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without any noticeable failure. If allowable stresses in C-perp were

accepted beyond PL, acceptable deformation would then be the new

design specification.
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Allowable stresses in C-perp limit its use in glue-laminated (glulam)

beams even though its bending properties are acceptable. The large

commercial supplies of hem-fir also provide us with considerable

stimulation to effectively utilize this resource.

Attempts are constantly being made to improve design procedures

and methods of determining the actual strength of a given piece of

lumber. Wood structures incorporating load sharing systems and the

use of metal joint connectors allow the more efficient use of wood.

Machine stress rated lumber gives working stress values for actual

boards. Each of these methods helps utilize more effectively our

depleting supply of high grade lumber. The method of using PL to

determine allowable stresses in C-perp is an example of an overly con-

servative attitude nurtured by previously abundant lumber supplies. A

change in the approach to C-perp would provide greater flexibility in

wood structural design and more effective utilization of species.

C-perp has long been known to be unique in its resistance to load.

Unlike properties such as bending, tension or shear, C-perp does not

cause failure until deformation is far beyond PL. As the material

under stress compresses beyond PL, it becomes more resistant to addi-

tional compression. Present allowable stresses, however, continue

to be limited to PL at its respective low level of deformation.

Differences in compression resistance at various growth ring

angles to the load has also been known. Angles of 0, 45, and 90

degrees to the load have been established as having significant differ-

ences in strength. Specimens with growth ring angles at 45 degrees
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with the load are weakest. However, the American Society for Testing

and Materials (ASTM) recommends the standard test for C-perp be done

with small clear specimens at 0-degree ring angle, which is the

strongest ring angle.

In recent years the use of small clear test specimens to

establish design values for the larger more variable boards found in

everyday use has come under considerable question. In C-perp small

verticalgrained specimens are tested to determine allowable stresses

for all sizes of lumber.

The purpose of this study was to provide compression stress data

at deformations beyond the elastic, limit. Load-deformation curves

were developed for the three major ring angle classes. Smaller

specimens were compared to larger specimens to study the effects of

combinations of ring angles in larger specimens. Attempts were also

made to find a small specimen predictor of large specimen behavior.

Characteristic curves were developed for small and large specimens

from hem-fir lumber collected from four western states.



BACKGROUND

Structure of Wood

Structural design with wood is basically the same as with

concrete or steel with the major difference being in wood's anisotropic

nature. Wood shows different properties when stressed along axes in

different directions. The cells of wood make up a highly complex

structural system that account for this variability. Figure 1

illustrates this system.

Annual rings layered around the tree vary in density from spring-

wood to summerwood. This major variation plus the complex cellular

differences along three axes, tangential, radial and longitudinal,

account for a large portion of the variation in strength properties.

Ray cells and summerwood add stiffness to wood perpendicular to the

grain. The length of fibers along the grain add stiffness parallel to

the grain. The focus of. this paper concerns compression loads imposed

perpendicular to the grain (on the tangential or radial face).

Summerwood layers and ray cells are normally perpendicular to each

other. They act much as columns as long as the load is applied axially

to them. When loads are applied at 450 these columns have less

resistance. Figure 2 simulates these three loading situations as

laterally supported columnar structures. The angle of the summerwood

columns to the load will later be referred to as ring angle.

4
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Terminology

The following is an explanation of terms used in this paper:

The first six definitions refer to Figure 3.

Stress is the load applied per square unit of area or pounds per

square inch (psi). It is either actual or allowable.

Deformation is the distance a load moves into the specimen in

inches (in.) or the amount of collapse perpetrated by the load. It,

too, is either actual or allowable.

The Elastic region is the linear portion of the load-deformation

curve up to the proportional limit. Theoretically, up to PL, the wood

will recover its original dimension upon removal of the load.

The Proportional (PL) or Elastic limit (EL) is the point at which

the load-deformation curve becomes non-linear. It is the highest load

at which a specimen retains its elastic properties.

The Inelastic region is any portion of the load-deformation curve

beyond PL. Wood can no longer recover its original dimension beyond

PL.

Max refers throughout this paper to the stress at 0.1 inch defor-

mation or the completion of the test.

Hem-fir is a commercial combination of species generally marketed

as a group which includes Western Hemlock [Tsuga heterophylla (Raf.)

Sarg.], White fir (Abies concolor Gord. and Glend.), Pacific silver

fir [Abies amabilis (Dougl.) Forbes], Grand fir (Abies grandis Dougl.),

California red fir (Abies magnifica A. Murr.), Noble fir (Abies procera

Rehd.).

7
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Ring angle is the angle formed between the load and the annual

growth rings in the specimen. Figure 4 describes this angle for the

three classes chosen for study.

