t e m p e r a t u r e  on  wood  d e p e n d s  ve ry la r g ely
u po n  t h e  m ois tu r e  con t e n t  of t h e  wood  a n d  t h e  s u r ro u n din g
m e diu m.   If a b solu t ely d ry wood  is h e a t e d  in a b solu t ely
d ry  ai r  t h e  wood  exp a n d s.   The  ex t e n t  of t his
exp a n sion  is d e no t e d  by  a  co efficie n t  co r r e s po n ding
to  t h e  inc r e a s e  in  len g t h  o r  o t h e r  di m e n sions  for
e a c h  d e g r e e  ris e  in t e m p e r a t u r e  divide d  by t h e  o riginal
len g t h  o r  o th e r  di m e n sion  of t h e  s p e ci m e n.   The
co efficie n t  of line a r  exp a n sion  of oak  h a s  b e e n  foun d
to  b e  .00 00 0 4 9 2;  r a di al exp a n sion,  .00 00 5 4 4,  o r  a bo u t
el eve n  tim e s  t h e  longi tu din al.  S p r uc e  exp a n d s
les s  t h a n  oak, t h e  r a tio  of r a di al to  longit udin al
exp a n sion  b ein g  a bo u t  six to  on e.   M e t als  a n d
gla ss  exp a n d  e q u ally in all di r ec tions,  since  t h ey
a r e  ho mo g e n eo u s  s u b s t a n c e s,  w hile  wood  is a  co m plica t e d
s t r uc t u r e .   The  coefficie n t  of exp a n sion  of iron
is .000 0 2 8 5,  o r  n e a rly six t im e s  t h e  co efficien t  of
line a r  exp a n sion  of oak  a n d  s eve n  tim e s  t h a t  of s p r uc e[50].
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[Footno t e  5 0:   S e e  S c hlich’s M a n u al  of Fo r e s t ry,
Vol.  V. ( r ev. e d.), p .  7 5.]

U n d e r  o rdin a ry  con di tions  wood  con t ains  m o r e  o r  les s
m ois t u r e ,  so  t h a t  t h e  a p plica tion  of h e a t  h a s  a  d rying
effec t  w hich  is a c co m p a nie d  by s h rink a g e.   This
s h rink a g e  co m ple t ely obsc u r e s  t h e  exp a n sion  d u e  to
t h e  h e a tin g.

Exp e rim e n t s  m a d e  a t  t h e  Yale For e s t  S c hool r eve ale d
t h e  effec t  of t e m p e r a t u r e  on  t h e  c r u s hin g  s t r e n g t h
of w e t  wood.   In  t h e  c a s e  of w e t  c h e s t n u t  wood
t h e  s t r e n g t h  d e c r e a s e s  0.4 2  p e r  c e n t  for  e a c h  d e g r e e
t h e  w a t e r  is h e a t e d  a bove  6 0  d e g.   F.; in t h e  c a s e
of s p r u c e  t h e  d e c r e a s e  is 0 .3 2  p e r  ce n t .

The  effec t s  of hig h  t e m p e r a t u r e  on  w e t  wood  a r e  ve ry
m a r k e d.   Boiling  p ro d uc e s  a  con di tion  of g r e a t
pliabili ty, e s p e ci ally in t h e  c a s e  of h a r d woods.  
If wood  in t his  con di tion  is b e n t  a n d  allow e d  to  d ry,
it  r i gidly r e t ains  t h e  s h a p e  of t h e  b e n d,  t ho u g h  it s
s t r e n g t h  m ay b e  so m e w h a t  r e d u c e d.   Exc e p t  in t h e
c a s e  of ve ry d ry  wood  t h e  effec t  of cold  is to  inc r e a s e
t h e  s t r e n g t h  a n d  s tiffness  of wood.  The  fre ezing
of a ny fre e  w a t e r  in  t h e  po r e s  of t h e  wood  will a u g m e n t
t h e s e  con di tions.

The  effec t  of s t e a min g  u po n  t h e  s t r e n g t h  of c ro ss-ti e s
w a s  inves tig a t e d  by t h e  U.S.  For e s t  S e rvice  in
1 9 0 4.   The  conclu sions  w e r e  s u m m a rized  a s  follows: 

“(1) The  s t e a m  a t  p r e s s u r e  u p  to  4 0  po u n d s  a p plied
for  4  ho u r s ,  o r  a t  a  p r e s s u r e  of 2 0  po u n d s  u p  to  2 0
ho u r s ,  inc r e a s e s  t h e  w eigh t  of ti e s.   At 4 0  pou n ds’
p r e s s u r e  a p plied  for  4  ho u r s  a n d  a t  2 0  po u n d s  for
5  ho u r s  t h e  wood  b e g a n  to  b e  sco rc h e d.

“(2) The  s t e a m e d  a n d  s a t u r a t e d  wood,  w h e n  t e s t e d
im m e dia t ely af t e r  t r e a t m e n t ,  exhibi t e d  w e ak n e ss es
in p ropo r tion  to  t h e  p r e s s u r e  a n d  d u r a tion  of s t e a ming.
(Se e  Table  XVI.) If allow e d  to  ai r-d ry  s u b s e q u e n tly
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t h e  s p e ci m e n s  r e g ain e d  t h e  g r e a t e r  p a r t  of t h ei r  s t r e n g t h,
p rovide d  t h e  p r e s s u r e  a n d  d u r a tion  h a d  no t  exc e e d e d
t hos e  ci t e d  u n d e r  (1).  S u b s e q u e n t  im m e r sion  in
w a t e r  of t h e  s t e a m e d  wood  a n d  d ri e d  s p ecim e n s  s how e d
t h a t  t h ey w e r e  w e ak e r  t h a n  n a t u r al  wood  si mila rly
d ri e d  a n d  r e so ak e d."[51]

[Footno t e  5 1:   Cir. 3 9.   Expe ri m e n t s  on  t h e
s t r e n g t h  of t r e a t e d  ti m b er, p .  1 8.]

|------------------------------------------------------
------------------------------------|
|                                         TABLE XVI                                         |
|-----------------------------------------------------------
-------------------------------|
|                 E F FECT OF STEAMING ON  THE STRE NGTH OF GREE N  
LOBLOLLY PIN E                 |
|                                 (For e s t  S e rvice,  Cir. 3 9)                                  |
|-----------------------------------------------------------
-------------------------------|
|            |        Cylind e r  con di tions        |                   S t r e n g t h                   |
|            |---------------------------------+ - ------------
-------------------------------|
|            |             S t e a min g              |        S t a tic         |   Imp a c t   |            |
|            |---------------------------------+ - ------------
--------+ - ---------|   Aver a g e   |
“(3) A hig h  d e g r e e  of s t e a min g  is inju rious
to  wood  in s t r e n g t h  a n d  s pike-holding  pow er. 
The  d e g r e e  of s t e a ming  a t  w hich  p ro no u n c e d  h a r m  r e s ul t s
will d e p e n d  u po n  t h e  q u ality of t h e  wood  a n d  it s  d e g r e e
of s e a soning,  a n d  u po n  t h e  p r e s s u r e  (t e m p e r a t u r e)
of s t e a m  a n d  t h e  d u r a tion  of i ts  a p plica tion.  
For  loblolly pin e  t h e  limit  of s afe ty is c e r t ainly
3 0  pou n d s  for  4  ho u r s ,  o r  2 0  po u n d s  for  6  ho u r s ."[52]
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[Footno t e  5 2:   Ibid. , p .  2 1.   S e e  also
Cir. 1 0 8,  p .  1 9,  t a bl e  5.]

Exp e rim e n t s  m a d e  a t  t h e  Yale For e s t  S c hool s how e d
t h a t  s t e a ming  a bove  3 0  pou n ds’ g a u g e  p r e s s u r e
r e d u c e s  t h e  s t r e n g t h  of wood  p e r m a n e n tly w hile  w e t
fro m  2 5  to  7 5  p e r  c e n t .

PRESERVATIVES

The  ex ac t  effec t s  of c h e mic al imp r e g n a tion  u po n  t h e
m e c h a nical p rop e r ti e s  of wood  h ave  no t  b e e n  fully
d e t e r min e d,  t hou g h  t h ey h ave  b e e n  t h e  s u bjec t  of conside r a ble
inves tig a tion.[53] Mo r e  d e p e n d s  u po n  t h e  m e t ho d  of
t r e a t m e n t  t h a n  u po n  t h e  p r e s e rv a tives  u s e d .   Thus
p r elimin a ry s t e a ming  a t  too  high  p r e s s u r e  o r  for  too
long  a  p e riod  will m a t e ri ally w e ak e n  t h e  wood,  (S e e
TEMPERATURE, a bove.)

[Footno t e  5 3:   H a t t ,  W. K.:  Exp e rim e n t s  on
t h e  s t r e n g t h  of t r e a t e d  tim b er.  Cir. 3 9,  U.S. 
For e s t  S e rvice,  1 9 0 6,  p .  3 1.]

The  p r e s e n c e  of zinc  c hlo rid e  do e s  no t  w e ak e n  wood
u n d e r  s t a tic  loadin g,  al t ho u g h  t h e  indic a tions  a r e
t h a t  t h e  wood  b e co m e s  b r i t tl e  u n d e r  imp a c t .   If
t h e  solu tion  is too  s t ro n g  it will d e co m pos e  t h e  wood.

So aking  in c r eoso t e  oil c a us e s  wood  to  s w ell, a n d
a c co r din gly d ec r e a s e s  t h e  s t r e n g t h  to  so m e  ex t e n t ,
b u t  no t  n e a rly so  m u c h  so  a s  so aking  in w a t er.[54]

[Footno t e  5 4:   Tees d ale,  Clyde  II.:  The  a b so r p tion
of c r eoso t e  by  t h e  c ell w alls  of wood.   Cir. 2 0 0,
U. S. For e s t  S e rvice,  1 9 1 2,  p .  7 .]

So aking  in ke ros e n e  s e e m s  to  h av e  no  sig nifica n t  w e ak e nin g
effec t.[55]
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[Footno t e  5 5:   Tie m a n n,  H.D.:  Effec t  of m ois t u r e
u po n  t h e  s t r e n g t h  a n d  s tiffness  of wood.   Bul.
7 0 ,  U. S. For e s t  S e rvice,  1 9 0 7,  p p.  1 2 2-1 2 3,  t a bl es
4 3-4 4.]

PART III TIMBER TESTING[56]

[Footno t e  5 6:   The  m e t ho ds  of ti m b e r  t e s ting  d e s c rib e d
h e r e  a r e  for  t h e  m o s t  p a r t  t hos e  e m ploye d  by t h e  U.
S. For e s t  S e rvice.   S e e  Cir. 3 8  (r ev. e d.), 1 9 0 9.]

WORKING PLAN

P r elimin a ry to  m a king  a  s e ri es  of tim b e r  t e s t s  i t
is ve ry impo r t a n t  t h a t  a  wo rking  pl a n  b e  p r e p a r e d
a s  a  g uid e  to  t h e  inves tig a tion.   This s ho uld
e m b r a c e:   (1) t h e  p u r pos e  of t h e  t e s t s;  (2) kind,
size,  con di tion,  a n d  a m o u n t  of m a t e ri al  n e e d e d;  (3)
full d e s c rip tion  of t h e  sys t e m  of m a rking  t h e  pi ec e s;
(4) d e t ails  of a ny s p eci al a p p a r a t u s  a n d  m e t ho ds  e m ployed;
(5) p ro pos e d  m e t ho d  of a n alyzing  t h e  d a t a  ob t ain e d
a n d  t h e  n a t u r e  of t h e  final r e po r t .   Gre a t  c a r e
s ho uld  b e  t ak e n  in t h e  p r e p a r a tion  of t his  pla n  in
o r d e r  t h a t  all p ro ble m s  a r ising  m ay b e  a n ticip a t e d
so  fa r  a s  pos sible  a n d  d el ays  a n d  u n n e c e s s a ry  wo rk
avoid e d.   A co m p r e h e n sive  s t u dy of p r evious  inves tiga tions
alon g  t h e  s a m e  or  r ela t e d  line s  s ho uld  p rove  ve ry
h elpful in ou tlining  t h e  wo rk  a n d  p r e p a rin g  t h e  r e po r t .
(For  s a m ple  wo rking  pla n  s e e  Appe n dix.)

FORMS OF MATERIAL TESTED
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In  g e n e r al, fou r  for m s  of m a t e ri al  a r e  t e s t e d ,  n a m ely: 
(1) la r g e  ti m b e r s ,  s uc h  a s  b rid g e  s t r in g e r s ,  c a r  sills,
la rg e  b e a m s,  a n d  o t h e r  piec e s  five  fee t  o r  m o r e  in
len g t h,  of a c t u al  size s  a n d  g r a d e s  in co m m o n  u s e;
(2) b uil t-u p  s t r uc t u r al  for ms  a n d  fas t e nings ,  s uc h
a s  b uil t-u p  b e a m s,  t r u s s e s,  a n d  va rious  kind  of join t s;
(3) s m all cle a r  piec e s,  s uc h  a s  a r e  u s e d  in co m p r e s sion,
s h e ar, cle ava g e,  a n d  s m all c ro ss-b r e akin g  t e s t s;  (4)
m a n ufac t u r e d  a r ticle s,  s uc h  a s  axles,  s pok es ,  s h aft s,
w a go n-ton g u e s ,  c ros s-a r m s,  ins ula to r  pins ,  b a r r els ,
a n d  p a cking  boxes.

As t h e  m ois t u r e  con t e n t  is of fund a m e n t al  im po r t a n c e
(se e  WATER CO NTE NT, a bove.), a ll s t a n d a r d  t e s t s  a r e
u s u ally m a d e  in  t h e  g r e e n  con di tion.   Anoth e r
s e ri e s  is also  u s u ally r u n  in a n  ai r-d ry  con di tion
of a bo u t  1 2  p e r  c e n t  m ois t u r e .   In  all c a s e s  t h e
m ois t u r e  is ve ry c a r efully d e t e r min e d  a n d  s t a t e d  wi th
t h e  r e s ul t s  in t h e  t a ble s.

SIZE OF TEST SPECIMENS

The  size  of t h e  t e s t  s p eci m e n  m u s t  b e  gove r n e d  la r g ely
by t h e  p u r pos e  for  w hich  t h e  t e s t  is m a d e.   If
t h e  effec t  of a  sin gle  fac tor, s uc h  a s  m ois t u r e ,  is
t h e  objec t  of exp e ri m e n t ,  i t is n ec es s a ry  to  u s e  s m all
pi ec e s  of wood  in o r d e r  to  elimin a t e  so  fa r  a s  pos sible
all dis tu r bing  fac to r s.   If t h e  s p eci m e n s  a r e  too
la rg e ,  it is impos sible  to  s e c u r e  e no u g h  p e rfec t  pi ec e s
fro m  on e  t r e e  to  for m  a  s e ri es  for  va rious  t e s t s .  
Mo r eover, t h e  d rying  p roc e ss  wi th  la r g e  tim b e r s  is
ve ry difficul t  a n d  ir r e g ular, a n d  r e q ui r e s  a  long
p e riod  of tim e,  b e sid e s  c a u sin g  c h ecks  a n d  in t e r n al
s t r e s s e s  w hich  m ay  obsc u r e  t h e  r e s ul t s  ob t ain e d.

On  t h e  o t h e r  h a n d,  t h e  s m alle r  t h e  di m e n sions  of t h e
t e s t  s p e cim e n  t h e  g r e a t e r  b e co m e s  t h e  r el a tive  effec t
of t h e  inh e r e n t  fac to r s  affec ting  t h e  m e c h a nic al p ro p e r ti e s.  
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For  ex a m ple,  t h e  effec t  of a  kno t  of give n  size  is
m o r e  s e rious  in a  s m all s tick t h a n  in a  la rg e  on e.  
Mo r eover, t h e  s m alle r  t h e  s p e ci m e n  t h e  few e r  g row t h
rings  it  con t ains,  h e nc e  t h e r e  is g r e a t e r  oppo r t u ni ty
for  va ri a tion  d u e  to  i r r e g ula ri tie s  of g r ain.

Test s  on  la rg e  tim b e r s  a r e  conside r e d  n e c e s s a ry  to
fu r nis h  d e sign e r s  d a t a  on  t h e  p ro b a ble  s t r e n g t h  of
t h e  diffe r e n t  sizes  a n d  g r a d e s  of ti m b e r  on  t h e  m a r k e t;
t h ei r  coefficie n t s  of el a s tici ty u n d e r  b e n din g  (sinc e
t h e  s tiffness  r a t h e r  t h a n  t h e  s t r e n g t h  oft e n  d e t e r min e s
t h e  size  of a  b e a m); a n d  t h e  m a n n e r  of failu r e,  w h e t h e r
in b e n din g  fib r e  s t r e s s  o r  ho rizon t al s h e ar.  I t
is b elieve d  t h a t  t his  info r m a tion  c a n  only b e  ob t ain e d
by di r e c t  t e s t s  on  t h e  diffe r e n t  g r a d e s  of c a r  sills,
s t r ing e r s ,  a n d  o th e r  m a t e ri al  in co m m o n  u s e .

Whe n  s m all piec e s  a r e  s elec t e d  for  t e s t  t h ey  ve ry
oft e n  a r e  cle a r  a n d  s t r aigh t-g r ain e d,  a n d  t h u s  of
so  m u c h  b e t t e r  g r a d e  t h a n  t h e  la rg e  s ticks  t h a t  t e s t s
u po n  t h e m  m ay  no t  yield  u ni t  valu es  a p plica ble  to
t h e  la r g e r  size s.   Exte n sive  exp e rim e n t s  s how,
how ever, (1) t h a t  t h e  m o d ulus  of el a s tici ty is a p p roxim a t ely
t h e  s a m e  for  la rg e  tim b e r s  a s  for  s m all cle a r  s p e ci m e n s
c u t  fro m  t h e m,  a n d  (2) t h a t  t h e  fib r e  s t r e s s  a t  e l a s tic
limit  for  la r g e  b e a m s  is, exce p t  in t h e  w e a k e s t  ti m b e r s ,
p r a c tic ally e q u al  to  t h e  c r u s hin g  s t r e n g t h  of s m all
cle a r  pi ec es  of t h e  s a m e  m a t e ri al.[57]
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[Footno t e  5 7:   Bul. 1 0 8,  U. S. For e s t  S e rvice:  
Test s  of s t r uc t u r al  tim b e r s ,  p p .  5 3-5 4.]

MOISTURE DETERMINATION

In  o r d e r  for  t e s t s  to  b e  co m p a r a ble,  it is n e c e s s a ry
to  know  t h e  m ois tu r e  con t e n t  of t h e  s p eci m e n s  a t  t h e
zon e  of failu r e .   This  is d e t e r min e d  fro m  disks
a n  inch  t hick cu t  fro m  t h e  ti m b e r  im m e dia t ely af t e r
t e s ting.

In  c a s e s ,  a s  in la r g e  b e a m s,  w h e r e  it  is d e si r a ble
to  know  no t  only t h e  av e r a g e  m ois t u r e  con t e n t  b u t
al so  it s  di s t r ib u tion  t h ro u g h  t h e  ti m b er, t h e  disks
a r e  c u t  u p  so  a s  to  ob t ain  a n  ou t sid e,  a  mid dle,  a n d
a n  inn e r  po r tion,  of a p p roxim a t ely e q u al  a r e a s .  
Thus  in a  s ec tion  1 0” x 1 2” t h e  ou t e r  s t r ip
wo uld  b e  on e  inc h  wid e,  a n d  t h e  s econ d  on e  a  lit tl e
m o r e  t h a n  a n  inch  a n d  a  q u a r t er.  Mois t u r e  d e t e r min a tions
a r e  m a d e  for  e a c h  of t h e  t h r e e  po r tions  s e p a r a t ely.

The  p roc e d u r e  is a s  follows: 

(1) Im m e dia t ely af t e r  s a win g,  loos e  s plin t e r s  a r e
r e m ove d  a n d  e a c h  s ec tion  is w eigh e d.

(2) The  m a t e ri al is p u t  in to  a  d rying  ove n  a t  1 0 0
d e g.   C. (212  d e g.   F.) a n d  d ri e d  u n til t h e
va ri a tion  in w eig h t  for  a  p e r iod  of t w e n ty-fou r  ho u r s
is les s  t h a n  0.5  p e r  c e n t .

(3) The  disk  is a g ain  c a r efully w eig h e d.

(4) The  loss  in  w eig h t  exp r e s s e d  in p e r  ce n t  of t h e
d ry  w eig h t  indica t e s  t h e  m ois t u r e  con t e n t  of t h e  s p e cim e n
fro m  w hich  t h e  s p e ci m e n  w a s  c u t .
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MACHINE FOR STATIC TESTS

The  s t a n d a r d  sc r e w  m a c hin e s  u s e d  for  m e t al  t e s t s  a r e
al so  u s e d  for  wood,  b u t  in t h e  c a s e  of wood  t e s t s
t h e  r e a ding s  m u s t  b e  t ak e n  “on  t h e  fly,”
a n d  t h e  m a c hin e  op e r a t e d  a t  a  u nifor m  s p e e d  wi thou t
in t e r r u p tion  fro m  b e gin nin g  to  e n d  of t h e  t e s t .  
This  is on  a ccou n t  of t h e  t im e  fac to r  in  t h e  s t r e n g t h
of wood. (Se e  SPEED OF TESTING MACHINE, b elow.)

The  s t a n d a r d  m a c hin e s  for  s t a tic  t e s t s  c a n  b e  u s e d
for  t r a n sve r s e  b e n din g,  co m p r e s sion,  t e n sion,  s h e ar,
a n d  cle ava g e.   A co m m o n  for m  consis t s  of t h r e e
m ain  p a r t s ,  n a m ely:  (1) t h e  s t r aining  m e c h a nis m,
(2) t h e  w eig hing  a p p a r a t u s ,  a n d  (3) t h e  m a c hin e ry
for  co m m u nic a ting  m o tion  to  t h e  sc r e w s.

The  s t r aining  m e c h a nis m  consis t s  of t wo  p a r t s ,  on e
of w hich  is a  m ova ble  c ross h e a d  op e r a t e d  by  fou r  (so m e ti m e s
t wo  o r  t h r e e)  u p righ t  s t e el  s t r aining  sc r e w s  w hic h
p a s s  t h ro u g h  op e nin gs  in t h e  pl a tfo r m  a n d  b e a r  u p w a r d
on  t h e  b e d  of t h e  m a c hin e  u po n  w hich  t h e  w eighing
pla tfo r m  r e s t s  a s  a  fulc ru m.   At t h e  low e r  e n d s
of t h e s e  sc r e w s  a r e  g e a r e d  n u t s  all ro t a t e d  si m ul t a n eo u sly
by a  sys t e m  of g e a r s  w hich  c a u s e  t h e  m ov a ble  c ro ss h e a d
to  ris e  a n d  fall a s  d e si r e d.

The  s t a tion a ry p a r t  of t h e  s t r aining  m e c h a nis m,  w hich
is u s e d  only for  t e n sion  a n d  cle ava g e  t e s t s ,  consis t s
of a  s t e el  c a g e  a bove  t h e  m ova ble  c ross h e a d  a n d  r e s t s
di r e c tly u po n  t h e  w eig hing  pl a tfo r m.   The  top
of t h e  c a g e  con t ain s  a  s q u a r e  hole  in to  w hich  on e
e n d  of t h e  t e s t  s p e ci m e n  m ay  b e  cla m p e d,  t h e  c ro ss h e a d
con t aining  a  simila r  cla m p  for  t h e  o th e r  e n d,  in  m a kin g
t e n sion  t e s t s .
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For  t e s tin g  long  b e a m s  a  s p e ci al for m  of m a c hin e  wi th
a n  ex t e n d e d  pl a tfo r m  is u s e d .  (Se e  Fig.  2 9.)

The  w eig hing  pl a tfo r m  r e s t s  u po n  knife  e d g e s  c a r ri ed
by p ri m a ry  leve r s  of t h e  w eighing  a p p a r a t u s ,  t h e  fulc r u m
b ein g  on  t h e  b e d  of t h e  m a c hin e ,  a n d  a ny p r e s s u r e
u po n  it  is di r ec tly t r a n s mit t e d  t h rou g h  a  s e ri e s  of
leve r s  to  t h e  w eighing  b e a m.   This  b e a m  is a dju s t e d
by m e a n s  of a  pois e  r u n ning  on  a  sc r ew.  In  op e r a tion
t h e  b e a m  is k e p t  floa ting  by  m e a n s  of a no t h e r  pois e
m ove d  b ack  a n d  for t h  by  a  sc r e w  w hic h  is op e r a t e d
by a  h a n d  w h e el  o r  a u to m a tically.  The  la rg e r
u ni t s  of s t r e s s  a r e  r e a d  fro m  t h e  g r a d u a tions  alon g
t h e  sid e  of t h e  b e a m,  w hile  t h e  in t e r m e dia t e  s m alle r
w eig h t s  a r e  obs e rve d  on  t h e  di al on  t h e  r e a r  e n d  of
t h e  b e a m.

The  m a c hin e  is d riven  by pow e r  fro m  a  s h af t  o r  a  m o to r
a n d  is so  g e a r e d  t h a t  va rious  s p e e d s  a r e  ob t ain a ble.  
On e  m a n  c a n  op e r a t e  i t.

In  m a king  t e s t s  t h e  op e r a tion  of t h e  s t r aining  sc r e w s
is alw ays  dow n w a r d  so  a s  to  b ring  p r e s s u r e  to  b e a r
u po n  t h e  w eig hing  pl a tfo r m.   Fo r  t e s t s  in  t e n sion
a n d  cle ava g e  t h e  s p e ci m e n  is pl ac e d  b e t w e e n  t h e  top
of t h e  s t a tion a ry c a g e  a n d  t h e  m ova ble  h e a d  a n d  s u bjec t e d
to  a  p ull.  For  t e s t s  in t r a n sve r s e  b e n din g,  co m p r e s sion,
a n d  cle ava g e  t h e  s p e ci m e n  is pl ac e d  b e t w e e n  t h e  m ov a ble
h e a d  a n d  t h e  pl a tfo r m,  a n d  a  di r ec t  co m p r e s sion  force
a p plied.

Testing  m a c hin e s  a r e  u s u ally c alib r a t e d  to  a  po r tion
of t h ei r  c a p a city b efo re  leaving  t h e  fac to ry. 
The  d elicacy of t h e  w eighing  leve r s  is ve rified  by
d e t e r mining  t h e  n u m b e r  of po u n d s  n e c e s s a ry to  m ove
t h e  b e a m  b e t w e e n  t h e  s tops  w hile  a  load  of 1 ,00 0  po u n d s
r e s t s  on  t h e  pla tfo r m.   The  u s u al  r e q ui r e m e n t  is
t h a t  t e n  po u n d s  s ho uld  a cco m plish  t his  m ove m e n t.

The  size  of m a c hin e  s ui t a bl e  for  co m p r e s sion  t e s t s
on  2”  X 2”  s ticks  o r  for  2”  X 2”
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b e a m s  wi th  2 6  to  3 6-inch  s p a n  h a s  a  c a p a ci ty of 3 0,0 00
po u n d s.

SPEED OF TESTING MACHINE

In  ins t r uc tions  for  m a king  s t a tic  t e s t s  t h e  r a t e  of
a p plica tion  of t h e  s t r e s s,  i.e. , t h e  s p e e d
of t h e  m a c hin e,  is given  b e c a u s e  t h e  s t r e n g t h  of wood
va rie s  wi th  t h e  s p e e d  a t  w hich  t h e  fib r e s  a r e  s t r ain e d.  
The  s p e e d  of t h e  c ro ss h e a d  of t h e  t e s ti ng  m a c hin e
is p r a c tically n eve r  cons t a n t ,  d u e  to  m e c h a nic al d efec t s
of t h e  a p p a r a t u s  a n d  va ria tions  in  t h e  s p e e d  of t h e
m otor, b u t  so  long  a s  it  do e s  no t  exc e e d  2 5  p e r  c e n t
t h e  r e s ul t s  will no t  b e  a p p r e cia bly affec t e d.  
In  fac t ,  a  ch a n g e  in  s p e e d  of 5 0  p e r  c e n t  will no t
c a u s e  t h e  s t r e n g t h  of t h e  wood  to  va ry m o r e  t h a n  2
p e r  c e n t .[58]

[Footno t e  5 8:   S e e  Tie m a n n,  H a r ry  Don ald: 
The  effec t  of t h e  s p e e d  of t e s ti ng  u po n  t h e  s t r e n g t h
a n d  t h e  s t a n d a r diza tion  of t e s t s  for  s p e e d.   P roc.  
Am.  Soc.  for  Testing  M a t e ri als,  Vol.  VIII,
P hila d elphia,  1 9 0 8.]

Following  a r e  t h e  for m ula e  u s e d  in d e t e r mining  t h e
s p e e d  of t h e  m ova ble  h e a d  of t h e  m a c hin e  in  inch e s
p e r  min u t e  (n): 

(1) For  e n d wis e  co m p r e s sion           n  =  Z l
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Z l ^ { 2 }
(2) For  b e a m s  (ce n t r e  loading)       n  =  ---------
6 h

Z l ^ { 2 }
(3) For  b e a m s  (thi rd-poin tloa ding)   n  =  ---------
5.4h

Z =  r a t e  of fib r e  s t r ain  p e r  inch
of fib r e  len g t h.
l =  s p a n  of b e a m  o r  len g t h  of co m p r e s sion  s p eci m e n.
h  =  h eigh t  of b e a m.

