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SHEAR STRESS IN TWO WOOD BEAMS OVER WOOD BLOCK SUPPORTS

By

WILLIAM C. COWAN, Engineer

Forest Products Laboratory, — Forest Service
U. S. Department of Agriculture

Summary

The results of two experiments performed to determine the horizontal shear
stress distribution in wood beams over points of support are presented and
analyzed.

A two-span continuous beam and a simple beam were used, which were clear
straight-grained specimens of Sitka spruce. Supports and load blocks also
were of Sitka spruce to simulate actual construction conditions.

This report shows the actual horizontal shear stress distribution over the
supports and how it differs from the conventional parabolic theory of
horizontal shear stress distribution. A theory assuming a triangular stress
distribution is more nearly in accordance with the shear stresses observed
in the experiments.

Introduction

Horizontal shear has been proven critical in a number of instances in
structural timber use. The validity of the presently accepted theory of
horizontal shear stress distribution has been questioned in the areas of a
wood beam over supports or under point loads.

—Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.
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•
Theoretical and experimental work performed by Smith and Voss-

2
 and

previous experimental work by Fred Werren, engineer at the U.S. Forest
Products Laboratory, showed that the horizontal shear stress distribution
in the questioned areas is not parabolic. Since this indication was present,
it was deemed necessary to determine the actual existing distribution.

Two individual experiments were performed, one with a two-span continuous
beam and the second with a simple beam. The two-span continuous beam was
used for the determination of the shear stress distribution over the middle
support, where the shear forces in the beam change from a maximum negative
value to a maximum positive value. The simple beam was used for the
determination of the distribution over one end reaction, where the shear had

a maximum positive value.

In both experiments, the reactions used were flat bearing blocks of wood
because this is the type of reaction actually occurring in construction.

The distribution of horizontal shear stress was determined by taking numerous
strain measurements on both sides of the beams over the reactions.

It is the purpose of this report to present and discuss the shear distributions

and to draw such conclusions as appear to be justified.

Description of Materials

Both specimens were clear straight-grained beams of Sitka spruce. This type
of specimen was selected because it was desired to have uniform physical

properties throughout the length.

The final dimensions on the continuous beam were 1. 98 inches by 7.94 inches

by 13 feet 7 inches. The final dimensions on the simple beam were 2.03

inches by 8. 37 inches by 9 feet and 0 inches.

Each specimen, after final dressing, was placed in a conditioning room with

atmospheric conditions of 73 0 F. and 50 percent relative humidity. The

specimens were allowed to reach equilibrium moisture content, and all
subsequent testing was performed in this atmospheric condition.

The bearing material in direct contact with the beams was also of Sitka spruce
to simulate actual construction conditions.

2
—Smith, G. B. , and Voss, A. W. Stress Distribution in a Beam of

Orthotropic Material Subjected to a Concentrated Load. NACA Tech.

Note No. 1486.

•
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Experimental Procedure on Beam 

Both beams were tested in a mechanical four-screw testing machine of
10, 000•pound capacity. The load was applied to each beam in equal increments.
Initial loads of 250 pounds and 200 pounds were maintained on the continuous
beam and simple beam, respectively.

All strain measurements were taken on the vertical faces of both beams with
two 1/2-inch Tuckerman optical strain gages. This type of gage was used
because it gives a higher degree of accuracy in the measurement of true strain
in wood in various directions than is available with an electric-type gage.
Figure 1 shows how the Tuckerman gage was held on the beam face.

Continuous Beam

Experimental setup. --Figure 2 shows the entire setup. Figure 3 gives a
dimensioned drawing of beam setup and the resulting shear diagram.

The two end supports were 1- by 2- by 4-inch bearing blocks resting on a
roller nest, which in turn rested on knife edges. The center support was a
1- by	 by 8-inch flat block bearing.

The total load was transferred from the testing machine to the two load points
on the beam by the steel loading beam (fig. 2). The load was applied to the
test beam through 1- by 2- by 6•inch load blocks. Roller nests, which were
in direct contact with the knife edges from the steel loading beam, were on
top of the load blocks.

Measurements of strain. --Strain measurements were taken on the vertical
faces on both sides of the beam over the middle support at predetermined
points. The measurements at each point were in three directions: vertical,
horizontal, and 45° to the horizontal. For each run, in addition to a zero
reading, strain readings were taken at six increments of load, both as the
load was applied and removed. All readings were taken during continuous
application and removal of the load. Readings were taken on corresponding
points on either side of the beam and in the same gage directions for each
individual run.

To facilitate the placement of the gages and the establishment of a coordinate
system, both beam faces near the middle support were marked off in 1/2-inch
squares and diagonal lines 45° to the horizontal. For the continuous beam,
each 1/2-inch vertical line represents a profile and was numbered, beginning
with zero, at the center of the middle support. Profiles east of the center were
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given a notation of E besides the profile number. Each profile was numbered
as a whole number; thus, profile No. 11 would be a profile 5-1/2 inches west

of the center of the middle support.

An SR-4 strain gage was mounted on the top of the beam over the center of
the middle support. This gage served two purposes: First, to check on
whether the conditions first imposed on the beam were remaining constant;
second, to check on whether the repeated loading was causing any change in.s 
the elasticproperties of the beam. No changes were shown by the measure-
ments taken with this gage.

Measure of stability of moisture content of beam. --Since all the strains were
taken on the outside surface of the beam, it was necessary to keep a check on

he moisture conditions on the outside of the beam. This was accomplishedt 
by periodically weighing four 1/4-inch-thick wafers of Sitka spruce that were
in the same conditioning room as the beam. The change in moisture content
was very small in the four wafers. Hence, it was decided that the physical

roperties of the beam did not change by .a significant amount.p 

Measurement of end reactions. - - To obtain the actual shear distribution over
the length of the beam, it was necessary to determine the end reactions. This
measurement was accomplished by removing the end supports and replacing

them with load cells.

When the load cells were placed at the end reactions, load was applied to the
beam in the same manner as it was applied during the testing period. The
SR-4 straingage at the middle support was used to see if replacing the
reactions with the load cells had disturbed the normal conditions of the beam.
This check showed that the normal conditions were undisturbed.