Vertical Grain (Figure 4a) is often used to describe specimens

with 00 ring angles. To avoid confusion the term 0°-angle will be

used throughout this paper to describe the class (0°-22°) of specimens

or groups of specimens with 0° ring angle configuration.

Flat Grain (Figure 4c) is often used to describe specimens with

90° ring angles. The term 90°-angle will be used throughout this

paper to describe the class (68°-90°) of specimens or groups of

specimens with 90° ring angle configurations.

The term 45°-angle (Figure 4b) is used in this paper to describe

the class (23°-67°) of specimens or groups of specimens with 45° ring

angle configurations.

The term curve prefixed by 45°-angle, 0°-angle or 90°-angle

describes a representative curve for the specified group.

The 5% exclusion limit says that 95% of a sample of boards equal

or exceed that specified level of strength. ASTM standard D2915

section 5.4.4. (2) describes the method for establishing this limit.

The 5% exclusion limit is represented by the specimen at that level.
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LITERATURE SURVEY

Past research points to several factors as prominent in affecting

C-perp. The majority of this work reports its data as stress at PL.

Although testing by the ASTM standard D143 (1) is taken to 0.1 inch

deformation, this was done simply to assure the inclusion of PL in

the test results.

Bodig (5) investigated correlations between C-perp stress at PL

and mechanically rated modulus of elasticity. He found no significant

correlation but recommended that values now in use be slightly

increased.

Kunesh (10) found the effects of moisture content, size, thick-

ness and species highly significant. His study was limited to the

90°-angle class. Kunesh also isolated another point besides PL as

being highly significant. He called this the first load inflection

point, which is the first point at which the load-deformation curve

decreases momentarily.

Kennedy in Canada (9) studied the effects of ring angle and

specific gravity (SG) in nine wood species on C-perp and modulus of

elasticity. He found both mechanical properties at PL to be signifi-

cantly influenced by both SG and ring angle.

Wynand (12) compared deformations in Canadian Douglas-fir

[Pseudotsuga menziesii (Mirb.) Franco.] and hem-fir and Southern pine.

He recommended that hem-fir design values at PL be increased from 51%

to 90% of values for Douglas-fir.

11
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Hofstrand (7) investigated ring angle, moisture content and rate

of growth in Inland-Douglas fir. He found that C-perp at PL increased

with decreased moisture content. Modulus of elasticity in C-perp

decreased with an increase in the number of growth rings per inch.

C-perp at PL also decreased from a maximum at 0°-angle and 90°-angle

to a minimum at 45°-angle.

Most recently Fergus (6) and Nall (11) stated that types of

loading and joint types have significant effects on Pacific Silver

Fir, Sub-alpine Fir [Abies lasiocarpa (Hook.) Nutt.] and Lodgepole

Pine (Pinus contorta Dougl.) in light frame construction.

Johnson and McLaughlin (8) tested C-perp in hem-fir for the

American Institute of Timber Construction (AITC) in 1977. They also

observed 45°-angle as the weakest. They reported results only at the

proportional limit. This was also true with the other research

previously cited, except Fergus (6) and Nall (11) who reported data

to 0.1 inch deformation.

In 1978 Bendtsen, Haskell and Galligan (3) reported on the recent

attempts at the U.S. Forest Products Laboratory (USFPL) at Madison,

Wisconsin to convert old data into new stress-compression data by

developing curves from data points over a range of deformations. The

range of deformation reflected the standard ASTM (D143) test (1). The

USFPL has no immediate plans to obtain new data, especially for lumber

intended for use in glulam construction. In 1979 Bendtsen and

Galligan (4) reported their most recent attempts to model the stress-

compression relationships using these same data. Fergus (6) and the
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USFPL reports (3, 4) both included data beyond the elastic limit at

0.005-inch intervals up to 0.1 inch maximum. Fergus's data represents

newly acquired data were the USFPL data were gathered previous to

1949.

Through all of this research there appear several common conclu-

sions. Moisture content, specific gravity and ring angle are the most

significant factors affecting C-perp. Since ranges of moisture

content and specific gravity are commonly under control in structural

lumber, ring angle is a source of high variability. Several questions

remain concerning information beyond the elastic limit for these ring

angles. What are the characteristics of these load-deformation curves?

What is the comparison of strength between a large specimen with

combinations of ring angles and small specimens with ring angles of

approximately 0, 45 and 90 degrees? Is the ring angle used in the

ASTM standard test (1) meaningful? These questions as they relate to

hem-fir are the basis for this study.