The  valu es  co m m o nly u s e d  for  Z a r e  a s  follows: 

Ben din g  la rg e  b e a m s                       Z =  0.00 0 7
Ben din g  s m all b e a m s                       Z =  0.0 01 5
E n d wis e  co m p r e s sion-la r g e  s p e ci m e n s       Z =  0.0 0 1 5
E n d wis e  co m p r e s sion-s m all       "        Z =  0.00 3
Righ t-a n gle d  co m p r e s sion-la rg e   "        Z =  0.00 7
Righ t-a n gle d  co m p r e s sion-s m all  "        Z =  0.0 15
S h e a ring  p a r allel to  t h e  g r ain            Z =  0.0 15

Exa m ple:  At w h a t  s p e e d  s ho uld  t h e  c ro ss h e a d  m ove
to  give  t h e
r e q ui r e d  r a t e  of fib r e  s t r ain  in t e s ting  a  s m all b e a m
2” X 2” X
3 0”. (Sp a n  =  2 8".) S u b s ti t u ting  t h e s e  value s
in e q u a tion  (2)
a bove: 
          (0.001 5
X 2 8 ^ 2 )
     n  =  -----------------
=  0.1  inch  p e r  mi n u t e.
              (6
X 2)

In  o r d e r  t h a t  t e s t s  m ay  b e  in t ellige n tly co m p a r e d,
it  is impor t a n t  t h a t  a c co u n t  b e  t ak e n  of t h e  s p e e d
a t  w hich  t h e  s t r e s s  w a s  a p plied.   In  d e t e r mining
t h e  b a sis  for  a  r a tio  b e t w e e n  tim e  a n d  s t r e n g t h  t h e
r a t e  of s t r ain,  w hich  is con t rollable,  a n d  no t  t h e
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r a t io  of s t r e s s ,  w hich  is ci rc u m s t a n ti al,  s ho uld  b e
u s e d.   In  o t h e r  wo r d s,  t h e  r a t e  a t  w hich  t h e  m ova ble
h e a d  of t h e  t e s tin g  m a c hin e  d e s c e n d s  a n d  no t  t h e  r a t e
of inc r e a s e  in t h e  loa d  is to  b e  r e g ul a t e d.   This
r a t io, to  w hich  t h e  n a m e  s p e e d-s tr e n g t h  m o d ulus
h a s  b e e n  give n,  m ay  b e  exp r e s s e d  a s  a  coefficien t
w hich,  if m ul tiplied  in to  a ny p ro po r tion al ch a n g e  in
s p e e d,  will give  t h e  p ro po r tion al c h a n g e  in s t r e n g t h.  
This  r a tio  is d e rive d  fro m  e m pi rical c u rves.  (Se e
Table  XVII.)

|------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
------------------------|
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|------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
------------------------|
|  TABLE XVII                                                                                TABLE XVII  
|
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
-------------------|
|                             S PEED-STRE NGTH MODULI AND RELATIVE INCREASE 
IN STRE NGTH AT RATES OF FIBRE STRAIN INCREASING IN 
GEOMETRICAL RATIO. (Tie m a n n,  loc. ci t.)                              |
|                                                                             (Values  in  p a r e n t h e s e s  a r e  
a p p roxim a t e)                                                                               |
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
-------------------|
|  R a t e  of fib r e  s t r ain.    |                        |                        |                        |             
|                        |                        |                        |
|    Ten-t ho us a n d t h s  inch   |           2/3           |             2           |             6           |      
1 8           |            5 4           |           1 6 2           |           4 8 6           |
|    p e r  min u t e  p e r  inch    |                        |                        |                        |           
|                        |                        |                        |
|-------------------------+ - ----------------------+ - --------
--------------+ - ----------------------+ - ----------------------+ - ----------------------
+ - ----------------------+ - ----------------------|
|  C |  S p e e d  of c ro ss h e a d.  |                        |                        |                        |         
|                        |                        |                        |
|  O |    Inch e s  p e r  mi n u t e  |        0 . 00 0 3 8 3         |          0 .0 01 1 5        |          
0 . 00 3 4 5        |          0 .01 0 3         |          0 .03 1 0         |          0 .09 3 1         |          .
2 7 9           |
|  M  |                      |                        |                        |                        |                      
|                        |                        |                        |
|  P  |---------------------+ - ----------------------+ - --------
--------------+ - ----------------------+ - ----------------------+ - ----------------------
+ - ----------------------+ - ----------------------|
|  R |  S p e cim e n s            |   Wet   |   Dry  |   All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  |  
All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  
|   All  |
|  E  |---------------------+ - ------+ - ------+ - ------+ - ------+ -
------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------
+ - ------+ - ------+ - ------+ - ------+ - ------|
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BENDING LARGE BEAMS

Ap para tus :  A s t a tic  b e n din g  m a c hin e  (desc ribe d
a bove), wi th  a  s p e cial c ro ss h e a d  for  t hi rd-poin t  loadin g
a n d  a  long  pl a tfo r m  b e a ring  knife-e d g e  s u p po r t s ,  is
r e q ui r e d .  (Se e  Fig.  2 9.)

[Illus t r a tion:  FIG. 2 9.—St a tic  b e n ding
t e s t  on  la rg e  b e a m.   N o t e  a r r a n g e m e n t  of wi r e
a n d  sc ale  for  m e a s u ring  d eflec tion;  also  m e t ho d  of
a p plying  load  a t  “thi rd-poin t s.”]

Preparing  t h e  m a t e rial :  S t a n d a r d  size s
a n d  g r a d e s  of b e a m s  a n d  ti m b e r s  in co m m o n  u s e  a r e
e m ploye d.   The  e n d s  a r e  ro u g hly s q u a r e d  a n d  t h e
s p eci m e n  w eig h e d  a n d  m e a s u r e d ,  t aking  t h e  c ross-s e c tion al
di m e n sions  midw ay of t h e  leng t h.   Weigh t s  s ho uld
b e  to  t h e  n e a r e s t  po u n d,  leng t h s  to  t h e  n e a r e s t  0 .1
inch,  a n d  c ro ss-s ec tion al di m e n sions  to  t h e  n e a r e s t
0.01  inc h.

M ar kin g  and  s k e t c hing :  The  b u t t  e n d  of
t h e  b e a m  is m a rk e d  A  a n d  t h e  top  e n d  B . 
While  facing  A , t h e  top  sid e  is m a rk e d  a ,
t h e  rig h t  h a n d  b , t h e  bo t to m  c , t h e  left
h a n d  d .  Sk e tc h e s  a r e  m a d e  of e a c h  side
a n d  e n d,  s howing  (1) size,  loca tion,  a n d  con di tion
of kno t s,  ch e cks,  s plit s,  a n d  o th e r  d efec t s;  (2) i r r e g ula ri ti es
of g r ain; (3) di s t rib u tion  of h e a r t wood  a n d  s a p wood;
a n d  on  t h e  e n d s:   (4) t h e  loca tion  of t h e  pi th
a n d  t h e  a r r a n g e m e n t  of t h e  g ro wt h  ring s,  (5) n u m b e r
of r i ng s  p e r  inch,  a n d  (6) t h e  p ropo r tion  of la t e
wood.

The  n u m b e r  of r i ngs  p e r  inch  a n d  t h e  p ro po r tion  of
la t e  wood  s hould  alw ays  b e  d e t e r min e d  alon g  a  r a dius
o r  a  line  no r m al  to  t h e  ri ng s.   The  ave r a g e  n u m b e r
of r i ng s  p e r  inch  is t h e  to t al  n u m b e r  of r i ng s  divide d
by t h e  leng t h  of t h e  line  c ro ssing  t h e m.   The
p ro po r tion  of la t e  wood  is e q u al  to  t h e  s u m  of t h e
wid t h s  of t h e  la t e  wood  c ro ss e d  by t h e  line,  divide d
by t h e  leng t h  of t h e  line.   Rings  p e r  inch  s ho uld
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b e  to  t h e  n e a r e s t  0 .1; la t e  wood  to  t h e  n e a r e s t  0 . 1
p e r  c e n t .
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Sinc e  in la rg e  b e a m s  a  g r e a t  va ria tion  in r a t e  of
g row t h  a n d  r el a tive  a m o u n t  of la t e  wood  is likely
in diffe r e n t  p a r t s  of t h e  s ec tion,  it is a dvis a ble
to  conside r  t h e  c ro ss  s e c tion  in t h r e e  volu m e s,  n a m ely,
t h e  u p p e r  a n d  lowe r  q u a r t e r s  a n d  t h e  mid dle  h alf. 
The  d e t e r min a tion  s ho uld  b e  m a d e  u po n  e a c h  volu m e
s e p a r a t ely, a n d  t h e  av e r a g e  for  t h e  e n ti r e  c ros s  s ec tion
ob t ain e d  fro m  t h e s e  r e s ul t s.

At t h e  conclusion  of t h e  t e s t  t h e  failu r e ,  a s  it a p p e a r s
on  e a c h  s u rfac e,  is t r ac e d  on  t h e  ske t c h e s,  wi th  t h e
failu r e s  n u m b e r e d  in  t h e  o r d e r  of t h ei r  occ u r r e nc e .  
If t h e  b e a m  is s u b s e q u e n tly cu t  u p  a n d  u s e d  for  o t h e r
t e s t s  a n  a d di tion al sk e tc h  m ay b e  d e si r a bl e  to  s how
t h e  loca tion  of e a c h  piec e.

Adjus ting  s p e ci m e n  in m a c hin e :  The  b e a m
is pl ac e d  in t h e  m a c hin e  wi th  t h e  sid e  m a r k e d  a
on  to p,  a n d  wi t h  t h e  e n d s  p rojec ting  e q u ally b eyon d
t h e  s u p po r t s .   In  o r d e r  to  p r eve n t  c r u s hin g  of
t h e  fib r e  a t  t h e  poin t s  w h e r e  t h e  s t r e s s  is a p plied
it  is n e c e s s a ry  to  u s e  b e a rin g  blocks  of m a ple  o r  o t h e r
h a r d  wood  wi th  a  convex s u rf ac e  in  con t a c t  wit h  t h e
b e a m.   Rolle r  b e a ring s  s hould  b e  pl ac e d  b e t w e e n
t h e  b e a ring  blocks  a n d  t h e  knife  e d g e s  of t h e  c ro ss h e a d
to  allow for  t h e  s ho r t e ning  d u e  to  flexu r e .  (Se e  Fig.
2 9 .) Third-poin t  loadin g  is u s e d ,  t h a t  is, t h e  loa d
is a p plied  a t  t wo  poin t s  on e-t hi rd  t h e  s p a n  of t h e
b e a m  a p a r t .  (Se e  Fig.  3 0.) This  affo rds  a  u nifo r m
b e n din g  m o m e n t  t h ro u g ho u t  t h e  c e n t r al  t hi rd  of t h e
b e a m.

[Illus t r a tion:  FIG. 3 0.—Two m e t ho ds
of loa ding  a  b e a m,  n a m ely, t hi rd-poin t  loading  (up p e r),
a n d  c e n t r e  loading  (lowe r).]

M e as uring  t h e  d e flec tion :  The  m e t ho d  of
m e a s u ring  t h e  d eflec tion  s ho uld  b e  s uc h  t h a t  a ny co m p r e s sion
a t  t h e  poin t s  of s u p po r t  o r  a t  t h e  a p plica tion  of
t h e  loa d  will no t  affec t  t h e  r e a ding.   This  m ay
b e  a cco m plish e d  by d riving  a  s m all n ail n e a r  e a c h
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e n d  of t h e  b e a m,  t h e  exa c t  loca tion  b eing  on  t h e  n e u t r al
pl a n e  a n d  ve r tically a bove  e a c h  knife-e d g e  s u p po r t .  
Be t w e e n  t h e s e  n ails  a  fine  wi r e  is s t r e tc h e d  fre e
of t h e  b e a m  a n d  ke p t  t a u t  by m e a n s  of a  r u b b e r  b a n d
o r  coiled  s p rin g  on  on e  e n d.   Be hind  t h e  wi r e
a t  a  poin t  on  t h e  b e a m  midw ay b e t w e e n  t h e  s u p po r t s
a  s t e el  sc ale  g r a d u a t e d  to  h u n d r e d t h s  of a n  inch  is
fas t e n e d  ve r tically by m e a n s  of t h u m b-t acks  o r  s m all
sc r e w s  p a s sing  t h ro u g h  holes  in it.  Att ac h m e n t
s ho uld  b e  m a d e  on  t h e  n e u t r al  pla n e .

The  firs t  r e a ding  is m a d e  w h e n  t h e  sc ale  b e a m  is b al a nc e d
a t  ze ro  load,  a n d  af t e r w a r d  a t  r e g ula r  inc r e m e n t s
of t h e  load  w hich  is a p plied  con tinuo usly a n d  a t  a
u nifor m  s p e e d.  (Se e  SPEED OF TESTING MACHINE, a bove.)
If d e si r e d,  how ever, t h e  load  m ay b e  r e a d  a t  r e g ul a r
inc r e m e n t s  of d eflec tion.   The  d eflec tion  r e a din gs
s ho uld  b e  to  t h e  n e a r e s t  0 .01  inch.   To avoid  e r ro r
d u e  to  p a r allax, t h e  r e a dings  m ay  b e  t ak e n  by m e a n s
of a  r e a ding  t ele scop e  a bo u t  t e n  fee t  dis t a n t  a n d
a p p roxim a t ely on  a  level wi t h  t h e  wi r e.   A mi r ro r
fas t e n e d  to  t h e  sc ale  will inc r e a s e  t h e  a cc u r a cy of
t h e  r e a ding s  if t h e  t el es cop e  is no t  u s e d .   As
in all t e s t s  on  tim b er, t h e  s t r ain  m u s t  b e  con tinuo us
to  r u p t u r e,  no t  in t e r mit t e n t ,  a n d  r e a dings  m u s t  b e
t ak e n  “on  t h e  fly.”  The  w eighing
b e a m  is ke p t  b al a nc e d  af t e r  t h e  yield  poin t  is r e a c h e d
a n d  t h e  m axim u m  load,  a n d  a t  le a s t  on e  poin t  b eyon d
it, no t e d .
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Log  of  t h e  t e s t :  The  p ro p e r  log  s h e e t
for  t his  t e s t  co nsis t s  of a  pi ec e  of c ro ss-s ec tion
p a p e r  wi th  s p a c e  a t  t h e  m a r gin  for  no t e s .  (S e e  Fig.
3 2 .) The  load  in so m e  conve nie n t  u ni t  (1,000  to  1 0,0 0 0
po u n d s,  d e p e n ding  u po n  t h e  di m e n sions  of t h e  s p e ci m e n)
is e n t e r e d  on  t h e  o r din a t e s,  t h e  d eflec tion  in t e n t h s
of a n  inch  on  t h e  a b sciss a e .   The  inc r e m e n t s  of
loa d  s ho uld  b e  c hos e n  so  a s  to  fu rnis h  a bo u t  t e n  poin t s
on  t h e  s t r e s s-s t r ain  di a g r a m  b elow t h e  el as tic  limit.

As t h e  r e a din gs  of t h e  wi r e  on  t h e  sc al e  a r e  m a d e
t h ey a r e  e n t e r e d  di r ec tly in t h ei r  p ro p e r  pl ac e  on
t h e  c ro ss-s e c tion  p a p er.  In  m a ny  c a s e s  a  t e s t
s ho uld  b e  con tinu e d  u n til co m ple t e  failu r e  r e s ul ts .  
The  poin t s  w h e r e  t h e  va rious  failu r e s  occ u r  a r e  indic a t e d
on  t h e  s t r e s s-s t r ain  di a g r a m.   A b ri ef d e s c rip tion
of t h e  failu r e  is m a d e  on  t h e  m a r gin  of t h e  log  s h e e t ,
a n d  t h e  for m  t r a c e d  on  t h e  sk e t c h e s .

Disposal of  t h e  s p e ci m e n :  Two on e-inc h
s ec tions  a r e  c u t  fro m  t h e  r e gion  of failu r e  to  b e
u s e d  in d e t e r mining  t h e  m ois t u r e  con t e n t .  (Se e  MOISTURE
DETERMINATION, a bove.) A t wo-inch  s ec tion  m ay  b e  c u t
for  s u bs e q u e n t  r efe r e nc e  a n d  iden tifica tion,  a n d  pos sible
mic roscopic  s t u dy.  The  r e m ain d e r  of t h e  b e a m  m ay
b e  c u t  in to s m all b e a m s  a n d  co m p r e s sion  pi ec es .

Calculating  t h e  re s ult s :  The  for m ula e
u s e d  in c alc ula ting  t h e  r e s ul t s  of t e s t s  on  la rg e
r e c t a n g ula r  sim ple  b e a m s  load e d  a t  t hi rd  poin t s  of
t h e  s p a n  a r e  a s  follows: 

0 .75  P
(1) J =  --------
b  h

l (P_{1 }  +  0.75  W)
(2) r  =  --------------------
b  h ^ { 2 }

l (P +  0.75  W)
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(3) R =  ----------------
b  h ^ { 2 }

P_{1 }  l ^ { 3 }
(4) E  =  ---------------
4.7  D b  h ^ { 3 }

0.87  P_{1 }  D
(5) S  =  --------------
2  V

b,  h ,  l =  b r e a d t h ,  h eig h t ,  a n d  s p a n
of s p eci m e n,  inch e s.  
D =  to t al  d eflec tion  a t  el a s tic  limit,  inc h e s.  
P  =  m axim u m  loa d,  po u n d s.  
P_{1 }  =  loa d  a t  el a s tic  limit,  po u n d s.  
E  =  m o d ulus  of el a s tici ty, po u n d s  p e r  s q u a r e  inch.
r  =  fib r e  s t r e s s  a t  e l a s tic  limi t,  po u n ds  p e r  s q.
inch.  
R =  m o d ulus  of r u p t u r e ,  po u n d s  p e r  s q u a r e  inch.  
S  =  el a s tic  r e silienc e  o r  wo rk  to  el a s tic  limi t,
inch-po u n d s
p e r  c u.  in. 
J =  g r e a t e s t  c alcula t e d  longi tu din al s h e ar, po u n ds
p e r  s q u a r e
inch.  
V =  volu m e  of b e a m,  cu bic  inch e s .  
W =  w eigh t  of t h e  b e a m.

In  la rg e  b e a m s  t h e  w eigh t  s ho uld  b e  t ak e n  in to  a cco u n t
in c alcula ting  t h e  fib r e  s t r e s s.   In  (2) a n d  (3)
t h r e e-fou r t h s  of t h e  w eigh t  of t h e  b e a m  is a d d e d  to
t h e  loa d  for  t his  r e a so n.

BENDING SMALL BEAMS

Ap para tus :  An o r din a ry  s t a tic  b e n ding
m a c hin e ,  a  s t e el  I-b e a m  b e a rin g  two  a djus t a bl e  knife-e d g e
s u p po r t s  to  r e s t  on  t h e  pl a tfo r m,  a n d  a  s p e cial d eflec to m e t er,
a r e  r e q ui r e d.  (Se e  Fig.  3 1.)

[Illus t r a tion:  FIG. 3 1.—St a tic  b e n ding
t e s t  on  s m all b e a m.   N o t e  t h e  u s e  of t h e  d eflec to m e t e r
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with  indica to r  a n d  di al for  m e a s u ring  t h e  d eflec tion;
al so  rolle r  b e a rin gs  b e t w e e n  b e a m  a n d  s u p po r t s .]
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Preparing  t h e  m a t e rial :  The  s p e ci m e n s
m ay b e  of a ny conve nie n t  size,  t ho u g h  b e a m s  2”
X 2” X 3 0” t e s t e d  ove r  a  2 8-inch  s p a n,
a r e  co nsid e r e d  b e s t .   The  b e a m s  a r e  s u rfac e d  on
all fou r  side s,  c a r e  b ein g  t ak e n  t h a t  t h ey  a r e  no t
d a m a g e d  by t h e  rolle r s  of t h e  s u rf acing  m a c hin e .  
M a t e ri al  for  t h e s e  t e s t s  is so m e ti m e s  c u t  fro m  la r g e
b e a m s  af t e r  failu r e .   The  s p e ci m e n s  a r e  c a r efully
w eig h e d  in g r a m s,  a n d  all di m e n sions  m e a s u r e d  to  t h e
n e a r e s t  0 . 01  inch.   If to  b e  t e s t e d  in  a  g r e e n
o r  fre s h  con dition  t h e  s p ecim e n s  s ho uld  b e  ke p t  in
a  d a m p  box o r  cove r e d  wi t h  m ois t  s a w d us t  u n til n e e d e d.  
N o  d efec t s  s hould  b e  allow e d  in t h e s e  s p e ci m e n s.

M ar kin g  and  s k e t c hing :  Sk e tc h e s  a r e  m a d e
of e a c h  e n d  of t h e  s p e ci m e n  to  s how  t h e  ch a r a c t e r
of t h e  g ro wt h,  a n d  af t e r  t e s ting,  t h e  m a n n e r  of failu r e
is s how n  for  all fou r  sid es.   In  ob t aining  d a t a
r e g a r din g  t h e  r a t e  of g ro wt h  a n d  t h e  p ropo r tion  of
la t e  wood  t h e  s a m e  p roc e d u r e  is follow e d  a s  wi th  la rg e
b e a m s.

Adjus ting  s p e ci m e n  in m a c hin e :  The  b e a m
s ho uld  b e  co r r ec tly c e n t r e d  in  t h e  m a c hin e  a n d  e a c h
e n d  s ho uld  h ave  a  pl a t e  wit h  rolle r  b e a ring s  b e t w e e n
it  a n d  t h e  s u p po r t .   Ce n t r e  loa ding  is u s e d.  
Be t w e e n  t h e  m ova ble  h e a d  of t h e  m a c hin e  a n d  t h e  s p eci m e n
is pl ac e d  a  b e a rin g  block of m a pl e  o r  o t h e r  h a r d  wood,
t h e  low e r  s u rfac e  of w hich  is c u rve d  in  a  di r ec tion
alon g  t h e  b e a m,  t h e  c u rva t u r e  of w hich  s ho uld  b e  sligh tly
les s  t h a n  t h a t  of t h e  b e a m  a t  r u p t u r e ,  in o r d e r  to
p r eve n t  t h e  e d g e s  fro m  c r u s hing  in to t h e  fib r e s  of
t h e  t e s t  pi ec e .

M e as uring  t h e  d e flec tion :  The  m e t ho d  of
m e a s u ring  d eflec tion  of la r g e  b e a m s  c a n  b e  u s e d  for
s m all size s,  b u t  b e c a u s e  of t h e  s ho r t n e s s  of t h e  s p a n
a n d  cons e q u e n t  sligh t  d efo r m a tion  in t h e  la t t er, it
is h a r dly a cc u r a t e  e no u g h  for  good  wo rk.  The  s p ecial
d eflec to m e t e r  s how n  in Fig.  3 1  allows  clos e r  r e a ding,
a s  it m a g nifies  t h e  d eflec tion  t e n  ti m es.   I t
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r e s t s  on  t wo  s m all n ails  d rive n  in t h e  b e a m  on  t h e
n e u t r al  pl a n e  a n d  ve r tic ally a bove  t h e  s u p po r t s .  
The  fine  wi r e  on  t h e  w h e el  a t  t h e  b a s e  of t h e  indic a to r
is a t t ac h e d  to  a no t h e r  s m all n ail d rive n  in  t h e  b e a m
on  t h e  n e u t r al  pl a n e  mid w ay b e t w e e n  t h e  e n d  n ails. 
All t h r e e  n ails  s ho uld  b e  in plac e  b efor e  t h e  b e a m
is p u t  in to  t h e  m a c hin e.   The  indica to r  is a djus t a bl e
by m e a n s  of a  t h u m b-sc r e w  a t  t h e  b a s e  a n d  is s e t  a t
ze ro  b efo r e  t h e  loa d  is a p plied.   Deflec tions
a r e  r e a d  to  t h e  n e a r e s t  0 .00 1  inc h.   For  r a t e  of
a p plica tion  of load  s e e  SP EED OF TESTING MACHINE, a bove.  
The  s p e e d  s hould  b e  u nifo r m  fro m  s t a r t  to  finish  wi thou t
s top pin g.   Re a din gs  m u s t  b e  m a d e  “on  t h e
fly.”

Log  of  t h e  t e s t :  The  log  s h e e t s  u s e d  for
s m all b e a m s  (se e  Fig.  3 2)  a r e  t h e  s a m e  a s  for  la r g e
size s  a n d  t h e  p roc e d u r e  is p r a c tic ally ide n tic al. 
The  s t r e s s-s t r ain  di a g r a m  is con tinu e d  to  o r  b eyon d
t h e  m axi m u m  load,  a n d  in a  po r tion  of t h e  t e s t s  s ho uld
b e  con tinu e d  to  six-inch  d eflec tion  o r  u n til t h e  s p e cim e n
fails  to  s u p po r t  a  load  of 2 0 0  pou n d s.   Deflec tion
r e a din gs  for  e q u al  inc r e m e n t s  of load  a r e  t ak e n  u n til
w ell b eyon d  t h e  el as tic  limit,  af t e r  w hic h  t h e  sc ale
b e a m  is ke p t  b al a nc e d  a n d  t h e  loa d  r e a d  for  e a c h  0.1
inch  d eflec tion.   The  load  a n d  d eflec tion  a t  firs t
failu r e,  t h e  m axim u m  loa d,  a n d  a ny poin t s  of s u d d e n
c h a n g e  s ho uld  b e  s how n  on  t h e  dia g r a m,  eve n  t ho u g h
t h ey do  no t  occ u r  a t  on e  of t h e  r e g ul a r  poin t s.  
A b ri ef d e s c rip tion  of t h e  failu r e  a n d  t h e  n a t u r e
of a ny d efec t s  is e n t e r e d  on  t h e  log  s h e e t .
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[Illus t r a tion:  FIG. 3 2.—S a m ple  log
s h e e t ,  giving  full d e t ails  of a  t r a n sve r s e  b e n ding
t e s t  on  a  s m all pin e  b e a m.]

Calculating  t h e  re s ult s :  The  for m ula e
u s e d  in c alc ula ting  t h e  r e s ul t s  of t e s t s  on  s m all
r e c t a n g ula r  sim ple  b e a m s  a r e  a s  follows: 

0 .75  P
(1) J =  --------
b  h

1.5  P_{1 }  l
(2) r  =  -------------
b  h ^ { 2 }

1.5  P  l
(3) R =  ---------
b  h ^ { 2 }

P_{1 }  l ^ { 3 }
(4) E  =  -------------
4  D b  h ^ { 3 }

P_{1 }  D
(5) S  =  ---------
2  V

The  s a m e  leg e n d  is u s e d  a s  in BE NDING LARGE BEAMS.
The  w eig h t  of t h e  b e a m  its elf is di s r e g a r d e d.

ENDWISE COMPRESSION

Ap para tus :  An o r din a ry  s t a tic  t e s tin g
m a c hin e  a n d  a  co m p r e s so m e t e r  a r e  r e q ui r e d.  (S e e  Fig.
3 3 .)

[Illus t r a tion:  FIG. 3 3.—E n d wis e  co m p r e s sion
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t e s t ,  s howin g  m e t ho d  of m e a s u rin g  t h e  d efo r m a tion
by m e a n s  of a  co m p r e s so m e t er.]

Preparing  t h e  m a t e rial :  Two cla s s e s  of
s p eci m e n s  a r e  co m m o nly u s e d,  n a m ely, (1) pos t s  2 4
inch es  in  len g t h ,  a n d  (2) s m all cle a r  blocks  a p p roxim a t ely
2” X 2” X 8”.  The  s p e cim e n s
a r e  s u rf ac e d  on  all fou r  side s  a n d  bo t h  e n d s  s q u a r e d
s m oo t hly a n d  eve nly.  They a r e  c a r efully w eigh e d,
m e a s u r e d ,  r a t e  of g row t h  a n d  p ro po r tion  of la t e  wood
d e t e r min e d,  a s  in b e n ding  t e s t s .   Afte r  t h e  t e s t
a  m ois t u r e  s ec tion  is c u t  a n d  w eigh e d.   Ordin a rily
t h e s e  s p e cim e n s  s ho uld  b e  fre e  fro m  d efec t s.

S k e tc hin g :  Sk e tc h e s  a r e  m a d e  of e a c h  e n d
of t h e  s p e ci m e ns  to  s how  t h e  c h a r a c t e r  of t h e  g row t h.  
Afte r  t e s ting,  t h e  m a n n e r  of failu r e  is s how n  for
all fou r  side s,  a n d  t h e  va rious  p a r t s  of t h e  failu r e
a r e  n u m b e r e d  in t h e  o r d e r  of t h ei r  occ u r r e nc e .

Adjus ting  s p e ci m e n  in m a c hin e :  The  co m p r e s so m e t e r
colla r s  a r e  a dju s t e d,  t h e  dis t a nc e  b e t w e e n  t h e m  b eing
2 0  inch es  for  t h e  pos t s  a n d  6  inch e s  for  t h e  blocks.  
If t h e  two  e n d s  of t h e  blocks  a r e  no t  exac tly p a r allel
a  b all-a n d-sock e t  block c a n  b e  pl ac e d  b e t w e e n  t h e
u p p e r  e n d  of t h e  s p e ci m e n  a n d  t h e  m ova ble  h e a d  of
t h e  m a c hin e  to  ove rco m e  t h e  ir r e g ula ri ty.  If t h e
blocks  a r e  t r u e  t h ey  c a n  sim ply b e  s tood  on  e n d  u po n
t h e  pl a tfo r m  a n d  t h e  m ova ble  h e a d  allow e d  to  p r e s s
di r e c tly u po n  t h e  u p p e r  e n d.

M e as uring  t h e  d e for m a tion :  The  d efor m a tion
is m e a s u r e d  by a  co m p r e s so m e t er. (Se e  Fig.  3 3.) The
la t t e r  r e gis t e r s  to  0.00 1  inch.  In  t h e  c a s e  of
pos t s  t h e  co m p r e s sion  b e t w e e n  t h e  colla r s  is co m m u nic a t e d
to  t h e  fou r  poin t s  on  t h e  a r m s  by m e a n s  of b r a s s  ro ds;
wi th  s ho r t  blocks,  a s  in Fig.  3 3 ,  t h e  poin t s  of t h e
a r m s  a r e  in di r ec t  con t ac t  wi th  t h e  colla r s.  
The  op e r a to r  low e r s  t h e  fulc r u m  of t h e  a p p a r a t u s  by
m oving  t h e  mic ro m e t e r  sc r e w s  a t  s uc h  a  r a t e  t h a t  t h e
s e t-sc r e w  in t h e  r e a r  e n d  of t h e  u p p e r  leve r  is ke p t
b a r ely to uc hin g  t h e  fixed  a r m  b elow it,  b eing  g uide d
by a  b ell op e r a t e d  by  el ec t ric  con t a c t .

Log  of  t h e  t e s t :  The  loa d  is a p plied  con tin uously
a t  a  u nifo r m  r a t e  of s p e e d.  (Se e  SPEED OF TESTING
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MACHIN E, a bove.) Re a din gs  a r e  t ak e n  fro m  t h e  sc al e
of t h e  co m p r e s so m e t e r  a t  r e g ula r  inc r e m e n t s  of ei t h e r
loa d  o r  co m p r e s sion.   The  s t r e s s-s t r ain  di a g r a m
is co n tin u e d  to  a t  lea s t  on e  d efo r m a tion  poin t  b eyon d
t h e  m axi m u m  load,  a n d  in eve n t  of s u d d e n  failu r e ,  t h e
di r e c tion  of t h e  cu rve  b eyon d  t h e  m axim u m  poin t  is
indica t e d .   A b ri ef d e s c rip tion  of t h e  failu r e
is e n t e r e d  on  t h e  log  s h e e t .  (Se e  Fig.  3 4.)
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[Illus t r a tion:  FIG. 3 4.—S a m ple  log
s h e e t  of a n  e n d wise  co m p r e s sion  t e s t  on  a  s ho r t  pin e
colu m n.]

