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Rapid loading tests in flexure and compression parallel to graifi on Sitka
spruce, Douglas-fir, maple, and birch 'specimens at approximately 12 percent
moisture content show that the modulus of rupture and ultimate compressive
strength are increased as the time to ultimate load is decreased. For loading
times of 0.3 to 750 seconds, the increase or decrease is approximately 8 per-
cent for a tenfold decrease or increase in loading time. Fiber stress at pro-
portional limit values are generally increased to a greater extent than ulti-
mates, but are much more variable. The effect of rapid loading on modulus of
elasticity is small and no increase in modulus with rate of loading should be
considered. Deflections and deformations to maximum load are about the same
regardless of loading rate for softwoods, but they tend to increase as loading
time is decreased for hardwoods. The duration of maximum load in compression
varies inversely as the time to maximum load, and at rapid loading rates it is
about one-tenth of the time to maximum load. The flexural work to maximum
load is greater for the rapid loading rates, but only in hardwoods is the in-
crease greater as the loading time becomes less.

Introduction:

The period in which a load or force acts on a wood member and the duration of
app}lcat;on’of_this force have an important effect on the ‘strength properties
of'ths membgr in question. This factor must be considered when designing with

lTh@._testing and initial analysis of the data on Sitka spruce and Douglas-fir
specimens tested in compression and flexure were done by G. W, Foster and
M."P, Brokaw, Testing of the maple and birch specimens was done by
G.‘W.'FOster, M. P. Brokaw, L. A. Yolton, and D. L. Harker. Data were
obtained during the wartime testing program to provide needed information
to the Armed Forces, . - - - " o

s 2 iy o - . . T :
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wood, whether it be for a warehouse where the loads imposed on the structural
members may be applied for weeks or months; or in aircraft where the load,
during ordinary maneuvers, such as a change in direction of flight or flatten-
out after a dive, is applied in a fraction of or a few seconds. Early in-
vestigators were conscious of this effect, and in 1908 McGarvey Cline2 and

He Do Tiemann? published results of tests to evaluate the effect of rate

of application of load on strength and stiffness of wood members and proposed
speed of testing requirements for several basic test procedures.

These studies and others made at the Forest Products Laboratory over a number
of years have indicated that the load to cause failure in a wood member that
is continuously loaded for years, is approximately 60 percent of that required
for failure in a standard flexure test that is completed in about 10 minutes.
It was also determined that the load to cause failure in impact, where the
load is applied in a few thousandths of a second, was about double the fail-
ing load in a standard flexure test., Other studies had been made to evaluate
the effect of loading times between a fraction of a second and the standard
testing time; but during World War II, when wood was used to a considerable
extent for structural members for training aircraft and gliders, it became
cvident that additional test data were necessary in this range, Accordingly,
a test program was initiated at the Forest Products Laboratory in cooperation
with the ANC Committee on wircrart Design Criteria, and studies were made to
determine the effect of rate of loading on the flexural and compression-
parallel-to-grain strength properties of Sitka spruce, Douglas~fir, maple,
and birch, The results of the studies on those species, representing some
6LO rapid loading tests and more than 900 tests of matched controls, are
presented and analyzed to evaluate the effects of these loading rates,

Materials and Procedures

Material

Two softwood and two hardwood species were included in the investigations
made to evaluate the effect of rapid loacding on the compressive and flexural
strength properties of wood. The softwoods, Sitka spruce and Douglas=-fir,
were obtained from trees 250 to LOO years old felled in the Washington-Oregon
areas Logs of those two species were shipped to the Forest Products Labora-
tory, where they were sawed into planks that were subsequently kiln dried to
about 12 percent moisture content, Maple and birch logs from Wisconsin were
also cut into planks and kiln dgﬁtd at the Laboratory. FPlanks having the
desired specific gravity characferistics were selected from this source of
material to be fabricated into test specimens, :

éMcGarvey Cline, "Forest Service Tests to Determine the Influence of Different
Methods and Rates of Loading on the Strength and Stiffness of Timber.#
Proceedings Amer, Soc. Testing Materials, Vol.8, p.535, 1908.