The west and east reactions were 315pounds and 280 pounds, respectively.
These were not equal as required by symmetry, because the center re
action of the middle support did not occur at the center of the beam. This
was duepartly to variation in thickness of the wood-bearing block and partly
because of variations in elastic properties along the beam.

Simple Beam

Experimental setup. --Figure 4 shows the entire setup. Figure 5 gives a
dimensioned drawing of the beam setup and resulting shear diagram.

The west support was a 1- by 2- by 6-inch flat block bearing, which rested on
a large wood block. The east support was a 1- by 2- by 6-inch flat block
bearing that rested on a roller nest, which rested on a load cell. The load
cell was a 3-1/2-inch-diameter test ring.
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The load was applied to the beam at midspan through a knife edge bearing on
a 1/4- by 2- by 4-inch piece of mild steel that was used to distribute the load

to the beam.

Measurement of strain. --Strain measurements were taken on the vertical faces
on both sides of the beam over or near the west support at predetermined
points. The measurements were in two directions: positive and negative 45°
to the horizontal. For each measurement, in addition to a zero reading, strain

readings were taken at four increments of load, both as the load was applied
and as it was removed. All readings were taken with continuous application
and removal of the load. Readings were taken on corresponding points on
either side of the beam and in the same gage direction for each individual run.

To facilitate in the placement of the gages and the establishment of a coordinate
system, both beam faces over the west support were marked off in 1/2-inch
squares and diagonals of 45° to the horizontal. For the simple beam, profiles
were established on each of the 1-inch vertical lines and some of the intermediate
points and were numbered beginning with zero at the end of the beam. Thus,
profile No. 6 would be a profile 6 inches from the end of the beam, which is
also the center of the flat block bearing. Likewise, profile No. 5.5 was
5-1/2 inches from the end of the beam.

One SR-4 strain gage was mounted on the bottom of the beam under the load
point at the middle of the beam. This gage served two purposes: First, it
served to check on whether the conditions first imposed on the beam were
remaining constant; second, it served to check on whether the repeated
loading was causing any change in the elastic properties of the beam. No
changes were shown by the measurements taken with this gage.

Measurement of reactions. --To obtain the actual shear distribution over the
length of the beam, the east reaction was determined from the load cell that
was part of the support.

The west and east reactions were 790. 8 pounds and 766. 8 pounds, respectively.
Reactions were not the same because they were not symmetrical with respect
to the point of load due to the type of supports used. The east support was a
roller-type support, but the west support was a flat bearing block restrained
against horizontal movement. Hence, the west support could be assumed to
approximate a hinged support. The hinge action took place on the interior
face of the bearing block, which actually moved the reaction concentration

position closer to the load point for the west reaction.
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Properties of the Wood

After concluding the major experiments, small clear specimens were cut
from both beams to determine the physical properties of each. The locations
of the small clear specimens in the continuous beam and simple beams are
shown in figures 6 and 7, respectively. All the tests were by the standard

ASTM- 	 for small clear specimens, with the exception of the test for

shear modulus. This latter was made by a method similar to the ASTM
3standard— plate shear test for plywood.

The specimen properties determined for the continuous beam were moisture
content, specific gravity, compression parallel to grain, compression
perpendicular to grain, static bending, shear parallel to grain, and shear
modulus. The values are tabulated in table 1, along with the average values.

The specimen properties determined for the simple beam were moisture
content, specific gravity, and shear modulus. The values are tabulated in

table 2, along with the average values.

Analysis of Data and Results

Continuous Beam

Calculation of horizontal shear strains. --All strain values were plotted
against load increments; positive strain as tension and negative strain as
compression. Strain readings taken on either side of the beam during a run
were averaged and then plotted against load increment. All plots had to give

a straight line before the run was considered acceptable.

Strains in the vertical, horizontal, and 45° directions that were used in the
calculations of horizontal shear strains were taken from the plot of average
strain values against load at the fifth increment of load, which was a total

load of 974 pounds at the midpoint of each span.

The horizontal shearing stress at each gage point was computed from the
three strains by using Mohr's circles of strain. By this method, it is possible
to completely determine the strain in any direction by having the strains in
two rectilinear directions and also in a direction of 45° between the two

3
—American Society for Testing and Materials. Standards on Wood, Wood

Preservatives and Related Materials. 1959.
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rectilinear directions. The center of the strain circle is located a distance,
c, from the principal axis, and

1
+ e

where E 
H 

and e are the horizontal and vertical strains in microinc es per
V

inch, respectively. The horizontal shear strainLIJ
'
 is then
H 

= 2{

where E	 is the strain in microinches per inch in the 45° direction. Thea
horizontal shear stress, T, in pounds per square inch can be computed fromH 

the relationship

= 
GBH

where G is the shearing modulus of elasticity in pounds per square inch. All
plots of horizontal shear strains are shown in figures 8 through 11.

Determination of horizontal shear stresses and shear forces. —The complete
calculations of horizontal shear stresses are shown in table 3. In the first
calculation of stress (col. 7 of table 3), an average value of 112, 100 pounds
per square inch for shear modulus of elasticity was used from panels 1MS,
2MS, and 3MS, (fig. 6a). Since all the measurements of strain were taken
near the middle support, it was deemed necessary to take the G values only
from these three panels.

The area under the stress distribution curves determined with a constant G
was integrated, and this area times the width of the beam gave a total
horizontal shear force. For conditions of equilibrium, the horizontal shear
force must be equal to the vertical shear force. Using these data, a plot of
the variation of vertical shear force was made (fig. 12).

It can be seen from figure 12 that the values of vertical shear using a constant
G at profiles Nos.11E and 14E do not coincide with the vertical shear as
determined from the free body shear diagram (fig. 3), which is also plotted
on figure 12. The values of vertical shear for profiles Nos.11 and 9 compare
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to the free body shear within 3. 49 and 3.79 percent, respectively. This
indicated that the value of G was variable over the middle support.