In  s ho r t  s p e ci m e n s  t h e  failu r e  u s u ally occ u r s  in on e
o r  s eve r al  pl a n e s  di a gon al  to  t h e  axis  of t h e  s p e ci m e n.  
If t h e  e n d s  a r e  m o r e  m ois t  t h a n  t h e  mid dle  a  c r u s hin g
m ay occ u r  on  t h e  ex t r e m e  e n d s  in a  ho rizon t al pl a n e .  
S uc h  a  t e s t  is no t  valid  a n d  s ho uld  alw ays  b e  c ulled.  
If t h e  g r ain  is di ago n al  o r  t h e  s t r e s s  is u n eve nly
a p plied  a  di a gon al  s h e a r  m ay  occ u r  fro m  top  to  bo t to m
of t h e  t e s t  s p e cim e n.   S uc h  t e s t s  a r e  al so  invalid
a n d  s hould  b e  culled.   Wh e n  t h e  pl a n e  (o r  s eve r al
pl a n e s)  of failu r e  occ u r s  t h ro u g h  t h e  bo dy of t h e
s p eci m e n  t h e  t e s t  is valid.  I t  m ay  so m e ti m e s
b e  a dva n t a g eo u s  to  allow t h e  ex t r e m e  e n d s  to  d ry  sligh tly
b efo r e  t e s ting  in  o r d e r  to  b ring  t h e  pl a n e s  of failu r e
wi thin  t h e  body.  This is a  p e rfec tly legi tim a t e
p roc e d u r e  p rovide d  no  d rying  is allow e d  fro m  t h e  sides
of t h e  s p e ci m e n,  a n d  t h e  m ois t u r e  di sk  is cu t  fro m
t h e  r e gion  of failu r e.

Calculating  t h e  re s ult s:  The  for m ula e  u s e d
in c alcula ting  t h e  r e s ul t s  of t e s t s  on  e n d wis e  co m p r e s sion
a r e  a s  follows: 

P
(1) C =  -----
A

P_{1 }
(2) c  =  -------
A

P_{1 }  l
(3) E  =  ---------
A D

P D
(4) S  =  -----
2  V
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C = crushing strength, pounds per square inch. c = fibre strength at elastic limit, pounds 
per square inch.  A = area of cross section, square inches. l = distance between centres 
of collars, inches.  D = total shortening at elastic limit, inches.  V = volume of specimen, 
cubic inches.
Re m ain d e r  of leg e n d  a s  in BE NDING LARGE BEAMS, a bove.

COMPRESSION ACROSS THE GRAIN

Ap para tus :  An o r din a ry  s t a tic  t e s tin g
m a c hin e ,  a  b e a ring  pl a t e ,  a n d  a  d eflec to m e t e r  a r e
r e q ui r e d .  (Se e  Fig.  3 5.)

[Illus t r a tion:  FIG. 3 5.—Co m p r e s sion
a c ross  t h e  g r ain.   No t e  m e t ho d  of m e a s u rin g  t h e
d efo r m a tion  by m e a n s  of a  d eflec to mot er.]

Preparing  t h e  m a t e rial :  Two cla s s e s  of
s p eci m e n s  a r e  u s e d,  n a m ely, (1) s e c tions  of co m m e r cial
size s  of t ie s,  b e a m s,  a n d  o t h e r  ti m b e r s ,  a n d  (2) s m all,
cle a r  s p e ci m e n s  wi th  t h e  len g t h  s eve r al ti m e s  t h e
wid t h.   So m e ti m e s  s m all cu b e s  a r e  t e s t e d,  b u t
t h e  r e s ul t s  a r e  h a r dly a p plica ble  to  con di tions  in
p r a c tic e.   In  (2) t h e  side s  a r e  s u rfac e d  a n d  t h e
e n d s  s q u a r e d .   The  s p e cim e n s  a r e  t h e n  c a r efully
m e a s u r e d  a n d  w eig h e d,  d efec t s  no t e d ,  r a t e  of g row t h
a n d  p ropo r tion  of la t e  wood  d e t e r min e d,  a s  in b e n din g
t e s t s .  (S e e  BENDING LARGE BEAMS, a bove.) Afte r  t h e
t e s t  a  m ois t u r e  s ec tion  is cu t  a n d  w eig h e d.

S k e tc hin g :  Sk e tc h e s  a r e  m a d e  a s  in e n d wis e
co m p r e s sion  t e s t s .   (S e e  E NDWISE COMPRESSION,
a bove.)

Adjus ting  s p e ci m e n  in m a c hin e :  The  s p eci m e n
is laid  ho rizon t ally u po n  t h e  pl a tfo r m  of t h e  m a c hin e
a n d  a  s t e el b e a rin g  pl a t e  pl ac e d  on  it s  u p p e r  s u rf ac e
im m e dia t ely b e n e a t h  t h e  c e n t r e  of t h e  m ova ble  h e a d.  
For  t h e  la r g e r  s p e ci m e n s  t hi s  pl a t e  is six inch e s
wid e;  for  t h e  s m alle r  size s,  t wo  inch e s  wid e.  
The  pla t e  in  all c a s e s  p rojec t s  ove r  t h e  e d g e s  of t h e
t e s t  pi ec e,  a n d  in no  c a s e  s hould  t h e  leng t h  of t h e
la t t e r  b e  les s  t h a n  fou r  ti m es  t h e  wid t h  of t h e  pla t e .

154



Page 81

M e as uring  t h e  d e for m a tion :  The  co m p r e s sion
is m e a s u r e d  by m e a n s  of a  d eflec to m e t e r  (se e  Fig.
3 5), w hich,  af t e r  t h e  fi r s t  inc r e m e n t  of load  is a p plied,
is a dju s t e d  (by m e a n s  of a  s m all s e t  sc r e w) to  r e a d
ze ro.  The  a c t u al  dow n w a r d  m o tion  of t h e  m ova ble
h e a d  (cor r e s po n din g  to  t h e  co m p r e s sion  of t h e  s p e ci m e n)
is m ul tiplied  t e n  tim e s  on  t h e  sc ale  fro m  w hich  t h e
r e a din gs  a r e  m a d e .

Log  of  t h e  t e s t :  The  loa d  is a p plied  con tin uously
a n d  a t  u nifo r m  s p e e d  (se e  SPEED OF TESTING MACHIN E,
a bove), u n til w ell b eyond  t h e  el a s tic  limi t.  
The  co m p r e s sion  r e a din gs  a r e  t ak e n  a t  r e g ula r  load
inc r e m e n t s  a n d  e n t e r e d  on  t h e  c ros s-s ec tion  p a p e r
in t h e  u s u al  w ay.  Us u ally t h e r e  is no  r e al  m axim u m
loa d  in t his  c a s e ,  a s  t h e  s t r e n g t h  con tin u ally inc r e a s e s
a s  t h e  fib r e s  a r e  c r u s h e d  m o r e  co m p a c tly tog e t h er.

Calculating  t h e  re s ult s :  Ordin a rily only
t h e  fib r e  s t r e s s  a t  t h e  el a s tic  limi t  (c) is co m p u t e d.  
I t  is e q u al  to  t h e  load  a t  el a s tic  limi t  (P_{1 })  divide d
by t h e  a r e a  u n d e r  t h e  pl a t e  (B). {       P_{1 }   }
{  c  =  ------- }  {         B    }

SHEAR ALONG THE GRAIN

Ap para tus :  An o r din a ry  s t a tic  t e s tin g
m a c hin e  a n d  a  s p e ci al tool d e sign e d  for  p rod ucin g
single  s h e a r  a r e  r e q ui r e d .  (Se e  Figs.  3 6  a n d  3 7.)
This  s h e a ring  a p p a r a t u s  consis t s  of a  solid  s t e el
fra m e  wi th  s e t  s c r e w s  for  cla m pin g  t h e  block wi thin
it  fir mly in a  ve r tical posi tion.   In  t h e  c e n t r e
of t h e  fra m e  is a  ve r tic al slo t  in w hich  a  s q u a r e-e d g e d
s t e el  pl a t e  slide s  fre ely.  Whe n  t h e  t e s ting  block
is in posi tion,  t his  pla t e  impin g e s  s q u a r ely along
t h e  u p p e r  s u rfac e  of t h e  t e no n  o r  lip, w hich,  a s  ve r tic al
p r e s s u r e  is a p plied,  s h e a r s  off.
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[Illus t r a tion:  Fig.  3 6.—Vertical s ec tion
of s h e a rin g  tool.]

[Illus t r a tion:  FIG. 3 7.—F ro n t  view
of s h e a rin g  tool wi th  t e s t  s p e ci m e n  a n d  s t e el  pl a t e
in posi tion  for  t e s tin g.]

Preparing  t h e  m a t e rial :  The  s p e ci m e n s
a r e  u s u ally in  t h e  for m  of s m all, cle ar, s t r aigh t-g r ain e d
blocks  wi t h  a  p rojec ting  t e no n  o r  lip to  b e  s h e a r e d
off.  Two co m m o n  for m s  a n d  size s  a r e  s how n  in
Figu r e  3 8.   Pa r t  of t h e  blocks  a r e  c u t  so  t h a t
t h e  s h e a ring  s u rf ac e  is p a r allel to  t h e  g row t h  rin gs ,
o r  t a n g e n ti al; o th e r s  a t  r i gh t  a n gle s  to  t h e  g ro wt h
rings ,  o r  r a di al.  I t  is impor t a n t  t h a t  t h e  u p p e r
s u rfac e  of t h e  t e no n  o r  lip b e  s a w e d  exac tly p a r allel
to  t h e  b a s e  of t h e  block.  Wh e n  t h e  for m  with  a
t e no n  is u s e d  t h e  u n d e r  cu t  is ex t e n d e d  a  s ho r t  di s t a n c e
ho rizon t ally in to  t h e  block to  p r ev e n t  a ny co m p r e s sion
fro m  b elow.

[Illus t r a tion:  FIG. 3 8.—Two for m s
of s h e a r  t e s t  s p ecim e n s.]

In  d e signing  a  s h e a rin g  s p eci m e n  it is n e c e s s a ry to
t ak e  into  co nsid e r a tion  t h e  p ro po r tions  of t h e  a r e a
of s h e ar, sinc e,  if t h e  leng t h  of t h e  po r tion  to  b e
s h e a r e d  off is too  g r e a t  in t h e  di r ec tion  of t h e  s h e a ring
fac e,  failu r e  wo uld  occu r  by co m p r e s sion  b efor e  t h e
piec e  wo uld  s h e ar.  Ina s m u c h  a s  t h e  e n d wis e  co m p r e s sive
s t r e n g t h  is so m e ti m e s  no t  m o r e  t h a n  five  tim e s  t h e
s h e a rin g  s t r e n g t h,  t h e  s h e a rin g  s u rfac e  s ho uld  b e  les s
t h a n  five tim e s  t h e  s u rf ac e  to  w hich  t h e  load  is a p plie d.  
This  con di tion  is fulfilled  in  t h e  s p eci m e n s  illus t r a t e d .
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S h e a ring  s p e ci m e n s  a r e  fre q u e n tly c u t  fro m  b e a m s  af t e r
t e s ting.   In  t his  c a s e  t h e  s p e cific g r avity (d ry),
p ro po r tion  of la t e  wood,  a n d  r a t e  of g row t h  a r e  a s s u m e d
to  b e  t h e  s a m e  a s  al r e a dy r e co r d e d  for  t h e  b e a m s.  
In  s p eci m e n s  no t  so  t ak e n,  t h e s e  q u a n ti ti es  a r e  d e t e r min e d
in t h e  u s u al  w ay.  The  s h e a r e d-off po r tion  is
u s e d  for  a  m ois t u r e  s ec tion.

Adjus ting  s p e ci m e n  in m a c hin e :  The  t e s t
s p eci m e n  is pl ac e d  in t h e  s h e a rin g  a p p a r a t u s  wi th
t h e  t e no n  o r  lip  u n d e r  t h e  sliding  pl a t e ,  w hich  is
c e n t r e d  u n d e r  t h e  m ova ble  h e a d  of t h e  m a c hin e.  
(Se e  Fig.  3 9 .) In  o rd e r  to  r e d u c e  to  a  minim u m  t h e
fric tion  d u e  to  t h e  la t e r al p r e s s u r e  of t h e  pl a t e
a g ain s t  t h e  b e a rings  of t h e  slo t,  t h e  a p p a r a t u s  is
so m e ti m e s  pl ac e d  u po n  s eve r al  p a r allel s t e el  ro d s
to  for m  a  rolle r  b a s e .   A sligh t  ini tial load  is
a p plied  to  t ak e  u p  t h e  los t  m o tion  of t h e  m a c hin e ry,
a n d  t h e  b e a m  b ala nc e d.

[Illus t r a tion:  FIG. 3 9.—M aking  a  s h e a rin g
t e s t .]

Log  of  t h e  t e s t :  The  loa d  is a p plied  con tin uously
a n d  a t  a  u nifo r m  r a t e  u n til failu r e ,  b u t  no  d efo r m a tions
a r e  m e a s u r e d .   The  poin t s  no t e d  a r e  t h e  m axi m u m
loa d  a n d  t h e  len g t h  of ti m e  r e q ui r e d  to  r e a c h  it. 
Sk e tc h es  a r e  m a d e  of t h e  failu r e .   If t h e  failu r e
is no t  p u r e  s h e a r  t h e  t e s t  is culled.

The  s h e a ring  s t r e n g t h  p e r  s q u a r e  inch  is foun d  by
dividing  t h e
                                          {
     P   }
m axim u m  load  by t h e  c ross-s e c tion al  a r e a .  {  Q =  —–
}
                                          {
     A  }
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IMPACT TEST

Ap para tus :  The r e  a r e  s eve r al  typ e s  of
imp a c t  t e s tin g  m a c hin e s.[59] On e  of t h e  sim ples t  a n d
m os t  efficien t  for  u s e  wi th  wood  is illus t r a t e d  in
Figu r e  4 0.   The  b a s e  of t h e  m a c hin e  is 7  fee t
long,  2 . 5  fee t  wid e  a t  t h e  c e n t r e,  a n d  w eig hs  3,50 0
po u n d s.   Two u p rig h t  colu m n s,  e a c h  8  fee t  long,
a c t  a s  g uid e s  for  t h e  s t riking  h e a d.   At t h e  top
of t h e  colu m n  is t h e  hois ting  m e c h a nis m  for  r aising
o r  low e rin g  t h e  s t riking  w eig h t s.   The  pow e r  for
op e r a tin g  t h e  m a c hin e  is fu r nis h e d  by a  m o to r  s e t  on
t h e  top.   The  hois ting-m e c h a nis m  is all con t rolled
by a  single  op e r a tin g  lever, s how n  on  t h e  sid e  of
t h e  colu m n,  w h e r e by t h e  s t r iking  w eigh t  m ay  b e  r ais e d,
low e r e d,  o r  s top p e d  a t  t h e  will of t h e  op e r a tor. 
The r e  is a n  a u to m a tic  s afe ty d evice  for  s top ping  t h e
m a c hin e  w h e n  t h e  w eigh t  r e a c h e s  t h e  top.

[Footno t e  5 9:   Fo r  d e sc rip tion  of U.S.  For e s t
S e rvice  a u to m a tic  a n d  a u tog r a p hic  imp a c t  t e s ting  m a c hin e,
s e e  P roc.   Am.  Soc.  for  Tes ting  M a t e ri als,
Vol.  VIII, 1 9 0 8,  p p.  5 3 8-5 4 0.]

[Illus t r a tion:  FIG. 4 0.—Im p a c t  t e s ting
m a c hin e .]

The  w eig h t  is lift ed  by  a  c h ain,  on e  e n d  of w hich
p a s s es  ove r  a  s p rock e t  w h e el  in  t h e  hois ting  m e c h a nis m.  
On  t h e  low e r  e n d  of t h e  c h ain  is h u n g  a n  el ec t ro-m a g n e t
of s ufficien t  m a g n e tic  s t r e n g t h  to  s u p po r t  t h e  h e avies t
s t r iking  w eig h t s .   Wh e n  it  is d e si r e d  to  d ro p
t h e  s t riking  w eigh t  t h e  el ec t ric  c u r r e n t  is b rok e n
a n d  r ev e r s e d  by m e a n s  of a n  a u to m a tic  s wi tc h  a n d  c u r r e n t
b r e ak er.  The  h eig h t  of d ro p  m ay b e  r e g ula t e d  by
s e t ting  a t  t h e  d e si r e d  h eig h t  on  on e  of t h e  colu m n s
a  t rippin g  pin  w hich  t h rows  t h e  s witch  on  t h e  m a g n e t
a n d  so  b r e aks  a n d  r eve r s e s  t h e  cu r r e n t .
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The r e  a r e  fou r  s t r iking  w eigh t s,  w eighing  r e s p e c tively
5 0,  1 0 0,  2 5 0,  a n d  5 0 0  po u n d s,  a ny on e  of w hich  m ay
b e  u s e d,  d e p e n din g  u po n  t h e  d e si r e d  e n e r gy of blow. 
Whe n  u s e d  for  co m p r e s sion  t e s t s  a  fla t  s t e el  h e a d
six inch es  in  dia m e t e r  is s c r e w e d  in to  t h e  lowe r  e n d
of t h e  w eigh t .   Fo r  t r a n sve r s e  t e s t s ,  a  w ell-ro u n d e d
knife  e d g e  is sc r e w e d  in to t h e  w eigh t  in pl ac e  of t h e
fla t  h e a d.   Knife e d g e s  for  s u p po r ting  t h e  e n d s
of t h e  s p e ci m e n  to  b e  t e s t e d,  a r e  s ec u r ely bolt e d
to  t h e  b a s e  of t h e  m a c hin e.

The  r e co r d  of t h e  b e h avio r  of t h e  s p e ci m e n  a t  tim e
of imp ac t  is t r a c e d  u po n  a  r evolving  d r u m  by a  p e n cil
fixed  in t h e  s t r iking  h e a d.  (S e e  Fig.  4 1 .) Whe n  a
d ro p  is m a d e  t h e  p e n cil co m e s  in con t a c t  wi th  t h e
d r u m  a n d  is h eld  in pl ac e  by  a  s p rin g.   The  d r u m
is r evolved  ve ry slowly, ei t h e r  a u to m a tically o r  by
h a n d.   The  s p e e d  of t h e  d r u m  c a n  b e  r e co r d e d  by
a  p e ncil in  t h e  e n d  of a  t u ning  fork  w hich  gives  a
know n  n u m b e r  of vib r a tions  p e r  s eco n d.

[Illus t r a tion:  FIG. 4 1.—Dru m  r e co r d
of imp ac t  b e n din g  t e s t .]

On e  size  of t his  m a c hin e  will h a n dle  s p e ci m e n s  for
t r a n sve r s e  t e s t s  9  inch e s  wid e  a n d  6-foot  s p a n;  t h e
o th er, 1 2  inch e s  wid e  a n d  8-foot  s p a n.   For  co m p r e s sion
t e s t s  a  fr e e  fall of a bo u t  6 .5  fee t  m ay  b e  ob t ain e d.  
For  t r a n sve r s e  t e s t s  t h e  fall is a  li t tl e  less,  d e p e n ding
u po n  t h e  size  of t h e  s p ecim e n.

The  m a c hin e  is c alib r a t e d  by  d ro p pin g  t h e  h a m m e r  u po n
a  cop p e r  cylind er.  The  axial co m p r e s sion  of t h e
plu g  is no t e d.   The  e n e r gy u s e d  in s t a tic  t e s t s
to  p ro d uc e  t his  axial co m p r e s sion  u n d e r  s t r e s s  in
a  like  pi ec e  of m e t al  is d e t e r min e d.   The  ex t e r n al
e n e r gy of t h e  blow (i.e. , t h e  w eig h t  of t h e
h a m m e r  X t h e  h eigh t  of d ro p) is co m p a r e d  wi th  t h e
e n e r gy u s e d  in s t a tic  t e s t s  a t  e q u al  a m o u n t s  of co m p r e s sion.  
For  ins t a nc e:  
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E n e r gy d elive r e d ,  imp a c t  t e s t             3 5,0 00  inc h-po u n d s
E n e r gy co m p u t e d  fro m  s t a tic  t e s t         .26,40 0    "    "
Efficiency of blow of h a m m e r             .75.3  p e r  ce n t .

Preparing  t h e  m a t e rial :  The  m a t e ri al u s e d
in m a king  imp a c t  t e s t s  is of t h e  s a m e  size  a n d  p r e p a r e d
in t h e  s a m e  w ay a s  for  s t a tic  b e n din g  a n d  co m p r e s sion
t e s t s .   Be n din g  in imp ac t  t e s t s  is m o r e  co m m o nly
u s e d  t h a n  co m p r e s sion,  a n d  s m all b e a m s  wi th  2 8-inch
s p a n  a r e  u s u ally e m ploye d.

M e t ho d :  In  m a king  a n  imp ac t  b e n din g  t e s t
t h e  h a m m e r  is allow e d  to  r e s t  u po n  t h e  s p e ci m e n  a n d
a  ze ro  o r  d a t u m  line  is d r a w n.   The  h a m m e r  is
t h e n  d rop p e d  fro m  inc r e a sing  h eig h t s  a n d  d r u m  r eco r ds
t ak e n  u n til fi r s t  failu r e.   The  fir s t  d ro p  is on e
inch  a n d  t h e  inc r e a s e  is by inc r e m e n t s  of on e  inch
u n til a  h eig h t  of t e n  inc h e s  is r e a c h e d,  af t e r  w hich
inc r e m e n t s  of t wo  inc h e s  a r e  u s e d  u n til co m ple t e  failu r e
occ u r s  o r  6-inch  d eflec tion  is s e c u r e d .

The  5 0-po u n d  h a m m e r  is u s e d  w h e n  wi th  d ro ps  u p  to
6 8  inch es  it  is r e a so n a bly ce r t ain  it  will p ro d uc e
co m ple t e  failu r e  o r  6-inch  d eflec tion  in t h e  c a s e
of all s p eci m e n s  of a  s p e ci e s;  for  all o t h e r  s p e ci es
a  1 0 0-po u n d  h a m m e r  is u s e d.
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R e s ul t s :  The  t r a cing  on  t h e  d r u m  (se e
Fig.  4 1)  r e p r e s e n t s  t h e  a c t u al  d eflec tion  of t h e  s tick
a n d  t h e  s u b s e q u e n t  r e bo u n ds  for  e a c h  d ro p.   The
dis t a n c e  fro m  t h e  lowes t  poin t  in e a c h  c a s e  to  t h e
d a t u m  line  is m e a s u r e d  a n d  it s  s q u a r e  in t e n t h s  of
a  s q u a r e  inch  e n t e r e d  a s  a n  a b s ciss a  on  c ro ss-s ec tion
p a p er, wi th  t h e  h eigh t  of d ro p  in  inch e s  a s  t h e  o rdin a t e .  
The  el a s tic  limit  is t h a t  poin t  on  t h e  di a g r a m  w h e r e
t h e  s q u a r e  of t h e  d eflec tion  b e gin s  to  inc r e a s e  m o r e
r a pidly t h a n  t h e  h eig h t  of d ro p.   The  diffe r e nc e
b e t w e e n  t h e  d a t u m  line  a n d  t h e  final r e s ting  poin t
af t e r  e ac h  d rop  r e p r e s e n t s  t h e  s e t  t h e  m a t e ri al  h a s
r e c eived.

The  for m ula e  u s e d  in c alcula ting  t h e  r e s ul t s  of imp ac t
t e s t s  in b e n din g  w h e n  t h e  load  is a p plied  a t  t h e  ce n t r e
u p  to  t h e  el as tic  limit  a r e  a s  follows: 

3  W H  l
(1) r  =  -----------
D b  h ^ { 2 }

F  S  l ^ { 2 }
(2) E  =  -----------
6  D h

W H
(3) S  =  -------
l b  h

H  =  h eig h t  of d ro p  of h a m m er, including
d eflec tion,  inc h e s.  
S  =  m o d ulus  of ela s tic  r e silienc e ,  inch-po u n d s  p e r
c u bic inch.  
W =  w eigh t  of h a m m er, po u n d s.

Re m ain d e r  of leg e n d  a s  in BE NDING LARGE BEAMS, a bove.
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HARDNESS TEST:  ABRASION AND INDENTATION

Abrasion :  The  m a c hin e  u s e d  by t h e  U.S. 
For e s t  S e rvice  is a  m o dified  for m  of t h e  Dor ry a b r a sion
m a c hin e .  (Se e  Fig.  4 2.) U pon  t h e  r evolving  ho rizon t al
disk  is glu e d  a  co m m e rcial s a n d p a p er, know n  a s  g a r n e t
p a p er, w hich  is co m m o nly e m ployed  in fac to ri es  in
finishing  wood.

[Illus t r a tion:  FIG. 4 2.—Abrasion  m a c hin e
for  t e s tin g  t h e  w e a ring  q u ali ti es  of woods.]

A s m all block of t h e  wood  to  b e  t e s t e d  is fixed  in
on e  cla m p  a n d  a  simila r  block of so m e  wood  chos e n
a s  a  s t a n d a r d ,  a s  s u g a r  m a pl e,  a t  1 0  p e r  c e n t  m ois t u r e ,
in  t h e  op posi t e ,  a n d  h eld  a g ain s t  t h e  s a m e  zon e  of
s a n d p a p e r  by  a  w eigh t  of 2 6  po u n ds  e a c h.   The
size  of t h e  s ec tion  u n d e r  a b r a sion  for  e a c h  s p e ci m e n
is 2” X 2”.   The  con di tions  for  w e a r
a r e  t h e  s a m e  for  bo t h  s p e ci m e n s.   The  s p e e d  of
ro t a tion  is 6 8  r evolu tions  a  min u t e .

The  t e s t  is con tinu e d  u n til t h e  s t a n d a r d  s p eci m e n
is wo r n  a  s p e cified  a m o u n t,  w hich  va rie s  wit h  t h e
kind  of wood  u n d e r  t e s t .   A co m p a ri son  of t h e
w e a r  of t h e  t wo  blocks  affor ds  a  fai r  ide a  of t h ei r
r el a tive  r e si s t a nc e  to  a b r a sion.

Anot h e r  m e t ho d  m a k e s  u s e  of a  s a n d  bla s t  to  a b r a d e
t h e  woods  a n d  is t h e  on e  e m ploye d  in N e w  So u t h  Wales.[60]
The  a p p a r a t u s  consis t s  e s s e n ti ally of a  nozzle  t h ro u g h
w hich  s a n d  c a n  b e  p ro p elled  a t  a  hig h  velocity a g ain s t
t h e  t e s t  s p ecim e n  by m e a n s  of a  s t e a m  je t.

[Footno t e  6 0:   S e e  War r e n,  W.H.:  The  s t r e n g t h ,
el a s tici ty, a n d  o th e r  p ro p e r ti e s  of N e w  Sou t h  Wales
h a r d wood  tim b e r s.   Dep t .   For., N.S.W., Sydn ey,
1 9 1 1,  p p.  8 8-9 5.]

The  wood  to  b e  t e s t e d  is c u t  in to  blocks  3”
X 3” X 1’, a n d  t h e s e  a r e  w eig h e d  to  t h e
n e a r e s t  g r ain  jus t  b efo r e  pl acing  in  t h e  a p p a r a t u s.  
S t e a m  fro m  t h e  boile r  a t  a  p r e s s u r e  of a bo u t  4 3  pou n d s

162



p e r  s q u a r e  inch  is ej ec t e d  fro m  a  nozzle  in s uc h  a
w ay t h a t  p a r t icles  of fine  q u a r tz  s a n d  a r e  c a u g h t
u p  a n d  t h row n  violen tly a g ain s t  t h e  block w hich  is
b ein g  ro t a t e d .   Only s u p e r h e a t e d  s t e a m  s t rike s
t h e  block, t h u s  leaving  t h e  wood  d ry.  The  t e s t
is co n tin u e d  for  t wo  min u t e s,  af t e r  w hich  t h e  s p e ci m e n
is r e m oved  a n d  im m e dia t ely w eigh e d.
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By co m p a rison  wit h  t h e  o rigin al w eig h t  t h e  loss  fro m
a b r a sion  is d e t e r min e d,  a n d  by co m p a rison  wi th  a  c e r t ain
wood  chos e n  a s  a  s t a n d a r d ,  a  coefficie n t  of w e a r-r e sis t a nc e
c a n  b e  ob t ain e d.   The  a mo u n t  of w e a r  will va ry
m o r e  o r  less  a c co r din g  to  t h e  s u rf ac e  expos e d,  a n d
in t h e s e  t e s t s  q u a r t e r-s a w e d  m a t e ri al  w a s  u s e d  wi th
t h e  e d g e  g r ain  to  t h e  bl as t .

Ind e n ta tion :  The  tool u s e d  for  t hi s  t e s t
con sis t s  of a  p u n c h  wi th  a  h e misp h e ric al e n d  o r  s t e el
b all h aving  a  di a m e t e r  of 0 .4 44  inch,  giving  a  s u rf ac e
a r e a  of on e-fou r t h  s q u a r e  inc h.   I t  is fit t e d
wi th  a  g u a r d  pl a t e ,  w hich  wo rks  loos ely u n til t h e
p e n e t r a tion  h a s  p ro g r e s s e d  to  a  d e p t h  of 0 .22 2  inc h,
w h e r e u po n  it tigh t e n s .  (S e e  Fig.  4 3.) The  effec t  is
t h a t  of sinking  a  b all h alf i ts  di a m e t e r  in to  t h e
s p eci m e n.   This  a p p a r a t u s  is fit t e d  in to  t h e  m ov a ble
h e a d  of t h e  s t a tic  t e s ting  m a c hin e.

[Illus t r a tion:  FIG. 4 3.—Desig n  of
tool for  t e s ti ng  t h e  h a r d n e s s  of woods  by inde n t a tion.]

The  wood  to  b e  t e s t e d  is c u t  s q u a r e  wi t h  t h e  g r ain
in to  r e c t a n g ula r  blocks  m e a s u ring  2”  X 2”
X 6”.   A block is pl ac e d  on  t h e  pla tfo r m
a n d  t h e  e n d  of t h e  p u nc h  force d  in to  t h e  wood  a t  t h e
r a t e  of 0 .25  inch  p e r  min u t e .   The  op e r a to r  ke e p s
m oving  t h e  s m all h a n dle  of t h e  g u a r d  pl a t e  b a ck  a n d
for t h  u n til it tigh t e ns .   At t his  ins t a n t  t h e
loa d  is r e a d  a n d  r e co r d e d.

Two p e n e t r a tions  e a c h  a r e  m a d e  on  t h e  t a n g e n ti al a n d
r a dial s u rf ac e s ,  a n d  on e  on  e ac h  e n d  of eve ry s p eci m e n
t e s t e d .

In  c hoosing  t h e  pl ac e s  on  t h e  block for  t h e  ind e n t a tions,
effo r t  s hould  b e  m a d e  to  g e t  a  fai r  ave r a g e  of h e a r t wood
a n d  s a p wood,  fine  a n d  co a r s e  g r ain,  e a r ly a n d  la t e
wood.

Anot h e r  m e t ho d  of t e s ti ng  by ind e n t a tion  involves
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t h e  u s e  of a  r ig h t-a n gle d  con e  ins t e a d  of a  b all. 
For  d e t ails  of t his  t e s t  a s  u s e d  in  N e w  So u t h  Wales
s e e  loc. ci t . , p p .  8 6-8 7.

