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INTRODUCTI QN

Obiject of Test

The purpose of this vroject was the exverimental determin-
ation of the effect of long-continued shear stress uvon the
strength of structural timber. By means of a careful test of a
limited number of selected timber specimens experimental verifi-
cation of the commonly assumed relationship between strength and
time of loading was sought. Similar verification has been made for
the effect of longfcontinued compressive stressl and is indicated
for long-continued flexural stressz. It was believed that if such
a relationship existed for shearing stresses the results of only a
comparatively few tests would be sufficient to reveal its vresence.

Many codes contain provisions for increasing the allowable
stresses on timber structures for loads that will remain on the
structure for a short time only. Wind, earthquske and impact loads
are specific examples., Ordinarily in designing for wind loads the
workinge stresses may be increased 50 vercent provided the resulting
structural members are not smaller than those designed for dead and
live load 2lone; and impact stresses may be neglected unless the
impact stress exceeds the sllowable live load stress. Regarding
duration of stress, the "Wood Handbook" of the Forest Products
Leboratory of the U, S. Devartment of Agriculture states:

"Duration of stress is an important factor in

determining the load a2 timber can safely carry. A beam

1. "Johnston's Materials of Construction®, Chapter VI
2. "Some Results of Dead Load Bending Tests of Timber by Means of
a Recording Deflectometer" Harry D, Tiemann; Proc. ASTM, Vol. 9
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loaded continuously for severazl years will break under

a force about nine-sgixteenths of that necessery to cause
failure in a few minutes., If a beam is loaded quickly

and the load released immediately, the beem will sustain

a proportionately higher load; the increase is apvroximate-
ly 10 percent when the time of carrying the load is reduced
to one-tenth of the previous time.

"In compression parallel to the grain failure under
long-time loading would be exnected to occur at approximately
the pronortional limit stress as found in a test of short
duration. The relation of proportional—limit strength to
ultimete crushing strength psrallel to the grain as ob-
tained in a standard test of only o few minutes duration is

0.80 for the softwoods and 0.75 for the hardwoods,"

In general, =2 25% increase in stress is 2llowable for loads remein-
ing on the structure for 24 hours or less, 50% increase for loads of

5 minutes duration or less, and 100% increase for loads such as impact
loads of a duration less than 0.2 seconds.

Another factor which focuses increasing attention on the
effect of time of loading on the shearing strength of timber is the
growing use of timber connectors., Many wood roof structures using
timber connectors were erected during the war due to the shortage of

steel for industrial consumption., Since the dead load on a roof is

a much higher nercentage of the total load than for any other common

type of structure more attention must be paid to the time effect when



designing such structures. Timber connectors lend themselves admir-
ably to the construction of roof trusses; multivle-piece, divided
chords can be used and vertical and diagonal members b?ought into
them a2nd developed fully by means of connectors placed in the faces
of the chord and web members at the joint. However, in many cases
it is not convenient to bring both the vertical and disgonal into
the chord at one point because too wide a2 joint would result. In
this case they are usually brought in at two points along the chord
which, depending upon the sizes of the members, may be sevarated by
twelve inches or more. This practice results in excessively high
shearing stresses in the chord member. As mentioned before, result-
ing princinally from dead load, these stresses are long-continued,
and their effect is aggravated by the common practice of permitting
a 50% increase in the allowable unit shear for the design of joint
details, Several recent failures of large, timber-connector joined
wood trusses have been attributed directly to this cause,

Thus the immortance of determining definitely the corr-
elation, if any, between the time of loading and the shearing stress
ig evident. If there is no reduction in strength due to long-time
loading, higher design stresses may safely be allowed. If a definite
relationship can be proved to existt it can be compared with that for
compression and flexure upon which the vpresent sllowance for the time
effect in shear has been based, and the allowance, and consequently

the allowable unit shearing stresses, revised accordingly.
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Qutline of Tests

This test in essential respects was patterned after the
tests in compression previously referred to made by Professor J.
B. Johnston and revorted in his book, "Johnston's Materials of
Construction". From each ;tick of wood used renresentative specimens
amounting to from 15% to 25% of the total were selected and tested in
the usual manner to determine the ultimate shearing stress of the
material., In this series of tests the specimens and method of apnly-
ing load were identicel with that used later for long-time loading.
From the ultimate shearing stresses so determined the dimensions of
the long-time test specimens were calculated to give unit stresses
of 90%, 80%, 75%, 70%, 60% and 50% of the ultimete with a load of
3000 pounds. An attemnt was made to select an equal number of
svecimens for each load group from each of the four different sticks
from which the specimens were obtained. An equal division was not
fully reslized because the length required for snecimens with the
lower stresses exceeded the lengths of certain of the pre-cut pieces.
Also, after the beginning of the series of long-time tests it was
decided to reduce the load to apvroximately 2500 pounds because of
the failure of a number of the specimens upon application of load;
this reduced the unit loads to mercentages of the uvliimate ranging

from 40 to 75 mercent.,
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TEST SPECIMENS

Materials

The wood used for this test was air-dried, structural grade
Douglas Fir, three pieces of which were obtained from a single
source, the fourth piece being obtained from stock on hand in the
Materials Testing Laboratory. All four sticks were nominal
2" x 4% surfaced four sides. All pieces were substantially free
from knots, checks or shakes; all were reasonably dense and fairly
straight grained.