PROCEDURE

Variation from ASTM Standard

The American Society for Testing and Materials has developed

standards for testing in an attempt to make results from various

tests comparable. However, an ASTM task group on C-perp is currently

laying groundwork for implementing new procedures. Variations from

the ASTM standard employed in this study were necessary by experimen-

tal design. Literature (4) indicates several of these variations may

be incorporated inthe new procedures.

The ASTM standard calls for verticalgrained 2-inch by 2-inch by

6-inch specimens. It also limits the reporting of results to stresses

at PL. However, the test is to be carried to 0.1 inch deformation to

insure the inclusion of PL.

This study used 1 1/2-inch by 1 1/2-inch specimens to simplify

collection of boards, since nominal 2-inch lumber is 1 1/2-inches

thick. Vertical-grained specimens (OLangle) were used for comparison

of ring angle, but 451angle specimens were the focus of analyses since

they are the weakest in C-perp.

Results are reported at PL, but it is necessary to report beyond

PL if deformations beyond about 0.02 inch are permitted by the new

ASTM procedures. Since 0.1-inch deformation was a limit set by the

present standard, I performed a side study to determine if tests

should be carried to greater deformations.

14
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Seventy-two small specimens of random ring angle were tested to

0.2 inch deformation. Failures in shear were observed in nearly every

specimen between deformations of 0.15 and 0.2 inch. Although C-perp

stresses continued to increase with increased deformation, this

shearing could not be ignored. The potential damage to a real

structure would be realized through changes in bending strengths caused

by shear. Therefore, I used 0.1 inch as a deformation limit in C-perp

for this study.

Sample Preparation

Fifteen hem-fir boards were collected from each of four states;

Oregon, Washington, California and Idaho. AITC personnel selected

boards that had a range of specific gravities acceptable for glulam

use. They were kiln-dried and surfaced of nominal 2- by 6- or 2- by

8-inch lumber.

Three small specimens, 1 1/2- by 1 1/2- by 6-inches, and one

large specimen, 1 1/2- by 5 1/2- by 12-inches, were cut from each

board. The total number of specimens was 240. The three small

specimens were selected to fill ring angle classifications of 0, 45

and 900 (Figure 5). Ring angle classes included 0 to 22°, 23 to 67°

and 68 to 90°, respectively (Figure 4). The large specimen had the

combination of ring angles present in the original board. Table 4

(Appendix) describes these ring angles. Natural ring angle patterns

made it necessary to cut either 0°-angle or 90°-angle mall specimens

from the same board and turn one 90 degrees at the time of testing to
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Figure 5. Photo of all specimens cut from a board
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give one piece in the 0°-angle class and one in the 90°-angle class

from each board.

The specimens were placed in a standard conditioning room for

several months to equalize and maintain a moisture content of 8-12%.'

A schematic diagram of the experimental design appears in Figure 6.

Testing

Moisture content, length, width, depth, weight and average ring

angle of each specimen were measured. Specific gravity was calculated

later. The ring angle under the load was estimated as the average

of the two end cross sections. The angle of the cross section in

the small specimens was relatively constant through the length of the

specimen. The large specimens were divided as in Figure 5 into four

cross sections simulating glued-up small specimens. The angle in

each division was measured to form a profile of angles. This profile

of the large specimens would later allow a direct comparison to the

small specimens.

The small and large specimens were loaded over areas of 1 1/2-

by 2-inches and 5 1/2- by 5 1/2-inches, respectively, with load

centered on the length of the specimen. Load-deformation curves were

generated for each specimen to a maximum of 0.1 inch deflection.

Other than the size of the specimens and the different ring angles to

be studied, test procedures followed the ASTM standard test (1),

which is a test of 2- by 2-inch specimens loaded on the radial face.

The test set up (Figures 7 and 8) included a Tinius Olsen 60,000

pound test machine and a Tinius Olsen deflectometer that converted the
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Figure 7. Closeup of test setup
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deflections to the X axis of an XY chart recorder. Load was con-

verted to the Y axis of the same recorder by the weighing table of the

testing machine. Load ranges on the testing machine were selected

as a result of pretesting for maximum readability. The load was

applied through a floating head onto averaging type compressometers

devised specifically for the tests of the two sample sizes. The

rate of motion of the movable crosshead was 0.012 in./min. ± .003

in./min., according to standard ASTM procedure.

The dial gauges shown in Figure 8 were used to test the set-up for

slack. One gauge measured the movement of the crosshead and the other

used a lever arm to check the actual deformation being measured by the

deflectometer. It was noted that a difference of 0.006 inch existed

between the crosshead and the specimen measurements. This slack

usually occurred at the very beginning of the test and was attributed

to compression in the swivel head and take up of slack in the general

apparatus.