CLEAVAGE TEST

A s t a tic  t e s tin g  m a c hin e  a n d  a  s p e ci al cle ava g e  t e s ting
d evice  a r e  r e q ui r e d.  (Se e  Fig.  4 4.) The  la t t e r  co nsis t s
e s s e n ti ally of two  hooks,  on e  of w hich  is s u s p e n d e d
fro m  t h e  c e n t r e  of t h e  top  of t h e  c a g e,  t h e  o th e r
ex t e n d e d  a bove  t h e  m ova ble  h e a d.

[Illus t r a tion:  FIG. 4 4.—Desig n  of
tool for  cle ava g e  t e s t .]

The  s p e cim e n s  a r e  2” X 2”  X 3.75”. 
At on e  e n d  a  on e-inch  hole  is bo r e d,  wi t h  it s  c e n t r e
e q uidis t a n t  fro m  t h e  two  sid es  a n d  0.25  inch  fro m
t h e  e n d.  (S e e  Fig.  4 5.) This  m a k e s  t h e  c ros s  s ec tion
to  b e  t e s t e d  2”  X 3”.  So m e  of t h e
blocks  a r e  cu t  r a di ally a n d  so m e  t a n g e n ti ally, a s
indica t e d  in t h e  figu r e.

[Illus t r a tion:  FIG. 4 5.—Desig n  of
cle ava g e  t e s t  s p eci m e n.]

The  fr e e  e n d s  of t h e  hooks  a r e  fit t e d  in to  t h e  no tc h
in t h e  e n d  of t h e  s p ecim e n.   The  m ova ble  h e a d
of t h e  m a c hin e  is t h e n  m a d e  to  d e s c e n d  a t  t h e  r a t e
of 0 .2 5  inc h  p e r  min u t e ,  p ulling  a p a r t  t h e  hooks  a n d
s plit ting  t h e  block.  The  m axim u m  loa d  only is
t ak e n  a n d  t h e  r e s ul t  exp r e s s e d  in po u n d s  p e r  s q u a r e
inch  of wid t h.   A piec e  on e-h alf inch  t hick  is
s plit  off p a r allel to  t h e  failu r e  a n d  u s e d  for  m ois t u r e
d e t e r min a tion.
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TENSION TEST PARALLEL TO THE GRAIN

Sinc e  t h e  t e nsile  s t r e n g t h  of wood  p a r allel to  t h e
g r ain  is g r e a t e r  t h a n  t h e  co m p r e s sive  s t r e n g t h,  a n d
exc e e din gly g r e a t e r  t h a n  t h e  s h e a rin g  s t r e n g t h,  it
is ve ry difficul t  to  m a k e  s a tisfac to ry t e n sion  t e s t s ,
a s  t h e  h e a d  a n d  s houlde r s  of t h e  t e s t  s p e ci m e n  (which
is s u bjec t e d  to  bo t h  co m p r e s sion  a n d  s h e a r)  m u s t  b e
s t ro n g e r  t h a n  t h e  po r tion  s u bjec t e d  to  a  p u r e  t e n sile
s t r e s s .

Various  d e sig ns  of t e s t  s p e ci m e n s  h ave  b e e n  m a d e.  
The  on e  fir s t  e m ployed  by t h e  Division  of For e s t ry[61]
w a s  p r e p a r e d  a s  follows:  S ticks  w e r e  c u t  m e a s u ring
1.5” X 2.5” X 1 6”.  The  t hickn e s s
a t  t h e  c e n t r e  w a s  t h e n  r e d u c e d  to  t h r e e-eigh t h s  of
a n  inch  by c u t ting  ou t  ci rc ula r  s e g m e n t s  wi t h  a  b a n d
s aw.  This  left  a  b r e a king  s ec tion  of 2 .5”
X 0.3 75”.   Ca r e  w a s  t ak e n  to  c u t  t h e  s p e ci m e n
a s  n e a rly p a r allel to  t h e  g r ain  a s  possible,  so  t h a t
it s  failu r e  wo uld  occ u r  in  a  con di tion  of p u r e  t e n sion.  
The  s p e cim e n  w a s  t h e n  plac e d  b e t w e e n  t h e  pl a n e  w e d g e-s h a p e d
s t e el  g rip s  of t h e  c a g e  a n d  t h e  m ov a ble  h e a d  of t h e
s t a tic  m a c hin e  a n d  p ulled  in two.  Only t h e  m axim u m
loa d  w a s  r e co r d e d.  (S e e  Fig.  4 6,  No. 1 .)

[Illus t r a tion:  FIG. 4 6.—Desig ns  of
t e n sion  t e s t  s p ecim e n s  u s e d  in U ni t e d  S t a t e s .]

[Footno t e  6 1:   Bul.  No.  8:   Timb e r  p hysics,
Pa r t  II., 1 8 9 3,  p .  7 .]

The  difficul ty of m a king  s uc h  t e s t s  co m p a r e d  wi t h
t h e  mino r  impor t a nc e  of t h e  r e s ul t s  is so  g r e a t  t h a t
t h ey  a r e  a t  p r e s e n t  o mi t t e d  by  t h e  U.S.  For e s t
S e rvice.   A for m  of s p e cim e n  is s u g g e s t e d,  how ever,
a n d  is a s  follows:  “A ro d  of wood  a bo u t
on e  inch  in di a m e t e r  is bo r e d  by a  hollow d rill fro m
t h e  s tick to  b e  t e s t e d.   The  e n d s  of t his  r o d
a r e  ins e r t e d  a n d  glu e d  in co r r e s pon ding  holes  in p e r m a n e n t
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h a r d wood  w e d g e s.   The  s p ecim e n  is t h e n  s u b mi t t e d
to  t h e  o rdin a ry t e n sion  t e s t .   The  b roke n  e n d s
a r e  p u n c h e d  fro m  t h e  w e d g e s."[62] (Se e  Fig.  4 6,  No.
2.)

[Footno t e  6 2:   Cir. 3 8:   Ins t r uc tions  to  e n gin e e r s
of ti m b e r  t e s t s ,  1 9 0 6,  p .  2 4.]

The  for m  us e d  by t h e  De p a r t m e n t  of For e s t ry  of N e w
Sou t h  Wales[63] is a s  s how n  in Fig.  4 7.   The  s p e cim e n
h a s  a  to t al  leng t h  of 4 1  inch es  a n d  is ci rc ul a r  in
c ross  s e c tion.   On  e a c h  e n d  is a  h e a d  4  inch e s
in di a m e t e r  a n d  7  inc h e s  long.   Below e a c h  h e a d
is a  s ho ulde r  8 .5  inch e s  long,  w hich  t a p e r s  fro m  a
dia m e t e r  of 2 .75  inch e s  to  1.25  inch e s.   In  t h e
mid dle  is a  cylind rical po r tion  1.25  inc h e s  in di a m e t e r
a n d  1 0  inch e s  long.

[Illus t r a tion:  FIG. 4 7.—Desig n  of
t e n sion  t e s t  s p ecim e n  u s e d  in N e w  Sou t h  Wales.]

[Footno t e  6 3:   War r e n ,  W.H.:  The  s t r e n g t h ,
el a s tici ty, a n d  o th e r  p ro p e r ti e s  of N e w  Sou t h  Wales
h a r d wood  tim b e r s,  1 9 1 1,  p p .  5 8-6 2.]

In  m a king  t h e  t e s t  t h e  s p eci m e n  is fi t t e d  in  t h e  m a c hin e,
a n d  a n  ex t e nso m e t e r  a t t a c h e d  to  t h e  mid dle  po r tion
a n d  a r r a n g e d  to  r e co r d  t h e  ex t e nsion  b e t w e e n  t h e  g a u g e
poin t s  8  inc h e s  a p a r t .   The  a r e a  of t h e  c ross
s ec tion  t h e n  is 1 . 22 6  s q u a r e  inch e s ,  a n d  t h e  t e n sile
s t r e n g t h  is e q u al  to  t h e  to t al  b r e aking  load  a p plied
divide d  by t his  a r e a .
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TENSION TEST AT RIGHT ANGLES TO THE GRAIN

A s t a tic  t e s tin g  m a c hin e  a n d  a  s p e ci al t e s tin g  d evice
(se e  Fig.  4 8)  a r e  r e q ui r e d.   The  la t t e r  consis t s
e s s e n ti ally of two  dou ble  hooks  o r  cl a m p s,  on e  of
w hich  is s u s p e n d e d  fro m  t h e  c e n t r e  of t h e  top  of t h e
c a g e,  t h e  o t h e r  ex t e n d e d  a bove  t h e  m ova ble  h e a d.  
The  s p e cim e n s  a r e  2” X 2”  X 2.5”. 
At e a c h  e n d  a  on e-inch  hole  is bo r e d  wi t h  it s  c e n t r e
e q uidis t a n t  fro m  t h e  two  sid es  a n d  0.25  inch  fro m
t h e  e n d s.   This m a k es  t h e  c ross  s ec tion  to  b e  t e s t e d
1” X 2”.

[Illus t r a tion:  FIG. 4 8.—Desig n  of
tool a n d  s p eci m e n  for  t e s ti ng  t e n sion  a t  ri g h t  a n gle s
to  t h e  g r ain.]

The  fr e e  e n d s  of t h e  cl a m p s  a r e  fit t e d  in to  t h e  no tc h e s
in t h e  e n d s  of t h e  s p e ci m e n.   The  m ova ble  h e a d
of t h e  m a c hin e  is t h e n  m a d e  to  d e s c e n d  a t  t h e  r a t e
of 0 .2 5  inc h  p e r  min u t e ,  p ulling  t h e  s p eci m e n  in two
a t  r igh t  a n gle s  to  t h e  g r ain.   The  m axi m u m  load
only is t ak e n  a n d  t h e  r e s ul t  exp r e s s e d  in  po u n d s  p e r
inch  of wid t h.   A piec e  on e-h alf inch  t hick  is
s plit  off p a r allel to  t h e  failu r e  a n d  u s e d  for  m ois t u r e
d e t e r min a tion.

TORSION TEST[64]

[Footno t e  6 4:   Wood is so  s eldo m  s u bjec t e d  to
a  p u r e  s t r e s s  of t his  kind  t h a t  t h e  to r sion  t e s t  is
u s u ally o mit t e d.]

Ap para tus :  The  to r sion  t e s t  is m a d e  in
a  Riehle-Mille r  to r sion al t e s ting  m a c hin e  o r  it s  e q uivale n t .
(Se e  Fig.  4 9 .)
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[Illus t r a tion:  FIG. 4 9.—M aking  a  to r sion
t e s t  on  hicko ry.]

Preparation  of  m a t erial :  The  t e s t  pi ec es
a r e  cylind ric al, 1 .5  inch e s  in di a m e t e r  a n d  1 8  inch es
g a u g e  len g t h ,  wi th  s q u a r e d  e n d s  4  inch e s  long  joine d
to  t h e  cylind ric al po r tion  wit h  a  fille t .   The
di m e n sions  a r e  c a r efully m e a s u r e d ,  a n d  t h e  u s u al  d a t a
ob t ain e d  in  r e g a r d  to  t h e  r a t e  of g row t h,  p ro po r tion
of la t e  wood,  loca tion  a n d  kind  of d efec t s.   The
w eig h t  of t h e  cylind rical po r tion  of t h e  s p ecim e n
is ob t ain e d  af t e r  t h e  t e s t .

M a kin g  t h e  t e s t :  Afte r  t h e  s p e ci m e n  is
fit t e d  in t h e  m a c hin e  t h e  load  is a p plied  con tin uously
a t  t h e  r a t e  of 2 2  d e g.  p e r  min u t e .   A t rop to m e t e r
is u s e d  in  m e a s u ring  t h e  d efor m a tion.   Re a dings
a r e  m a d e  u n til failu r e  occu r s ,  t h e  poin t s  b eing  e n t e r e d
on  t h e  c ros s-s ec tion  p a p er.  The  ch a r a c t e r  of
t h e  failu r e  is d e s c ribe d.   Mois t u r e  d e t e r min a tions
a r e  m a d e  by t h e  disk  m e t ho d.

R e s ul t s :  The  con di tions  of ul ti m a t e  r u p t u r e
d u e  to  to r sion  a p p e a r  no t  to  b e  gove r n e d  by d efini t e
m a t h e m a tical laws; b u t  w h e r e  t h e  m a t e ri al is no t  ove r s t r ain e d,
laws  m ay  b e  a s s u m e d  w hich  a r e  s ufficien tly ex ac t  for
p r a c tic al c a s e s.   The  for m ula e  co m m o nly u s e d  for
co m p u t a tions  a r e  a s  follows: 

5 .1  M
(1) T =  -------
c ^ { 3 }

1 1 4.6  T f
(2) G =  -----------
a  c

a  =  a n gle  m e a s u r e d  by t rop to m e t e r
a t  el a s tic  limi t,  in
d e g r e e s .
c  =  di a m e t e r  of s p e cim e n,  inch e s .
f =  g a u g e  len g t h  of s p e ci m e n,  inc h e s.  G  =
m o d ulus  of
el a s tici ty in s h e a r  a c ros s  t h e  g r ain,  po u n d s
p e r  s q u a r e
inch.  
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M  =  m o m e n t  of to r sion  a t  el a s tic  limit,  inch-po u n d s.  
T =  ou t e r  fib r e  to r sion al  s t r e s s  a t  el as tic  limit,
po u n d s  p e r
s q u a r e  inch.
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SPECIAL TESTS

S pi k e-p ulling  Tes t
S pike-p ulling  t e s t s  a p ply to  p ro ble m s  of r ail ro a d
m ain t e n a nc e,  a n d  t h e  r e s ul t s  a r e  u s e d  to  co m p a r e  t h e
s pike-holding  po w e r s  of va rious  woods,  bo t h  u n t r e a t e d
a n d  t r e a t e d  wi th  diffe r e n t  p r e s e rva tives,  a n d  t h e
efficiency of va rious  for m s  of s pike s.   S p eci al
t e s t s  a r e  al so  m a d e  in w hich  t h e  s pike  is s u bjec t e d
to  a  t r a n sve r s e  load  a p plie d  r e p e ti tively by a  blow.

For  d e t ails  of t e s t s  a n d  r e s ul t s  s e e :  

Cir. 3 8,   U.S.F.S.:  Ins t r uc tions  to  e n gin e e r s
of ti m b e r  t e s t s ,  p .  2 6.   Cir. 4 6,   U.S.F.S.: 
H olding  forc e  of r ail roa d  s pikes  in wood e n  ti es.  
Bul. 1 1 8,  U.S.F.S,:  P rolonging  t h e  life  of c ross-ti e s,
p p.  3 7-4 0.

Pac king  Boxe s
S p e cial t e s t s  on  t h e  s t r e n g t h  of p a cking  boxes  of
va rious  woods  h ave  b e e n  m a d e  by t h e  U.S.  For e s t
S e rvice  to  d e t e r min e  t h e  m e ri t s  of diffe r e n t  kinds
of woods  a s  box m a t e ri al  wi th  t h e  view of s u b s ti t u ting
n e w  kinds  for  t h e  m o r e  exp e n sive  on es  no w  in u s e.  
The  m e t ho d s  of t e s t s  co nsis t e d  in  a p plying  a  load  alon g
t h e  di a gon al of a  box, a n  a c tion  simila r  to  t h a t  w hic h
occ u r s  w h e n  a  box is d ro p p e d  on  on e  of it s  co r n e r s .  
The  load  w a s  m e a s u r e d  a t  e a c h  on e-fou r t h  inch  in  d eflec tion,
a n d  no t e s  w e r e  m a d e  of t h e  p ri m a ry  a n d  s u b s e q u e n t
failu r e s.

For  d e t ails  of t e s t s  a n d  r e s ul t s ,  s e e :  

Cir. 4 7,   U.S.F.S.:  S t r e n g t h  of p a cking  boxes
of va rious  woods.  
Cir. 2 1 4,  U.S.F.S.:  Test s  of p a cking  boxes  of
va rious  for m s.

Vehicle  and  I m ple m e n t  Woods
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Test s  w e r e  m a d e  by t h e  U.S.  For e s t  S e rvice  to
ob t ain  a  b e t t e r  knowled g e  of t h e  m e c h a nic al p rop e r ti es
of t h e  woods  a t  p r e s e n t  u s e d  in  t h e  m a n ufac t u r e  of
vehicles  a n d  imple m e n t s  a n d  of t hos e  w hich  mig h t  b e
s u b s ti t u t e d  for  t h e m.   Tes t s  w e r e  m a d e  u po n  t h e
following  m a t e ri als:  hicko ry b u g gy s poke s  (se e
Fig.  5); hicko ry a n d  r e d  o ak  b u g gy s h aft s;  w a go n  to n g u e s;
Dougla s  fi r  a n d  sou t h e r n  pin e  c ul tiva to r  pole s.

Det ails  of t h e  t e s t s  a n d  r e s ul t s  m ay  b e  foun d  in: 

Cir. 1 4 2,  U.S.F.S.:  Test s  on  vehicle  a n d  imple m e n t
woods.

Cross-ar m s
In  t e s t s  by  t h e  U.S.  For e s t  S e rvice  on  c ros s-a r m s
a  s p e cial a p p a r a t u s  w a s  d evise d  in  w hic h  t h e  load
w a s  dis t rib u t e d  alon g  t h e  a r m  a s  in  a c t u al  p r a c tice.  
The  load  w a s  a p plied  by  rod s  p a s sin g  t h ro u g h  t h e  pinhole s
in t h e  a r m s.   N u t s  on  t h e s e  ro d s  p ulle d  do w n  on
t h e  wood e n  b e a rin g-blocks  s h a p e d  to  fit t h e  u p p e r
side  of t h e  a r m.   The  low e r  e n d s  of t h e s e  ro ds
w e r e  a t t ac h e d  to  a  sys t e m  of e q u alizing  leve r s,  so
a r r a n g e d  t h a t  t h e  load  a t  e a c h  pin hole  wo uld  b e  t h e
s a m e.   In  all t h e  t e s t s  t h e  load  w a s  a p plie d  ve r tically
by m e a n s  of t h e  s t a tic  m a c hin e .

S e e  Cir. 2 0 4,  U.S.F.S.:  S t r e n g t h  t e s t s  of c ross-a r m s.

Ot h er  Tes t s
M a ny ot h e r  kinds  of t e s t s  a r e  m a d e  a s  occa sion  d e m a n d s.  
On e  kind  consis t s  of b a r r el s  a n d  liquid  con t ain e r s,
m a t c h-boxes,  a n d  explosive  con t ain e r s .   Thes e
a r t icles  a r e  s u bjec t e d  to  s hocks  s uc h  a s  t h ey wo uld
r e c eive  in t r a n si t  a n d  in h a n dling,  a n d  also  to  hyd r a ulic
p r e s s u r e.
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On e  of t h e  m o s t  impo r t a n t  t e s t s  fro m  a  p r a c tic al s t a n d poin t
is t h a t  of b uil t-u p  s t r u c t u r e s  s uc h  a s  co m po u n d e d
b e a m s  co m pos e d  of s m all pi ec es  bol t e d  to g e t h er, m o r tis e d
join t s,  wood e n  t r u s s e s ,  e t c .  Tes t s  of t his
kind  c a n  b e s t  b e  wo rk e d  ou t  a cco r din g  to  t h e  s p e cific
r e q ui r e m e n t s  in e a c h  c a s e .

APPENDIX

SA M PLE WORKI NG PLA N  OF THE U.S.   FORE ST S ERVICE

MECHANICAL PROPERTIES OF WOODS GROWN IN 
THE UNITED STATES

Working  Plan  No. 1 2 4

PURPOSE OF WORK

It  is t h e  g e n e r al  p u r pos e  of t h e  wo rk  h e r e  ou tline d
to  p rovide:  

(a ) Reliabl e  d a t a  for  co m p a ring  t h e  m e c h a nic al
p ro p e r ti e s  of va rious  s p e cie s;

(b ) Dat a  for  t h e  e s t a blish m e n t  of co r r e c t  s t r e n g t h
func tions  o r  working  s t r e s s e s;

(c ) Dat a  u po n  w hich  m ay  b e  b a s e d  a n alys es  of
t h e  influe nc e  on  t h e  m e c h a nic al p ro p e r ti e s  of s uc h
fac to r s  a s:  

Loc ali ty;
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Dist a nc e  of ti m b e r  fro m  t h e  pi t h  of t h e  t r e e;

H eigh t  of tim b e r  in t h e  t r e e;

Ch a n g e  fro m  t h e  g r e e n  to  t h e  ai r-d rie d  con di tion,
e t c .

The  m e c h a nic al p ro p e r ti e s  w hich  will b e  conside r e d
a n d  t h e  p rincipal t e s t s  u s e d  to  d e t e r min e  t h e m  a r e
a s  follows: 

S t r e n g t h  a n d  s tiffnes s—
  S t a tic  b e n ding;
  Co m p r e s sion  p a r allel to  g r ain;
  Co m p r e s sion  p e r p e n dicula r  to  g r ain;
  S h e ar.

Toug h n e s s—
  Im p a c t  b e n ding;
  S t a tic  b e n ding;
  Work to  m axi m u m  load  a n d  to t al  wo rk.

Cle ava bili ty—
  Cle ava g e  t e s t .

H a r d n e s s—
  Mo difica tion  of Jank a  b all t e s t  for  s u rfac e
h a r d n e s s .

MATERIAL

S elec tion  and  N u m b er  of  Tre e s
The  m a t e ri al will b e  fro m  t r e e s  s el ec t e d  in t h e  for e s t
by  on e  q u alified  to  d e t e r min e  t h e  s p e cie s.   F ro m
e a c h  locality, t h r e e  to  five  do min a n t  t r e e s  of m e r c h a n t a ble
size  a n d  a p p roxim a t ely av e r a g e  a g e  will b e  so  chos e n
a s  to  b e  r e p r e s e n t a tive  of t h e  do min a n t  t r e e s  of t h e
s p eci es .   E ac h  s p eci es  will eve n t u ally b e  r e p r e s e n t e d
by t r e e s  fro m  five to  t e n  locali ties.   Thes e  localities
will b e  so  c hos e n  a s  to  b e  r e p r e s e n t a tive  of t h e  co m m e rcial
r a n g e  of t h e  s p e cie s.   Tre e s  fro m  on e  to  t h r e e
loc alities  will b e  u s e d  to  r e p r e s e n t  e a c h  s p e cie s  u n til
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m os t  of t h e  im po r t a n t  s p e cie s  h av e  b e e n  t e s t e d.

The  1 6-foot  b u t t  log  will b e  t ak e n  fro m  e a c h  t r e e
s elec t e d  a n d  t h e  e n ti r e  m e r c h a n t a ble  hole  of on e  ave r a g e
t r e e  for  e ac h  s p e ci e s.

Field  N o t e s  and  S hip pin g  Ins tr uc tions
Field  no t e s  a s  ou tline d  in Fo r m—a
S hip m e n t  Desc rip tion,  M a n u al  of t h e  Bra nc h  of P rod uc t s,
will b e  fully a n d  c a r efully m a d e  by t h e  collec tor. 
The  a g e  of e a c h  t r e e  s el ec t e d  will b e  r e co r d e d  a n d
a ny o th e r  info r m a tion  likely to  b e  of in t e r e s t  o r
impor t a nc e  will a l so  b e  m a d e  a  p a r t  of t h e s e  field
no t e s .   E ac h  log  will h av e  t h e  b a rk  left  on.  
I t  will b e  pl ainly m a r k e d  in a cco r d a n c e  wi th  di r ec tions
give n  u n d e r  Det ailed  Ins t r uc tions.   All m a t e ri al
will b e  s hipp e d  to  t h e  labo r a to ry im m e dia t ely af t e r
b ein g  cu t .   N o  t r e e s  will b e  c u t  u n til t h e  collec to r
is no tified  t h a t  t h e  labo r a to ry is r e a dy to  r ec eive
t h e  m a t e ri al.
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DETAILED INSTRUCTIONS

Part  of  Tr e e  to  b e  Tes t e d
(a ) For  d e t e r mining  t h e  value  of t r e e  a n d  locali ty
a n d  t h e  influe nc e  on  t h e  m e c h a nic al p rop e r ti e s  of
dis t a n c e  fro m  t h e  pi th ,  a  4-foot  bol t  will b e  c u t
fro m  t h e  top  e n d  of e a c h  1 6-foot  b u t t  log.

(b ) For  inves tig a ting  t h e  va ria tion  of p ro p e r ti e s
wi th  t h e  h eig h t  of tim b e r  in t h e  t r e e ,  all t h e  logs
fro m  on e  ave r a g e  t r e e  will b e  u s e d.

(c ) For  inves tig a ting  t h e  effec t  of d rying
t h e  wood,  t h e  bol t  n ex t  b elow t h a t  p rovide d  for  in
(a ) will b e  u s e d  in t h e  c a s e  of on e  t r e e  fro m
e a c h  locality.

M ar kin g  and  Grou pin g  of  M a t erial
The  m a rking  will b e  s t a n d a r d  exc e p t  a s  no t e d.  
E a c h  log  will b e  conside r e d  a  “piec e.” 
The  piec e  n u m b e r s  will b e  plainly m a rk e d  u po n  t h e
b u t t  e n d  of e a c h  log  by  t h e  collec tor.  The  no r t h
side  of e ac h  log  will a lso  b e  m a r k e d.

Whe n  only on e  bol t  fro m  a  t r e e  is u s e d  it  will b e
d e sign a t e d  by  t h e  n u m b e r  of t h e  log  fro m  w hich  it
is c u t .   Wh e n eve r  m o r e  t h a n  on e  bol t  is t ak e n
fro m  a  t r e e ,  e a c h  4-foot  bolt  o r  len g t h  of t r u nk  will
b e  give n  a  le t t e r  (m a rk), a, b ,  c,  e t c .,
b e gin ning  a t  t h e  s t u m p.

All bol t s  will b e  s a w e d  in to  2-1/2” X 2-1/2”
s ticks  a n d  t h e  s ticks  m a rk e d  a c co r ding  to  t h e  ske t c h,
Fig.  5 0.   The  le t t e r s  N,  E, S ,  a n d  W
indica t e  t h e  c a r din al  poin t s  w h e n  know n; w h e n  t h es e
a r e  u nk now n,  H, K, L,  a n d  M  will b e  u s e d .  
Thus,  N 5,  K8, S 7 ,  M 4  a r e  s tick n u m b e r s ,  t h e
le t t e r  b eing  a  p a r t  of t h e  s tick  n u m b er.

[Illus t r a tion:  FIG. 5 0.—M e t hod  of
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c u t ting  a n d  m a rking  t e s t  s p e cim e n s.]

Only s t r aig h t-g r ain e d  s p eci m e n s,  fr e e  fro m  d efec t s
w hich  will affec t  t h ei r  s t r e n g t h,  will b e  t e s t e d .

Care  of  M a t erial
N o  m a t e ri al will b e  ke p t  in t h e  bol t  o r  log  long  e no u g h
to  b e  d a m a g e d  o r  di sfigu r e d  by c h ecks,  r o t ,  o r  s t ain s.

Gre e n  m a t e rial:  The  m a t e ri al  to  b e  t e s t e d
g r e e n  will b e  ke p t  in a  g r e e n  s t a t e  by  b eing  s u b m e r g e d
in w a t e r  u n til n e a r  t h e  tim e  of t e s t .   I t  will
t h e n  b e  s u rf ac e d,  s a w e d  to  len g t h,  a n d  s to r e d  in  d a m p
s a w d u s t  a t  a  t e m p e r a t u r e  of 7 0  d e g.F. (as  n e a rly a s
p r a c tic a ble) u n til tim e  of t e s t .   Ca r e  s ho uld  b e
t ak e n  to  avoid  a s  m u c h  a s  pos sible  t h e  s to r a g e  of
g r e e n  m a t e ri al in a ny for m.

Air-dry  m a t e rial:  The  m a t e ri al to  b e  ai r-d ri e d
will b e  c u t  in to  s ticks  2-1/2” X 2-1/2”
X 4’.  The  e n d s  of t h e s e  s ticks  will b e
p a r affine d  to  p r eve n t  c h ecking.   This m a t e ri al
will b e  so  piled  a s  to  leave  a n  ai r  s p a c e  of a t  lea s t
on e-h alf inch  on  e a c h  side  of e a c h  s tick,  a n d  in s uc h
a  pl ac e  t h a t  it will b e  p ro t ec t e d  fro m  s u n s hin e,  r ain,
s now, a n d  m ois t u r e  fro m  t h e  g ro u n d.   The  s ticks
will b e  s u rf ac e d  a n d  c u t  to  len g t h  jus t  p r evious  to
t e s t .

Order  of  Tes t s
The  o r d e r  of t e s t s  in  all c a s e s  will b e  s uc h  a s  to
elimin a t e  so  fa r  a s  pos sible  fro m  t h e  co m p a ri sons
t h e  effec t  of c h a n g e s  of con di tion  of t h e  s p e cim e n s
d u e  to  s uc h  fac to r s  a s  s to r a g e  a n d  w e a t h e r  con di tions.
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The  m a t e ri al u s e d  for  d e t e r mining  t h e  effec t  of h eigh t
in t r e e  will b e  t e s t e d  in s uc h  o r d e r  t h a t  t h e  ave r a g e
ti m e  el a psing  fro m  tim e  of c u t ting  to  tim e  of t e s t
will b e  a p p roxim a t ely t h e  s a m e  for  all bol t s  fro m
a ny on e  t r e e .

Tes t s  on  Gre e n  M a t erial
The  t e s t s  on  all bol t s,  exce p t  t hos e  fro m  w hich  a
co m p a rison  of g r e e n  a n d  d ry tim b e r  is to  b e  go t t e n,
will b e  a s  follows: 

S ta tic  b e n din g :  On e  s tick  fro m  e a c h  p air. 
A p ai r  consis t s  of t wo  a djac e n t  s ticks  e q uidis t a n t
fro m  t h e  pi th ,  a s  N 7  a n d  N 8,  o r  H 5
a n d  H 6.

I m pact  b e n ding :  Fou r  s ticks; on e  to  b e
t ak e n  fro m  n e a r  t h e  pi t h; on e  fro m  n e a r  t h e  p e rip h e ry;
a n d  t wo  r e p r e s e n t a tive  of t h e  c ross  s ec tion.

Co m pr e s sion  parallel to  grain :  On e  s p eci m e n
fro m  e ac h  s tick.   Thes e  will b e  m a rk e d  “1”
in a d di tion  to  t h e  n u m b e r  of t h e  s tick  fro m  w hic h
t h ey a r e  t ak e n.

Co m pr e s sion  p er p e n dicular to  grain :  On e
s p eci m e n  fro m  e a c h  of 5 0  p e r  ce n t  of t h e  s t a tic  b e n din g
s ticks.   Thes e  will b e  m a rk e d  “2”
in a d di tion  to  t h e  n u m b e r  of t h e  s tick  fro m  w hic h  t h ey
a r e  c u t .

H ar d n e s s :  On e  s p eci m e n  fro m  e a c h  of t h e
o th e r  5 0  p e r  c e n t  of t h e  s t a tic  b e n ding  s ticks.  
The s e  s p e ci m e n s  will b e  m a r k e d  “4.”