Photogranhs showing the tovn, side and end grain of
representative specimens of each stick were tsken as recommended
in the A, S. T, M. Standard Method of Test and are included on the
following page.

A detsiled descrivtion of the individual sticks is given in

Table III of the Apvendix.

Fabrication

Each specimen, which was identicel with every other specimen
excepting for the distance below the shear key, consisted of four
sevarate pieces -- the wood svecimen itself, two steel side plates
which were attached to the specimen by means of six 3/8" bolts, and
one 3/4%" x 1-1/2" steel shear key. The side plates were drilled
with 5/8" holes and the sheer keys were fabricated with 5/8" round
projections on each side so the specimens could be connected together
chain fashion and the same load applied through the chain to each one.

An assembly of a complete specimen is shown in the vhotogranh
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below. Details of the parts are shown on Sketch III of the

ASSEMBLED TEST SPACIMEN

Appendix.

The side plates were accurately laid out and drilled together,
twelve or thirteen at a2 time. The offsets in the side plates were
made sevarately by striking the pnlate with a heavy hammer while it
was clamped in & vise. This gave rise to the possibility of a
difference between plates in the distance from the bolt holes to the
holes by means of which the specimen was connected to the next speci-
men in the string. It is probable that the slight eccentricity of
loading which resulted from this difference in the length of the straps

may exnlain partislly certein inconsistencies in the results obtained
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The bolt holes in the épecimen were drilled using the
side vlate as a template. A drill press was used so that the
holes would be atright angles to the surface of the specimen,
allowing the bolts to be inserted through the specimen and both
side vlates without difficulty. The j/h" x 1-1/2" hole for the
shear key was a machine-made mortise, using 2 3/8" square mortiser.
Particular care was taken to obtain a bearing surface for the shear

key that was at right angles to the surface of the specimen.
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DESCRIPTION OF APrARATUS

The apnaratus used to apnly long-time load is shown in the
photogranvh below 2nd diagremmatically by Sketches I and II of the
Avpvendix, The latter show the arrangément of specimens in the test-

ing machine and a detail of the testing machine loading beam and

weights,

APPARATUS FOR LONG-TIME TEST




This machine was originally designed to test strings of
high-voltage, suspension insulators to 2 maximum dead load of
15:000 vounds. It was equipped with two sevarate loading beams,
one gpvroximately eight and the other zbout twelve feet in length,
by means of which two independent loading tests could be carried on
simultaneously. The shorter of the two was used for this test as
the loads nlanned were only in the neighborhood of 2500 to 3000
pounds. This is the left half of the machine in the vphotogranh,
which can be seen to be filled with the long~time shear specimens
under test., The other half contains 2 string of insulators which
were not removed.

As caﬁ be clearly seen in fhe photogranh, the machine con-
sists of two 12" x 12" timber uprights apvroximately eighteen feet
long surmounted by a top-work of structural steel which serves the
purvose of tying the two columns together as well as supporting the
balancing beams by means of which the load is transferred from one
string to‘the other. The device attached to the top flange of each
balsncing beam on either end is a dash-pot which acted to prevent
the balancing beam from 1eaviﬁg its seat upon failure of the test
string. Loose tie rods between the balancing beam'and the top-work
structure also aided in this respect.

The balancing beam rested on knife edges and all connections
between both the balencing beam and the loading beem and the test
string were through knife edge connections. Adjusting nuts were
provided at the bottom of each string so that the balancing beam and

the loading beam could be adjusted to a horizontal vosition.
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Referring agein to the photograoh, the connection between the
balancing beam and the tovp of the string of specimens can be seen %o
have been made with 2 length of 3/8" hoisting chain. This was done to
provide flexibility and to allow for continuing the load as specimens
failed and were removed from the string. The chain weighed somewhat
less than the specimens for o given length, but this was compensated
for and the load on the remaining specimens kept constant by increas-
ing the length of the loop of loose chain until the weights of the
two strings were equal and the balencing beam in balence under no load.

The electric clock and the knife switch which disconnected the
power supvly when the beam dropned upon failure of s specimen in. the
test string can be seen mounted at the tor of the 16ading been guides
in the lower, left~hand corner of the picture. A short piece of light
wire rope, adjustable in length connects the loading beam and the knife
switch.

The suthor deviged what he considers to be a clever arrange-
ment for indicating whether the time of failure shown by the stopping
of the clock was A, M. or P, M, This made it necessary to insvect
the test only once a day. The clock glass was removed and through the
hole in the face which shows 2 red tag upon feilure of the current
supply a2 small hook of soft copver wire was inserted. The hook prb—
jected far enough to engage only the hour hand, the minute hand
clearing the end and not disturbing the hook as it passed. Use of the
device was ag follows: Upon inspecting the test in the evening the
hook was nushed to the left of center. When insvecting the test the

next dey if the clock indicated frilure at say 6:30, if the little
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hook had been pushed to the right the time of failure was 6: 730
A. M.s if the hook remeined at the left where it had been set the
previous‘evening the time of failure was 6:30 P. M. The device

worked devendably and very well.
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TEST PROCELURE

Short-Time Test

The short-time tests were verformed to determine the ultimste
shearing stress of the material., These tests are summarized in Table
IV of the Apvendix.