—Harry D. Tiemann, "The Effect of Speed of Testing Upon the Strength of Wood
and the Standardization of Tests for Speed." Proceedings Amer. Soc, Test-
ing Materials, Vol.8, p.Shl, 1908.
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Matchlng I o o

'The planks chosen for fabrlcatlon intQJtesb speclnens were in all instances

free 'of ‘defects and as straight gralned as poss1ble. The grain direction of

i eachplank was determined and:the individual ‘speéimens were oriented so that

tho dlrecclon of graln was parallel to thelr edgeo.

e M

Canpressnon-parallel-to—graln speounens were nomlnally l by 1 1nch in cross

sectdor“and 1, ‘inches in length parallel to the grains: One-inch-square ‘sticks
were. cut ofror-the selected plank andwere in turn ¢t into l=inch lengths.
From thesey end-matched test specimens), controls,--and rapid loading specimens
were ‘selected alternately, By this procedure it was ‘possible to compare the
properties of ‘the rapid:loading specimens withr the ‘average of those of the
two end«matched controls,  The variation:in control strength between the two
controls for each rapidiloading specimen was limited to & percent, and if
thls llmlt was exceeded the results were not used _

Fleyural specimens, nomlnally l inch by 2 inches in cross sectlon for the
softwoods and 1 inch square for the hardwoods, were 16 inches in length.

The depth of specimen was the i~inch dimension in all casesy ‘@nd ‘the annual
ringsiwere ‘oriented parallel’ to the specimen’ width., In‘all of the ‘planks
except some of the Sitka spruce, the flexural specimens were cut so as to'
obtain ehd matching between rapid loading specimens ‘and controls. Selection

:Vof ‘conttols and rapid loading specimeng from ‘these planPS'was carried’ out in
“& manner-‘identical with that used for the’ compression’specimens. - Test

results obtained on 'the’ rapid Loadihg’ specimens were compared with average
propertlos from adgacent end-matched controls, The variation in properties
of the controls was held to a minimum, but the results were not so consistent
nor limited so closely as in the compression tests, In a few of the Sitka

“gpruce planks the grain orientationiwas 'such'that end matching was not’

possible, and in these instances the spec1mens were side matched tangentially,
The properties of the rapid lOddlng spe01mens were compared Wlth those of the

*181ae-matched controls ;” S

After~fabrlcatlon, the specimens were stored in a humidlty room malntalned
at a temperature-of 70°'F, and a relative humidity of 6L percent until they
reached constant weight, = Depending on. species and previous conditioning, the

~specimens came to-equilibrium at moisture contents.of about 9 to' 1l percent.
" The specimens werevkept under these condltlons untll removed one at a time

for teste

MethodSJof Testiwa -

Compres51on-parallel-to~gra1n tests of the controls were made accordlng to*

‘standard procedurés, except that the special compressometer developed for the

rapid loading tests 'was used to measure-the deformation over a 2-inch gage '
lengthy . The specimens were loaded én the 1- by l-inch ends, in & 10,000-
pound-capaclty, mecnanlcalstype testlng machine, at a rate of free head move=

mentiof ‘0,003 inch per inch of: specimen length per minute, Actual rate of =

strain‘was less than this figurey particularly’ during the early part of the
tests  Other experiments: have shown, however, that after the’ proportlonal limit
stress has becn exceeded, the rate of loaded cross~head movement of mechanical
machines approaches the rate of free head movement,
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Rapid loading tests were made at nominal rates of free head movement of 0,087,
0639k, 047735 .1.905, 2.799,.:and 5487 inches per minute in a mechanical=type

testing machine. Since at, these rates it was impossible to measure load and

deformation increments in the conventional manner, other technlques were . dev1sed.