S h ear :  Six s p e ci m e n s  fro m  s ticks  no t  t e s t e d
in b e n din g  o r  fro m  t h e  e n d s  c u t  off in  p r e p a ring  t h e
b e n din g  s p e ci m e ns.   Two s p eci m e n s  will b e  t ak e n
fro m  n e a r  t h e  pi t h; two  fro m  n e a r  t h e  p e rip h e ry; a n d
t wo t h a t  a r e  r e p r e s e n t a tive  of t h e  ave r a g e  g ro wt h.  
On e  of e a c h  t wo  will b e  t e s t e d  in r a di al s h e a r  a n d
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t h e  o t h e r  in t a n g e n ti al s h e ar.  Thes e  s p e ci m e n s
will h av e  t h e  m a r k  “3.”

Cleavag e :  Six s p eci m e n s  c hos e n  a n d  divide d
jus t  a s  t hos e  for  s h e a ring.   The s e  s p e ci m e n s  will
h ave  t h e  m a rk  “5.” (For  sk e t c h e s  s ho win g
r a dial a n d  t a n g e n ti al cle av a g e,  s e e  Fig.  4 5.)

Whe n  it  is impossible  to  s ec u r e  cle a r  s p eci m e n s  for
all of t h e  a bove  t e s t s ,  t e s t s  will h ave  p r e c e d e nc e
in t h e  o rd e r  in w hich  t h ey  a r e  n a m e d.

Tes t s  to  De t er min e  t h e  Eff ec t  of  Air-drying
The s e  t e s t s  will b e  m a d e  on  m a t e ri al  fro m  t h e  a dj ac e n t
bolt s  m e n tion e d  in “c” u n d e r  Pa r t
of Tre e  to  b e  Test e d.   Both  bol t s  will b e  cu t
a s  ou tline d  a bove.   O n e-h alf t h e  s ticks  fro m  e a c h
bolt  will b e  t e s t e d  g r e e n,  t h e  o t h e r  h alf will b e  ai r-d ri e d
a n d  t e s t e d .   The  division  of g r e e n  a n d  ai r-d ry
will b e  a c co r din g  to  t h e  following  sc h e m e:  

STICK  N U MBERS

Low e r  bol t ,   1 ,        4 ,  5 ,        8 ,  9 ,           
 }  Tes t e d
e t c .
  }  g r e e n
U p p e r  bolt ,      2 ,  3 ,        6 ,  7 ,        1 0,       
 }

Low e r  bol t ,      2 ,  3 ,        6 ,  7 ,        1 0,       
 }  Air-d ri e d
e t c .
  }  a n d
U p p e r  bolt ,   1 ,        4 ,  5 ,        8 ,  9 ,           
 }  t e s t e d

All g r e e n  s ticks  fro m  t h e s e  two  bolt s  will b e  t e s t e d
a s  if t h ey  w e r e  fro m  t h e  s a m e  bolt  a n d  a cco r ding  to
t h e  pl a n  p r eviously ou tline d  for  g r e e n  m a t e ri al fro m
single  bol ts .   The  t e s t s  on  t h e  ai r-d ri e d  m a t e r ial
will b e  t h e  s a m e  a s  on  t h e  g r e e n  exce p t  for  t h e  diffe r e nc e
of s e a soning.

179



Page 92

The  m a t e ri al will b e  t e s t e d  a t  a s  n e a r  1 2  p e r  c e n t
m ois t u r e  a s  is p r a c tic a ble.   The  a p p roxim a t e  w eigh t
of t h e  ai r-d rie d  s p e cim e n s  a t  1 2  p e r  c e n t  m ois t u r e
will b e  d e t e r min e d  by m e a s u ring  w hile  g r e e n  2 0  p e r
c e n t  of t h e  s ticks  to  b e  ai r-d ri e d  a n d  a s s u min g  t h ei r
d ry  g r avity to  b e  t h e  s a m e  a s  t h a t  of t h e  s p ecim e n s
t e s t e d  g r e e n.   This  2 0  p e r  c e n t  will b e  w eigh e d
a s  oft e n  a s  is n ec es s a ry  to  d e t e r min e  t h e  p ro p e r  ti m e
of t e s t .

M e t ho ds  of  Tes t
All t e s t s  will b e  m a d e  a c co r din g  to  Ci rcula r  3 8  exce p t
in c a s e  of conflic t  wi th  t h e  ins t r uc tions  given  b elow: 

S ta tic  b e n din g :  The  t e s t s  will b e  on  s p ecim e n s
2” X 2” X 3 0” on  2 8-inch  s p a n.  
Loa d  will b e  a p plied  a t  t h e  ce n t r e .

In  all t e s t s  t h e  loa d-d eflec tion  c u rve  will b e  c a r ri e d
to  o r  b eyon d  t h e  m axim u m  loa d.   In  on e-t hi rd  of
t h e  t e s t s  t h e  load-d eflec tion  c u rve  will b e  con tinu e d
to  6-inch  d eflec tion,  o r  till t h e  s p ecim e n  fails to
s u p po r t  a  2 0 0-pou n d  load.   Deflec tion  r e a ding s
for  e q u al  inc r e m e n t s  of load  will b e  t ak e n  u n til w ell
p a s t  t h e  el a s tic  limi t,  af t e r  w hich  t h e  sc al e  b e a m
will b e  k e p t  b al a nc e d  a n d  t h e  load  r e a d  for  e a c h  0.1-inch
d eflec tion.   The  loa d  a n d  d eflec tion  a t  fir s t
failu r e,  m axi m u m  load  a n d  poin t s  of s u d d e n  ch a n g e,
will b e  s how n  on  t h e  c u rve  s h e e t  eve n  if t h ey  do  no t
occ u r  a t  on e  of t h e  r e g ula r  load  o r  d eflec tion  inc r e m e n t s .

I m pact  b e n ding :  The  imp ac t  b e n din g  t e s t s
will b e  on  s p eci m e n s  of t h e  s a m e  size  a s  t hos e  u s e d
in s t a tic  b e n ding.   The  s p a n  will b e  2 8  inch es .

The  t e s t s  will b e  by inc r e m e n t  d rop.   The  fir s t
d ro p  will b e  1  inch  a n d  t h e  inc r e a s e  will b e  by inc r e m e n t s
of 1  inc h  till a  h eig h t  of 1 0  inch e s  is r e a c h e d,  af t e r
w hich  inc r e m e n t s  of 2  inch e s  will b e  u s e d  u n til co m ple t e
failu r e  occ u r s  o r  6-inch  d eflec tion  is s ec u r e d.
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A 5 0-po u n d  h a m m e r  will b e  u s e d  w h e n  wi t h  d rop s  u p
to  6 8  inch e s  it is p r a c tically c e r t ain  t h a t  i t will
p ro d uc e  co m ple t e  failu r e  o r  6-inch  d eflec tion  in t h e
c a s e  of all s p eci m e n s  of a  s p e cie s.   For  all o t h e r
s p eci es ,  a  1 0 0-po u n d  h a m m e r  will b e  u s e d.

In  all c a s e s  d r u m  r e co r ds  will b e  m a d e  u n til fir s t
failu r e.   Also t h e  h eig h t  of d ro p  c a using  co m ple t e
failu r e  o r  6-inc h  d eflec tion  will b e  no t e d.

Co m pr e s sion  parallel to  grain :  This t e s t
will b e  on  s p eci m e n s  2”  X 2”  X 8”
in size.   On  2 0  p e r  c e n t  of t h e s e  t e s t s  load-co m p r e s sion
c u rve s  for  a  6-inc h  ce n t r ally loc a t e d  g a u g e  leng t h
will b e  t ak e n.   Re a dings  will b e  con tinu e d  u n til
t h e  el a s tic  limit  is w ell p a s s e d .   The  o th e r  8 0
p e r  c e n t  of t h e  t e s t s  will b e  m a d e  for  t h e  p u r pos e
of ob t aining  t h e  m axim u m  load  only.

Co m pr e s sion  p er p e n dicular to  grain :  This
t e s t  will b e  on  s p e ci m e n s  2”  X 2” X 6”
in size.   The  b e a rin g  pl a t e s  will b e  2  inch es
wid e.   The  r a t e  of d e sc e n t  of t h e  m oving  h e a d  will
b e  0.02 4  inch  p e r  min u t e .   The  load-co m p r e s sion
c u rve  will b e  plo t t e d  to  0.1  inch  co m p r e s sion  a n d
t h e  t e s t  will t h e n  b e  discon tinu e d.

H ar d n e s s :  The  tool s how n  in Fig.  4 3  (an
a d a p t a t ion  of t h e  a p p a r a t u s  u s e d  by t h e  Ge r m a n  inves tig a tor,
Jank a) will b e  u s e d .   The  r a t e  of d e s c e n t  of t h e
m oving  h e a d  will b e  0.25  inch  p e r  min u t e .   Whe n
t h e  p e n e t r a tion  h a s  p rog r e s s e d  to  t h e  poin t  a t  w hich
t h e  pl a t e  “a” b e co m e s  tigh t ,  d u e
to  b eing  p r e s s e d  a g ain s t  t h e  wood, t h e  load  will b e
r e a d  a n d  r e co r d e d.
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Two p e n e t r a tions  will b e  m a d e  on  a  t a n g e n ti al s u rfac e,
t wo  on  a  r a dial, a n d  on e  on  e a c h  e n d  of e a c h  s p eci m e n
t e s t e d .   The  c hoice  b e t w e e n  t h e  t wo  r a dial a n d
b e t w e e n  t h e  t wo  t a n g e n ti al s u rf ac e s  a n d  t h e  dis t rib u tion
of t h e  p e n e t r a t ions  ove r  t h e  s u rfac e s  will b e  so  m a d e
a s  to  g e t  a  fai r  ave r a g e  of h e a r t  a n d  s a p,  slow a n d
fas t  g row t h,  a n d  s p rin g  a n d  s u m m e r  wood.  S p e ci m e n s
will b e  2” X 2”  X 6”.

S h ear :  The  t e s t s  will b e  m a d e  wi t h  a  tool
sligh tly m o dified  fro m  t h a t  s how n  in Ci rc ula r  3 8.  
The  s p e e d  of d e s c e n t  of h e a d  will b e  0.0 1 5  inch  p e r
min u t e .   The  only m e a s u r e m e n t s  to  b e  m a d e  a r e
t hos e  of t h e  s h e a rin g  a r e a .   The  offse t  will b e
1/8  inc h.   S p e cim e n s  will b e  2” X 2”
X 2-1/2” in size.  (For  d efini tion  of offse t
a n d  for m  of t e s t  s p e ci m e n,  s e e  Fig.  3 8.)

Cleavag e :  The  cle av a g e  t e s t s  will b e  m a d e
on  s p e ci m e n s  of t h e  for m  a n d  size  s how n  in Fig.  4 5 .  
The  a p p a r a t u s  will b e  a s  s how n  in Fig.  4 4.   The
m axim u m  load  only will b e  t ak e n  a n d  t h e  r e s ul t  exp r e s s e d
in pou n ds  p e r  inch  of wid t h.   The  s p e e d  of t h e
m oving  h e a d  will b e  0.25  inch  p e r  min u t e .

M ois t ur e  De t er mina tions
Mois t u r e  d e t e r min a tions  will b e  m a d e  on  all s p eci m e n s
t e s t e d  exc e p t  t hos e  to  b e  p ho tog r a p h e d  o r  ke p t  for
exhibi t.   A 1-inch  disk  will b e  cu t  fro m  n e a r
t h e  poin t  of failu r e  of b e n din g  a n d  co m p r e s sion  p a r allel
s p eci m e n s,  fro m  t h e  po r tion  u n d e r  t h e  pl a t e  in t h e
c a s e  of t h e  co m p r e s sion  p e r p e n dicula r  s p eci m e n s,  a n d
fro m  t h e  c e n t r e  of t h e  h a r d n e s s  t e s t  s p e ci m e n s.  
The  b e a d s  fro m  t h e  s h e a r  s p eci m e n s  will b e  u s e d  a s
m ois t u r e  disks.   In  t h e  c a s e  of t h e  cle av a g e  s p e ci m e n s
a  pi ec e  1/2  inch  t hick  will b e  s plit  off p a r allel
to  t h e  failu r e  a n d  u s e d  a s  a  m ois tu r e  disk.
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RECORDS

All r e co r d s  will b e  s t a n d a r d.

PHOTOGRAPHS

Cross  S e c tions
Jus t  b efo r e  cu t tin g  in to  s ticks,  t h e  fr es hly c u t  e n d
of a t  le a s t  on e  bol t  fro m  e a c h  t r e e  will b e  p ho tog r a p h e d.  
A sc al e  of inch e s  will b e  s ho w n  in t his  p ho tog r a p h.

S p e ci m e n s
Thr e e  p ho tog r a p h s  will b e  m a d e  of a  g ro u p  consis ting
of fou r  2” X 2”  X 3 0” s p eci m e n s
c hos e n  fro m  t h e  m a t e ri al  fro m  e a c h  locali ty. 
Two of t h e s e  s p eci m e n s  will b e  r e p r e s e n t a tive  of ave r a g e
g row t h,  on e  of fas t  a n d  on e  of slow g row t h.   The s e
p ho tog r a p h s  will s ho w  r a dial, t a n g e n ti al, a n d  e n d  s u rf ac e s
for  e a c h  s p ecim e n.

Failures
Typical a n d  a b no r m al  failu r e s  of m a t e ri al fro m  e a c h
si t e  will b e  p ho tog r a p h e d.

Disposi tion  of  M a t erial
The  s p e cim e n s  p ho to g r a p h e d  to  s how  typical a n d  a b no r m al
failu r e s  will b e  s ave d  for  p u r pos e s  of exhibi t  u n til
d e e m e d  by t h e  p e r so n  in ch a r g e  of t h e  labo r a to ry to
b e  of no  fu r t h e r  valu e.

SHRINKAGE AND SPECIFIC GRAVITY

Appe n dix to  Working  Pla n  1 2 4

PURPOSE OF WORK
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It  is t h e  p u r pos e  of t his  wo rk  to  s e c u r e  d a t a  on  t h e
s h rink a g e  a n d  s p ecific g r avity of woods  t e s t e d  u n d e r
P rojec t  1 2 4.   The  figu r e s  to  b e  ob t ain e d  a r e  for
u s e  a s  av e r a g e  wo rking  values  r a t h e r  t h a n  a s  t h e  b a sis
for  a  d e t aile d  s t u dy of t h e  p rinciples  involved.

MATERIAL

The  m a t e ri al will b e  t ak e n  fro m  t h a t  p rovide d  for
m e c h a nical t e s t s .

RADIAL AND TANGENTIAL SHRINKAGE

S p e ci m e n s
Preparation :  Two s p ecim e n s  1  inch  t hick,
4  inc h e s  wid e,  a n d  1  inch  long  will b e  ob t ain e d  fro m
n e a r  t h e  p e rip h e ry  of e a c h  “d ”
bolt .   Thes e  will b e  c u t  fro m  t h e  s ec to r-s h a p e d
s ec tions  left  af t e r  s ec u ring  t h e  m a t e ri al for  t h e
m e c h a nical t e s t s  o r  fro m  disks  c u t  fro m  n e a r  t h e  e n d
of t h e  bol t.   They will b e  t ak e n  fro m  a djoining
piec e s  c hos e n  so  t h a t  t h e  r e s ul t s  will b e  co m p a r a ble
for  u s e  in d e t e r mining  r a dial a n d  t a n g e n tial  s h rink a g e.
(Whe n  a  disk  is u s e d ,  c a r e  m u s t  b e  t ak e n  t h a t  it is
g r e e n  a n d  h a s  no t  b e e n  affec t e d  by  t h e  s h rinka g e  a n d
c h e cking  n e a r  t h e  e n d  of t h e  bol t.)

On e  of t h e s e  s p eci m e n s  will b e  c u t  wi th  it s  wid t h
in t h e  r a di al di r ec tion  a n d  will b e  u s e d  for  t h e  d e t e r min a tion
of r a di al s h rink a g e.   The  o t h e r  will h ave  its
wid t h  in  t h e  t a n g e n ti al di r ec tion  a n d  will b e  u s e d
for  t a n g e n ti al s h rink a g e.   Thes e  s p e ci m e n s  will
no t  b e  s u rfac e d.
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M ar kin g :  The  s h rink a g e  s p eci m e n s  will
r e t ain  t h e  s hip m e n t  a n d  pi ec e  n u m b e r s  a n d  m a r ks  of
t h e  bol ts  fro m  w hich  t h ey  a r e  t ak e n,  a n d  will h ave
t h e  a d di tion al  m a r k  7 R or  7 T a cco r din g
a s  t h ei r  wid t h s  a r e  in t h e  r a di al o r  t a n g e n ti al di r e c tion.

S hrin kag e  m e a s ur e m e n t s :  The  s h rink a g e
s p eci m e n s  will b e  c a r efully w eigh e d  a n d  m e a s u r e d  soon
af t e r  c u t ting.   Rings  p e r  inch,  p e r  c e n t  s a p ,
a n d  p e r  c e n t  s u m m e r  wood  will b e  m e a s u r e d.   They
will t h e n  b e  ai r-d ri e d  in  t h e  labo r a to ry to  cons t a n t
w eig h t ,  a n d  af t e r w a r d  ove n-d ri e d  a t  1 0 0  d e g.C. (212
d e g.F.), w h e n  t h ey will a g ain  b e  w eigh e d  a n d  m e a s u r e d .

VOLUMETRIC SHRINKAGE AND SPECIFIC GRAVITY

S p e ci m e n s
S elec tion  and  pr e paration :  Fou r  2”
X 2” X 6”  s p ecim e n s  will b e  c u t  fro m  t h e
m e c h a nical t e s t  s ticks  of e a c h  “d ”
bolt; al so  fro m  e a c h  of t h e  co m posi t e  bol t s  u s e d  in
g e t tin g  a  co m p a rison  of g r e e n  a n d  ai r-d ry.  On e
of t h e s e  s p e ci m e n s  will b e  t ak e n  fro m  n e a r  t h e  pi t h
a n d  on e  fro m  n e a r  t h e  p e riph e ry; t h e  o t h e r  t wo  will
b e  r e p r e s e n t a tive  of t h e  ave r a g e  g ro wt h  of t h e  bolt .  
The  sid es  of t h e s e  s p e ci m e n s  will b e  s u rfac e d  a n d
t h e  e n d s  s moot h  s a w n.

M ar kin g :  E ac h  s p e ci m e n  will r e t ain  t h e
s hip m e n t,  piec e,  a n d  s tick  n u m b e r s  a n d  m a r k  of t h e
s tick fro m  w hich  it is cu t ,  a n d  will h ave  t h e  a d di tion al
m a r k  “S .”
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M a nipulation :  Soon  af t e r  c u t ting,  e ac h
s p eci m e n  will b e  w eigh e d  a n d  it s  volu m e  will b e  d e t e r min e d
by t h e  m e t ho d  d e s c rib e d  b elow.  The  ring s  p e r
inch  a n d  p e r  ce n t  s u m m e r  wood,  w h e r e  pos sible,  will
b e  d e t e r min e d,  a n d  a  c a r bo n  imp r e ssion  of t h e  e n d
of t h e  s p e ci m e n  m a d e.   I t  will t h e n  b e  ai r-d ri e d
in t h e  labo r a to ry to  a  cons t a n t  w eigh t  a n d  af t e r w a r d
ove n-d ri e d  a t  1 0 0  d e g.C.  Whe n  d ry, t h e  s p e ci m e n
will b e  t ak e n  fro m  t h e  ove n,  w eig h e d,  a n d  a  c a r bo n
imp r e s sion  of its  e n d  m a d e .   While  s till w a r m
t h e  s p e ci m e n  will b e  dip p e d  in ho t  p a r affine.  
The  volu m e  will t h e n  b e  d e t e r min e d  by t h e  following
m e t ho d:  

On  on e  p a n  of a  p ai r  of b al a nc es  is pl ac e d  a  con t ain e r
h aving  in it  w a t e r  e no u g h  for  t h e  co m ple t e  s u b m e r sion
of t h e  t e s t  s p e cim e n.   This  con t ain e r  a n d  w a t e r
is b al a nc e d  by w eig h t s  pl ac e d  on  t h e  o t h e r  sc ale  p a n.  
The  s p e cim e n  is t h e n  h eld  co m ple t ely s u b m e r g e d  a n d
no t  touc hing  t h e  con t aine r  w hile  t h e  sc ale s  a r e  a g ain
b al a nc e d.   The  w eigh t  r e q ui r e d  to  b al a nc e  is t h e
w eig h t  of w a t e r  dis pl ac e d  by t h e  s p eci m e n,  a n d  h e n c e
if in g r a m s  is n u m e ric ally e q u al  to  t h e  volu m e  of
t h e  s p e ci m e n  in c u bic  c e n ti m e t r e s .   A di a g r a m m a tic
sk e t c h  of t h e  a r r a n g e m e n t  of t his  a p p a r a t u s  is s how n
in Fig.  5 1.

[Illus t r a tion:  FIG. 5 1.—Diag r a m  of
s p ecific g r avity a p p a r a t u s ,  s ho win g  a  b al a nc e  wit h
con t ain e r  (c ) filled  wi t h  w a t e r  in w hich  t h e
t e s t  block (b ) is h eld  s u b m e r g e d  by a  ligh t
ro d  (a) w hich  is a djus t a bl e  ve r tically a n d
p rovide d  wi th  a  s h a r p  poin t  to  b e  d rive n  in to  t h e
s p eci m e n.]

Air-d ry s p ecim e n s  will b e  dip p e d  in w a t e r  a n d  t h e n
wip e d  d ry af t e r  t h e  fi r s t  w eig hing  a n d  jus t  b efo r e
b ein g  im m e rs e d  for  w eighing  t h ei r  dis place m e n t .  
All dis place m e n t  d e t e r min a tions  will b e  m a d e  a s  q uickly
a s  possible  in o r d e r  to  mini mize  t h e  a b so r p tion  of
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w a t e r  by t h e  s p e ci m e n.

STRENGTH VALUES FOR STRUCTURAL TIMBERS

(F ro m  Cir. 1 8 9,  U.S.  For e s t  S e rvice)

The  following  t a bl e s  b rin g  tog e t h e r  in  con d e n s e d  for m
t h e  ave r a g e  s t r e n g t h  valu es  r e s ul ting  fro m  a  la rg e
n u m b e r  of t e s t s  m a d e  by t h e  For e s t  S e rvice  on  t h e
p rincip al s t r u c t u r al  ti m b e r s  of t h e  U ni t e d  S t a t e s .  
The s e  r e s ul t s  a r e  m o r e  co m ple t ely di scus s e d  in  o t h e r
p u blica tions  of t h e  S e rvice,  a  lis t  of w hich  is give n
in BIBLIOGRAPHY, PART III.

The  t e s t s  w e r e  m a d e  a t  t h e  labo r a to rie s  of t h e  U.S. 
For e s t  S e rvice,  in coop e r a tion  wi t h  t h e  following
ins ti t u tions:  Yale For e s t  Sc hool, P u r d u e  U nive r si ty,
U nive r si ty of California,  U nive r si ty of Or e gon,  U nive r si ty
of Washing to n,  U nive r si ty of Color a do, a n d  U nive r si ty
of Wisconsin.

Tables  XVIII a n d  XIX give  t h e  ave r a g e  r e s ul t s  ob t ain e d
fro m  t e s t s  on  g r e e n  m a t e ri al,  w hile  Tables  XX a n d
XXI give  av e r a g e  r e s ul t s  fro m  t e s t s  on  ai r-s e a son e d
m a t e ri al.  The  s m all s p ecim e n s,  w hich  w e r e  inva ri a bly
2” X 2” in c ross  s e c tion,  w e r e  fre e  fro m
d efec t s  s uc h  a s  kno t s,  c h ecks,  a n d  c ro ss  g r ain;  all
o th e r  s p e cim e n s  w e r e  r e p r e s e n t a tive  of m a t e ri al  s ec u r e d
in t h e  op e n  m a r k e t .   The  r el a tion  of s t r e s s e s
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d evelop e d  in diffe r e n t  s t r uc t u r al  for m s  to  t hos e  d evelop e d
in t h e  s m all cle a r  s p e ci m e n s  is s how n  for  e a c h  fac to r
in t h e  colu m n  h e a d e d  “Ra tio to  2” X 2".” 
Test s  to  d e t e r min e  t h e  m e c h a nic al p ro p e r ti e s  of diffe r e n t
s p eci es  a r e  of t e n  co nfine d  to  s m all, cle a r  s p e cim e n s.  
The  r a tios  includ e d  in t h e  t a bl es  m ay  b e  a p plied  to
s uc h  r e s ul t s  in o r d e r  to  a p p roxim a t e  t h e  s t r e n g t h
of t h e  s p e cie s  in s t r uc t u r al  sizes,  a n d  con t aining
t h e  d efec t s  u s u ally e n co u n t e r e d ,  w h e n  t e s t s  on  s uc h
for m s  a r e  no t  av ailable.

A co m p a rison  of t h e  r e s ul t s  of t e s t s  on  s e a son e d  m a t e ri al
wi th  t hos e  fro m  t e s t s  on  g r e e n  m a t e ri al  s hows  t h a t ,
wi tho u t  exc e p tion,  t h e  s t r e n g t h  of t h e  2”  X
2” s p e cim e n s  is inc r e a s e d  by lowe rin g  t h e  m ois t u r e
con t e n t ,  b u t  t h a t  inc r e a s e  in s t r e n g t h  of o th e r  sizes
is m u c h  m o r e  e r r a tic.   So m e  s p e ci m e n s,  in fac t ,
s how  a n  a p p a r e n t  loss  in s t r e n g t h  d u e  to  s e a so ning.  
If s t r uc t u r al  tim b e r s  a r e  s e a so n e d  slowly, in o rd e r
to  avoid  exc es sive  c h ecking,  t h e r e  s ho uld  b e  a n  inc r e a s e
in t h ei r  s t r e n g t h .   In  t h e  ligh t  of t h e s e  fac t s
it  is no t  s afe  to  b a s e  working  s t r e s s e s  on  r e s ul t s
s ec u r e d  fro m  a ny b u t  g r e e n  m a t e ri al.  For  a  discus sion
of fac to r s  of s afe ty a n d  s afe  wo rking  s t r e s s e s  for
s t r uc t u r al  tim b e r s  s e e  t h e  M a n u al  of t h e  Ame ric a n
R ailw ay E n gin e e ring  Associa tion,  Chica go,  1 9 1 1.  
A t a bl e  fro m  t h a t  p u blica tion,  giving  working  u ni t
s t r e s s e s  for  s t r uc t u r al  t im b er, is r e p ro d uc e d  in t his
book, s e e  Table  XXII.

|------------------------------------------------------
-----------------------------------------------------------------------------|
|  TABLE XVIII                                                TABLE XVIII                                
|
|-----------------------------------------------------------
------------------------------------------------------------------------|
|                                                   BENDING TESTS ON  GREEN  MATERIAL     
|
|-----------------------------------------------------------
------------------------------------------------------------------------|
|                  |       Size s       |        |        |        |    F.S. a t  E.L.  |      M.  of R.    |      M.  
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of E.    |    Calcula t e d     |
|                  |-----------------|  N u m-  |  Pe r    |  Rings  |                  |                  |             
|       s h e a r       |
|      S p e ci es      |           |       |   b e r   |  c e n t   |   p e r   
|-----------------+ - ----------------+ - ----------------+ - ----------------|
|                  |   C ross    |  S p a n  |  of    |  m ois- |  inch   |  Aver a g e  |  Ra tio |  Aver a g e  |  
R a tio |  Aver a g e  |  R a tio |  Aver a g e  |  R a tio |
|                  |  S e c tion   |       |  t e s t s  |   t u r e  |        |  p e r  s q.  |  to  2”  |  p e r  s q.  |  to  2” |  
p e r  s q.  |  to  2” |  p e r  s q.  |  to  2”  |
|                  |           |       |        |        |        |   inc h    |  by 2” |   inch    |  by  2”  |   inch    
|  by  2” |   inch    |  by 2”  |
|-----------------+ - ---------+ - -----+ - ------+ - ------+ - ------
+ - --------+ - ------+ - --------+ - ------+ - --------+ - ------+ - --------+ - ------|
|------------------------------------------------------
-----------------------------------------------------------------------------------------|
|  TABLE XIX                                                         TABLE XIX                            
|
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
|                                                  COMPRES SION  AND S H EAR TESTS ON  
GREE N  MATERIAL                                                 |
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
|------------------------------------------------------
-----------------------------------------------------------------------------|
|  TABLE XX                                                    TABLE XX                                   
|
|-----------------------------------------------------------
------------------------------------------------------------------------|
|------------------------------------------------------
-----------------------------------------------------------------------------------------|
|  TABLE XXI                                                         TABLE XXI                            
|
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
|                                              COMPRESSION  AND S H EAR TESTS ON  AIR-
S EASO NED MATERIAL                                              |
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
|                  |                      Co m p r e s sion                       |                 Co m p r e s sion  
|            S h e a r           |
|------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
---------|
|  TABLE XXII                                                                         TABLE XXII         
|
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——:  M e t ho d e n  u n d  Res ul t a t e
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wo rk  in t im b e r  p hysics  in  t h e  Division  of Fo r e s t ry,
by  Filibe r t  Rot h,  p p .  3 3 0-3 9 5.

FOREST SERVICE

Cir. 7—The  Gove r n m e n t  tim b e r  t e s t s  [189-],
p p.  4 .

Cir. 8—S t r e n g t h  of “boxe d”
o r  “tu r p e n tin e”  tim b er. 1 8 9 2,  p p.  4 .

Bul. 6—Tim b e r  P hysics.   P t .   I.
P r elimin a ry r e po r t .  1 .   N e e d  of t h e  inves tig a tion.
2.   Scop e  a n d  his to rical d evelop m e n t  of t h e  sci enc e
of “tim b e r  p hysics.” 3 .   Or g a niza tion
a n d  m e t hod s  of ti m b e r  exa min a tions  in  t h e  Division
of For e s t ry.  By B.E.  Fe r now, 1 8 9 2,  p p .  5 7.
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Cir. 1 5—S u m m a ry of m e c h a nic al t e s t s  on
t hi r ty-t wo  s p ecie s  of Ame rica n  woods.  1 8 9 7,  p p.  1 2 .

Cir. 1 8—P rog r e s s  in t im b e r  p hysics.  1 8 9 8,
p p.  2 0 .

Cir. 1 9—P rog r e s s  in t im b e r  p hysics:  
Bald  cyp r e ss  (Taxodiu m  dis tich u m ).  By
Filibe r t  Rot h,  1 8 9 8,  p p .  2 4.

Y.B.  Extr. 2 8 8—Tests  on  t h e  p hysical
p ro p e r ti e s  of woods.   By F.E.  Olms t e a d,  1 9 0 2,
p p.  5 3 3-5 3 8.