A true value of G was determined for profiles Nos. 11, 9, 11E, and 14E by
integrating the area under the horizontal shear strain curves of these four
rofiles (a and b in fig. 8, c and d in fig. 11) and dividing the area by theP 

product of two times the true vertical shear times the width of the beam. A

value of G could be dletermined for only these four profiles because a true
value of vertical shear was not known for the profiles over the support. The
plot of the value of shear modulus, with a smoothed curve of variation, fitted
by eye, is shown in figure 13.

The final horizontal shear stresses were determined by using the corrected
values of G from the plot of variation of shear modulus (fig. 13) for each
individualprofile. These values are shown in column 8 of table 3. The plot
of vertical shear force using the corrected G is calculated in table 4 and is
plotted in figure 12.

The horizontal shear stress distribution curves over the middle support are
shown in figure 14.

Determination of location of middle reaction. --The middle reaction was a flat
bearing block of wood, and it simulated a uniformly distributed load over an
8-inch length. Figure 15 shows the vertical strains 1 inch above the bottom
of the beam over the middle support, which indicates the pressure distribution
on the bearing block. However, this figure is only an approximation of the
truepressure distribution because the values of vertical strain were taken
1 inch up from the bottom of the beam.

The total middle reaction was calculated as an equivalent point load. The
position of this equivalent load should coincide with the position of zero
vertical shear in figure 12.

A bending moment check of the free body of the beam (fig. 3) was made to
locate the position of the equivalent point load. Moments were summed
around the west support, and the distance to the middle support's equivalent
concentrated load was the only unknown. This distance was determined as
80 inches, which is 2 inches east of the center of the middle support. Two
inches east of the center of the middle support should be approximately the
oint of zero vertical shear. The actual point of zero vertical shear is betweenP 

2-1/2 and 3 inches from the center (fig. 12). Hence, this is a good check that
the axis of symmetry of horizontal shear is not at the center of the middle
support.
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Simple Beam 

Calculation of horizontal shear strains. --All gage strains were plotted against
load increment; positive strain as tension and negative strain ascomression.p 
Strain readings taken on either side of the beam were averaged. Theseplots
had to give a smooth curve since a straight line could not be obtained because
the shift of the reaction pressure occurred with increase of load.

Strains were observed in two directions of plus 45 0 and minus 45° to the
horizontal for determination of the horizontal shear strains. The strains
used in calculations were taken from the plot of the average at the fourth
increment of load.

The horizontal shearing stress of each gage point was computed from the two
strains by using Mohr's circle of strain. By this method, it is possible to
compute horizontal shear strain by having the strains only in two 45° direc-
tions with the horizontal. The strain in the positive 45° direction is e and

1
in the negative 45° direction is E 2 . The horizontal shear strain,	 , pis, then

The horizontal shear stress, 	 , in pounds per square inch can be computed

from the relationship

H = Gtiqi

where IPe
H'	 and E 

2 
are in microinches per inch and G is the shearing

modulus of elasticity in pounds per square inch. All plots of horizontal shear
strains are shown in figures 16 and 17.

Determination of horizontal shear stresses and shear forces. --The complete
calculations of horizontal shear stresses are shown in table 5. The first
calculation of stresses (col. 5, table 5) used an average G of 108, 900 oundsP 
per square inch. This G is the average shear modulus obtained from the
panels shown in figure 7.

Curves of horizontal shear stress at each profile with the first calculated stress
were drawn, and the area enclosed by these curves was determined. These

••••11101,
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areas times the width of the beam gave a horizontal shear force. The
horizontal shear force equals the vertical shear force from conditions of
equilibrium. Figure 18 shows the plot of the vertical shear forces over the
support. The dashed line indicates the shear foices as determined from the
free body diagram (fig. 5).

The values of vertical shear using a constant G at profiles Nos. 10, 11, and
12 do not coincide with the shear values determined from the free body diagram
(fig. 18). Hence, it was again concluded that the value of G must vary over
the support.

A true value of G was obtained for profiles Nos. 10, 11, and 12 by integrating
the area under the strain curves of these three profiles (fig. 17) and dividing
the area by the product of the true vertical shear times the width of the beam.
Again, the true G could only be determined for these three profiles because
the true vertical shear was not known for the profiles over the support.. The
plot of the values of shear modulus, with a smoothed curve, fitted by eye, is
shown in figure 19.

The final horizontal shear stresses were determined by using the corrected
G from the plot of variation of shear modulus for each separate profile. These
values are shown in column 6 of table 5. The plot of vertical shear forces
using the corrected G, as calculated in table 6, is shown in figure 18.

The horizontal shear stresses over the west support are shown in figure 20.

Determination of location of  west reaction. --The west reaction was a flat-
bearing block of wood. In this case, the reaction cannot be considered as a
uniformly distributed load over a 6-inch length because the beam bears only
on the inner edge of the bearing block as it deflects. An approximate pressure
distribution of the bearing block on the beam as indicated by the vertical
strains taken 0. 37 inch above the bottom of the beam at the four increments
of load is shown in figure 21. The maximum pressure occurred 8-1/2 inches
from the end of the beam, or about 1/2 inch from the edge of the bearing
block (fig. 21).

A moment check of the free body of the beam (fig. 5). was made to locate the
position of an equivalent point load, which simulates the reaction. Moments
were summed around the east reaction, and the distance to the west reaction
was the only unknown. This distance was determined as 94. 5 inches, which
indicates the equivalent point load should be 7.5 inches from the end of the
beam, while the center of the support is only 6 inches from the end of the
beam. This shows why the reaction forces were not equal because of the
shift in the west reaction that was due to the rotation of the end of the beam.
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Proposed Theory

Individual plots of the horizontal shear stress distribution forprofiles Nos.
11, 9, 11E, and 14E on the continuous beam are shown in figures 22 through
25, and for profiles Nos. 10, 11, and 12 on the simple beam are shown in
figures 26 through 28. The conventionalparabolic horizontal shear stress
distribution is indicated by dashed lines on thesegraphs. The conventional
theory is expressed by

H= VQ
It

where V = true vertical shear force
Q the statical moment of the area above thepoint of desired stress

about the neutral axis
t = width of cross section
I = moment of inertia of cross section