Analyses

Proportional limits for each specimen were determined by noting

the point at which the initial linear part of the load-deformation curve

became non-linear. A device using a piece of thin transparent acetate

with two parallel lines inscribed was devised to identify PL. Figure 9

illustrates this process.

Although the initial portion of the test is theoretically a linear

relationship, it is often curved because of startup factors such as
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machine drag, quality of the specimen surface, and apparatus slack.

The origin can be corrected by extending the linear portion of the

curve back to the X axis, creating a new corrected origin (Figure 10).

The load-deformation curves were then digitized at 0.005-inch

intervals of deformation. This was done with a Hewlett-Packard data

acquisition system. A program was written to convert loads to stress

in pounds per square inch (psi) by dividing the load by the loaded

area for each individual sample. The program calculated specific

gravities and categorized data by ring angle for later analysis. The

general formula for specific gravity is:

SG -
oven dry weight of wood

weight of displaced volume of H20

Oven dry weight (0.D.) was calculated by the formula:

0 D
wet weight of wood..
moisture content + 1

Moisture content, wet weight and volume were measured at the time of

testing. Moisture content was measured with a moisture meter. The

weight of displaced volume of water was calculated by multiplying the

volume of the specimen by the density of water.
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RESULTS AND DISCUSSION

Table 5 in the Pocket presents the stress-deformation data for

individual specimens. Stress values are given for PL, 0.04-Inch and

max deformation. Specific gravity, moisture content (MC), ring

angle and deformation at PL are also given. One can readily see the

NC's were in the range of the experimental design, 8-12%. Specific

gravities varied considerably, but were limited by the selection

process.

Stress-deformation curves representing values for average and

the 5% exclusion limit are included in the text for a more complete

understanding of data among tabled values in the appendix. Typical

examples of the variation about PL and max can be found in Figures 11

and 12. These histograms are for the 45°-angle specimens. The 5%

exclusion limit for stress at PL falls at 297 psi for this group.

The range of stresses above the exclusion limit includes quantities

over three times the 297 psi allowable level. Figure 12 shows a

similar distribution of stresses at maximum deformation. The exclusion

limits and means of these distributions over the range of testing are

described as curves in Figure 15.

Curves in Figure 13 graphically show differences in means for

size and ring angle class. Large specimens and 45°-angle small

specimens appear to have relatively similar load-deformation relation-

ships.

25
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Small Specimens

Significant differences were found between classes of ring angle

at deformations beyond 0.04 inch deformation. Figures 14 through 16

show curves for the mean and 5% exclusion limit for each ring angle

class. The 0°-angle class has the highest PL of 814 psi at a deforma-

tion of 0.021-inch. The 90°-angle class follows with 670 psi at a

deformation of 0.013-inch. The 45°-angle class has the lowest PL

with 516 psi at a deformation of 0.020-inch. Maximum loads at 0.1-inch

deformation are correspondingly higher at 1,337, 1,154 and 960 psi

respectively.

Beyond the PL and prior to reaching 0.04-inch deformation, the

stress-deformation relationship becomes curvilinear. After 0.04-inch

the average relationship appears to be linear again for all three ring

angles. Stresses for the 0, 90 and 45 degree specimens are 1,119,

945 and 750 psi respectively for 0.04-inch deformation. Curves for

all three ring angles are not only linear but parallel from 0.04 to

0.10 inch (Figure 13).

What are the real strength differences between ring angles? Pro-

portional limit values vary considerably. The modulus of elasticity

(MOE) in C-perp also varies considerably. MOE is the relationship of

change in stress to the change in deformation. Essentially MOE is

the slope of the curve in the elastic region. Just beyond PL there

is a settling region that is curvilinear up to approximately 0.04inch

deformation. Beyond this curvilinear region we experience another

relatively straight line portion with similar slopes.

29
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We know that these growth ring variations have unique structural

differences (Figure 2). We also know that these systems will

collapse differently when loaded. After initial collapse, however,

the system densifies and rearranges itself to collapse more uniformly.

The parallel nature of ring angle data beyond 0.04-inch deformation

seems to support this. It also implies no difference in resistance

to additional loading among ring angles once their original strength

has been utilized.

Assuming the five percent exclusion limit is a valid tolerance

limit, Figure 17 describes a safe linearization (dotted line) of the

inelastic region for the 45°-angle class. The area above this line

and below the actual curve represents additional capacity to resist

compression. In actual testing, however, a smooth curve seldom occurs

in the inelastic region. More often it is slightly wavy indicating

minute collapses of cell walls, buckling of rays and shearing of

density layers. These failures are seldom large but do exist.

Figure 18 is not actual data but illustrates this characteristic in

individual specimens. The straight line between PL and max below the

curve is conservative.