A small Riehle Universal testing machine was used which gave
readings to ten pounds. The speed of testing was 0,025 inches per
minute which gave a rate of unit deformation of about 0,020 inches
per inch per minute, the shear area being roughly 1.25 inches in
length., This is in excess of the rate used in the A. S. T. M. Standard
Method of Test which is 0,0075 inches per inch per minute, and slightly
greater than that recommended as maximum by the Forest Products
Laboratory, i. e. 0,150 inches per inch per minute. However, it is
also stated that a2 variation in sveed of # 50% does not affect results
more then 2%, so thie was not considered a significant factor. Rates
of loading were 350-400 pounds ver minute between 500 and 1000 pounds
and 700-750 pounds per minute between 1500 and 2000 pounds.

The short-time test specimens were tested comnletely assembled
and were identical with the specimens tested under long-time load.
Snecizl adapters to the testing machine grips were fabricatecd to connect
onto the ends of the specimens.

All specimens from Sticks A, B and C feiled in double shear,
except Specimen C-9 which failed in single shear accompanied by
secondary splitting of the body of the specimen through the bolt holes.
All specimens from Stick D also fz2iled by the latter method. In

certain of the double shear failures the planes of failure were not
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parallel and the wedging action of the sheared section caused slight
cracking in the body of the svecimen. In others, nemely A-6, C-4 2znd
D-L, bending stresses of sufficient magnitude to produce smasll cracks
in the bottom face of the sheared section between the shear planes
apparently accompanied the shearing stresses., This also occurred in
the long-time test snmecimens where the distance "d" was small as cen
be seen from the photogrsphs of Specimens A-1 and B-16 where the
sheared section is in two pieces. No evidence of even localized bear-
ing failure under the key was apvarent. A bearing test run on the
body of failed Specimen C-4 indicated that bearing stresses of almost
7000 psi could be withstood without failure,

In 2ll cases the ultimate shearing stress was calculated using
the double shear areas., This apovears to be logical since both areas
are loaded equelly up to the point of failure, failure of one resulting
before before the other because of slightly lower strength. It was
noticed that in the "D'" svecimens the grain varied across the end of
the specimen from 17 rings per inch and 35—40% summerwood. at one shear
area to about 10 rings ver inch and 30-35% summerwood at the other
shear area, Feilure invarisbly occurred at the section of lowest per-
cent summerwood.

The shearing strengths obtained by this method were slightly
lower than the ultimate shearing strength for air-dried Douglas Fir
as given in the "Wood Handbook'.

Moisture contents were determined for the sheared wedge as

required by the A. S. T. M. Standard Method of Test.,
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Lone-Time Test

The specimens for the long-time test were assembled in two
strings of ten specimens each and placed in the testing machine,
The load was applied slowly by hooking the weights over the pin in
the end of the loading beam and transferring the load graduslly to
the beam over a period of spvroximately one minute., The time of
loading was recorded. Upon failufe, the time of failure, the
designation of the specimen failing and its position in the string
were recorded. As soon as vmossible the failed specimen was removed
and replaced in the same position in the string by 2 new specimen,
using the bolts, shesr key and side plates from the failed specimen.
Uron reloading, the time of reloading, the designation of the new
specimen and its position in the string weré recorded. The total
time under lozad since the previous failure and the time unloaded
were then computed. When sufficient failures had occurred so that
new specimens were no longer aveilable for replacement, all specimens
above the failed specimen were lowered one position by lengthening
the chain connecting the top specimen to the bsleancing beam and the
resulting string reloaded. The strings were balanced by increasing
the length of the loop of loose chein until the weights of the two
strings were equal snd the balancing beam in balance under no load.

Prior to apvlying load to the string each time, the balancing
beam was checked to be sure that it was resting properly in its knife
edges; the shear keys were centered in each svecimen; and the lengths
of the strings were adjusted by means of the adjusting nuts at the

bottom of each string so that both the balancing beam and the loading
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beam would be horizontal after the load was applied.

Once esch day readings of the wet and dry buld thermometers
and the barometer were taken and the temversture, humidity and
atmospheric pressure recorded. As for the short~time specimens
moisture content determinations were made on the sheared wedge of
the failed specimens. |

Specimens were plsced in the machine in the following order:
First, 90% ultimate stress group -- second, 80% ultimate stress group--
third, 75% ultimste stress group =- fourth, 50% ultimate stress group--
fifth, 60% ultimate stress group -- and last, 70% ultimate stress
group. This order was decided upon as a compromise between the desire
to obtain results as quickly as vossible so as to have some data upon
which to base a vpreliminary revort in case failures were greatly pro-
longed, and the desire to load those specimens whose times of failure

were expected to be greatest as soon as possible.
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RESULTS AND DISCUSSION

The results of this test were at first quite disconcerting
in that a2 number of failures occurred as the load was being applied,
and at a stress much lower than the short-time ultimste. After eight
such failures, on April 16, 1947 it was decided to reduce the load to
approximetely 2500 pounds so that the time effect, if one existed,
would have an opvortunity of manifesting itself. This reduced load
was retained throughout the balance of the test.