From profiles Nos. 9 and 11E of the continuous beam(figs. 23 and 24) and
profile No. 10 of the simple beam (fig. 26), it can be seen that the measured
stress closely approximates a straight line and not a parabola. This straight-
line distribution can be expressed by

H= 2V h

th 2 2

where y= distance of the point of desired stress from the neutral axis
(y has a negative value toward the edge of the beam where load
or support is applied and a positive value toward the opposite
edge)

h = total height of cross section

The maximum ordinate expressed from the conventionalparabolic theory is

3 V
H =

2 th

while the maximum ordinate expressed from the proposed theory is

H = 2V
th
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Discussion of Results

Continuous  Beam, Profiles Nos. 11, 9, 11E, and 14E

The values for maximum horizontal shear stress of the continuous beam
obtained by measurement and by using the conventional and proposed theories
were as follows:

Profile No.	 Measured

(P. s.

11	 -59. 02
9	 -68. 39

11E
	

+83.96
14E
	

+84.78

Conventional
theory 

(P.s.i.)

-62.88
-62.88
+66.21
+66.21

Proposed
theory

(P. s.)

• •

-83.80
+88.20

OOOOO

It is significant that the value obtained for profile No. 9 by using the conven-

tional theory is 92.1 percent of the measured value and the value obtained
by the proposed theory is 122.6 percent of the measured value. For profile
No. 11E, the value obtained by the conventional theory is 78.8 percent of the
measured value and the value obtained by the proposed theory is 105.0 percent
of the measured value.

Profile No. 11, 5-1/2 inches west of the middle support centerline, (fig. 22),
shows that the measured stress distribution closely approximates the conventional
parabolic theory. The maximum measured ordinate occurs 2 inches below
the neutral axis, showing that the boundary effect of the middle support still
has some effect on the stress distribution.

Profiles Nos. 9 and 11E (figs. 23 and 24), 4-1/2 inches west and 5-1/2 inches
east of the middle support centerline, respectively, show that the measured
distribution is nearly a straight line and can be closely approximated by the
proposed theory. In both of the profiles, the maximum measured ordinate
occurs 2 inches below the neutral axis.

Profile No. 14E, 7 inches east of the middle support center-Line- (fig. 25), shows
that the measured stress distribution is approaching the conventional parabolic
theory. The comparison to the conventional theory is not as good with profile
No. 14E as it is with profile No. 11 because the G used to determine 14E's
stress is greater than the true G. This happened because the value of G used
in the calculation was from a smoothed curve (fig. 13), while the actual value
of G at profile No. 14E was less. The maximum measured ordinate occurs
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2 inches below the neutral axis, showing that the boundary effect of the
middle support still has some effect on the stress distribution.

Simple Beam, Profiles Nos. 10, 11 and 12

The values for maximum horizontal shear stress of the simple beam obtained
by measurement and by using the conventional and proposed theories were as
follows:

Profile No.	 Measured	 Conventional	 Proposed
theory	 theory

(P. s.d.) .	 (P. s.	 (P. s.

10	 +84. 5	 +69.8	 +92.8
11	 +71.4	 +69.8
12	 +63.4	 +69.8

Here again, it is significant that for the one profile for which comparative
data were obtained using all three methods—profile No. 10—the value obtained
by the conventional theory is 82.6 percent of the measured value and the
value obtained by the proposed theory is 109.8 percent of the measured value.

Profile No. 10, which is 10 inches from the west end of the beam (fig. 26),
shows that the measured stress distribution is nearly a straight line and can
be closely approximated by the proposed theory. The maximum measured
ordinate occurs 3.81 inches below the neutral axis.

Profiles Nos. 11 and 12 (figs. 27 and 28), which were 11 inches and 12 inches
from the west end of the beam, respectively, show that the measured stress
distribution closely approximates the conventional parabolic theory. The
maximum measured ordinate for profile No. 11 occurs 2.81 inches below
the neutral axis and for profile No. 12 occurs 1.81 inches below the neutral
axis. This indicates that the boundary effects of the west support on the
stress distribution extend for a distance that is 3 inches from the edge of
the bearing, profile No. 12.

For profile No. 12, the measured stresses are actually less than the values
from conventional theory because the G used in the determination of the stress

was probably less than the actual G.

• •

• •
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Conclusions

1. The distribution of shear stress over areas of a flat bearing of wood in a
beam do not vary in accordance with the simple theory of horizontal shear
stress. Examples of this can be seen in figures 23 and 24 for the
continuous beam and figure 26 for the simple beam.

2. For the areas where the critical shear stresses occur and the maximum
measured stress is greater than the stress determined from simple
theory, a more accurate distribution expression can be given by the

2V h
formula H =	 y). For the maximum ordinate of stress, the

th 2 2

proposed formula yields a 33 percent increase in stress over the simple
parabolic formula for maximum ordinate.

3. Based upon the supporting data of these two experiments, horizontal
shear stress should be calculated by the proposed formula for a distance

3
of 7 d from the center of a support, where d is the depth of the beam.

The horizontal shear stress within this distance from this type of support
2V

should be calculated by H =
th •

4. In regard to the correlation of the continuous beam and the simple beam,
the point where the critical stress occurs is seen in both cases to be just
outside the area of the bearing block.

5. The findings of this study have important implications in the design of
beams for shear. They are presented for consideration and discussion,
pending further investigations. These investigations should include the
variation of the type of bearing block support from a flexible block, such
as wood, to a rigid block, such as steel or masonry; the change of the
ratio of width to depth; the amount of overhang on a simple beam; and
the study of induced failures through experimental procedure.