Increments in load were measured by the deformatlon of a callbrated steel tube
that was also used as a support for the specimen in the testing machines This
tube was 3 inches in diameter and 37 inches long-and had a wall thickness of.
0.073 inch. A machined steel bearing cap l inch thick was fitted to each end
-of the tube, A pivoted collar near the bottom of the tube and a rigid collar
near the top were connected by two l/h—lnch round steel rods, One rod was
attached to a dial indicator mounted rigidly on the upper collar, This dial
indicator, graduated to 0,001 inch, measured the deformation of the tube
resulting from the load applied to the specimen as shown in figures 1l and 2.
This deformation was converted to-applied load from the relationship.of load
and deformation that had prev1ously‘been obtalned from callbratlon tests of

Straln measurements on- the compress1on test specimens were made w1th the
compressometer spe01ally developed for this study. = The compressameter was -
attached to the specimen, over a 2~inch gage. length, by conically pointed
thumb screws bearing on small steel pins imbedded in.the tangential, face of .
the specimen, As shown in flgure 35 one, arn of the compressometer was: flxed
by means of a flexure pivot, while a dlal graduated to 0,0001-inch was mounted
on the other to measure deformations. A’ locking pin. to maintain: the 2-inch .
gage length was renoved once the compressometcr was fimmly attached to. the -
specimen, : o i

An electric tlmer readlng dlrectly to 0.0l second was uscd to measure the time
4,of each test. : : ; : fo 50

The 1oading periods from 0.8 to 50 seconds were too short tO‘permitvobservatiOn
and recording of load, deformation, and time increments by normal proceduress
Therefore a 35-millimeter motion-picture camera (fig. 2), operated at an -
appropriate speed for each test, was used: to record. simultaneous dial gage

and electric-timer readings. The camera was operated for the period just.
prior to contact of the loading head.and the specimen to the point after ulti-
mate load when the load decreased to:-less than the ultimate values Thirty or
LO pictures were taken to ultimate load in each test, and the test data were
subsequently transcribed from the film to deta sheets for study.

Flexural tests were made on l= by 2= by 1l6-inch softwood specimens and l- by

1- by 1l6-inch hardwood specimens tested over a lh-inch span. Depth of specimen
was always.l inch, and load was applied perpendicular to the growth rings at

the center of the span through.a maple block curved to a 3=~inch radius. Control
specimens were tested in a mechanical-type testing machine at:.a rate of free
head movement of 0,05 inch per minute, This rate produces a theoretical rate

of straining in the outermost. fiber, within the proportlonal limit, of 0,0015
inch per inch per minute. Actual rate of straining is somewhat less than this,
but during the portion of the test beyond proportional limit, the loaded head
';speed compares closely with-the free runnlng ‘head- speed : i
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The .rapid loading tests in flexure were made on a hydratlic-type testin 3
machine at nominal rates of loaded head movement of 0,2, i 3, 6,:22, 15,,and
80 inches per minute. Rates up to 6 inches per minute were cbtained: by con-
ventional operation of the testing machine, The rate of 18 inches per minute
was made possible by operating the motor-driven adjusting head at about 12
inches per minute in opposition to movement of the lower platen of 6 inches
per minute, A bellows arrangement was designed to obtain the 80-inch-per-

| minute rate of loading. Air was admitted from a surge tank (fig. L) through a
quick-opening valve:to the bellows. The valve regubkted the flow of-air to the

bellows and thus the rate at which load was applied. Tty

Conventional procedures for measuring and recording load, strain, and time
increments were impracticable,:and, therefore, special eguipment was developed
for this purpose, Load.was measured by the deflection of a calibrated steel
ring (fig, 5) that was substituted for the maple loading block, This ring,
machined from a section of steel pipe, was 6.5 inches in outside diameter and
had a wall thickness of 5/16 inch, A dial gage, reading to 0,0001 inch, was

| attached along the vertical diameter of the ring and measured the change in

| ring diameter as load was applied to the specimen. This deformation was con-

verted to load from calibration data previously obtained on the ring.

A dial gage, measuring center deflections to 0,001 inch, was mounted on. a yoke

supported at the neutral axis of the specimen over the supports. Time intervals
| during each test were measured by a stop watch graduated to 0.0l second, The

test apparatus, including load, . time, and deflection measuring equipment, is
shown in figures 5 and 6. STt I E At .
When the bellows wasiuSed to apply load, as shown in figure 7, the calibrated
steel ring was used as one of the reactions of the test specimen and the
deformations of the ring in this position were converted to applied load
increments,