Results obtained to date are plotted on Curve I of the
Appendix entitled "Effect of Time of Loading on Shear Strength of
Air Dried Douglas Fir". The curve for compressive stress obtained
by Professor J. B, Johnston is also included on this sheet as an
example of the type of correlation originally expected. Obviously,
the results of this test show no such definite correlation. However,
suppose a curve is drawn as indicated, similar in shave to the com=
pre%sion curve excent somewhat lower -~ asymptotic to the 50% stress
line. In this case two vpoint will fall definitely below the curve.
Failure of these two specimens at lower stresses and in shorter
lengths of time than anticipated and failure of the thirteen specimens
which failed upon application of load might be explained by the
supvosition of a factor which acted to prevent the equal distritution
of load between the two shear areas, possibility eccentricity in the
apoplication of the load. However, there are other snecimens which
required for failure that the load be maintained much longer than
would have been anticipated if they followed a curve similar to the

compression curve. Three svecimens required avcroximately ten times
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as long and five others between five and ten times the length of
time which could have been vpredicted for them. No eccentric loading
hypothesis will explain this behavior. It might be explained by the
variability of the wood specimens themselves or by the variastion of
the strength of the wood due to changes in its moisture content,
Another factor whose effect must be evaluated, in that it may
have an important bearing on the results obtained, is the intermittent
loading factor. Chart I of the Apvendix entitled "Time Chart of Test
shows clearly the intermittent nature of the load which was unavoidable
because of the method of test selected. This was considered carefully
before meking the decision to proceed with the test, and it was decided
thet the effect of the intermittent loading on finsl failure would be
negligible. This seems to be borne out by the results of Mr. Harry D.

Tiemann's tests in flexurel

from which he concludes in vart:
"Deflections or recoveries vproduced by immediate

addition or removal of loads up to the elastic limit and

probably to the point of first failure are independent

of any deflection or recovery due to time effect of dead

loads.™

However, recovery due to release of load may in some way be responsible
for the long lives of the svecimens reguiring a load duration of many
times any predictabie value, because, of necessity, the load was removed
and reapolied to these specimens oftener than to the others.

Summariziang the results obtained then, in the light of an

almost complete lack of correlation between stress and the time reguired

1. Op. cit. 2, intro.
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to nroduce failure, we can say that the time effect, if one exists

for shearing stresses, was for all practical vpurnoses obscured by

the relatively greater effects of (a) variability of the materisl,

(b) recovery due to intermittent loading, (c) eccentricities of load-
ing or other stress-increasing factors and (4) variation of strength
due to variation of moisture content. These factors do not enter as
prominently into a compressive test because of the high compressive
strength of the material. Variability could be responsible for either
an increase or a decrease in the predictzble time. The existence of
variabllity in the strength of wood is well recognized and is sllowed
for in the determinetion of working stresses by reducing by one-fourth
the sverage ultimate strength values as found from tests of clear wood
before apvlying the factor of safety. However, it is doubted that
variability alone could account for the soread in results that was
obtained. Recovery due to load removal could be responsible only for
an increase in the predictable time, Eccentricities of loading and
other stréss—increasing factors could be responsible only for a decrease
in the predictable time. ZEvery attempt was made in the fabrication of
the specimens to avoid introducing stress-incressing factors, snd it is
known that a much greater degree of care was taken than the designer
can ordinarily rely on being taken in the fabrication of an actual
structure from his design; but it is entirely probable that these
factors entered to a certain extent. The effect of eccentricity intro-
duced by the side plates conceivably might be evaluated by correlating
premature failures with their position in the test string. No such

correlation could be obtained. Varistion in strength due to veriation
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in moisture content could be responsible for either an increase or s
decrease in the predictable time. The atmospheric conditions of the
test were recorded to enable an evaluation of this factor to be made
and are plotted on Chart III entitled "Chart of Atmosvheric Conditions
of Test¥ in the Avpendix. While the humidity shows considersble
variation its effect on the moisture content of the specimens is smell,
and the effect of the moisture content variation which results is
negligible. In general, the moisture contents decreased 1 - 2 % be~-
tween the short-time test and the completion of the long~time test.
Conversion to the standard air-dried moisture content of 12% by the
method recommended in the "Wood Handbook", vage 62, gave only a 1 - 2%
decrease in strength. It is believed that conversion of stresses to a
constant moisture content would be inconsistent with the nature of the
test and the degree of accuracy obtainable in measurements from which
stresses are calculated.

At the time of writing this report twelve specimens are still
under load -- C-11, stressed to somewhat over 60% of the short-time
ultimate for almost 550 hours; C-16, stressed to just under 60% of its
short-time ultimste for over 500 hourg; five specimens from Sticks C
and D stressed to about 50% of their short-time ultimate for between
530 and 550 hours; and five specimens from Stick B stressed to over:
40% of their short-time ultimate for about 540 hours. A dial
indicator attached to the loading beam shows that no further deflection
is taking place which suggests that the load may be sustained indefinite-

ly, if the svecimens do not increasse in moisture content.



PHOTOGRIPHS OF TYPICAL IAILURRES

Left — SPZCILEN C-5

Accidental fallure; similar
to single shear failure with
secondary cracking thru bolt
holes.