U n n u m b e r e d  Cir.—Tim b e r  t e s t s .  [1903], p p .
1 5 .

U n n u m b e r e d  Cir.—Tim b e r  p r e s e rv a tion  a n d
ti m b e r  t e s ting  a t  t h e
Louisia n a  P u rc h a s e  Exposi tion.  1 9 0 4,  p p.  6 .

Cir. 3 2—P rog r e s s  r e po r t  on  t h e  s t r e n g t h
of s t r uc t u r al  tim b er. 
By W.K.  H a t t ,  1 9 0 4,  p p.  2 8.

Bul. 5 8—The  r e d  g u m.   By Alfred  Chi t t e n d e n.  
Includ es  a  disc ussion  of The  m e c h a nic al p ro p e r ti e s
of r e d  g u m  wood,  by  W.K.  H a t t .  1 9 0 5,  p p.  5 6.

Cir. 3 8—Ins t r uc tions  to  e n gin e e r s  of ti m b e r
t e s t s .   By W.K. 
H a t t ,  1 9 0 6,  p p.  5 5.   Revise d  e di tion,  1 9 0 9,  p p .
5 6 .
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t r e a t e d  tim b er.  By W.K. 
H a t t ,  1 9 0 6,  p p.  3 1.   Revise d  e di tion,  1 9 0 8.

Bul. 7 0—Effec t  of m ois t u r e  u po n  t h e  s t r e n g t h
a n d  s tiffnes s  of wood.   By H.D.  Tie m a n n,
1 9 0 6,  p p.  1 4 4.

Cir. 4 6—Holding  forc e  of r ail ro a d  s pikes
in wood e n  ti e s.   By
W.K.  H a t t ,  1 9 0 6,  p p .  7 .

Cir. 4 7—St r e n g t h  of p acking  boxes  of va rious
woods.   By W.K. 
H a t t ,  1 9 0 6,  p p.  7 .

Cir. 1 0 8—The  s t r e n g t h  of wood  a s  influe nc e d
by m ois t u r e .   By
H.D.  Tie m a n n,  1 9 0 7,  p p.  4 2.

Cir. 1 1 5—S e con d  p rog r e s s  r e po r t  on  t h e
s t r e n g t h  of s t r u c t u r al  ti m b er.  By W.K.  H a t t ,
1 9 0 7,  p p.  3 9.

Cir. 1 4 2—Test s  of vehicle  a n d  imple m e n t
woods.   By H.B.  H ol royd  a n d  H.S.  Be t t s ,
1 9 0 8,  p p.  2 9.

Cir. 1 4 6—Exp e rim e n t s  wi th  r ailw ay c ross-ti es.  
By H.B.  E as t m a n,  1 9 0 8,  p p .  3 2.

Cir. 1 7 9—Utiliza tion  of Califo rni a  e u c alyp t s.  
By H.S.  Be t t s  a n d  C. S tow ell S mit h,  1 9 1 0,  p p.
3 0 .

Bul. 7 5—Californi a  t a n b a rk  oak.  Pa r t
II, U tiliza tion  of t h e  wood  of t a n b a rk  oak, by H.S. 
Be t t s ,  1 9 1 1,  p p .  2 4-3 2.

Bul. 8 8—P ro p e r ti es  a n d  u s es  of Dougla s
fir.  By M cGa rvey Cline  a n d  J.B.  Kna p p,  1 9 1 1,
p p.  7 5 .

Cir. 1 8 9—S t r e n g t h  valu es  for  s t r u c t u r al
ti m b e r s .   By M cG a rvey Cline,  1 9 1 2,  p p .  8 .
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Cir. 1 9 3—M ec h a nic al p rop e r ti e s  of r e d w ood.  
By A.L.  H ei m, 1 9 1 2,  p p.  3 2 .

Bul. 1 0 8—Test s  of s t r uc t u r al  tim b e r s .  
By M cG a rvey Cline  a n d  A.L.  H ei m, 1 9 1 2,  p p .  1 2 3 1.

Bul. 1 1 2—Fi r e-killed  Dou glas  fir: 
a  s t u dy of it s  r a t e  of d e t e rio r a tion,  u s a bili ty, a n d
s t r e n g t h .   By J.B.  Kna p p,  1 9 1 2,  p p .  1 8.

Bul. 1 1 5—M ec h a nic al p rop e r ti e s  of w e s t e r n
h e mlock.  By O.P.M.  Goss,  1 9 1 3,  p p.  4 5 .

Bul. 1 2 2—M ec h a nic al p rop e r ti e s  of w e s t e r n
la rc h.   By O.P.M.  Goss,  1 9 1 3,  p p .  4 5.

Cir. 2 1 3—M ec h a nic al p rop e r ti e s  of woods
g row n  in t h e  U ni t e d  S t a t e s.  1 9 1 3,  p p.  4 .
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Cir. 2 1 4—Test s  of p a cking  boxes  of va rious
for m s.   By John  A. N e wlin, 1 9 1 3,  p p.  2 3.

Review  Fo r e s t  S e rvice  Inves tig a tions.  1 9 1 3.  [Outline
of inves tig a tions.] Vol.  I, p p .  1 7-2 1.   A
mic roscopic  s t u dy of t h e  m e c h a nic al failu r e  of wood,
by War r e n  D. Brus h.   Vol.  II, p p.  3 3-3 8.

Bul. 6 7,  U.S.D.A.—Tests  of Rocky Mo u n t ain
woods  for  t ele p ho n e  poles.   By N o r m a n  d eW. 
Bet t s  a n d  A.L.  H ei m,  1 9 1 4,  p p .  2 8.

Bul. 7 7,  U.S.D.A.—Rocky Mo u n t ain  mi n e  ti m b e r s .  
By N o r m a n  d eW.  Be t t s ,  1 9 1 4,  p p .  3 4.

Bul. 8 6,  U.S.D.A.—Tests  of wood e n  b a r r els .  
By J.A.  N e wlin,  1 9 1 4,  p p .  1 2.

REPORTS OF  TESTS ON  THE STRE NGTH OF STRUCTURAL MATERIAL, 
MADE AT
THE WATERTOWN ARSENAL, MASS.
H o u s e  Ex.  Doc.  No. 1 2,  4 7 t h  Con g., 1 s t  s e s s.,
1 8 8 2.   S t r e n g t h  of wood  g ro w n  on  t h e  Pacific slop e,
p p.  1 9-9 3.

S e n a t e  Ex.  Doc.  No.  1 ,  4 7 t h  Cong.,  2 d  s e s s .,
1 8 8 3.   Resis t a n c e  of w hi t e  a n d  yellow pin es  to
forc e s  of co m p r e s sion  in t h e  di r ec tion  of t h e  fibe r s,
a s  u s e d  for  colu m n s,  o r  pos t s ,  p p.  2 3 9-3 9 5.

S e n a t e  Ex.  Doc.  No.  5 ,  4 8 t h  Cong.,  1 s t  s e s s .,
1 8 8 4.   Tes t s  of Californi a  lau r el  wood  by co m p r e s sion,
ind e n t a tion,  s h e a rin g,  t r a n sve r s e  t e n sion,  p p.  2 2 3-2 3 6.  
Test s  of N o r t h  Ame ric a n  woods  (un d e r  s u p e rvision  of
P rof.  C.S.  S a r g e n t  in  c h a r g e  of t h e  for e s t ry
division  of t h e  Ten t h  Ce ns us), wit h  1 6  p ho tog r a p h s
of frac t u r e s  of Ame rica n  woods,  p p .  2 3 7-3 4 7.

S e n a t e  Ex.  Doc.  No.  3 5,  4 9 t h  Con g., 1 s t
s e s s.,  1 8 8 5.   Adhe sion  of n ails, s pike s,  a n d  sc r e w s
in va rious  woods.   Expe ri m e n t s  on  t h e  r e sis t a nc e
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of c u t  n ails, wi r e  n ails  (s t e el), wood  sc r e w s,  lag
sc r e w s  in w hi t e  pin e,  yellow pin e,  c h e s t n u t ,  w hi t e
o ak, a n d  lau r el, p p .  4 4 8-4 7 1.

H o u s e  Ex.  Doc.  No. 1 4,  5 1s t  Cong.,  1 s t  s e s s.,
1 8 9 0.   Adhesion  of s pike s  a n d  bol ts  in  r ail ro a d
tie s,  p p.  5 9 5-6 1 7.

H o u s e  Ex.  Doc.  No. 1 6 1,  5 2 d  Con g., 1 s t  s e s s .,
1 8 9 2.   Adhesion  of n ails  in wood,  p p.  7 4 4-7 4 5.

H o u s e  Ex.  Doc.  No. 9 2,  5 3 d  Cong.,  3 d  s e s s.,
1 8 9 5.  
Woods—co m p r e s sion  t e s t s  (en d wise  co m p r e s sion),
p p.  4 7 1-4 7 6.

H o u s e  Doc.  No.  5 4,  5 4 t h  Cong.,  1 s t  s e s s.,  1 8 9 6.  
Co m p r e s sion  t e s t s  on  Dougla s  fi r  wood,  p p.  5 3 6-5 6 3.  
Exp a n sion  a n d  con t r a c tion  of oak  a n d  pin e  wood, p p .
5 6 7-5 7 4.

H o u s e  Doc.  No.  1 6 4,  5 5 t h  Con g., 2 d  s e s s.,  1 8 9 8.  
Co m p r e s sion  t e s t s  of t im b e r  pos t s ,  p p .  4 0 5-4 1 1.  
N e w  pos t s  of yellow pin e  a n d  s p r uc e ,  p p .  4 1 3-4 5 0;
Old  yellow pin e  pos t s  fro m  Boston  Fi r e  Brick Co. b uilding,
No.  3 9 4  Fe d e r al  S t .,  Bos ton,  M a s s .,  p p.  4 5 1-4 7 3.

H o u s e  Doc.  No.  1 4 3,  5 5 t h  Con g., 3 d  s e s s.,  1 8 9 9.  
Fi r e-p roofed  wood  (en d wis e  a n d  t r a n sve r s e  t e s t s),
p p.  6 7 6-6 8 1.

H o u s e  Doc.  No.  1 9 0,  5 6 t h  Con g., 2 d  s e s s.,  1 9 0 1.  
Cyp r e s s  wood  for  U ni t e d  S t a t e s  E n gin e e r  Cor p s;  co m p r e s sion
a n d  t r a n sve r s e  t e s t s ,  p p.  1 1 2 1-1 1 2 6.   Old w hi t e
pin e  a n d  r e d  oak  fro m  roof t r u s s e s  of Old So u t h  Ch u rc h,
Bos ton,  M a s s .,  p p .  1 1 2 7-1 1 3 0.   Co m p r e s sion  of
r u b b er, b al a t a ,  a n d  wood  b uffe r s,  p p.  1 1 4 9-1 1 5 8.
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H o u s e  Doc.  No.  3 3 5,  5 7 t h  Con g., 2 d  s e s s.,  1 9 0 3.  
Dougla s  fi r  a n d  w hi t e  oak  woods.   Tra n sve r s e  a n d
s h e a rin g  t e s t s;  a lso  obs e rv a tions  on  h e a t  con d uc tivi ty
of s ticks  ove r  wood  fir e s  a n d  a  s tick  expos e d  to  low
t e m p e r a t u r e .   Exp a n sion  c ross wis e  t h e  g r ain  of
wood  af t e r  s u b m e r sion,  p p.  5 1 9-5 6 1.   Adhesion  of
lag  sc r e w s  a n d  bolt s  in wood,  p p .  5 6 3-5 7 8.   
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|                                                                        EXPRESSED IN POU NDS PER 
SQUARE INCH                                                                         |
|                                                       (F ro m  M a n u al  of t h e  Ame rica n  R ailw ay 
E n gin e e rin g  Assn., 1 9 1 1,  p .  1 5 3)                                                        |
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
----|
|  NOTE.--The  wo rking  u ni t-s t r e s s e s  give n  in t h e  t a ble  a r e  in t e n d e d  for  
r ail roa d  b ridg e s  a n d  t r e s tl e s.   Fo r  high w ay b ridg e s  a n d  t r e s tl e s  t h e  u ni t-
s t r e s s e s  m ay  b e  inc r e a s e d           |
|  tw e n ty-five (25) p e r  c e n t .   For   b uildings  a n d  simila r  s t r uc t u r e s,  in w hic h  
t h e  tim b e r  is p ro t ec t e d  fro m  t h e  w e a t h e r  a n d  p r a c tic ally fre e  fro m  imp ac t ,  
t h e  u ni t-s t r e s s e s  m ay  b e    |
|  inc r e a s e d  fifty (50) p e r  c e n t .   To co m p u t e  t h e  d eflec tion  of a  b e a m  u n d e r  
long-con tin u e d  loadin g  ins t e a d  of t h a t  w h e n  t h e  load  is fir s t  a p plied,  only 
fifty (50) p e r  c e n t  of t h e   |
|  co r r e s po n din g  m o d ulus  of el a s tici ty given  in t h e  t a bl e  is to  b e  e m ploye d.     
|
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
----|
|                  |              BENDING             |                  S H EARING                |        
COMPRESSION                                         |           |
|                  |---------------------------------+ - ------
----------------------------------+ - ------------------------------------------------------------------------|   
R a tio   |
|                  |       Ext r e m e        |  Mod ulus  of |     Pa r allel to      |     Longi tu din al     
|    Pe rp e n dicula r     |     Pa r allel to      |  For        |  Fo r m ula e  for        |     of    |
|                  |        fib r e         |  el a s tici ty |      t h e  g r ain       |     s h e a r  in        |     to  
t h e  g r ain     |      t h e  g r ain       |  colu m n s    |  wo rking  s t r e s s  in  |   leng t h   |
|     KIND OF      |        s t r e s s        |             |                     |     b e a m s            |           
|                     |  u n d e r  1 5   |  long  colu m n s  ove r  |     of    |
|     TIMBER       |--------------------+ - -----------+ - ------
-------------+ - -------------------+ - -------------------+ - -------------------|  di a m e t e r s  |  1 5  
di a m e t e r s       |  s t r in g e r  |
|                  |  Aver a g e   |  Working  |             |  Aver a g e   |  Working  |  El a s tic   |  
Working  |  Ela s tic   |  Working  |  Aver a g e   |  Working  |  wo rking    |                    |     
to     |
|                  |  ul tim a t e  |  s t r e s s   |   Aver a g e    |  ul tim a t e  |  s t r e s s   |  limit     |  s t r e s s
|  limit     |  s t r e s s   |  ul ti m a t e  |  s t r e s s   |  s t r e s s     |                    |   d e p t h    |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
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---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
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|  Dou gla s  fir      |    6 1 0 0    |    1 2 0 0   |  1 ,5 1 0,00 0   |    6 9 0     |    1 7 0    |     2 7 0    |    
1 1 0    |     6 3 0    |    3 1 0    |    3 6 0 0    |    1 2 0 0   |     9 0 0     |  1 2 0 0(1- l/60_d_) |     1 0     |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Longle af pin e    |    6 5 0 0    |    1 3 0 0   |  1 , 61 0,00 0   |    7 2 0     |    1 8 0    |     3 0 0    |    
1 2 0    |     5 2 0    |    2 6 0    |    3 8 0 0    |    1 3 0 0   |     9 8 0     |  1 3 0 0(1- l/60_d_) |     1 0     |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  S ho r tle af pin e   |    5 6 0 0    |    1 1 0 0   |  1 , 48 0,00 0   |    7 1 0     |    1 7 0    |     3 3 0    |    
1 3 0    |     3 4 0    |    1 7 0    |    3 4 0 0    |    1 1 0 0   |     8 3 0     |  1 1 0 0(1- l/60_d_) |     1 0     |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Whit e  pin e       |    4 4 0 0    |     9 0 0   |  1 ,13 0,00 0   |    4 0 0     |    1 0 0    |     1 8 0    |     
7 0    |     2 9 0    |    1 5 0    |    3 0 0 0    |    1 0 0 0   |     7 5 0     |  1 0 0 0(1- l/60_d_) |     1 0     |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  S p r u c e           |    4 8 0 0    |    1 0 0 0   |  1 , 31 0,00 0   |    6 0 0     |    1 5 0    |     1 7 0    |     
7 0    |     3 7 0    |    1 8 0    |    3 2 0 0    |    1 1 0 0   |     8 3 0     |  1 1 0 0(1- l/60_d_) |           |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  N o r w ay pin e      |    4 2 0 0    |     8 0 0   |  1 ,1 90,0 0 0   |    5 9 0[d] |    1 3 0    |     2 5 0    |    
1 0 0    |           |    1 5 0    |   2 6 0 0[d] |     8 0 0   |     6 0 0     |   8 0 0(1- l/60_d_) |           |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Tam a r a ck         |    4 6 0 0    |     9 0 0   |  1 , 22 0,00 0   |    6 7 0     |    1 7 0    |     2 6 0    |    
1 0 0    |           |    2 2 0    |   3 2 0 0[d] |    1 0 0 0   |     7 5 0     |  1 0 0 0(1- l/60_d_) |           |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Wes t e r n  h e mlock |    5 8 0 0    |    1 1 0 0   |  1 ,48 0,0 00   |    6 3 0     |    1 6 0    |    2 7 0[d] 
|    1 0 0    |     4 4 0    |    2 2 0    |    3 5 0 0    |    1 2 0 0   |     9 0 0     |  1 2 0 0(1- l/60_d_) |          
|
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
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|  Red wood          |    5 0 0 0    |     9 0 0   |    8 0 0,00 0   |    3 0 0     |     8 0    |           |          |  
4 0 0    |    1 5 0    |    3 3 0 0    |     9 0 0   |     6 8 0     |   9 0 0(1- l/60_d_) |           |
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|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Bald  cyp r e s s     |    4 8 0 0    |     9 0 0   |  1 ,15 0,0 00   |    5 0 0     |    1 2 0    |           |         
|     3 4 0    |    1 7 0    |    3 9 0 0    |    1 1 0 0   |     8 3 0     |  1 1 0 0(1- l/60_d_) |           |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Red  c e d a r        |    4 2 0 0    |     8 0 0   |    8 0 0,0 0 0   |           |          |           |          |     
4 7 0    |    2 3 0    |    2 8 0 0    |     9 0 0   |     6 8 0     |   9 0 0(1- l/60_d_) |           |
|-----------------+ - ---------+ - --------+ - -----------+ - ------
---+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ---------+ - --------+ - ----------
+ - ------------------+ - ---------|
|  Whit e  oak        |    5 7 0 0    |    1 1 0 0   |  1 ,1 50,0 0 0   |    8 4 0     |    2 1 0    |     2 7 0    |    
1 1 0    |     9 2 0    |    4 5 0    |    3 5 0 0    |    1 3 0 0   |     9 8 0     |  1 3 0 0(1- l/60_d_) |     1 2     |
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
----|
|  Thes e  u ni t-s t r e s s e s  a r e  for  a  g r e e n  con di tion  of t im b e r  a n d  a r e                     
l =  Leng t h  in inch es .       |
|  to  b e  u s e d  wi tho u t  inc r e a sing  t h e  live load  s t r e s s e s  for  imp ac t .                     
d  =  Leas t  side  in inch e s .   |
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
----|
| [Foot no t e  b:   Adopt e d ,  Vol. 1 9 0 9,  p p .  5 3 7,  5 6 4,  6 0 9-6 1 1.]                              
|
| [Foot no t e  c:   Gr e e n  tim b e r  in expos e d  wo rk.]                                                 
|
| [Foot no t e  d:   Pa r ti ally ai r-d ry]                                                                         
|
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
----|
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|                  |                   p a r allel to  g r ain                    |           p e r p e n dicula r   to  
g r ain           |                           |
|                  |-----------------------------------------
-------------+ - ------------------------------------------+ - -------------------------|
|                  |           |        |        |  Cr.    |         |  Cr.     |         |         |        |        |  Cr.     
|        |        |           |
|      S p e ci es      |           |        |  Pe r    |  s tr.   |  M.  of  |  s tr.    |         |         |        |  Pe r   
|  s tr.    |        |  Pe r    |           |
|                  |  Size  of  |   No.  |  c e n t   |  a t      |  E.      |  a t  m ax. |  S t r e s s  |         |   No.  
|  c e n t   |  a t  m ax. |   No.   |  c e n t   |   S h e a r    |
|                  |  s p eci m e n  |   of   |  of    |  E.  L.  |  p e r     |  ld.,.   |  a r e a    |  H eigh t  |   of 
|  of    |  ld.,    |   of   |  of    |  s t r e n g t h  |
|                  |           |  t e s t s  |  m ois- |  p e r     |  s q u a r e  |  p e r      |         |         |  t e s t s  |  
m ois- |  p e r      |  t e s t s  |  m ois- |           |
|                  |           |        |   t u r e  |  s q u a r e  |  inch    |  s q u a r e   |         |         |        |   
t u r e  |  s q u a r e   |        |   t u r e  |           |
|                  |           |        |        |  inch    |         |  inch     |         |         |        |        |  inch
|        |        |           |
|-----------------+ - ---------+ - ------+ - ------+ - -------+ - ----
---+ - --------+ - -------+ - -------+ - ------+  ------+ - --------+ - ------+ - ------+ - ---------|
|                  |           |        |        |         |   1 , 00 0  |          |         |         |        |        |          
|        |        |           |
|                  |   Inc h e s   |        |        |   Lbs.   |   lbs.   |   Lbs.    |  Inc h e s  |  Inch es  |        |  
|    Lbs.   |        |        |    Lbs.    |
|                  |           |        |        |         |         |          |         |         |        |        |          |    
|        |           |
|  Longle af pin e    |   4  by 5   |    4 6   |   2 6.3  |   3 ,4 80  |         |   4 ,8 0 0   |  4  by  5  |      4   
|    2 2   |  2 5.1   |     5 7 2   |    5 2   |   2 0.2  |      9 8 4   |
|  Dou gla s  fir      |   6  by 6   |   2 5 9   |   2 0.3  |   3 ,2 71  |   1 , 03 8  |   4 ,25 8   |  4  by 8  |     
1 6   |    4 4   |  2 0.8   |     7 3 2   |   4 6 5   |   2 2.1  |      8 2 2   |
|                  |   2  by 2   |   2 4 7   |   1 8.7  |   3 , 84 2  |   1 ,08 4  |   5 ,0 0 2   |  4  by  8  |     1 0   |   
3 2   |  1 8.1   |     5 8 4   |        |        |           |
|                  |           |        |        |         |         |          |  4  by  4  |      8   |    5 1   |  2 0.2   |     
6 3 8   |        |        |           |
|                  |           |        |        |         |         |          |  4  by  4  |      6   |    4 9   |  2 4.0   |     
6 1 3   |        |        |           |
|                  |           |        |        |         |         |          |  4  by  4  |      4   |    2 9   |  2 4.8   |     
6 0 3   |        |        |           |
|  S ho r tl e af pin e   |   6  by 6   |    2 9   |   1 5.7  |   4 ,0 7 0  |   1 , 95 1  |   6 ,0 30   |  8  by 5  |     
1 6   |     4   |  1 7.8   |     7 2 5   |    8 5   |        |    1 ,1 35   |
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|                  |   2  by 2   |    5 7   |   1 4.2  |         |         |   6 ,38 0   |  8  by 5  |     1 4   |     3   |  
1 6 .3   |     7 5 7   |        |        |           |
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|                  |           |        |        |         |         |          |  8  by  5  |     1 2   |     5   |  1 5.1   |     
7 3 0   |        |        |           |
|                  |           |        |        |         |         |          |  5  by  5  |      8   |     6   |  1 3.0   |     
9 1 8   |        |        |           |
|                  |           |        |        |         |         |          |  2  by  2  |      2   |    5 7   |  1 3.9   |     
9 2 6   |        |        |           |
|  Wes t e r n  la rc h    |   6  by 6   |   1 1 2   |   1 6.0  |         |         |   5 , 44 5   |  8  by 6  |     1 6   |  
1 7   |  1 8.8   |     4 9 1   |   1 9 3   |   1 5.0  |      9 0 5   |
|                  |   4  by 4   |    8 1   |   1 4.7  |         |         |   6 ,16 1   |  8  by 6  |     1 2   |    1 8   |  
1 7 .6   |     5 2 6   |        |        |           |
|                  |   2  by 2   |   2 7 0   |   1 4.8  |         |         |   5 ,93 4   |  5  by 4  |      8   |    2 2   |  
1 3 .3   |     7 3 5   |        |        |           |
|  Loblolly pin e    |   6  by 6   |    2 3   |        |   3 ,3 5 7  |   1 ,69 3  |   5 ,0 05   |  8  by  5  |     1 6  
|    1 2   |  1 9.8   |     6 0 2   |   1 5 6   |   1 1.3  |    1 ,11 5   |
|                  |   5  by 5   |    1 0   |   2 2.4  |   2 ,2 1 7  |     5 4 5  |   2 ,95 0   |  8  by 5  |      8   |     
7   |  2 2.9   |     6 7 9   |        |        |           |
|                  |   4  by 8   |     8   |   1 9.4  |   3 ,0 10  |     6 3 3  |   3 ,92 0   |  4  by 5  |      8   |     8
|  1 9.5   |     7 1 5   |        |        |           |
|                  |   2  by 2   |    6 9   |        |         |         |   5 ,5 4 7   |         |         |        |        |     
|        |        |           |
|  Tam a r a ck         |   6  by  7   |     3   |   1 5.7  |   2 ,2 57  |   1 , 04 2  |   3 ,32 3   |  2  by 2  |      2
|    5 7   |  1 6.2   |     6 9 7   |    6 0   |   1 4.0  |      8 7 9   |
|                  |   4  by 7   |     3   |   1 3.6  |   3 ,7 80  |   1 , 30 1  |   4 ,82 3   |         |         |        |   
|          |        |        |           |
|                  |   4  by 4   |    5 7   |   1 4.9  |   3 ,3 8 6  |   1 , 35 3  |   4 ,3 46   |         |         |        |  
|          |        |        |           |
|                  |   2  by 2   |    6 6   |   1 4.6  |         |         |   4 ,79 0   |         |         |        |        |  
|        |        |           |
|  Wes t e r n  h e mlock |   6  by  6   |   1 0 2   |   1 8.6  |   4 , 84 0  |   2 ,1 40  |   5 , 81 4   |  7  by  6  |
1 5   |    2 5   |  1 8.2   |     5 1 4   |   1 3 1   |   1 7.7  |      9 2 4   |
|                  |   2  by 2   |   4 6 3   |   1 7.0  |   4 , 56 0  |   1 ,92 3  |   5 ,4 0 3   |  6  by  6  |      6   |    
2 6   |  1 6.8   |     4 3 1   |        |        |           |
|                  |           |        |        |         |         |          |  4  by  4  |      4   |     6   |  1 5.9   |     
4 8 8   |        |        |           |
|  Red wood          |   6  by  6   |    1 8   |   1 6.9  |         |         |   4 ,27 6   |  8  by 6  |     1 6   |    
5   |  2 5.4   |     5 4 8   |    9 5   |   1 2.4  |      6 7 1   |
|                  |   2  by 2   |   1 1 5   |   1 4.6  |         |         |   5 ,11 9   |  6  by 6  |     1 2   |     6   |  
1 4 .7   |     6 1 0   |        |        |           |
|                  |           |        |        |         |         |          |  7  by  6  |      9   |     5   |  1 4.8   |     
5 0 0   |        |        |           |
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|                  |           |        |        |         |         |          |  3  by  6  |     1 4   |     2   |  1 2.6   |     
4 7 0   |        |        |           |
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|                  |           |        |        |         |         |          |  2  by  6  |     1 2   |     2   |  1 6.2   |     
4 9 8   |        |        |           |
|                  |           |        |        |         |         |          |  2  by  6  |     1 0   |     4   |  1 4.3   |     
5 1 1   |        |        |           |
|                  |           |        |        |         |         |          |  2  by  6  |      8   |     2   |  1 3.2   |     
4 2 9   |        |        |           |
|                  |           |        |        |         |         |          |  2  by  2  |      2   |   1 4 5   |  1 3 .8   |    
5 6 4   |        |        |           |
|  N o r w ay pin e      |   6  by 7   |     4   |   1 5.2  |   2 , 67 0  |   1 ,1 82  |   4 , 21 2   |  2  by  2  |      
2   |    3 6   |  1 0.0   |     9 2 4   |    4 4   |   1 1.9  |    1 , 14 5   |
|                  |   4  by 7   |     2   |   2 2.2  |   3 ,2 75  |   1 , 72 4  |   4 ,57 5   |         |         |        |   
|          |        |        |           |
|                  |   4  by 4   |    5 5   |   1 6.6  |   3 ,0 4 8  |   1 , 36 7  |   4 ,2 17   |         |         |        |  
|          |        |        |           |
|                  |   2  by 2   |    4 4   |   1 1.2  |         |         |   7 ,55 0   |         |         |        |        |  
|        |        |           |
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
|  N o t e .--Follo wing  is an  e x plana tion  of  t h e  ab br evia tions  u s e d  in t h e  
fore going  table s:                                                       |
|     F.S. a t  E.L. =  Fib e r  s t r e s s  a t  e l a s tic  limi t.                                                    
|
|     M.  of E.  =  Mod ulus  of el a s tici ty.                                                                  
|
|     M.  of R. =  Mod ulus  of r u p t u r e .                                                                     
|
|     Cr. s tr. a t  E.L. =  Crus hin g  s t r e n g t h  a t  e l a s tic  limi t.                                     
|
|     Cr. s tr. a t  m ax. ld. =  Cr us hin g  s t r e n g t h  a t  m axim u m  loa d.                          
|
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
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|                                               BENDING TESTS ON  AIR-S EASO NED 
MATERIAL                                               |
|-----------------------------------------------------------
------------------------------------------------------------------------|
|                  |       Size s       |        |        |        |    F.S. a t  E.L.  |      M.  of R.    |      M.  
of E.     |    Calcula t e d     |
|                  |-----------------|  N u m-  |  Pe r    |  Rings  |                  |                  |             
|       s h e a r       |
|      S p e ci es      |           |       |   b e r   |  c e n t   |   p e r   
|-----------------+ - ----------------+ - ----------------+ - ----------------|
|                  |   C ross    |  S p a n  |  of    |  m ois- |  inch   |  Aver a g e  |  Ra tio |  Aver a g e  |  
R a tio |  Aver a g e  |  R a tio |  Aver a g e  |  R a tio |
|                  |  S e c tion   |       |  t e s t s  |   t u r e  |        |  p e r  s q.  |  to  2”  |  p e r  s q.  |  to  2” |  
p e r  s q.  |  to  2” |  p e r  s q.  |  to  2”  |
|                  |           |       |        |        |        |   inc h    |  by 2” |   inch    |  by  2”  |   inch    
|  by  2” |   inch    |  by 2”  |
|-----------------+ - ---------+ - -----+ - ------+ - ------+ - ------
+ - --------+ - ------+ - --------+ - ------+ - --------+ - ------+ - --------+ - ------|
|                  |           |       |        |        |        |          |        |          |        |   1 ,00 0   |        |   
|        |
|                  |   Inc h e s   |  Ins.  |        |        |        |    Lbs.   |        |    Lbs.   |        |    lbs.  |  
|    Lbs.   |        |
|                  |           |       |        |        |        |          |        |          |        |          |        |       
|        |
|  Longle af pin e    |   8  by 1 6  |   1 8 0  |     5   |   2 2.2  |   1 6.0  |   3 ,3 90   |   0 .50  |   4 ,27 4  
|   0 .3 7  |   1 ,7 4 7   |   1 .00  |     2 8 8   |   0 . 75  |
|                  |   6  by 1 6  |   1 3 2  |     1   |   2 3.4  |   1 7.1  |   3 ,4 7 0   |    .51  |   6 ,61 0   |    .57
|   1 ,5 0 1   |    .86  |     3 8 8   |   1 .0 1  |
|                  |   6  by 1 0  |   1 7 7  |     2   |   1 9.0  |    8 .8  |   4 ,5 60   |    .68  |   7 , 88 0   |    .68  
|   1 ,7 2 2   |    .99  |     2 1 4   |    .56  |
|                  |   4  by 1 1  |   1 8 0  |     1   |   1 8.4  |   2 3.9  |   3 ,0 7 8   |    .46  |   8 ,00 0   |    .69
|   1 ,6 6 0   |    .95  |     2 5 1   |    .66  |
|                  |   6  by  8  |   1 7 7  |     6   |   2 0.0  |   1 3.7  |   4 ,2 27   |    .63  |   8 , 19 6   |    .71  
|   1 ,6 3 4   |    .94  |     1 7 7   |    .46  |
|                  |   2  by  2  |    3 0  |    1 7   |   1 5.9  |   1 3.9  |   6 ,7 50   |   1 . 00  |  1 1,52 0   |   
1 . 00  |   1 , 74 0   |   1 .0 0  |     3 8 3   |   1 . 00  |
|  Dou gla s  fir      |   8  by 1 6  |   1 8 0  |    9 1   |   2 0.8  |   1 3.1  |   4 ,5 63   |    .68  |   6 , 37 2   |
.61  |   1 ,5 4 9   |    .91  |     2 6 9   |    .64  |
|                  |   5  by  8  |   1 8 0  |    3 0   |   1 4.9  |   1 2.2  |   5 ,0 6 5   |    .76  |   6 ,77 7   |    .65
|   1 ,8 5 3   |   1 .09  |     2 1 8   |    .52  |
|                  |   2  by  2  |    2 4  |   2 1 1   |   1 9.0  |   1 6.4  |   6 ,6 8 6   |   1 .00  |  1 0,3 78   |   
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1.00  |   1 , 69 5   |   1 .0 0  |     4 1 9   |   1 . 00  |
|  S ho r tle af pin e   |   8  by 1 6  |   1 8 0  |     3   |   1 7.0  |   1 2.3  |   4 ,2 2 0   |    .54  |   6 ,03 0   
|    .50  |   1 ,5 17   |    .85  |     3 9 8   |    .98  |
|                  |   8  by 1 4  |   1 8 0  |     3   |   1 6.0  |   1 2.3  |   4 ,2 5 3   |    .55  |   5 ,34 7   |    .44
|   1 ,7 5 7   |    .98  |     3 0 7   |    .76  |