Since the 45°-angle tests relate to full-size specimens, it seems

natural to model this relationship beyond PL. The 5% exclusion limit

stress at PL was 297 psi, while the stress at max was 599 psi (Figure

17). The deformations were 0.022- and 0.100-inch respectively. Using

these load-deformation coordinates, one could then plot the straight

line between them. The formula for a straight line is:



ONO

.11111=M RY

2 3 1.1 b 7 0 9 10

- DEFORMATION (HUNDREDTHS INCH)
Figure 17. Linearization at the 5% exclusion limit

of 45°-angle specimens of hem-fir
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y = mx + b

y = predicted load (psi)

x = deformation (inches)

b = y intercept = 22

m = slope of line = = 3872

The specific formula for this case is:

y = 3872x + 212

x = desired deformation (inches)

y = allowable stress (psi)

It is then necessary to qualify the range of this formula from 0.022

to 0.100inch deformation. An alternative to this formula is a

table of allowable stresses derived from the formula (Table 1).

Convenient multiplying factors also appear and are shown in the same

table. When these factors are multiplied times PL a new set of

stresses are generated. If the slope in the formula holds true for

other species, these factors could be used for determining stresses at

deformations beyond PL with existing PL data.

Is the ring angle of zero degrees used in the ASTM standard test

meaningful? The boards sampled for this study showed an insignificant

quantity of zero (vertical) grain. Only one board out of 60 had at

least 75% of the grain vertical; only five Others had even 50%. Less

than 10% of the boards had any vertical grain at all. Tests on zero

degree material seem to have little relationship to actual boards.
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TABLE 1. ALLOWABLE STRESSES BEYOND PL FOR 452-ANGLE CLASS

ALLOWABLE STRESSES IN C-PERP BEYOND PL

R DEFORMATIONS OF

PL MAX

.02 .0H .06 .09 .10
LINEARIZED
E% EXCLUSION 297 367 HHH 522 599
STRESSES(PSI)
CY=3872 X+2121

CONVENIENT
MULTIPLYING I 1.25 1.50 I.7S
FACTORS

STRESSES(PS1)
GENERATED 297 371 HHG 520 59H
BY MULTIPLYING
FACTORS
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Comparing Small and Large Specimens

The large specimens included a variety of ring angles in the

cross-sectional area, which apparently influenced the results.

Figure 19 shows curves at the mean and 5% exclusion limit for the

large specimens. Proportional limit was at 582 psi and 0.014-Inch

deformation. Maximum load was 920 psi. As in the small specimens,

a second linear portion of the curve is apparent from 0.04-inch to

maximum deformation-(0.1 inch). Average load at 0.1 inch was 805 psi.

The major difference between the large and small specimens in this

region beyond PL was the slope of the curves. The larger specimens

required less increase in load for greater deformation than did the

smaller specimens (slope was less steep).

The PL for the 5% exclusion limit was 334 psi at 0.008 inch

deformation and 696 psi at maximum. The nearest ring angle class in

the small specimens is 45 degrees with 297 psi at PL. Figure 20 shows

the full family of curves.

Data from the large specimens were treated identically to data

from 45°-angle specimens as shown in Figure 17. Using the same method

described in Figure 17 for the small specimens, the formula for the

linearized inelastic region for the large specimens is derived as:

y = 3935x + 301

y = allowable load (psi)

x = desired deformation (inches)

The range of x is from 0.008 to 0.100 inch.
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Figure 19. - Curves for large specimens from hem-fir lumber
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The similarities found in the 45°-angle and large specimen

curves prompted further investigation and analysis. Figure 21

overlays the mean 45°-angle and large-specimen curves. Average

stress in the large specimen increases rapidly with deformation and

shows considerable resistance up to PL. Again there is linearity from

0.04 to 0.1 inch deformation. Figure 22 shows 45°-angle and large

specimens at the 5% exclusion limit.

Table 4 shows the ring angle profile of each large specimen.

These profiles have similarities that allow their division into five

classes. Table 2 describes these classes and shows the percent of

each found in the 60 boards. Obviously the representative sample has

very few zero degree (vertical-grained) boards.

Shearing in most materials takes place naturally at angles of 45°

to the load. The 45°-angle combined with alternating density layers of

wood at the same angle reduces resistance to shearing. Collapse of

the cell walls is more easily accomplished. The summerwood layers

and the ray cells (Figure 1) are normally perpendicular to each other.

They act much as columns resisting the load as long as the load is

applied axially to them. When loads are applied at 45° these columns

have less resistance.

These facts lead one to consider the effect of having 45-degree

ring angle edges on the larger specimens. Sixty per-cent of the

sample of large specimens had one edge with ring angle of 45 degrees.