Right -- SPECINEN D-3

Typical double shear failure.




PHOTCGRAPHS OF TYPICAL IAILURES

4

Left —— SPECIMEN B-7

Double shear failure with
secondary cracking of body
of specimen due %o wedging
of sheared key.

7

Yight — SPECIMAEN B-13

3

Typical double shear faillure.




PHOTOGRAPHS OF TYPICAL T

\ILURE

Right -~ SPECINEL C-7

Typical double shear failure.

Left ~-— SPECINEY C-1

Typical double shear failure.
Roughening of right shear
plane due to wedzing of steel
shear key.




PHOTOGRAPES OF TYPICAL FATILURES

Left —— SPECINEN A-1

Typical double shear failure
with splitting of sheared
wed.ge.

Right -- SPECIMEN A-4

Typical double shear failure

3

with splitting of sheared
Weagee

A




Left -== SPECIVNEYN B-16

Unusual double shear failure
with cracking of sheared
wedge.

Right -- SPECIMEN B-16

Note thet right shear plane
is not continuous with edge
of mortised hole.
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PHOTOGRAPHS OF TYPICAL FAILURES

Left —— SPRCIMEN A-7

Typical double shear failure
with splitting of shesred
wedge. Note piteh pocket;
splitting of wedge occurred
thru piteh pocketb.

Right —— SPECIMEN D-9

Typical double shear failure.




CONCLUSIONS

1. The results of this test neither proved conclusively
nor disproved the existence of a relationship between shear
strength end time of loading comparable to that for compressive
strength. |

2. Because of the relatively, very low strength of wood
in shear, other factors assumed greater importance and combined
to obscure the effect of time of loading.

3. Variability sppears to be of greater importance than
any other factor in the shear strength of wood. Any increase in
allowable shear strength values, such as the 50% increase some-
times recommended in the design of joint deteils, should be madg
only when the analysis is rigorous and with due consideration for
the effect of variability in causing a fazilure which would result

in personal injury or large nroperty damage.
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SUGGESTIONS FOR FURTHER STUDY

Further study will be regquired if the relationship between
strength and time of loading is to be verified for shearing stresses,
From the accumulated experience to date the following avenues of
procedure and investigation can be suggested as offering the most

promising vossibilities of results.

1. Effect of Verisbility -~ A possible experiment to

determine the effect of varisbility on the strength of the actual
specimens used in the tests for which these results are renorted is
as follows: All of the failed spec;mens have been retained. These
could be turned end-for-end and a 3/4" x 1-1/2% slot for the steel
shear key mortised in the opvnosite end, as the closest bolt holes
are 2-5/8" from the end. The side vlates could be attached using
only four bolts and a string of specimens built up similer to the
originel string. This string could be tested to failure in the dead
load tester, apvlying increasing load to the end of the loading beanm

by means of a spring balance or some similar arrangement.

2, YVariastion of Stress Under Shear Xey -- Time did not per-

mit an analysis of the deflections of the snecimen under the shear
key to determine the relative ﬁagnitudes of the deflections due to
shear and those due to flexure. (There should be little distortion
due to bending of the key itself as it was selected with 2 section
modulus equivalent to that of a bolt of such a dismeter that no load

reduction would be required becsuse of the low L/d ratio.) Such an
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analysis would give a picture of the distribution of load under the

shear key and might be helpful in evaluating stress concentrations.

3. Future Long-Time Testgs —— If another series of long—-time

tests is to be made, it is suggested that the steel side plates be
stencilled so that they can be kept in pairs, and that each pair be
aligned by bolting together and reaming through the 5/8" holes
slightly oversize. Particulsr attention should be paid to the fab-
rication of the wood specimens -- the bolt holes shoﬁld be drilled
in the drill press with o side plate clamped fo the svecimen as a
template; the mortised hole should be made with the utmost care to

insure uniform bearing for the shear key.
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SUMMARY OF TIME SPENT

Hours
Preliminary study and
discussion 9
Investigation of shop and
laboratory facilities L
Design of specimen and
apparatus 6
Shop work
Machine Shop 22
Wood Shop 12
Testing
Short-time Test 9
Long-time Test
Set up equipment 16
Testing 30
Photography 10
Anslysis and discussion
of results 8
Write-up 25

Total 151
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_ , SKETCH I
ARRANGEMENT OF SPECIMENS IN TESTING MACHINE
SHOWING POSITION DESIGNATIONS

Balancing Beam

(o |
10 13 Load on String -~ 2409#
Ave. Wt. of Specimen -- 5#
9 12 '
8 13
Logcation
7 14 : In String Load = Lbs.
1~-20 2409
oL - 1o A
5 16 . a7 2424
T | 5«16 2429
4 17 6-15 2434
r-t Ft : T=14 2439
5 18 8-13 2404
+ 8 saain e
2 19 E ?
Loading 1 20
Beam
1 /AR
y/4
\ '
3 : '
veight ) w
| adjusting Nuts

NOTES: - 1. Where specimen is moved from its initial position
because of fallure of intermedlate specimens, the
average of the loads corresponding to its 1nit1a1
position and its position at time of fallure is
taken as the load for stress computation purposes.