232



Page 104

|                  |   8  by 1 2  |   1 8 0  |     7   |   1 6.0  |   1 2.4  |   5 ,0 5 1   |    .65  |   7 ,33 1   |    .60
|   1 ,8 0 3   |   1 .01  |     3 6 1   |    .89  |
|                  |   5  by  8  |   1 8 0  |     6   |   1 2.2  |   2 2.5  |   7 ,1 23   |    .92  |   9 , 37 3   |    .77  
|   1 ,9 8 5   |   1 .11  |     3 0 1   |    .74  |
|                  |   2  by  2  |    3 0  |    6 7   |   1 4.2  |   1 3.7  |   7 ,7 80   |   1 . 00  |  1 2,12 0   |   
1 . 00  |   1 , 79 2   |   1 .0 0  |     4 0 4   |   1 . 00  |
|  Wes t e r n  la rc h    |   8  by 1 6  |   1 8 0  |    2 3   |   1 8.3  |   2 1.9  |   3 ,3 43   |    .57  |   5 , 44 0  
|    .53  |   1 ,4 09   |    .90  |     3 4 9   |    .96  |
|                  |   8  by 1 2  |   1 8 0  |    2 9   |   1 7.8  |   2 3.4  |   3 , 63 1   |    .62  |   6 ,18 6   |    .
6 0  |   1 ,5 49   |    .99  |     2 9 5   |    .81  |
|                  |   5  by  8  |   1 8 0  |    1 0   |   1 3.6  |   2 7.6  |   4 ,7 3 0   |    .80  |   7 ,25 8   |    .71
|   1 ,6 2 0   |   1 .04  |     2 2 1   |    .61  |
|                  |   2  by  2  |    3 0  |   2 4 0   |   1 6.1  |   2 6.8  |   5 ,8 8 0   |   1 .00  |  1 0,2 54   |   
1 . 00  |   1 , 56 4   |   1 .0 0  |     3 6 4   |   1 . 00  |
|  Loblolly pin e    |   8  by 1 6  |   1 8 0  |    1 4   |   2 0.5  |    7 .4  |   4 ,19 5   |    .81  |   6 ,7 3 4   |
.72  |   1 ,6 1 9   |   1 .10  |     4 6 2   |   1 .4 5  |
|                  |   6  by 1 6  |   1 2 6  |     4   |   2 0.2  |    5 .0  |   2 ,4 32   |    .47  |   4 , 29 5   |    .46  
|   1 ,3 2 4   |    .90  |     2 6 6   |    .84  |
|                  |   6  by 1 0  |   1 7 4  |     3   |   2 1.3  |    4 .7  |   3 ,1 00   |    .60  |   6 , 16 7   |    .66  
|   1 ,4 4 9   |    .99  |     1 7 3   |    .54  |
|                  |   4  by 1 2  |   1 7 4  |     4   |   1 9.8  |    4 .7  |   2 ,7 13   |    .52  |   5 , 74 5   |    .61  
|   1 ,2 4 9   |    .85  |     1 8 5   |    .58  |
|                  |   8  by  8  |   1 8 0  |     9   |   2 2.9  |    4 .9  |   2 ,90 3   |    .56  |   4 , 55 7   |    .48  |
1 , 13 6   |    .77  |      9 3   |    .29  |
|                  |   6  by  7  |   1 4 4  |     2   |   2 1.1  |    5 .0  |   2 ,99 0   |    .58  |   4 , 96 8   |    .53  |
1 , 28 6   |    .88  |     1 1 6   |    .36  |
|                  |   4  by  8  |   1 3 2  |     8   |   1 9.5  |    9 .1  |   3 ,38 4   |    .65  |   6 , 19 4   |    .66  |
1 , 20 0   |    .82  |     1 9 6   |    .62  |
|                  |   2  by  2  |    3 0  |   1 2 3   |   1 7.6  |    6 .6  |   5 ,1 70   |   1 . 00  |   9 ,40 0   |   
1 . 00  |   1 , 46 7   |   1 .0 0  |     3 1 8   |   1 . 00  |
|  Tam a r a ck         |   6  by  1 2  |   1 6 2  |     5   |   2 3.0  |   1 5.1  |   3 ,4 3 4   |    .45  |   5 ,64 0   |
.43  |   1 ,3 3 0   |    .82  |     3 1 8   |    .75  |
|                  |   4  by 1 0  |   1 6 2  |     4   |   1 4.4  |    9 .7  |   4 ,1 00   |    .54  |   5 , 32 0   |    .41  
|   1 ,3 8 6   |    .84  |     2 5 2   |    .59  |
|                  |   2  by  2  |    3 0  |    4 7   |   1 1.3  |   1 6.2  |   7 ,6 30   |   1 . 00  |  1 3,08 0   |   
1 . 00  |   1 , 62 0   |   1 .0 0  |     4 2 5   |   1 . 00  |
|  Wes t e r n  h e mlock |   8  by  1 6  |   1 8 0  |    4 4   |   1 7 .7  |   1 7.8  |   4 , 39 8   |    .69  |   
6 , 42 0   |    .62  |   1 ,73 7   |   1 . 04  |     4 0 6   |   1 .0 6  |
|                  |   2  by  2  |    2 8  |   3 1 1   |   1 7.9  |   1 9.4  |   6 ,3 3 3   |   1 .00  |  1 0,3 69   |   
1 . 00  |   1 , 66 6   |   1 .0 0  |     3 8 2   |   1 . 00  |
|  Red wood          |   8  by  1 6  |   1 8 0  |     6   |   2 6.3  |   2 2.4  |   3 ,7 9 7   |    .79  |   4 ,42 8   |
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.57  |   1 ,1 0 7   |    .96  |     2 9 4   |   1 .0 5  |
|                  |   6  by 1 2  |   1 8 0  |     6   |   1 6.1  |   1 7.7  |   3 ,1 7 5   |    .66  |   3 ,35 3   |    .43
|     7 2 8   |    .64  |     1 6 7   |    .60  |
|                  |   7  by  9  |   1 8 0  |     6   |   1 5.9  |   1 5.2  |   3 ,2 80   |    .69  |   4 , 00 2   |    .51  
|   1 ,1 0 4   |    .96  |     1 4 7   |    .53  |

234



Page 105

|                  |   3  by 1 4  |   1 8 0  |     6   |   1 3.1  |   2 4.4  |          |        |   5 ,03 3   |    .64  |     
|        |     2 9 1   |   1 .0 4  |
|                  |   2  by 1 2  |   1 8 0  |     5   |   1 3.8  |   1 4.4  |   3 ,9 2 8   |    .82  |   5 ,33 6   |    .68
|   1 ,2 4 9   |   1 .09  |     2 6 0   |    .93  |
|                  |   2  by 1 0  |   1 8 0  |     5   |   1 3.8  |   2 4.8  |   3 ,7 5 7   |    .79  |   4 ,60 6   |    .59
|   1 ,1 9 8   |   1 .05  |     1 8 6   |    .67  |
|                  |   2  by  8  |   1 8 0  |     6   |   1 3.7  |   2 0.7  |   4 ,3 14   |    .90  |   5 , 05 0   |    .65  
|   1 ,3 1 3   |   1 .15  |     1 6 6   |    .60  |
|                  |   2  by  2  |    2 8  |   1 2 2   |   1 5.2  |   1 8.8  |   4 ,7 7 7   |   1 .00  |   7 ,79 8   |   
1 . 00  |   1 , 14 6   |   1 .0 0  |     2 7 9   |   1 . 00  |
|  N o r w ay pin e      |   6  by 1 2  |   1 6 2  |     5   |   1 6.7  |    8 .1  |   2 , 96 8   |    .56  |   5 ,2 04   
|    .61  |   1 ,1 23   |    .97  |     2 8 6   |   1 .0 2  |
|                  |   4  by 1 0  |   1 6 2  |     5   |   1 3.7  |   1 2.0  |   5 ,1 7 0   |    .98  |   6 ,90 4   |    .82
|   1 ,7 1 2   |   1 .48  |     3 1 7   |   1 .1 3  |
|                  |   2  by  2  |    3 0  |    6 0   |   1 4.9  |   1 1.2  |   5 ,2 80   |   1 . 00  |   8 ,47 0   |   
1 . 00  |   1 , 15 8   |   1 .0 0  |     2 8 1   |   1 . 00  |
|-----------------------------------------------------------
------------------------------------------------------------------------|
|  N o t e .--Follo wing  is an  e x plana tion  of  t h e  ab br evia tions  u s e d  in t h e  
fore going  table s:                                           |
|     F.S. a t  E.L. =  Fib e r  s t r e s s  a t  e l a s tic  limi t.                                                    
|
|     M.  of E.  =  Mod ulus  of el a s tici ty.                                                                  
|
|     M.  of R. =  Mod ulus  of r u p t u r e .                                                                     
|
|     Cr. s tr. a t  E.L. =  Crus hin g  s t r e n g t h  a t  e l a s tic  limi t.                                     
|
|     Cr. s tr. a t  m ax. ld. =  Cr us hin g  s t r e n g t h  a t  m axim u m  loa d.                          
|
|-----------------------------------------------------------
------------------------------------------------------------------------|
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|                  |                      Co m p r e s sion                       |                 Co m p r e s sion  
|            S h e a r           |
|                  |                   p a r allel to  g r ain                    |           p e r p e n dicula r   to  
g r ain           |                           |
|                  |-----------------------------------------
-------------+ - ------------------------------------------+ - -------------------------|
|                  |           |        |        |  Cr.    |         |  Cr.     |         |         |        |        |  Cr.     
|        |        |           |
|      S p e ci es      |           |        |  Pe r    |  s tr.   |  M.  of  |  s tr.    |         |         |        |  Pe r   
|  s tr.    |        |  Pe r    |           |
|                  |  Size  of  |   No.  |  c e n t   |  a t      |  E.      |  a t  m ax. |  S t r e s s  |         |   No.  
|  c e n t   |  a t  m ax. |   No.   |  c e n t   |   S h e a r    |
|                  |  s p eci m e n  |   of   |  of    |  E.  L.  |  p e r     |  ld.,.   |  a r e a    |  H eigh t  |   of 
|  of    |  ld.,    |   of   |  of    |  s t r e n g t h  |
|                  |           |  t e s t s  |  m ois- |  p e r     |  s q u a r e  |  p e r      |         |         |  t e s t s  |  
m ois- |  p e r      |  t e s t s  |  m ois- |           |
|                  |           |        |   t u r e  |  s q u a r e  |  inch    |  s q u a r e   |         |         |        |   
t u r e  |  s q u a r e   |        |   t u r e  |           |
|                  |           |        |        |  inch    |         |  inch     |         |         |        |        |  inch
|        |        |           |
|-----------------+ - ---------+ - ------+ - ------+ - -------+ - ----
---+ - --------+ - -------+ - -------+ - ------+  ------+ - --------+ - ------+ - ------+ - ---------|
|                  |           |        |        |         |   1 , 00 0  |          |         |         |        |        |          
|        |        |           |
|                  |   Inc h e s   |        |        |   Lbs.   |   lbs.   |   Lbs.    |  Inc h e s  |  Inch es  |        |  
|    Lbs.   |        |        |    Lbs.    |
|                  |           |        |        |         |         |          |         |         |        |        |          |    
|        |           |
|  Longle af pin e    |   4  by 4   |    4 6   |   2 6.3  |   3 ,4 80  |         |   4 ,8 0 0   |  4  by  4  |      4   
|    2 2   |   2 5.3  |     5 6 8   |    4 4   |   2 1.8  |      9 7 3   |
|                  |   2  by 2   |    1 4   |   3 4.7  |         |         |   4 ,40 0   |         |         |        |        |  
|        |        |           |
|  Dou gla s  fir      |   6  by 6   |   5 1 5   |   3 0.7  |   2 ,7 80  |   1 , 18 1  |   3 ,50 0   |  4  by 8  |     
1 6   |   2 5 9   |   3 0.3  |     5 7 0   |   5 3 1   |   2 9.7  |      7 6 5   |
|                  |   5  by 6   |   1 7 0   |   3 0.9  |   2 , 72 0  |   2 ,12 3  |   3 ,4 9 0   |         |         |        |
|          |        |        |           |
|                  |   2  by 2   |   9 0 2   |   2 9.8  |   3 , 50 0  |   1 ,92 5  |   4 ,0 3 0   |         |         |        |
|          |        |        |           |
|  Dou gla s  fir      |           |        |        |         |         |          |         |         |        |        |        
|        |        |           |
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|    (fi r e-killed) |   6  by  6   |   1 0 8   |   3 4 .8  |   2 , 62 0  |   1 ,80 1  |   3 ,2 9 0   |  6  by  8  |     1 6
|    2 4   |   3 3.7  |     3 6 8   |    7 7   |   3 5.8  |      6 3 1   |
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|                  |   2  by 2   |   2 0 4   |   3 7.9  |         |         |   3 ,43 0   |         |         |        |        |
|        |        |           |
|  S ho r tl e af pin e   |   6  by 6   |    9 5   |   4 1.2  |   2 ,5 1 4  |   1 , 56 5  |   3 ,4 36   |  5  by 8  |     
1 6   |    1 2   |   3 7.7  |     3 6 1   |   1 7 9   |   4 7.0  |      7 0 4   |
|                  |   5  by 8   |    2 3   |   4 3.5  |   2 ,2 4 1  |   1 , 52 9  |   3 ,4 23   |  5  by 8  |     1 4   |    
1 2   |   4 2.8  |     3 6 6   |        |        |           |
|                  |   2  by 2   |   2 8 1   |   5 1.4  |         |         |   3 ,57 0   |  5  by 8  |     1 2   |    2 4   |
5 3 .0  |     3 2 5   |        |        |           |
|                  |           |        |        |         |         |          |  5  by  5  |      8   |    2 4   |   4 7 .0  |     
3 4 4   |        |        |           |
|                  |           |        |        |         |         |          |  2  by  2  |      2   |   2 7 7   |   4 8.5  |    
4 0 0   |        |        |           |
|  Wes t e r n  la rc h    |   6  by 6   |   1 0 7   |   4 9.1  |   2 ,6 75  |   1 , 57 5  |   3 ,51 0   |  6  by 8  |     
1 6   |    2 2   |   4 3.6  |     4 1 7   |   1 7 9   |   4 0.7  |      7 0 0   |
|                  |   2  by 2   |   4 9 1   |   5 0.6  |   3 , 02 6  |   1 ,54 5  |   3 ,6 9 6   |  6  by  8  |     1 2   |   
2 0   |   4 0.2  |     4 1 6   |        |        |           |
|                  |           |        |        |         |         |          |  4  by  6  |      6   |    5 3   |   5 2 .8  |     
4 7 8   |        |        |           |
|                  |           |        |        |         |         |          |  4  by  4  |      4   |    3 0   |   5 0 .4  |     
4 7 2   |        |        |           |
|  Loblolly pin e    |   8  by 8   |    1 4   |   6 3.4  |   1 ,56 0  |     3 6 5  |   2 , 14 0   |  8  by  4  |      8
|    1 6   |   6 7.2  |     3 9 2   |   1 2 1   |   8 3.2  |      6 3 0   |
|                  |   4  by 8   |    1 8   |   6 0.0  |   2 ,4 3 0  |     6 9 1  |   3 ,56 0   |  4  by 4  |      8   |    
3 8   |   4 4.6  |     5 4 6   |        |        |           |
|                  |   2  by 2   |    5 3   |   7 4.0  |         |         |   3 ,24 0   |         |         |        |        |  
|        |        |           |
|  Tam a r a ck         |   6  by  7   |     4   |   4 9.9  |   2 ,3 32  |   1 , 43 2  |   3 ,03 2   |         |         |   
|        |          |    2 4   |   3 9.2  |      6 6 8   |
|                  |   4  by 7   |     6   |   2 7.7  |   2 ,4 44  |   1 , 33 4  |   3 ,36 0   |         |         |        |   
|          |        |        |           |
|                  |   2  by 2   |   1 6 5   |   3 6.8  |         |         |   3 ,19 0   |         |         |        |        |
|        |        |           |
|  Wes t e r n  h e mlock |   6  by  6   |    8 2   |   4 6 .6  |   2 , 90 5  |   1 ,61 7  |   3 ,3 5 5   |  6  by  4  |  
6   |    3 0   |   4 8.7  |     4 3 4   |    5 4   |   6 5.7  |      6 3 0   |
|                  |   2  by 2   |   1 3 1   |   5 5.6  |   2 , 93 8  |   1 ,73 7  |   3 ,3 9 2   |         |         |        |
|          |        |        |           |
|  Red wood          |   6  by  6   |    3 4   |   8 3.6  |   3 ,1 9 4  |   1 ,24 0  |   3 ,8 82   |  6  by  8  |     
1 6   |    1 3   |   8 6.7  |     4 7 3   |   1 4 8   |   8 4.2  |      7 4 2   |
|                  |   2  by 2   |   1 4 3   |   3 6.8  |   3 , 49 0  |   1 ,22 2  |   3 ,9 8 0   |  6  by  6  |     1 2   |   
1 4   |   8 3.0  |     4 2 4   |        |        |           |
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|                  |           |        |        |         |         |          |  6  by  7  |      9   |    1 3   |   7 4 .7  |     
4 7 7   |        |        |           |
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|                  |           |        |        |         |         |          |  6  by  3  |     1 4   |    1 3   |   7 5.6  |    
4 1 1   |        |        |           |
|                  |           |        |        |         |         |          |  6  by  2  |     1 2   |    1 2   |   6 6.5  |    
4 3 0   |        |        |           |
|                  |           |        |        |         |         |          |  6  by  2  |     1 0   |    1 1   |   5 5.0  |    
4 2 3   |        |        |           |
|                  |           |        |        |         |         |          |  6  by  2  |      8   |    1 2   |   5 6 .7  |     
3 9 6   |        |        |           |
|                  |           |        |        |         |         |          |  2  by  2  |      2   |   1 8 6   |   7 5.5  |    
5 6 9   |        |        |           |
|  N o r w ay pin e      |   6  by 7   |     5   |   2 9.0  |   1 , 92 8  |     9 0 5  |   2 ,4 0 4   |         |         |  
|        |          |    2 0   |   2 6.7  |      5 8 9   |
|                  |   4  by 7   |     8   |   2 8.4  |   2 ,1 54  |   1 , 06 3  |   2 ,65 2   |         |         |        |   
|          |        |        |           |
|                  |   2  by 2   |   1 7 8   |   2 6.8  |         |         |   2 ,50 4   |         |         |        |        |
|        |        |           |
|  Red  s p r uc e       |   2  by 2   |    5 8   |   3 5.4  |         |         |   2 , 75 0   |  2  by  2  |      2   |    
4 3   |   3 1.8  |     3 1 0   |    3 0   |   3 2.0  |      7 5 8   |
|  Whit e  s p r uc e     |   2  by 2   |    8 4   |   6 1.0  |         |         |   2 ,3 7 0   |  2  by  2  |      2   |    
4 6   |   5 0.4  |     2 7 0   |    4 0   |   5 8.0  |      6 5 1   |
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
|  N o t e .--Follo wing  is an  e x plana tion  of  t h e  ab br evia tions  u s e d  in t h e  
fore going  table s:                                                       |
|     F.S. a t  E.L. =  Fib e r  s t r e s s  a t  e l a s tic  limi t.                                                    
|
|     M.  of E.  =  Mod ulus  of el a s tici ty.                                                                  
|
|     M.  of R. =  Mod ulus  of r u p t u r e .                                                                     
|
|     Cr. s tr. a t  E.L. =  Crus hin g  s t r e n g t h  a t  e l a s tic  limi t.                                     
|
|     Cr. s tr. a t  m ax. ld. =  Cr us hin g  s t r e n g t h  a t  m axim u m  loa d.                          
|
|-----------------------------------------------------------
------------------------------------------------------------------------------------|
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|                  |           |       |        |        |        |          |        |          |        |   1 ,00 0   |        |   
|        |
|                  |   Inc h e s   |  Ins.  |        |        |        |    Lbs.   |        |    Lbs.   |        |    lbs.  |  
|    Lbs.   |        |
|                  |           |       |        |        |        |          |        |          |        |          |        |       
|        |
|  Longle af pin e    |  1 2  by  1 2  |   1 3 8  |     4   |   2 8.6  |    9 . 7  |   4 ,0 29   |   0 .83  |   6 ,71 0  
|   0 .7 4  |   1 ,5 2 3   |   0 .99  |     2 6 1   |   0 . 86  |
|                  |  1 0  by  1 6  |   1 6 8  |     4   |   2 6.8  |   1 6.7  |   6 , 45 3   |    .85  |   6 ,45 3   |    .
7 1  |   1 ,6 26   |   1 . 05  |     3 0 6   |   1 .0 1  |
|                  |   8  by 1 6  |   1 5 6  |     7   |   2 8.4  |   1 4.6  |   3 ,1 4 7   |    .64  |   5 ,43 9   |    .60
|   1 ,3 6 8   |    .89  |     3 9 0   |   1 .2 9  |
|                  |   6  by 1 6  |   1 3 2  |     1   |   4 0.3  |   2 1.8  |   4 ,1 2 0   |    .83  |   6 ,46 0   |    .71
|   1 ,1 9 0   |    .77  |     3 7 8   |   1 .2 5  |
|                  |   6  by 1 0  |   1 8 0  |     1   |   3 1.0  |    6 .2  |   3 ,5 80   |    .72  |   6 , 50 0   |    .72  
|   1 ,4 1 2   |    .92  |     1 7 5   |    .58  |
|                  |   6  by  8  |   1 8 0  |     2   |   2 7.0  |    8 .2  |   3 ,73 5   |    .75  |   5 , 74 5   |    .63  |
1 , 28 2   |    .83  |     1 2 1   |    .40  |
|                  |   2  by  2  |    3 0  |    1 5   |   3 3.9  |   1 4.1  |   4 ,9 50   |   1 . 00  |   9 ,07 0   |   
1 . 00  |   1 , 54 0   |   1 :00  |     3 0 3   |   1 .00  |
|  Dou gla s  fir      |   8  by 1 6  |   1 8 0  |   1 9 1   |   3 1.5  |   1 1.0  |   3 ,9 6 8   |    .76  |   5 ,98 3   
|    .72  |   1 ,5 17   |    .95  |     2 6 9   |    .81  |
|                  |   5  by  8  |   1 8 0  |    8 4   |   3 0.1  |   1 0.8  |   3 ,6 9 3   |    .71  |   5 ,17 8   |    .63
|   1 ,5 3 3   |    .96  |     1 7 2   |    .52  |
|                  |   2  by 1 2  |   1 8 0  |    2 7   |   3 5.7  |   2 0.3  |   3 , 72 1   |    .71  |   5 ,27 6   |    .
6 4  |   1 ,6 42   |   1 . 03  |     2 5 6   |    .77  |
|                  |   2  by 1 0  |   1 8 0  |    2 6   |   3 2.9  |   2 1.6  |   3 , 16 0   |    .60  |   4 ,69 9   |    .
5 7  |   1 ,5 93   |   1 . 00  |     1 8 9   |    .57  |
|                  |   2  by  8  |   1 8 0  |    2 9   |   3 3.6  |   1 7.6  |   3 ,5 9 3   |    .69  |   5 ,35 2   |    .65
|   1 ,6 0 7   |   1 .01  |     1 7 1   |    .51  |
|                  |   2  by  2  |    2 4  |   5 6 8   |   3 0.4  |   1 1.6  |   5 ,2 2 7   |   1 .00  |   9 ,07 0   |   
1 . 00  |   1 , 54 0   |   1 .0 0  |     3 0 3   |   1 . 00  |
|  Dou gla s  fir      |           |       |        |        |        |          |        |          |        |          |        |
|        |
|    (fi r e-killed) |   8  by  1 6  |   1 8 0  |    3 0   |   3 6.8  |   1 0 .9  |   3 , 50 3   |    .80  |   4 ,99 4   |   
.64  |   1 ,5 3 1   |    .94  |     3 3 0   |   1 .1 9  |
|                  |   2  by 1 2  |   1 8 0  |    3 2   |   3 4.2  |   1 7.7  |   3 , 48 9   |    .80  |   5 ,08 5   |    .
6 6  |   1 ,6 24   |    .99  |     2 4 7   |    .89  |
|                  |   2  by 1 0  |   1 8 0  |    3 2   |   3 8.9  |   1 8.1  |   3 , 85 1   |    .88  |   5 ,35 9   |    .
6 9  |   1 ,7 16   |   1 . 05  |     2 1 6   |    .78  |
|                  |   2  by  8  |   1 8 0  |    3 1   |   3 7.0  |   1 5.7  |   3 ,4 0 3   |    .78  |   5 ,30 5   |    .68
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|   1 ,6 7 6   |   1 .02  |     1 6 9   |    .61  |
|                  |   2  by  2  |    3 0  |   2 9 0   |   3 3.2  |   1 7.2  |   4 ,3 6 0   |   1 .00  |   7 ,75 2   |   
1 . 00  |   1 , 63 6   |   1 .0 0  |     2 7 7   |   1 . 00  |
|  S ho r tle af pin e   |   8  by 1 6  |   1 8 0  |    1 2   |   3 9.5  |   1 2.1  |   3 , 18 5   |    .73  |   5 ,40 7  
|    .70  |   1 ,4 38   |   1 .03  |     3 6 2   |   1 .4 0  |
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|                  |   8  by 1 4  |   1 8 0  |    1 2   |   4 5.8  |   1 2.7  |   3 , 23 4   |    .74  |   5 ,78 1   |    .
7 5  |   1 ,4 94   |   1 . 07  |     3 3 8   |   1 .3 1  |
|                  |   8  by 1 2  |   1 8 0  |    2 4   |   5 2.2  |   1 1.8  |   3 , 26 5   |    .75  |   5 ,50 3   |    .
7 1  |   1 ,4 80   |   1 . 06  |     2 7 7   |   1 .0 7  |
|                  |   5  by  8  |   1 8 0  |    2 4   |   4 7.8  |   1 1.5  |   3 ,5 1 9   |    .81  |   5 ,73 2   |    .74
|   1 ,4 8 5   |   1 .06  |     1 8 5   |    .72  |
|                  |   2  by  2  |    3 0  |   2 5 4   |   5 1.7  |   1 3.6  |   4 ,3 5 0   |   1 .00  |   7 ,71 0   |   
1 . 00  |   1 , 39 5   |   1 .0 0  |     2 5 8   |   1 . 00  |
|  Wes t e r n  la rc h    |   8  by 1 6  |   1 8 0  |    3 2   |   5 1.0  |   2 5.3  |   3 ,2 76   |    .77  |   4 , 63 2  
|    .64  |   1 ,2 72   |    .97  |     2 9 8   |   1 .1 1  |
|                  |   8  by 1 2  |   1 8 0  |    3 0   |   5 0.3  |   2 3.2  |   3 , 37 6   |    .79  |   5 ,28 6   |    .
7 3  |   1 ,3 31   |   1 . 02  |     2 5 4   |    .94  |
|                  |   5  by  8  |   1 8 0  |    1 4   |   5 6.0  |   2 5.6  |   3 ,5 2 8   |    .83  |   5 ,33 1   |    .74
|   1 ,4 3 2   |   1 .09  |     1 6 9   |    .63  |
|                  |   2  by  2  |    2 8  |   1 8 9   |   4 6.2  |   2 6.2  |   4 ,2 7 4   |   1 .00  |   7 ,25 1   |   
1 . 00  |   1 , 31 0   |   1 .0 0  |     2 6 9   |   1 . 00  |
|  Loblolly pin e    |   8  by 1 6  |   1 8 0  |    1 7   |   1 5.8  |    6 .1  |   3 ,09 4   |    .75  |   5 ,3 9 4   |
.69  |   1 ,4 0 6   |    .98  |     3 8 3   |   1 .4 4  |
|                  |   5  by 1 2  |   1 8 0  |    9 4   |   6 0.9  |    5 . 9  |   3 ,0 3 0   |    .74  |   5 ,02 8   |    .64
|   1 ,3 8 3   |    .96  |     2 2 1   |    .83  |
|                  |   2  by  2  |    3 0  |    4 4   |   7 0.9  |    5 .4  |   4 ,10 0   |   1 . 00  |   7 , 87 0   |   1 .0 0
|   1 ,4 4 0   |   1 .00  |     2 6 5   |   1 .0 0  |
|  Tam a r a ck         |   6  by  1 2  |   1 6 2  |    1 5   |   5 7.6  |   1 6 .6  |   2 , 91 4   |    .75  |   4 ,50 0   
|    .66  |   1 ,2 02   |   1 .05  |     2 5 5   |   1 .1 1  |
|                  |   4  by 1 0  |   1 6 2  |    1 5   |   4 3.5  |   1 1.4  |   2 , 71 2   |    .70  |   4 ,61 1   |    .
6 8  |   1 ,2 38   |   1 . 08  |     2 0 9   |    .91  |
|                  |   2  by  2  |    3 0  |    8 2   |   3 8.8  |   1 4.0  |   3 ,8 75   |   1 . 00  |   6 ,82 0   |   
1 . 00  |   1 , 14 1   |   1 .0 0  |     2 2 9   |   1 . 00  |
|  Wes t e r n  h e mlock |   8  by  1 6  |   1 8 0  |    3 9   |   4 2 .5  |   1 5.6  |   3 , 51 6   |    .80  |   
5 , 29 6   |    .73  |   1 ,44 5   |   1 . 01  |     2 6 1   |    .92  |
|                  |   2  by  2  |    2 8  |    5 2   |   5 1.8  |   1 2.1  |   4 .4 06   |   1 . 00  |   7 ,29 4   |   
1 . 00  |   1 , 42 8   |   1 .0 0  |     2 8 4   |   1 . 00  |
|  Red wood          |   8  by  1 6  |   1 8 0  |    1 4   |   8 6.5  |   1 9 .9  |   3 , 73 4   |    .79  |   4 ,49 2   
|    .64  |   1 ,0 16   |    .96  |     3 0 0   |   1 .2 1  |
|                  |   6  by 1 2  |   1 8 0  |    1 4   |   8 7.3  |   1 7.8  |   3 , 78 7   |    .80  |   4 ,45 1   |    .
6 4  |   1 ,0 68   |   1 . 00  |     2 2 4   |    .90  |
|                  |   7  by  9  |   1 8 0  |    1 4   |   7 9.8  |   1 6.7  |   4 ,4 1 2   |    .93  |   5 ,27 9   |    .76
|   1 ,3 2 4   |   1 .25  |     1 9 9   |    .80  |
|                  |   3  by 1 4  |   1 8 0  |    1 3   |   8 6.1  |   2 3.7  |   3 , 50 6   |    .74  |   4 ,36 4   |    .
6 2  |     9 4 7   |    .89  |     2 5 5   |   1 .03  |
|                  |   2  by 1 2  |   1 8 0  |    1 2   |   7 0.9  |   1 8.6  |   3 , 10 0   |    .65  |   3 ,75 3   |    .
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5 4  |   1 ,0 52   |    .99  |     1 8 7   |    .75  |
|                  |   2  by 1 0  |   1 8 0  |    1 3   |   5 5.8  |   2 0.0  |   3 , 28 5   |    .69  |   4 ,07 9   |    .
5 8  |   1 ,1 07   |   1 . 04  |     1 6 9   |    .68  |
|                  |   2  by  8  |   1 8 0  |    1 3   |   6 3.8  |   2 1.5  |   2 ,9 8 9   |    .63  |   4 ,06 3   |    .58
|   1 ,1 4 1   |   1 .08  |     1 3 4   |    .54  |
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|                  |   2  by  2  |    2 8  |   1 5 7   |   7 5.5  |   1 9.1  |   4 ,7 5 0   |   1 .00  |   6 ,98 0   |   
1 . 00  |   1 , 06 1   |   1 .0 0  |     2 4 8   |   1 . 00  |
|  N o r w ay pin e      |   6  by 1 2  |   1 6 2  |    1 5   |   5 0.3  |   1 2.5  |   2 ,30 5   |    .82  |   3 , 57 2
|    .69  |     9 8 7   |   1 . 03  |     2 0 1   |   1 .1 7  |
|                  |   4  by 1 2  |   1 6 2  |    1 8   |   4 7.9  |   1 4.7  |   2 , 64 8   |    .94  |   4 ,10 7   |    .
7 9  |   1 ,2 55   |   1 . 31  |     2 3 8   |   1 .3 8  |
|                  |   4  by 1 0  |   1 6 2  |    1 6   |   4 5.7  |   1 3.3  |   2 , 67 4   |    .95  |   4 ,20 5   |    .
8 1  |   1 ,3 06   |   1 . 36  |     1 9 8   |   1 .1 5  |
|                  |   2  by  2  |    3 0  |   1 3 3   |   3 2.3  |   1 1.4  |   2 ,8 0 8   |   1 .00  |   5 ,17 3   |   
1 . 00  |     9 6 0   |   1 .00  |     1 7 2   |   1 . 00  |
|  Red  s p r uc e       |   2  by 1 0  |   1 4 4  |    1 4   |   3 2.5  |   2 1.9  |   2 ,3 9 4   |    .66  |   3 ,56 6   
|    .60  |   1 ,1 80   |   1 .02  |     1 8 1   |    .80  |
|                  |   2  by  2  |    2 6  |    6 0   |   3 7.3  |   2 1.3  |   3 ,6 27   |   1 . 00  |   5 ,90 0   |   
1 . 00  |   1 , 15 7   |   1 .0 0  |     2 2 7   |   1 . 00  |
|  Whit e  s p r uc e     |   2  by 1 0  |   1 4 4  |    1 6   |   4 0.7  |    9 .3  |   2 ,23 9   |    .72  |   3 ,2 8 8   
|    .63  |   1 ,0 81   |   1 .08  |     1 6 6   |    .83  |
|                  |   2  by  2  |    2 6  |    8 3   |   5 8.3  |   1 0.2  |   3 .0 90   |   1 . 00  |   5 ,18 5   |   
1 . 00  |     9 9 8   |   1 .00  |     1 9 9   |   1 . 00  |
|-----------------------------------------------------------
------------------------------------------------------------------------|
|  N o t e .--Follo wing  is an  e x plana tion  of  t h e  ab br evia tions  u s e d  in t h e  
fore going  table s:                                           |
|     F.S. a t  E.L. =  Fib e r  s t r e s s  a t  e l a s tic  limi t.                                                    
|
|     M.  of E.  =  Mod ulus  of el a s tici ty.                                                                  
|
|     M.  of R. =  Mod ulus  of r u p t u r e .                                                                     
|
|     Cr. s tr. a t  E.L. =  Crus hin g  s t r e n g t h  a t  e l a s tic  limi t.                                     
|
|     Cr. s tr. a t  m ax. ld. =  Cr us hin g  s t r e n g t h  a t  m axim u m  loa d.                          
|
|-----------------------------------------------------------
------------------------------------------------------------------------|
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|  S  |  Rela tive             |                        |        |        |        |        |        |        |        |        |
|        |        |        |        |        |        |        |        |        |
|  S  |    c r u s hin g           |                        |  1 0 0.0  |  1 0 0.0  |  1 0 0.0  |  1 0 3.4  |  1 0 0.8  |  
1 0 1.5  |  1 0 7.5  |  1 0 2.7  |  1 0 3.8  |  1 1 3.9  |  1 0 5.5  |  1 0 7.9  |  1 2 1.3  |  1 0 8.3  |  1 1 6.4  |  
1 2 8.8  |  1 1 0.0  | 1 1 8.9   |
|  I |    s t r e n g t h           |                        |        |        |        |        |        |        |        |        |  
|        |        |        |        |        |        |        |        |        |
|  O |                      |                        |        |        |        |        |        |        |        |        |      
|        |        |        |        |        |        |        |        |        |
|  N  |  S p e e d-s t r e n g t h       |                        |  0 .01 7  | (0.00 6) |(0.00 9) |  0 .0 3 3  |  
0 . 01 2  |  0 .01 6  |  0 .04 7  |  0 .0 2 1  |  0 . 02 9  |  0 .05 3  |  0 .02 7  |  0 .0 3 9  |  0 . 06 0  |  0 .02 3  |  
0 . 04 9  | (0.05 2) |(0.015) |(0.04 0) |
|    |    m o d ulus,  T       |                        |        |        |        |        |        |        |        |        |  
|        |        |        |        |        |        |        |        |        |
|---+ - --------------------+ - ----------------------+ - --------
--------------+ - ----------------------+ - ----------------------+ - ----------------------
+ - ----------------------+ - ----------------------|
|    |  S p e e d  of c ros s h e a d.  |                        |                        |                        |           
|                        |                        |                        |
|    |    Inc h e s  p e r  mi n u t e  |         0 .0 0 7 2          |          0 . 02 1 6         |          0 . 06 4 8      
|          0 . 19 4          |          0 .5 8 3          |          1 .7 5           |          5 .25           |
|  B |                      |                        |                        |                        |                      
|                        |                        |                        |
|  E  |---------------------+ - ----------------------+ - --------
--------------+ - ----------------------+ - ----------------------+ - ----------------------
+ - ----------------------+ - ----------------------|
|  N  |  S p e ci m e n s            |   Wet  |   Dry  |   All  |   Wet  |   Dry  |   All  |   Wet  |   Dry  |
All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  |   All  |   Wet   |   Dry  
|   All  |
|  D |---------------------+ - ------+ - ------+ - ------+ - ------+ -
------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------+ - ------
+ - ------+ - ------+ - ------+ - ------+ - ------|
|  I |  Rela tive             |        |        |        |        |        |        |        |        |        |        |        |  
|        |        |        |        |        |        |        |        |        |
|  N  |    c r u s hing           |   9 7.4  |   9 9.0  |   9 8.2  |  1 0 0.0  |  1 0 0.0  |  1 0 0.0  |  1 0 5.1  |  
1 0 2.1  |  1 0 3.7  |  1 1 1.3  |  1 0 5.8  |  1 0 8.1  |  1 1 7.9  |  1 0 8.6  |  1 1 2.7  |  1 2 3.7  |  1 0 9.6  |  
1 1 6.3  |  1 2 6.3  |  1 1 0.3  |  1 1 8.9  |
|  G |    s t r e n g t h           |        |        |        |        |        |        |        |        |        |        |        
|        |        |        |        |        |        |        |        |        |        |
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|    |                      |        |        |        |        |        |        |        |        |        |        |        |       
|        |        |        |        |        |        |        |        |        |
|    |  S p e e d-s t r e n g t h       | (0.01 4) |(0.005) |  0 .01 2  |  0 .0 33  |  0 . 01 4  |  0 . 02 6  |  0 .04 9  
|  0 .0 26  |  0 .0 3 7  |  0 . 05 3  |  0 .03 3  |  0 .0 38  |  0 .0 4 9  |  0 . 01 4  |  0 .03 5  |  0 .0 38  |  0 .0 0 6  |
0 . 02 5  | (0.02 3) |(0.004) |(0.01 4) |
|    |    m o d ulus,  T       |        |        |        |        |        |        |        |        |        |        |        |  
|        |        |        |        |        |        |        |        |        |
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
-------------------|
|  NOTE.--The  u s u al  s p e e d s  of t e s tin g  a t  t h e  U.S.  For e s t  S e rvice  labo r a to ry 
a r e  a t  r a t e s  of fib r e  s t r ain                                                                                  
|
|  of 1 5  a n d  1 0  t e n-t hou s a n d t h s  in. p e r  mi n.  p e r  in. for  co m p r e s sion  a n d  
b e n din g  r e s p e c tively.                                                                                        
|
|-----------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------
-------------------|
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|  Tr e a t m e n t  |         |           |              |  Be n din g   |  Co m p r e s- |   H eigh t   |   of t h e    |
|            |         |           |              |  m o d ulus   |   sion     |  of d ro p   |    t h r e e    |
|            |  Pe riod  |  P r e s s u r e  |  Temp e r a t u r e  |    of     |  p a r allel |  c a u sin g   |  
s t r e n g t h s  |
|            |         |           |              |  r u p t u r e   |  to  g r ain  |  co m ple t e  |            |
|            |         |           |              |           |           |  failu r e   |            |
|-----------+ - -------+ - ---------+ - ------------+ - ---------+ - -
--------+ - ---------+ - ----------|
|            |         |  Lbs.  p e r  |              |  Pe r  ce n t  |  Pe r  c e n t  |  Pe r  c e n t  |  Pe r  c e n t   |
|            |   H r s .   |  s q .  inch  |       d e g.F.     |           |           |           |            |
|            |         |           |              |            U n t r e a t e d  wood  =  1 0 0%            |
|            |         |           |              |           |           |           |            |
|  S t e a m,     |     4    |           |      2 3 0[a]  |    9 1 .3    |    7 9.1    |    9 6.4    |     8 8.9    |
|  a t         |     4    |      1 0    |      2 3 8      |    7 8.2    |    9 3.7    |    9 3.3    |     8 8 .4    |
|  va rious    |     4    |      2 0    |      2 5 3      |    8 3.3    |    8 4.2    |    9 1.4    |     8 0.8    |
|  p r e s s u r e s  |     4    |      3 0    |      2 6 9      |    8 0.4    |    7 8.4    |    8 9.8    |     8 2.9    |
|            |     4    |      4 0    |      2 8 3      |    7 8.1    |    7 4.4    |    7 4.0    |     7 5.5    |
|            |     4    |      5 0    |      2 9 2      |    7 5.8    |    7 1.5    |    6 3.9    |     7 0.4    |
|            |     4    |     1 0 0    |      3 3 7      |    4 1.4    |    6 5.0    |    5 5 .2    |     5 3.9    |
|-----------+ - -------+ - ---------+ - ------------+ - ---------+ - -
--------+ - ---------+ - ----------|
|  S t e a m,     |     1    |      2 0    |      2 5 7      |   1 0 0.6    |    9 8.6    |    8 6.7    |     9 5.3    |
|  for        |     2    |      2 0    |      2 6 7      |    8 8.4    |    9 3.0    |   1 0 7.0    |     9 6.1    |
|  va rious    |     3    |      2 0    |      2 6 0      |    9 0.0    |    9 3.6    |    8 4.1    |     8 9.2    |
|  p e riods    |     4    |      2 0    |      2 5 3      |    8 3.3    |    8 4.2    |    9 1.4    |     8 6.3    |
|            |     5    |      2 0    |      2 5 3      |    8 5.0    |    7 8.1    |    8 4.2    |     8 2.4    |
|            |     6    |      2 0    |      2 4 2      |    9 5.2    |    8 9.8    |    7 6.0    |     8 7.0    |
|            |    1 0    |      2 0    |      2 5 5      |    7 3.7    |    8 2.0    |    7 6 .0    |     7 7.2    |
|            |    2 0    |      2 0    |      2 5 8      |    6 7.5    |    6 5.0    |    9 9 .0    |     7 7.2    |
|-----------------------------------------------------------
-------------------------------|
|  [Foot no t e  a :   I t  will b e  no t e d  t h a t  t h e  t e m p e r a t u r e  w a s  2 3 0  d e g..  This  is 
t h e  m axi m u m          |
|  t e m p e r a t u r e  by t h e  m axim u m-t e m p e r a t u r e  r e co r ding  t h e r mo m e t er, a n d  is 
d u e  to  t h e  h a n dling  |
|  of t h e  exh a u s t  valve.   The  av e r a g e  t e m p e r a t u r e  w a s  t h a t  of exh a u s t  
s t e a m.]                |
|-----------------------------------------------------------
-------------------------------|