Eighteen percent more had two 45 degree edges. In total 78% of the

sample had 45 degree edges and 22% had either zero or 90 degree edges
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Figure 21. Mean curves for the large and 45°-angle specimens
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TABLE 2. SUMMARY OF RING ANGLE CLASSES IN LARGE SPECIMENS

RING ANGLE CLASSES FOR LARGE SPECIMENS

CROSS SECTION PCT.FOUND
CLASS DESCRIPTION IN SAMPLE

75% O'-ANGLE 1.7%

% 01FINGLE 8.H%
50% HS?-1=INGLE

7E% HEIFINGLE 2H.9%

IV 50% HEIANGLE 31.7%
50% SOIANGLE

V 75% 901AN6LE
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(Table 4). Table 3 compares mean C-perp values at PL and maximum

deformation for small specimens with the large specimens having 45°

edges. The comparison is surprisingly close.

Since the load-deformation curve for 45°-angle specimens appears

to be safely under the curve for large specimens (Figure 22), it seems

appropriate to use the 45-degree 5% exclusion limit for allowable

stresses in design. Small specimens at 45° ring angle orientation can

be tested to provide design data for full size specimens. Examination

of board cross sections indicate 45°-angle specimens occur commonly.

When quantities of predominantly vertical or flat-grain boards

are available, exclusion limit data from the zero and 90 degree class

should control. Boards in this study, however, show a 78% chance that

this will not happen. Table 3 strengthens the use of 45°-angle

predictors.

An interesting way to visualize the effects of 45° edges and the

resulting lower stress levels is to consider the diagrams in Figure 23.

The stressed area is 5 1/2-inches by 5 1/2-inches or 30.25 square

inches. A 45-degree edge is present. If one were to predict the load

at 0.050-inch deformation by weighted averages using the 5% exclusion

limit you would have 22 square inches at 838 psi for the flat section

and 8.25 square inches at 507 psi for the 45' section. The predicted

stress would be 747.7 psi. But I have previously stated that experimen-

tally the stress would be closer to that of a 45°-angle value. What

happened? Imagine first a high initial MOE in response to the flat-

grained section and the edge still sound. But PL is reached quickly



TABLE 3. SELECTED COMPARISONS OF PL AND MAX STRESSES

SELECTED COMPARISONS OF PL AND MAX

CLASS PL(PSI) MAX(PSI)

0

HE-ANGLE 516 960

LARGE WITH I 577 933
LEI-ANGLE EDGE

902-ANGLE* 670 115H

LARGE WITH NO 69S 1010
H5?--ANGLE EDGES

PROFILE OF LARGE SPECIMENS INDICATE 901AN6LE
IS PREDOMINANT WHEN NO HSILANGLE EDGES ARE
PRESENT
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Figure 23. Hypothetical compression in large specimens of lumber
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as the 45° edge fails almost catastrophically compared to the flat

section. Now we have no resistance by the 45° area and the balance

of the area, 22 square inches, is carrying the total load. We now

have 18,436 pounds of resistance, but we must divide this over the

whole area, 30.25 square inches to give us the total area stress of

609.5 psi. This value is 18% lower than our weighted average pre-

diction. It is also more accurate. This example was purely

hypothetical, but simulates what might be happening if a piece of

wood under compression was thought of as a purely structural system

under load.

It is difficult to compare stress differences between specimens

of varying ring angle and size without referring directly to a single

point of comparison. The proportional limit is a convenient point for

these comparisons. In design, however, it is not desirable to depend

on a point whose stress has a highly variable deformation associated

with it. In C-perp, where structural failure (below 0.1 inch) is not

apparent, it is desirable to have allowable stresses established on

the basis of acceptable deformation for the end use of the board under

stress. Since PL generally is reached at a relatively low and almost

insignificant deformation, it is my opinion that for most structural

uses designing beyond PL is not only recommended but imperative to the

optimum use of wood.



CONCLUSIONS

This study supports the following conclusions:

Compression perpendicular to the grain (C-perp) in small

specimens of hem-fir lumber is highly dependent on the angle of growth

rings. Ring angles of zero degrees to an applied load have the

greatest stress resistance to deformation. Ninety-degree ring angle

material has 10-15% lower stresses and 45-degree material has still

another 20% lower. Change in stress is not differentiable among ring

angles at deformations beyond 0.040 inch although relative differences

in stress stay constant. Stresses up to the proportional limit are the

real differences in ring angle.

The ASTM standard test of vertical-grained (0-degree ring

angle) material is impractical since 45-degree ring angle material is

the weakest and therefore has the controlling influence.