•
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Table 2.--Iropertifsofy22d in the simple beam
from small clear specimens 

Specimen 1 : Moisture : Specific :	 Shear

designation— : content	 : gravitya : modulus

•

: Percent	 : P.a. ~ 

1SG 10.9	 0.360	 ........^^

2SG	 :	 10.8	 :	 .360

1N: ............ . .0000 OOOOO . 0:	 105,900

18	 . OOOO ..„.....:. boo OOOOOO ...	 94,100

2N	 : 0.4 0000 ...........••	 .......: .107,000

2S:.. .. ..... ... : . ..... ..... .:	 105,200

3N: . ..... .. ....: ..... .......:	 107,900

3S	 : ......... ..	 ..	 •	 •..	 .	 •	 .....	 :.	 96,500

4N : ... 00	 .... .: ..... ..... .. :	 120,100

4S	 ... •	 • .,.	 ......:.... ........ :	 109,800

50	 :.. .......... : ... WO ..... :	 114,80
0

5S... ..... ... .. : .. ..........:	 118,900

6N	 . 00. 04000400.6	 •	 6.. ... .......:	 116,200

6S :.......... .. : ..... .. ..... :	 110,700

Av.:	 10.8	 .360	 : 108,900

1—SG was used to designate specimens that were
only tested for moisture content and specific
gravity while N (north) and S (south) refer to
the side of the beam from which the panel
specimen was cut.

1Based on volume at test and ovendry weight.

•
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Table 3.--Calculation of horizontal shear stresses in continuous beani-

Distance:
from top:
of beam :

(1)	 (2)	 :	 (3)	 (4)	 :	 (5)
	

(6)
: 	

In.	 :In. per in.:In. per in.:In. per  in.: In. per in. 	 In. per in. 
x 10 6	x 106	 x 10 6	 x 10 6	x 106

:Shear stress :Shear 'stress
using G ay . : using G

: taken from : taken from
:middle panels: variation

G = 112,100 :	 chart
p.s.i.

T =

( 7 )	 (8)

E a
	 C 

=
	 EV

:2
	 E

P.s.i. 

1 -80

PROFILE NO. 11 (5-1/2 INCHES WEST OF CENTERLINE)

+188	 +200	 +54	 -146 -32.7

G = 109,300

-31.9
2 -164 +156	 +204	 -4	 -208 -46.6 -45.5
3 -232 +100	 +168	 -66	 -234 -52.4 -51.2
4 -204 +8	 +132	 -98	 -230 -51.5 -50.3
5 -348 0	 +84	 -174	 -258 -57.8 -56.4
6 -404 •. -72	 +32	 -238	 -270 -60.5 -59.0

-260 -172	 -40	 -216	 -176 -39.4 -38.5

PROFILE NO. 9 (4-1/2 INCHES WEST OF CENTERLINE) G = 109,600

1 -100 +224	 +164	 +62	 -102 -22.9 -22.4
2 -152 +168	 +128	 +8	 -120 -26.9 -26.3
3 -200 +92	 +128	 -54	 -182 -40.8 -39.9
4 -300 +8	 +96	 -146	 -242 -54.2 -53.1
5 -420 -48	 +12	 -234	 -246 -55.1 -53.9
6 -540 -60	 0	 -300	 -300 -67.2 -65.8
7 -516 -196	 -44	 -356	 -312 -69.9 -68.4

PROFILE NO. 7 (3-1/2 INCHES WEST OF CENTERLINE) G = 110,000

1 -92 +204	 +188	 +56	 -132 -29.6 -29.0
2 -180 +160	 +160	 -10	 -170 -38.1 -37.4
3 -300 +132	 -112	 -84	 -196 -43.9 -43.1
4 -376 +72	 +64	 -152	 -216 -48.4 -47.5

-616 0	 -8	 -308	 -300 -67.2 -66.0
6 -632 -100	 -56	 -366	 -310 -69.5 -68.2

-824 -160	 -188	 -492	 -304 -68.1 -66.9

PROFILE NO. 5 (2-1/2 INCHES WEST OF CENTERLINE) G = 110,600

1 -108 +228	 +184	 +60	 -124 -27.8 -27.4
2 -188 +160	 +168	 -14	 -182 -40.8 -40.3
3 -352 +112	 +112	 -120	 -232 -52.0 -51.3
4 -392 +32	 +8	 -180	 -188 -42.1 -41.6
5 -628 -44	 -120	 -336	 -216 -48.4 -47.8
6 -836 -92	 -172	 -464	 -292 -65.4 -64.6

-1,196 -144	 -352	 -670	 -318 -71.3 -70.3

PROFILE NO. 3 (1-1/2 INCHES WEST OF CENTERLINE) G = 111,000

-124 +204	 +172	 +40	 -132 -29.6 -29.3
2 -188 +160	 +100	 -14	 -114 -25.6 -25.3
3 -340 +100	 +48	 -120	 -168 -37.7 -37.3
4 -428 -24	 0	 -226	 -226 -50.7 -50.2
5 -640 -40	 -112	 -340	 -228 -51.1 -50.6
6 : -916 -124	 -240	 -520	 -280 -62.8 -62.2

: -1,152 -156	 -352	 -654	 -302 -67.7 -67.0
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Table 3.--Calculation of horizontal shear stresses in continuous beam---Continued

Distance:
From top:
of beam

E V E
1 	 ,.c = -(E	 E V).FTa	 2

.2
E

) :Shear stress :Shear stress
using G ay . : using G

: taken from : taken from
:middle panels: variation
: G = 112,100 :	 chart

p.s.i.
T =	 T	 G4)

(1)	 (2)	 (3)	 (4)	 (5)	 (6)	 (7)	 (8)

In.	 :In. per in.:	 per in.: In. per in.: In. per in.	 : In. per in.	 P.s.i.	 P.s.i.

x 10 6	 •x 10	 • x106 x106

PROFILE NO. 2 (1 INCH WEST OF CENTERLINE)

+220 +144 +46 -98
+168 +92 -20 -112

+96 +20 -112 -132
+90 -52 -227 -175
-72 -152 -408 -256

-108 -228 -542 -314
-200 -476 -700 -224

PROFILE NO. 1 (1/2 INCH WEST OF CENTERLINE)

	

+232	 +136	 +48	 -88	 -19.7

	

+144	 +88	 -42	 -130	 -29.1

	

+96	 +8	 -170	 -178	 -39.9

	

+52	 -92	 -256	 -164	 -36.8

	

-64	 -156	 -284	 -128	 -28.7

	