2, Chain weight approx. 3 #/ft. When string lowered,

length of ehain loop adjusted to balance string and
maintain equsl loads. (Bee photograph of apparatus.)



. SKETCH _II
DETAIL OF TESTING MACHINE LOADING BEAM & WEIGHTS

LOADING BEAM:
g Weights

=~

» O

1

]
I
I\
11}
1
i

e e 38" e ——

r: 90" ros

Notes: 1l. (C.G. determined by balaneins.
.2+ Welght of 132# ineludes beam, 2 square knife
edges with cotter pins, three links and bolt,
3. All dimensions to closest 1/16"

WEIGHTS:
Hook and Platform for Weights 6.72 #
Large Dise #1 22,08
Large Dise #2 22,30
Large Weight #1 9.60
Large Weight § 9,86
Small Weight #1 3,78
Small Weight #2 6

Total 78.10 # _
Note: Weights in pounds and hundredths stenoiled on welght.

LOAD QN SIRENG: |
 Effect of Beam Welght -- Ppagn = EZ_;}_@ = 10034

Total Load - Progal = 1003 4 78.1 x 90/5 = 2408
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| &
hos e — o] 3 =4
;(:}— -é— _ = e i i 0
/ ]
& s
2 3 o e |
g L o
e : %"
. | Ll
| ? T
1 {
| 4 ‘"
1 1
i l Lo
P
FOTES: 1. Dimensioms d; and ‘fm::e approximately equal.
~ This dimension 1a, ver, variable between
specimans so that different stresses will
result with a glven load on the test string.
2¢ Dimensions . dz and ¥ measured to closest
© 0.01" at Sections AA and BB far computation
of doubls shear area.
SKETOH  IIIa
. DERAIL OF SPRODON
HMaterial: 2" x 4% 843 Struotural Douglas Fir (Alr Dried)

Wo. Required: 656

- - ~ & v) - t -
PN
SEETOH IIIb +620 & .005
Material: £" x 14" Steel Bar Stook
No. Reguired: 20
e gin o 1/e"j 0 8/16"
e ’
| B B —T‘
+ * - - %
5/8" prill | l
&
0
. b
A &
13 /52" i e
r~
é- -€b— o \ |
}
SKETGH Ilic

DETAIL OF SIDE PLATES
¥o. Required: 40

Material:s 1/8" x 24" gteel gtrap
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CEART OF ATMOSPHERIC OONDITIONS OF IEST
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TABLE I

SUMMARY OF TEST BY SPECIMEN GROUPS
' Sheet 1 of 4

Speoimen Group: A :
Average Short Time Ultimate Strength: 1052.5 psi
Average Original Molsture Content: 10.98%

No. Tested Short Time: 2 Long Time: § Total No.: 7
: ~ Total Time Total Time No. Tihes
Spee. Pot. Ult. Moisture Loaded Unloaded Load :
No. Strength Content Hrs Min Hrs Min Removed Remark
A-l <T1.8 8453 Oh«00m 1h-30m 2 p 8
A=2 6445 8.83 Oh-00m 94h-25m 9 2
A=b <60,7 . 8.05 Oh-00m Oh-00m 0 3
A-5 <5543 9,96 Oh-00m 17Th-05m 1 4
A-T <48,8 8.90 Oh-00m . Oh~00m 0 5}

Remarks: 1. PFalled upon applieation of load.
2. BSustained load for few seconds only.
2. Failed on first application of load.

« Falled upon applieation of load.
5 PFalled on first application of load.




TABLE I

SUMMARY OF TEST BY SPECIMEN GROUPS
Sheet 2 of 4

Specimen Group: B ; :
Average Short Time Ultimate Strength:
Average Original Moisture Content:

No. Tested Short Time: 3

798 9 p51
10.73%

Long Time: 14 Total No.: 17

Potal Time

Total Time No. Times

Spee. Pot. Ult. Molsture Loaded Unloaded Load

No, Strength  Content Hrs Min Hrs Min Removed Remarks
B-1 TT«0 9.18 5h-35m 125h-35m 16

B=2 41,8 - 542h-30m 314h-00m 26 1l
B=3 40.7 - 542h-30m - 313h-30m 25 1
B«5 41,2 - 542h-30m 24Th-35m 24 1
B=6 40.4 - 542h-30m 224n-45m 22 p
B=T 41 .3 9465 25h-25m 123h-16m 10

B=8 653 8.47 Oh-00m 93h -40m 8 2
B-ig 739 9.70 Oh-30m 94n-49m 10 .
B- - Eiad R o wu > O e

B-12 57 o4 10.36 251h-25m 114h-50m 10

B~1l3 4845 10,30 3Th-55m 99h-15m 8

B=15 4143 e 542h-00m 198h=57m 20 1
B=16 <8644 8.25 Oh-00m 3h-40m % 4
B=17 <653 8.34 Oh-00m Oh=30m : £ 4

Remarks: 1l.

2., Failed upon application of load.

Under load at time of writing.

Deflection had ceased,
indicating that load might be sustained indefinitely
without inerease in moisture content.
to 0800, May 19, 1947.

However,

Time computed

sustained

load 11.2% greater than breaking load on previous
load applications.
3. Accldental fallure.
4, Failled upon application of load.