Data from small specimens with 45-degree ring angles are

conservative predictors of stresses for large specimens. Edges of

large specimens with 45-degree ring angle reduce compression resistance

considerably; these edges occurred in 70-80% of the hem-fir boards in

this study.

If C-perp stresses increase beyond the proportional limit to

deformations as much as 0.100 inch, no dangerous shearing should occur.

Aesthetic considerations would be minor if any at all. A safe linear

formula is readily available for establishing allowable design stresses

for hem-fir at deformations beyond the proportional limit up to 0.100
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inch. If deformations were allowed to 0.100 inch, then allowable

stresses in C-perp for hem-fir could be almost double those presently

used. However, this does not imply that these values would be used

directly in design. Adjustments would need be made for moisture

content, duration of load and safety. Further studies on these

factors beyond the proportional limit would be necessary.
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Explanation of classes in Table 2
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Specimen

California

Class Ring

Idaho

ClassRing Angle Angle
1 45 90 45 45 III 90 90 90 45 V
2 45 45 45 90 III 90 90 90 45 V
3 45 90 90 45 IV 90 90 90 90 V
4 90 90 45 45 IV 90 90 90 90 V
5 90 90 90 45 V 90 90 45 45 IV
6 90 90 45 45 IV 90 90 90 90 V
7 90 90 45 45 IV 90 90 90 90 V
8 90 90 45 45 IV 45 45 90 90 IV
9 45 45 45 45 III 45 45 45 45 III

10 45 45 45 45 III 45 90 90 45 IV
11 90 0 90 45 II 45 45 45 45 III
12 0 45 45 45 III 90 90 90 90 V
13 90 90 90 90 V 90 45 45 45 III
14 0 45 45 45 III 90 90 45 45 IV
15 90 45 45 45 III 90 90 90 90 V

Specimen Ring

Large Specimen

Oregon

Table 4
Cross-sectional

of Ring Angle

Class*

Profiles

Washington

ClassAngle Ring Angle
1 0 45 45 90 II 90 90 90 45 V
2 90 90 90 45 V 45 90 90 45 IV
3 90 90 90 90 V 45 90 45 45 III
4 90 90 90 90 V 45 45 90 90 IV
5 45 45 45 45 III 0 45 90 45 II
6 0 900 0 I 45 45 0 0 II
7 45 45 90 90 IV 45 45 90 90 IV
8 90 90 90 90 V 90 90 45 45 IV
9 0 0 45 45 II 90 90 90 45 IV

10 90 90 45 45 IV 90 90 45 45 IV
11 90 90 90 90 V 45 90 90 90 V
12 90 90 45 45 IV 90 90 90 45 V
13 0 0 45 45 II 90 90 90 45 V
14 45 45 90 90 IV 90 90 45 45 IV
15 90 90 90 45 IV 0 0 0 90 I
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Individual Specimen Data

Proportional
Limit (Pi.) Stresses Ring

Specific Moisture Stress De f ortla- Deformations of Angle
State Gravity Content (%) (psi) tion(111) .045o.. (degrees)

CALIF a 4e Al

O. 27

0. 40
O. 40
O. 40

0. 40
O. 40

47

1

10

5A1

465 I

405
3:61. A

557
910

477

o
Al.' AT 011

LI 015
509 A A20
i-E:C1 A

479 0 0_

9:44

1 1(114

640
797:

702
925
720.
9710

1195

1%)

926

746

14 '4

r.{

944

194

1 CR-6.

10 11: :1

lid

10
10

a

7:2:0

5911.

69.1.

10 'Ti'

10 749 G. (504%

11 522
4945

10

lo

ill

10
12

11

4719
1550

1,5

440

j_IT146

709
517
72G
976
701

741
:PC4

11142

410
6:24

740

6911

4.76

1267
469:

942
554
271 O. fon:

1.IA 50:51 O. 0-1.,

11:.g44 A. IA!,'
475 O. 0

1204
ICI 5 f.,:.7

10 441

n
10 592
12 44',

1 A

90-1

999
7654 ''Si'

e9

565

254
411

A ring angle of 99 indicate, large specimen variation More
specific information can be found in Table 4.

99
99
99
99
99

55

9:9

99

9,9

99

45
45
40

71

65
E

51

4A

10
90

90

90

411

75
20

0
:DA

1.0

27
70

95

1E1

945

5

A 37
A

36
0 26

42:

0 4.2
(1 7.9

A 7,7

0 41
Ii 47

45
49

A 42
CA 41
0 45
A 4:2

0 41
A 42
A 43
A 41A"'
A 48
A 57::

0 42

CALIF
CALIF
CAT IF
CAL IF
CAL IF
CAL IF
CAL IF
CAL I
CALA F
CAL I
CAL I'
CAL. F
C AL.. I F.