-148	 -200	 -540	 -340	 -76.2

	

-248	 -424	 -712	 -288	 -64.5

PROFILE NO. 0 (ON CENTERLINE)

x10 6

-128
2
	 -208

3
	 -320

4
	 -544

5
	 -744

6
	

:	 -976
: -1,200

1	 -136
2	 -228
3	 -436
4
	 -564

5	 -704
6
	

:	 -932
: -1,176

-22.0
-25.1
-29.6
-39.2
-57.4
-70.4
-50.2

= 111,300

-21.8
-24.9
29.4

-39.0
-57.0
-69.9
-49.9

G = 111,500

-19.6
-29.0
-39.7
-36.6
28.5

-75.8
-64.2

G = 112,100

1	 -160	 +232	 +156	 +36	 -120	 -26.9

2	 -248	 +148	 +60	 -50	 -110	 -24.7

3	 -356	 +100	 -20	 -128	 -108	 -24.2

4	 -536	 +52	 -116	 -242	 -126	 -28.2

5	 -668	 -32	 -200	 -350	 -150	 -33.6

6	 -960	 -96	 -336	 -528	 -192	 -43.0

7	 s -1,156	 -228	 -428	 -692	 -264	 -59.2

PROFILE NO. 2E (1 INCH EAST OF CENTERLINE)

1	 -120	 +228	 +124	 +54	 -70	 -15.7

2	 -236	 +156	 +60	 -40	 -100	 -22.4

3	 -368	 +100	 s	 -68	 -134	 -66	 -14.8

4	 -548	 +40	 -160	 -254	 -94	 -21.1

5	 -804	 -40	 -216	 -422	 -206	 -46.2

6	 : -1,020	 -124	 -332	 -572	 -240	 -53.8

7	 : -1,224	 -188	 -472	 -706	 -234	 -52.4

PROFILE NO. 4E (2 INCHES EAST OF CENTERLINE)

160
2 224
3	 -352
4	 -532
5	 -764
6

	

	 -1,016
-1,308

-26.9
-24.7
-24.2
-28.3
-33.6
43.1
59.2

G = 115,500

16.2
23.1
15.3
21.7

-47.6
55.4

-54.1

G = 121,000

-18.4
-8.7
10.7
+1.5

-11.6
-35.3
-49.4

	

+184
	

+88
	

+12 76 17.0

	

+152
	

0	 -36
	 -36	 -8.1

	

+96	 -84	 -128 44
	 -9.9

	

+40	 -252	 -246
	

+6
	

+1.3

	

-36	 -352	 -400
	 -48
	 -10.8

	

-140	 -432	 -578
	 -146
	 -32.7

	

-196
	 -548	 -752

	 -204 45.7
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P .s.
•

(5)	 (6) (7)(1)	 (2)	 (3)	 (4)
:	 .

In.	 :In. per in.:In. per in.:In. per in.:  In. per in. 

	

106	 •	 106	 •

	

x 10	 •	 x 10	 •	 x 10 6 	 x 10 6
In. per in. 

x 10 6

+62	 +34	 +7.6
-8	 +56	 +12.6

-110	 +94	 +21,1
-224	 +64	 +14.3
-342	 +122	 +27.3
-512	 +184	 +41.2
-630	 +210	 +47.1

+9.3
+15.3
+25.7
+17.5
+33.4
+50.3
+57.5

Table .--Calculation of horizontal shear stresses in continuous beam'--Continued

Distance:
from top:
of beam :

ev 1 ,
E a 	 :c	 -2- kc H :

: E
:Shear stress :Shear stress
: using G ay . : using G

taken from : taken from
:middle panels: variation
: G = 112,100 :	 chart   

•

p.s.i.
= ckp = Gtp      

•     

PROFILE NO. 5E (2-1/2 INCHES EAST OF CENTERLINE) G = 124,100 
1	 -120:	 +236	 +68
2	 -.204	 +160	 -24
3	 -336	 +80	 -120
4	 -536.	 +40	 -256
5	 -708	 -40	 -388
6	 -1,056	 -132	 -512
7	 -1,340	 -204.592

+58 -10 -2.2 -2.5
-22 +2 +.5 +.5

-128 -8 -1.8 -2.0
-248 +8 t +1.8 +2.0
-374 +14 +3.1 +3.5
-594 -82 -20.4
-772 -180 -40.3 -44.7

PROFILE NO. 6E (3 INCHES EAST OF CENTERLINE) . 127,900 

1	 -104
2	 -172
3	 -340
4	 -504
5	 -688
6	 -980
7	 -1,228

+220
+156

+72
+16
-44

-144
-196

+40
-56

-140
-268
-440
-592
-664

+58
-8

-134
-244
-366
-562
-712

+18	 +4,0	 +4.6
+46	 +10.3	 t	 +11.8

+6	 +1.3	 +1.5
+24	 +5.4	 +6.1
+74	 :	 +16.6	 +18.9
+30	 +6.7	 +7.7
-48	 -10.8	 -12.3

PROFILE NO. 7E (3-1/2 INCHES EAST OF CENTERLINE) 	 G = 132,000 

+68
-24

-110
-230
-374
-554
-692

1	 -108
2	 -196
3	 -312
4	 -468
5	 -688
6	 -976
7	 : -1,216

	

+244	 +36

	

+148	 -88

	

+92	 -160

	

+8	 -332

	

-60	 -524

	

-132	 -704

	

-168	 -728

+32	 +7.2
+64	 +14.3
+50	 +11.2

+102	 +22.9
+150	 +33.6
+150	 +33.6

+36	 +8.1

+8.5
+16.9
+13.2
+26.9
+39.6
+39.6
+9.5

PROFILE NO. 8E (4 INCHES EAST OF CENTERLINE) G = 136,800 

1	 -120	 +244	 +28
2	 -164	 +156	 -64
3	 -300	 +80	 -204
4	 -448	 0	 -288
5	 -620	 -64	 -464
6	 -896	 -128	 -696
7	 : -1,064	 -196	 -840