248



Page 62

|-----------------------------------------------------------
-----------|
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|-----------------------------------------------------------
-----------------|
|                  |          |   S p e cific g r avi ty  |  S h rinka g e  fro m  g r e e n  to    |
|                  |          |  ove n-d ry, b a s e d  on  |     ove n-d ry con di tion      |
|    COM MO N  NAME   |          |--------------------+ - --------------------------|
|    OF  S PECIES    |   Mois-  |  Volum e   |   Volum e   |    In    |         |  Tang e n- |
|                  |    t u r e   |    w h e n   |    w h e n    |  volu m e  |  Ra dial |   t i al   |
|                  |  con t e n t  |   g r e e n   |  ove n-d ry  |         |         |          |
|-----------------+ - --------+ - --------+ - ---------+ - -------+ -
-------+ - --------|
|                  |    Pe r    |          |           |   Pe r    |   Pe r    |    Pe r    |
|                  |    c e n t   |          |           |   c e n t   |   c e n t   |    c e n t   |
|                  |          |          |           |         |         |          |
|     Conife r s      |          |          |           |         |         |          |
|                  |          |          |           |         |         |          |
|  Arbo rvit a e        |      5 5   |    .293   |     .315   |    7 .0   |    2 .1   |     4 .9   |
|  Ce d ar, inc e n s e   |      8 0   |    .363   |           |         |         |          |
|  Cyp r e ss ,  b ald    |      7 9   |    .452   |     .51 3   |   1 1.5   |    3 .8   |     6 .0   |
|  Fir, a lpin e      |      4 7   |    .306   |     .32 1   |    9 .0   |    2 .5   |     7 .1   |
|    a m a bilis       |     1 1 7   |    .38 3   |           |         |         |          |
|    Dougla s        |      3 2   |    .418   |     .458   |   1 0.9   |    3 .7   |     6 . 6   |
|    w hi t e          |     1 5 6   |    .350   |     .437   |   1 0.2   |    3 .4   |     7 . 0   |
|  H e mlock (e a s t.) |     1 2 9   |    .340   |     .394   |    9 .2   |    2 .3   |     5 .0   |
|  Pine,  lodg e pole  |      4 4   |    .370   |     .415   |   1 1.3   |    4 .2   |     7 . 1   |
|            "     |      5 8   |    .371   |     .407   |   1 0.1   |    3 .6   |     5 . 9   |
|    longle af      |      6 3   |    .528   |     .59 9   |   1 2.8   |    6 .0   |     7 .6   |
|    r e d  o r  N o r     |      5 4   |    .440   |     .507   |   1 1.5   |    4 .5   |     7 . 2   |
|    s ho r tl e af     |      5 2   |    .447   |           |         |         |          |
|    s u g a r          |     1 2 3   |    .360   |     .386   |    8 .4   |    2 .9   |     5 .6   |
|    w e s t  yellow   |      9 8   |    .353   |     .39 5   |    9 . 2   |    4 . 1   |     6 .4   |
|      "    "      |     1 2 5   |    .37 7   |     .433   |   1 1.5   |    4 .3   |     7 . 3   |
|      "    "      |      9 3   |    .391   |     .435   |    9 .9   |    3 .8   |     5 .8   |
|    w hi t e          |      7 4   |    .363   |     .39 1   |    7 .8   |    2 .2   |     5 .9   |
|  Red wood          |      8 1   |    .334   |           |         |         |          |
|     "            |      6 9   |    .366   |           |         |         |          |
|  S p r u c e ,          |          |          |           |         |         |          |
|    E n g el m a n n      |      4 5   |    .32 5   |     .359   |   1 0.5   |    3 . 7   |     6 .9   |
|        "         |     1 5 6   |    .29 9   |     .335   |   1 0.3   |    3 .0   |     6 . 2   |
|    r e d            |      3 1   |    .396   |           |         |         |          |
|    w hi t e          |      4 1   |    .318   |           |         |         |          |
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|  Tam a r a ck         |      5 2   |    .491   |     .558   |   1 3.6   |    3 .7   |     7 . 4   |
|-----------------------------------------------------------
-----------------|
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|    big  s h ellb a rk  |      6 4   |    .60 1   |           |   1 7 .6   |    7 .4   |    1 1.2   |
|     "      "     |      5 5   |    .666   |           |   2 0.9   |    7 . 9   |    1 4.2   |
|    bi t t e r n u t      |      6 5   |    .62 4   |           |         |         |          |
|    m ock e r n u t      |      6 4   |    .606   |           |   1 6.5   |    6 .9   |    1 0.4   |
|        "         |      5 7   |    .662   |           |   1 8.9   |    8 . 4   |    1 1.4   |
|        "         |      4 8   |    .666   |           |         |         |          |
|    n u t m e g         |      7 6   |    .55 8   |           |         |         |          |
|    pig n u t         |      5 9   |    .627   |           |   1 5.0   |    5 . 6   |     9 .8   |
|      "           |      5 4   |    .667   |           |   1 5.3   |    6 . 3   |     9 .5   |
|      "           |      5 5   |    .667   |           |   1 6.9   |    6 . 8   |    1 0.9   |
|      "           |      5 2   |    .667   |           |   2 1.2   |    8 . 5   |    1 3.8   |
|    s h a g b a rk       |      6 5   |    .60 8   |           |   1 6.0   |    6 .5   |    1 0.2   |
|       "          |      5 8   |    .646   |           |   1 8.4   |    7 . 9   |    1 1.4   |
|       "          |      6 4   |    .617   |           |         |         |          |
|       "          |      6 0   |    .653   |           |   1 5.5   |    6 . 5   |     9 .7   |
|    w a t e r          |      7 4   |    .630   |           |         |         |          |
|  Locus t ,  ho n ey   |      5 3   |    .695   |     .759   |    8 .6   |         |          |
|  M a ple,  r e d       |      6 9   |    .512   |           |         |         |          |
|    s u g a r          |      5 7   |    .546   |     .64 3   |   1 4 .3   |    4 .9   |     9 .1   |
|      "           |      5 6   |    .577   |           |         |         |          |
|  Oak,  pos t        |      6 4   |    .590   |     .732   |   1 6.0   |    5 . 7   |    1 0.6   |
|    r e d            |      8 0   |    .568   |     .66 0   |   1 3 .1   |    3 .7   |     8 .3   |
|    s w a m p  w hi t e    |      7 4   |    .637   |     .792   |   1 7.7   |    5 . 5   |    1 0.6   |
|    t a n b a rk        |      8 8   |    .58 5   |           |         |         |          |
|    w hi t e          |      5 8   |    .594   |     .70 4   |   1 5.8   |    6 .2   |     8 .3   |
|      "           |      6 2   |    .603   |     .696   |   1 4.3   |    4 .9   |     9 . 0   |
|      "           |      7 8   |    .600   |     .708   |   1 6.0   |    4 .8   |     9 . 2   |
|    yellow        |      7 7   |    .573   |     .66 9   |   1 4 .2   |    4 .5   |     9 .7   |
|       "          |      8 0   |    .550   |           |         |         |          |
|  Os a g e  o r a n g e     |      3 1   |    .761   |     .83 8   |    8 .9   |         |          |
|  Syc a mo r e         |      8 1   |    .454   |     .52 6   |   1 3 .5   |    5 .0   |     7 .3   |
|  Tup elo          |     1 2 1   |    .475   |     .545   |   1 2.4   |    4 .4   |     7 .9   |
|-----------------------------------------------------------
-----------------|
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|    longle af        |      1 8 7     |      1 8 0     |
|    r e d              |      1 6 1     |      1 5 4     |
|    s u g a r            |      1 6 8     |      1 8 9     |
|    w e s t e r n  yellow  |      1 6 2     |      1 8 7     |
|    w hi t e            |      1 4 4     |      1 6 0     |
|  S p r u c e ,  E n g el m a n n  |      1 1 0     |      1 3 5     |
|  Tam a r a ck           |      1 6 7     |      1 5 9     |
|---------------------------------------------|
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|   5  Pos t  oak             |    1 , 09 9  |    1 ,13 9  |    1 , 06 8  |     1 ,0 8 1    |
|   6  Black  oak            |    1 ,0 6 9  |    1 ,09 3  |    1 , 08 3  |     1 ,0 3 1    |
|   7  Red  oak              |    1 ,04 3  |    1 ,1 0 7  |    1 ,02 0  |     1 , 00 2    |
|   8  Whit e  a s h            |    1 ,0 4 6  |    1 ,12 1  |    1 , 00 0  |     1 ,0 1 7    |
|   9  Beec h                |      9 4 2  |    1 ,0 12  |      8 9 7  |       9 1 8    |
|  1 0  S u g a r  m a ple          |      9 3 7  |      9 9 2  |      9 1 8  |       9 0 1    |
|  1 1  Rock el m             |      9 1 0  |      9 5 4  |      8 8 3  |       8 9 3    |
|  1 2  H a ck b e r ry            |      7 9 9  |      8 2 9  |      7 9 5  |       7 7 3    |
|  1 3  Slipp e ry  el m         |      7 8 8  |      9 1 9  |      7 5 7  |       6 8 7    |
|  1 4  Yellow bi rc h         |      7 7 8  |      8 2 7  |      7 6 8  |       7 3 9    |
|  1 5  Tup elo              |      7 3 8  |      8 1 4  |      6 6 6  |       7 3 3    |
|  1 6  Red  m a ple            |      6 7 1  |      7 6 6  |      6 2 1  |       6 2 6    |
|  1 7  Syc a m o r e             |      6 0 8  |      6 6 4  |      5 6 0  |       5 9 9    |
|  1 8  Black a s h            |      5 5 1  |      5 6 5  |      5 4 2  |       5 4 6    |
|  1 9  Whit e  el m            |      4 9 6  |      5 3 6  |      4 5 6  |       4 9 7    |
|  2 0  Bass wood             |      2 3 9  |      2 7 3  |      2 2 6  |       2 1 7    |
|                         |          |          |          |             |
|     Conife r s             |          |          |          |             |
|                         |          |          |          |             |
|   1  Longle af pin e        |     5 3 2   |      5 7 4  |      5 0 2  |       5 2 1    |
|   2  Dou glas  fi r          |     4 1 0   |      4 1 5  |      3 9 9  |       4 1 6    |
|   3  Bald  cyp r e s s         |     3 9 0   |      4 6 0  |      3 5 5  |       3 5 4    |
|   4  H e mlock              |     3 8 4   |      4 6 3  |      3 5 4  |       3 3 4    |
|   5  Tam a r a ck             |     3 8 4   |      4 0 1  |      3 8 0  |       3 7 0    |
|   6  Red  pin e             |     3 4 7   |      3 5 5  |      3 4 5  |       3 4 0    |
|   7  Whit e  fi r            |     3 4 6   |      3 8 1  |      3 2 2  |       3 3 4    |
|   8  West e r n  yellow pin e  |     3 2 8   |      3 3 4  |      3 0 7  |       3 4 2    |
|   9  Lodg e pole  pin e       |     3 1 8   |      3 1 6  |      3 1 8  |       3 1 9    |
|  1 0  Whit e  pin e           |     2 9 9   |      3 0 4  |      2 9 4  |       2 9 9    |
|  1 1  E n g el m a n n  pin e       |     2 6 6   |      2 7 2  |      2 5 3  |       2 7 4    |
|  1 2  Alpine  fir           |     2 4 1   |      2 8 4  |      2 0 3  |       2 3 5    |
|-----------------------------------------------------------
--------|
|  NOTE.--Black locus t  a n d  hicko ry a r e  no t  includ e d  in t his  t a ble,    |
|  b u t  t h ei r  posi tion  would  b e  n e a r  t h e  h e a d  of t h e  lis t .             |
|-----------------------------------------------------------
--------|
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|    d ry             |     5 2   |     5 4    |       1 9      |    2 7   |
|  Loblolly pin e:     |         |          |              |        |
|    g r e e n           |    1 1 1   |     4 0    |       5 3      |     7   |
|    d ry             |     2 5   |     6 0    |       1 2      |    2 8   |
|  Tam a r a ck:          |         |          |              |        |
|    g r e e n           |     3 0   |     3 7    |       5 3      |    1 0   |
|    d ry             |      9   |     4 5    |       2 2      |    3 3   |
|  Wes t e r n  h e mlock:  |         |          |              |        |
|    g r e e n           |     3 9   |     2 1    |       7 4      |     5   |
|    d ry             |     4 4   |     1 1    |       6 6      |    2 3   |
|  Red wood:          |         |          |              |        |
|    g r e e n           |     2 8   |     4 3    |       5 0      |     7   |
|    d ry             |     1 2   |     8 3    |       1 7      |        |
|  N o r w ay pin e:       |         |          |              |        |
|    g r e e n           |     4 9   |     1 8    |       7 6      |     6   |
|    d ry             |     1 0   |     3 0    |       6 0      |    1 0   |
|-----------------------------------------------------------
|
|  NOTE.--Thes e  t e s t s  w e r e  m a d e  on  ti m b e r s  r a n ging  in c ross   |
|  s ec tion  fro m  4” x 1 0” to  8” x 1 6”, a n d  wi th  a  s p a n  of 1 5   |
|  fe e t.                                                      |
|-----------------------------------------------------------
|
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|  Beec h                  |    5 , 22 3   |  Locus t                       |    7 , 17 6   |
|  Birc h                  |    5 ,5 95   |  M a ple                        |    6 ,35 5   |
|  Ce d a r  (whi t e)         |    1 , 37 2   |  Oak                          |    4 ,42 5   |
|  Ce d a r  (whi t e)         |    1 , 51 9   |  Oak  (live)                  |    8 ,4 80   |
|  Ce d a r  (Ce n t r al  Amer.) |    3 ,4 10   |  Pin e  (whit e)                |    2 ,4 80   |
|  Ch e r ry                |    2 ,9 4 5   |  Pin e  (no r t h e r n  yellow)      |    4 , 34 0   |
|  Ch e s t n u t               |    1 ,53 6   |  Pin e  (sou t h e r nyellow)       |    5 , 73 5   |
|  Dogwood                |    6 ,51 0   |  Pin e  (ve ry r e sinous  yellow) |    5 ,0 5 3   |
|  Ebo ny                 |    7 , 75 0   |  Popla r                       |    4 ,41 8   |
|  Gu m                    |    5 ,89 0   |  S p r uc e                       |    3 ,25 5   |
|  H e mlock               |    2 , 75 0   |  Walnu t  (black)              |    4 , 72 8   |
|  Hicko ry               |    6 ,04 5   |  Walnu t  (com mo n)             |    2 ,8 3 0   |
|-----------------------------------------------------------
----------------|
|  NOTE.--Two s p eci m e n s  of e a c h  w e r e  t e s t e d.   All w e r e  fai rly s e a so n e d  a n d   
|
|  wi thou t  d efec t s.   The  pi ec e  s h e a r e d  off w a s  5/8  in.  The  single  ci rc ul a r     |
|  a r e a  of e a c h  pin  w a s  0.32 2  s q.  in.                                        |
|-----------------------------------------------------------
----------------|
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|    r e d              |       8 1 2    |       7 4 1    |
|    s u g a r            |       7 0 2    |       7 1 4    |
|    w e s t e r n  yellow  |       6 8 6    |       7 0 6    |
|    w hi t e            |       6 4 9    |       6 3 9    |
|  S p r u c e ,  E n g el m a n n  |       6 0 7    |       6 2 4    |
|  Tam a r a ck           |       8 8 3    |       8 4 3    |
|---------------------------------------------|
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