CAL IF
CAL I F-

CAL IF
CAL. I
C, AL IF
CAL I F
IDAHO
IDAHO

DAHCI
IDAHO
IDAHO
IDAHO
IDAHO
IDAHO
IDAHO
IDAHO

DAH3
I DANA
IDAHO
IDAHO
i DHHO
IDAHO
IDAHO
IDAHO
IDAHO
OREGON
CIRE Go N
OREGON
OREGON O. 44
OREGON O. 40
OREG(AT a 40
OREGOP4 a 44
OREGON a 40
OREGON Al 44
OREGON O. 42
OREGON a 44
OREGON A. 42
OREGON 13 4e.

OREGIDN a 50
14REf31I14 a 49
OREGON a 47
OREGON O. 4'3

OREGON CI 42
TIM' 14 A. 4E:

WASH O. 45
WASH a 46.

WASH a .1

WASH TI 46
WASH Cl. 48
WASH IT 472

WASH O. 47
WASH a 37
WASH A. 49
WASH o.
WASH A. 41
WASH o 42
WASH AT. 43
WASH A. 47
WASH A. 46
WASH A. 43
ORE GCIN a 41:

OREGUN a 42
OREGON A. 51.

OREGON a 4:;

OREGON a -2.9

OREGON A 37
OREGON a 411

OREGON A. 411

IDREGON A 44
OREGCIN A.
OREGON a dr:.,
OREGON (1 45
OREGON A. 44
I3REGON CI. 4E:

OREGON Cl 49
OREGON a 44
OREGON a 45
OREGoN IA 45
OREALIN Al. 42:

OREGON a 44
OREGON a 52,

ORE AliN A. 52
OREGON a 44
OREGON a Al
OREGON A. 51.

OREGON a 47,

OREGON A. 42
I DAEliD a .42

D A HO 0 40
IDAHO 0. gap
I DRHO 0.
IDAHO A. 40
IDAHO A. 4.."::s

I DAHO
IDAHO
IDAHO 0
I DAHO
IDAHO A. d
IDAHO CL 44
I DAHO O. 42
IDAHO a 47.;

IDAHO A '37

IDAHO A 35
IDAHO A 74.
IDAHO
I
I DAHO
IDAHO
I PALK,
IDAHO
11,41111

IDAHO
IDAHO
CAL IF
CAL. IF
CAL IF
CAL IF
CAL I
CALIF*
CAL IF
CAL IF
CHL IF
CFiL TF
CAL IF,
CAL IF
CAL. F
(Al I F.
CAL IF
17...AL IF

CAL IF
CAL IF
CAL IF
CAL IF
CALIF
CAL IF
CAL IF
CAL I F
CALIF
WASH
HASH
WASI4
WASH
WASH
14ASH
NATAL

WASH
WASH
HASH
WASH
WASH
WASH
WASH
WASH
WASH
WASH 0 45
WASH A. 414

WASH a 44
WASH A 44.

WASH Cl 43
WASH A. 47
WASH A 47
WASH (3. 44
WASH A. 45
WASH a 44
WASH A 47
WASH Cl. 4:3

IDAHO 0 41
IDAHO a 4::

/ DRHO a 41

IDAHO O. "27

I DFiHO LI 2:o
I DFiHO 0 43
IDAHO A. 42

DirtHc-., a
IDAHO Cl 1,5

DAHo a 40
IDAHO a
IDAHO A. 93:
IDAHO A. 7.5.

IDAHO IA 'Cl.:.

IDAHO A. 35
WASH A 44
WASH a 471

WASH Cl. 4:1

WASH a 44.

WASH Cl 45
WASH A. 4.
WASH 0
NASA a
WASH 0 47
WASH A 413

WASH A. 41
WASH a 47
WASH a 44
WASH a 45
WASH a 44
CALIF A Ti:,

CAL IF A. 1,7

CALIF A. 40
CAL IF a 48
CAL IF O.

CALIF A 99
CAL. IF A. 42
CAL IF a 39
CALIF 0 :39

CAL IF O. F.E,

CAL IF a 44
CALIF 0 3E.
CAL IF a ]:8

CAL IF a 41
CAL. I E Cl. 46
Ill iii A

ORD JON II
CIF,n, ITT o 9
ORE GAN A. 40
LIRE 4144 A 45
CIREGCN A. 41:

CIREGON IA 47'

OREGON a 45
OREGON O. 47
OREGON a 45
OREGON A. 45
OREGON Cl. 5E.

OREGON O. 56
OREGCN 0. 42
OREGON a 44