•

PROFILE NO. 11E (5-1/2 INCHES EAST OF CENTERLINE) G =151,000 

1
2
3
4
5
6
7

-116
-144
-244
-312
-388
-564
-364

+212
+128

+68
+12
-84

-140
-280

+20
-76
192

-276
432

-560
600

+48
-8

-88
-150
-236
-352
-322

428	 +6.3	 +8.5
+68	 +15.2	 +20.5

+104	 +23.3	 +31.4
+126	 +28.2	 +38.1
+196	 +43.9	 +59.2
+208	 +46.6	 +62.8
+278	 +62.3	 +84.0

PROFILE NO. 14E (7 INCHES EAST OF CENTERLINE) 	 G = 161,800 

-132
	

+208	 -28
	

+38
	

+66	 +14.8	 +21.4
2 112
	

+96	 -132	 -8
	

+124	 +27.8	 +40.1
3	 -156
	

+36	 -208	 -60
	

+148	 +33.2	 +47.9
4	 -212	 -28	 -284	 -120

	
+164	 +36.8	 +53.1

5 140	 -112	 -360	 -126
	

+234	 +52.4	 +75.7
6 244	 -168	 -468	 -206

	
+262	 +58.7	 +84.8

-68	 -268	 -364	 -168
	

+196	 +43.9	 +63.4

1
-Tabulated quantities are defined on page 7 in text.
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Table 4.--Calculation of corrected vertical shear forces over middle

f.11222E12fS.221.1.-211.211217.2fam

Profile: Area under :G obtained : Value in :Value in col. 2: Corrected
No. :stress curve :from figure: col. 3 : multiplied by : vertical

	

:assuming that:
	

13	 :divided by:	 value in	 : shear from

	

G = 112,100 :
	

112,100 :	 col. 4	 :stress curves

(1)	 (2)
	

( 3 )	 (4)	 (5)
	

(6)

Lb, per in. : P.s.i. 
	

: Lb. per i 

11	 -341.07	 : 109,300
	

0.9754 :	 -332.68

• -342.06	 : 109,600 :	 .9781 :	 -334.57

7	 -364.84	 : 110,000	 .9817 :	 -358.16

5	 -347.80	 : 110,600 :	 .9870 :	 -343.28

	

-324.80	 : 111,000 :	 .9906 :	 -321.75

	

-293.77	 111,300 :	 .9933 :	 -291.80

	

-294.90	 • 111,500	 .9951 :	 -293.45

0	 -239.78	 : 112,100 : 1.0004 :	 -239.88

2E :	 -226.32	 115,500
	

1.0308 :	 -233.29

4E :	 -122.81	 : 121,000
	

1.0799 :	 -132.62

5E :	 -57.38	 :	 124,100 :	 1.1075 :	 -63.55

6E :	 33.60	 127,900
	

1.1414 :	 38.35

7E	 97.26	 : 132,000 : 1.1780
	

114.57

8E	 3 : 136,800 : 1.2209 :
	

209.05

11E	 225.91	 : 151,000 : 1.3476 :
	

304.44

14E	 267.89	 : 161,800 : 1.4440 :
	

386.83

Lb.

-658.70

-662.45

-709.16

679.69

-637.06

-577.76

-581.03

-474.96

-461.91

262.59

-125.83

75.93

226.85

413.92

602.79

765.92
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•
•4.4

10.4
10.0
9.6
4.4

10.9
-20.9
21.8

4.4
10.4
10.0

9.6
4.4

-10.9
-20.9
-21.8

Table .--Calculation of horizontal shear stresses in a simile beam

•

Distance:
from top:
of beam • 

•

= E, :Shear stress :Shear stress
using G ay .	 using G

: taken from	 taken from
panels	 variation

G = 108,900	 chart
p.s.i.
= Grkp H	 TH

.......	 ...•   
(I.)	 :	 (2) (3)	 (4)	 :	 (5) (6)

..... ammem,    
•   

In.	 :In. per in.: In. per in.: In. per in. 
	

P .s. . 	P.s. .
x 10 6	x 106 

	
x 10 6

PROFILE NO. 5.5 (5-1/2 INCHES FROM END) 	 G = 108,800 

	+8	 :	 -32	 +40
•.	 +56'	 .	 -40	 +962 

3	 .	 +24	 -68	 +92
4	 :	 -16	 -104	 :	 +88
5	 :	 -60	 -100	 •. +40
6	 .	 -192	 .	 -92	 -100
7	 :	 -288	 -96	 -192
8	 -	 -184	 •	 +16	 -200

PROFILE NO. 6.5 (6-1/2 INCHES FROM END) 	 G = 111,100 

1	 :	 +20	 -52
2	 :	 +36	 -68
3	 :	 +40	 -104
4	 +12	 -116
5	 -84	 -136
6	 -196	 -144
7	 :	 -416	 -140
8	 -496	 :	 -4

	

+72	 7.8	 :	 8.0

	

+104	 11.3	 .	 11.6

	

+144	 15.7	 16.0

	

+128	 :	 13.9	 14.2

	

+52	 5.7	 5.8

	

-52	 -5.7	 -5.8

	

-276	 :	 -30.0	 -30.7

	

-492	 -53.6	 -54.7

PROFILE NO. 7.5 (7-1/2 INCHES FROM END) 	 G = 112)300 

• +32	 :	 -72	 +104	 11.3	 .	 11.7
.	 +64	 .	 -96	 :	 +160	 :	 17.4	 :	 18.0
• +68	 :	 -132	 +200	 .	 21.8	 .	 22.5
•	+40	 •.	 -192	 ..	 +232	 25.3	 26-0

	

-40	 -232	 :	 +192	 20.9	 21.6
• -148	 -296.	 16.1	 :	 16.6+448

	

-456	 :	 -372	 -84	 .	 -9.1	 .	 -9.4

	

-1,000	 -272	 ..	 -728	 •	 -79.3	 -81.8

(Page 1 of 3)

2
3
4
5
6
7
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Table 5.--Calculation of horizontal shear stresses in a sim le beam--Con.

Distance:
from top:
of beam

E 2
E1

- 2 :Shear stress
: using G ay.

taken from
panels

G = 108,900
p.s.i.