Specimen Group:

TABLE I

SUMMARY OF TEST BY SPECIMEN GROUPS

Sheet 3 of 4

c

Average Short Time Ultimate Strength:

Average Original Moisture Content:
No. Tested Short Time: 3

720.,0 psi
10.96%
Long Time: 14

Total NO.:

Total Time No. Time

17

: . Total Time
Spee., Pet. Ult. Moisture Loaded Unloaded Load
No. Strength Content Hrs Min Hre Min Removed
C=1 60.2 10.75 22h-10m 200h-30m 18
C=2 66.8 10.97 231h-05m 278h-40m a7
C=3 TS5 9.50 Oh-30m 124h-20m 18 :
c-s 57. o o 163h.mm el ] 1
¢-6 48, - 542h-00m 194h-50m 1T s
c:g 6843 9.12 Oh-00m Tlh-55m 6 3
c 67.2 10.60 22h~10m 191h«50m 17
¢-10 739 10,63 242n-50m 325h-35m- 28
C-1l 61,0 - 542h-30m 3171‘1"401!1 29 2
¢-12 5645 11,51 179h=30m 33h-35m 5 ;
C-13 49,5 - 541h=30m 195h-20m 17 2
C=1% 49,6 - - 541h-30m 194h=40m 16 2
Cc-16 O TeR - . 503h-10m 64n-25m 9 2
C-17 6649 9.60 Oh«30m 121h-25m 13
Remarks: 1. Accidental fallure. Load and time indlcated to

time of failure. :

2. Under load at time of writing. Deflection had ceased,
indieating that load might be sustained indefinitely
without increase in moisture content. Time computed
to 0800, May 19, 1947.

3+ Falled upon application of load.



TABLE I

SUMMARY
: Sheet 4 of 4

Specimen Group: D

Average Short Time Ultimate Strength: 659.3 psi

Average Original Moisture Content: 9.82%

No. Tested Short Time: 3 Long Time: 12

: Total Time Total Time

Spec. Pot. Ult. Moisture Loaded Unloaded
No. '~ Strength Content Hrs Min Hrs Min
D=1 <Tlel - T.00 Oh-00m ShelOm
D=2 63 ) ; 10 045 2041'1-551! 275!1-110 m
D=3 60.1 10.55 203h-51m 269h«05m
D=5 <T1.0 8465 Oh-00m 4h-10m
D=6 47 o2 - 541h-Om 194h-00m
DT 40 9 Qe 34 0h-35m 3111-29&
D=9 <718 8442 Oh-00m : 5h-40m
D-10 5904 1 9.12 Oh=30m 116h-09m
D-11 5648 10.12 89h-45m ~ 63h-20m
D=13% 50,1 - 536h=-00m 128h<15m
D=14 <55.0 10,12 Oh~00m Oh-00m
D-15 72.0 10.18 185h-10m 255h~-40m

Remarks: 1l.

to 0800, May 19, 1947.

OF TEST BY SPECIMEN GROUPS

Féiled upon application of load.
2. Under load at time of writing.

Total No.:

No. Times
Load
Removed

>
25
21

e
~ oW

N
PO+~

15

Remarks

Deflection had ceased,
indicating that leoad might be sustained indefinitely
without increase in moisture content.

3¢ Falled upon first application of load.

Time computed



TABLE II

SUMMARY OF TEST BY LOAD GROUPS
: Sheet 1 of 5

Load Group: 75% of Short Time Ultimate
Roes Specimens: 10

Ul Pt

Spee-. Pet, Ult. Total Time Total Time No. Times
JNo. Stren . oaded Unloaded Load
; Hre Min  Hrs. Min  ERemoved
A~Ll <T1l.8 Oh-00m 1h-30m 2
B=-1 TT 0 5h«35m 125h-30m 16
B-10 739 Oh~3%0m 94h-49m jie)
B-16 <86.,4 Oh-00m 3h40m 3
C=3 7545 Oh-30m 124h-20m 14
C-10 T3¢9 242h-50m 325h=-35m 28
D-1 < T7l.1 Oh-00m 5h-10m 5
D-5 < T71.0 Oh-00m 4h-10m 4
D=9 <T1,8 Oh-00m 5h=40m 6
D=15 72,0 185h«10m 255h-40m 22
Remarks: l. Falled upon application of load.
: 2, Falled upon application of load.
3« Ditto
40 mtto

5« Ditto




Load Group:

No. Specimens:

Spee. Pet. Ult.

-No.  Strength
A-2 - 6445
Be <05
s <828
c-8 6742
C=1T7 6649
D=2 - 6345

Remarks: 1l.

24

Se

SUMUARY OF TEST BY LOAD GROUPS
~ Sheet 2 of 5

7

Potal Time Total Time
Loaded -

Hrs Min

Oh=00m
Oh=00m
Oh-00m
231h«05m
22h-10m

- Oh=30m
204n-55m

65%. of Short Time Ultimate

Unl oaded
Hrs Min

94h-25m
93h-40m

Oh-0m
278h-40n
191h-50m
121h-25m

275h-40m

Failed upon application of load.
load 11.2% greater than breaking load on proviaun
load applieation. :

Falled upon application of load.