T H = chti H

:Shear stress
• using G

taken from
variation

chart

TH	 H

( 1) (2) (3) (4) (5) (6)
••

In.	 :In. per in  : 	. per in.. In. per in. 
	

P.s.i. 
	

P.s.i. 

x 10 6 
	

•	 x 10 6 	x 10 6 	•

PROFILE NO. 8.5 (8-1/2 INCHES FROM END)
	

G = 113,600 

1 • +32
2	 +72
3	 +80
4	 +88
5	 +68
6	 +88
7	 :	 -340
8	 : -1,080

-80
-128
-168
-240
-296
-392
-520
-800

+112
+200
+248
+328
+364
+480
+180
-280

• 12.2
• 21.8

27.0
• 35.7

39.6
52.3

• 19.6
-30.5

• 12.7
22.7

• 28.2
•• 37.3

41.4
54.5
20.4

-31.8

PROFILE NO. 10.0 (10 INCHES FROM END) G = 113,600 

+68
+116
+108
+152
+140
+120

+12
+168

-116
-176
-244
-296
-336
-448
-544
-476

+76
+140
+176
+184
+200
+148
+112
+64

128
-200
-264

276
352

-436
-520
-312

1
2
3
4
5
6
7
8

2
3	 •

4	 •

5
6
7
8

+184
+292
+352
+448
+476
+568
+556
+744

20.0
31.8
38.5

• 48.8
51.8

• 61.9
• 60.5

81.0

20.9
33.2
40.0
50.9

• 54.1
• 64.5

63.2
84.5

G = 112,900

• 23.0
38.4
49.7
51.9
62.5
65.9
71.4
42.4

• +204
• +340

+440
+460
+552
+584
+632
+376

PROFILE NO. 11.0 (11 INCHES FROM END)

22.2
37.0
47.9
50.1
60.1
63.6
68.8
40.9

(Page 2 of 3)
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(1) (2) (3)
AM.M.I.rnAm0WWOMAMMAM

(4)

:Shear stress :Shear stress
using G ay .	 using G
taken from	 taken from

panels	 : variation
G = 108,900	 chart

p.s.i.
H GI) H T	 GLJH

(6)

Distance:
from top:
of beam

= c

(5)

Table	 --Calculation of horizontal shear stresses in a simile beam--Con.

tipm AM. mow AND OM, AMA MR . • IMA VIA A. OM Oil 40 Oarb	 ... Imp
..0010.01110 AMA OM AAD OM OAA	 Rei	 .A.	 AMA 00	 SA AAA

:In. per in. In. per in.: In. per in. 	 P.s.i.	 P.s.i.
x 10 6 ,	 x 10 6	:	 x 106

1	 +84
2	 +168
3	 +184
4	 :	 +224
5	 +232

+216
7	 +144
8	 +60

PROFILE NO. 12.0 (12 INCHES FROM END)

	

-140	 +224
	

24.4

	

-216	 +384
	

41.8

	

-272	 +456
	

49.6

	

-312	 +536
	

58.4

	

-336	 +568
	

61.8

	

-352	 +568
	

61.8

	

-408	 +552
	

60.1

	

-112	 +172
	

18.7

111,700

•

25.0
42.9
50b9.
59.9
63.4
63.4
61.6
19.2

(Page 3 of 3)
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Table .--Calculation of corrected vertical
support of simple beam

shear forces over west  

.	 :	 •

Profile: Area under :G obtained : Value in :Value in col. 2: Corrected
No. :stress curve :from figure: col. 3 : multiplied by : vertical

:assuming that:	 19	 :divided by:	 value in	 : shear from

G = 108,900 :	 : 108,900 :	 col. 4	 :stress curves
••

(1) (2)	 (3) • (4)	 (5)	 (6)

Lb. per in. : P.s. .	 : Lb. per in.	 Lb.

5.5	 -8.06	 : 108,800 : 0.9991
	 -8.05	 -16.3

6.5	 -17.97	 :	 111,100 :	 1.0202 :	 -18.33	 -37.2

7.5	 +49.33	 : 112,300
	

1.0312	 +50.87	 +103.3

8.5 :	 +187.31
	

: 113,600
	

1.0432 :	 +195.40	 +396.7

10.0	 +368.74
	

113,600 : 1.0432
	

+384.67 .	+780.8

11.0 :	 +377.88	 : 112,900
	

1.0367 :	 +391.75	 :	 +795.3

12.0 :	 +370.91	 : 111,700 : 1.0257
	

+380.44	 +772.3
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Figure 1. - - Tuckerman optical strain gage mounted with special
holding device.





Figure 3. --Continuous beam setup with resultant free body and shear diagrams.

17 o.,n,^.+ Me.	 ',AO







Figure 6. --Location of small clear specimens in sections a, b, and c of the continuous beam for determi-

nation of the physical properties; a, h, and c represent areas located at various distances from center

of middle support. Numbers specify specimen. W, M, and E specify location of specimens as west,

middle, or east, respectively, of center of middle support. Remaining symbols specify type of test:

SG, moisture content and specific gravity; SB, static bending; C Par, compression parallel to grain;

C Perp, compression perpendicular to grain; SP, shear parallel to grain; and 5, shear modulus of

elasticity.





Figure 8. --Plots of measured horizontal shear strains of profiles
Nos 11, 9, 7, and 6 over the middle support bearing block
for the continuous beam.
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Figure 9. --Plots of measured horizontal shear strains of profiles
Nos. 3, 2, 1, and 0 over the middle support bearing block for
the continuous beam.



Figure 10. --Plots of measured horizontal shear strains of profiles

Nos. 2E, 4E, 5E, and 6E over the middle support bearing block

for the continuous beam.



Figure 11. --Plots of measured horizontal shear strains of profiles
Nos. 7E, 8E, 11E, and 14E over the middle support bearing
block for the continuous beam.















Figure 18. --Variation of vertical shear force over west
support on simple beam using a constant shear modulus

and a corrected shear modulus.







Figure 21, --Vertical strains 0.37 inch above the bottom
of the beam over the west support on simple beam.
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