No. Times
Load

Removed

R oo

17

13

25

Sustained load for few seconds only.

Remarks

2
3

However, eustaimﬁ



Load Group!
No. Speeimens:

<)

TABLE 11

UMMARY OF TEST

Sheet 3 of 5

60%12f Shert Time Ultimate

BY LOAD GROUPS

Total Time Total Time No. Times

Spec. Pct. Ult. Loaded - _Unloaded Load :
No. Strength Hrs Min Hrs Min Removed Remarks
A-4 <60.T Oh-00m Oh~00m 0 1
A-il <5563 Oh-00m 17h-05m 1 2
B~l2 57 ¢4 251h-25m 114h-50m 10 ’
Cel 6062 22h-10m 200h-30m 18 .
C=5 578 163h-00m : - - 4
C=7 68.3 Oh=-00nm Tlh-55m 6 2
c-11 61.0 542h-30m - 317Th=40m 29 5
c-12 5645 179h-30m 23h=35m 5

C=16 57«2 503h~10m 64h-25m 9 5
D=3 60.1 203h-51m 269n-05m 21

D=10 59 o 4 Oh-00m © 116h-09m T

D~k 5648 ..89n-45m 63h-20m T

D-14 <55.0 Oh-00m Oh-00m 0 x

Remarks: 1l. Falled upon first applieation of load.

' « Falled upon application of load.

3« Accldental failure.

4, Accidental failure. Load and time indicated to
time of fallure.

5. Under load at time of writing. Deflectlon had ceased,
indlecating that load might be sustained indefinitely
without increase in molsture content. Time computed
to 0800, May 19, 1947.



IABLE II

SUMMARY OF TEST BY LOAD GROUPS
Sheet 4 of 5

Load Group: 50% of Short Time Ultimate
No. Specimens: 7

Total Time Total Time No. Times

Spec. Pet. Ult, Loaded Unloaded Load

No. Strength Hre Min Hrs lin Removed Remarks
AT <48,8 Oh-00m Oh-00m 0 1
B-1l3 4845 3Th=55m 99h-15m 8

C=6 48,8 542h-00m 194h-50m 17 2
C=13 49,5 541h-30m 195h-20m 17 2
C-15 49,6 541h-30m 194h<40m 16 2
D=6 47.2 541h~-Om 194h-00m 12 2
D=13 50.1 536h-00m 128h-15m 1 2

Remarks: 1, Falled upon first appliecation of load.

2. Under load at time of writing. Deflections had ceased,
indlcating that load might be sustained indefinitely
without inecrease in moisture content. Time computed
to 0800, May 19, 1947.



Lead Group:
No. Bptoimonas

’_ S’pﬁco
No.

=t
¢-6
C~13
G=15
D=6
D=13

Remarks:

50.1v;,

Sheet 5 of 5

7

Total Tamc

40% of Short Timb UItimato '

Total Time
Unloaded
Hrs Min

Oh~00m

9%h-15m
194h-50m
- 195h«20m
194h-40m
194h~00m
128h-15m

MOFMBY%.M

~ No. Times
Load
Removed

)
a-8
»%;
16
14

1. Palled upon first application of load.

2. Under load at time of writing.

~ Remarks

pPopPprOo =

Deflection had ceased,

indicating that load might be sustained indefinitely
without increase in moisture cantent.
to 0800, May 19, 1947.

Time computed
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Machine:

TAELE IV
SUMMARY OF SHORP-TIME IEST

No.: 14745

Bpeed of Test: 0,025 In./min.

Loading Arrangement:

Spee.
EO-

A=3
A-6

- B=4
B=9
B-14

C=4
C=9
Cc-14

D=l
D-8
Del2

Riehle Universal Testing Machine '
Capasity: 30,000# lLeast Reading: 10#

Straps and_ahéar key as for long-
time tests with special adapter to

testing machine grips.
Date: February 28 & Mareh 1, 1947

Breaking Ultimate

Shear Area Load Stress Pot., Diff. Molsture
Sg. &Bo t Eaio Eggm Ave. Gﬂntﬂﬂﬁ
306“ 3710 1020 - 301 11_010
3.62 3930 1085 + 3.1 10085
Average 1052,5 10.98
3064’ 2770 762 - 4.6 11018
3062 : 3520 972 : +21.7 10.62
3460 2380 662 =17.2 10,40
Average 79849 10.73
3467 2290 625 -13,2 13,37
3461 - 2650 T34 + 1.94 11.36
359 2870 800 +11l.1 10.16
| 720.0 10.96
3075 2640 705 . * 609 9.93
3074 - 2610 698 + 5087 9065
3eTh 2150 _575 -12.8 e
659.3 9.82

General Remarks:

1« In all eases failures were sudden and were accompanied bi
& sharp eracking noise. Very little warning was given
prior.to fallure by oreaking or groaning. No deformations

2,

e

were noticeable prior to failure.

4All filures were by pure shear. In no case was any indi-
cation of even localized bearing failure under the key

apparent.

Most failures -- all speoimens except C-0 and those from

Stiek D -- cccurred in double shear.

Specimen C-9 and all

three specimens from Stick D falled in single shear. (Stress

ealculated using double sghear area.)