The 35 millimeter motion-picture camera used in the compression tests was also
used to record load, time, and deflection increments for the flexure tests.
Loading times varied from about 0,3 to 150 seconds, and ‘the camera was operated
at an appropriate constant speed to obtain an adequate test.record, which was
subsequently transcribed from the film, . '

| _ j' {a-,.‘-' B .~ Results and Analysis

Compreésioﬁ Parallel to Crain

The effects of rapid loading on the compression-parallel-to-grain strength
properties of wood are presented in tables 1 to L, inclusive, wherein the re-
sults are summarized by spccies, rate of loading, and plank number. The plank
summary is essentially by specific gravity, since the evaluation of specific
gravity effects on variation in properties with rate of loading was introduced
in the program by proper selection of test plank. The tables show that the
specific gravity and méisture content values for rapid loading specimens and
controls were in good agreement and that no adjustment in property values was
required prior to evaluation of rate-of-loading effects. While the results
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are averages for the number of rapid loading specimens 1ndlcated and a
greater number of control specimens, the method of matching has prov1ded
excellent agreement in moisture content and spec1f1c gravity values for

1nd1v1dual sets of matched ope01mens.

A resummary of a portion of the data in tables 1 to L, 1nc1u51ve, is glven
in table 5, together with an indication of the uniformity of the data¢ The
results are tabulated by species and within each species by nominal rates of
deformation. A more precise indication of loading time, however, is afforded
by the time-to-ultimate-load values. The effect of rapid loading on compres-—
sion-parallel-to-grain strength properties is indicated as an average ratlo .
of the rapid loading properties to the average proper--

“ties of their matched controls., Since such ratios alone do not completely
describe test results, an indication of the uniformity of the data is given
by standard deviation figures for each result presenteds An analysis of the
data shows that the maximum crushing strength values for each species are in-
creased as the time of loading is decreased and that the amount of increase
for any specific rate of loading is much the same, regardless of species., _
The fiber stress at proportional limit also increases as the rate of loadlng
is increased, and, in general, this increase is more than that for maximum
crushing strength at any given loading rate. The results, however, are more
variable than' those obtained for maximum crushing strength, and there is less
correlation between species, Modulus of e1a5u1c1ty values show some 1ncrease
as time of loading is decreased, although ezamination of the data in tables 1
to L, inclusive, ‘will show that this is not always true. The magnitude of
increase shows no tendency to become greater as the loading time is decreased,
but rather that the increase is uniform for at least the four most rapid rates
of loading, - Considering the magnitude of the increase and the variability of
results, it would seem logical to assume no increase in modulus of elasticity
with decrease in loading time, »

To determine the trend of the variation of maximum crushing strength with
loading time to maximum load, the individual strength ratios were plotted
against time on semllogarlthnlc coordinates, The charts of figures 8 to 11,
inclusivey present this data, each for a single species. The results were
also plotted according to specific gravity groups to aid in evaluating the
specific gravity effect, but no consistent trend could be established. The
plotted points show scatter within a band, and it was possible to determine
a straight line that determines the slope of this band and that also passes
through a point based on results of control tests. The intercepts and slopes
of the lines so determined for all four species are quite uniform; and based
on these data, an average curve for all conpress1on—parallel-to-gra1n test
results would have the equation: el e

P =121 - 8.5 log T
where |
P = ratio of ultimate compressiva.stress of répidly
loaded specimen to that of_controls_
T = time to ultimate_compressi?e'stress’in seconds
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Behavior of typlcal rapidly loaded compression-parallel-to-grain specimens and
matched controls is pictured in the curves of figures 12 to 17, inclusive, for
Sitka spruce and maple. Stress-strain, stress-time, and deflection-time .
curves are shown. The stress-strain curves for both species (figs. 12 and 15)
are similar, and the relationships between rapidly loaded specimens and con-
trols are also much the same. The modulus of elasticity of the rapid loading
specimen is slightly greater than that of the control, as shown by the slopes
of the initial portions of the curve. This straight-line portion of the curve
also defines a proportional limit stress that is higher for the specimen
tested in the shorter time. Ultimate compressive strength values are shown
to be about 20 percent higher for the rapid loading specimens.

The stress-time curves of figures 13 and 16 show a wniform increase of stress
with time during the early part of the test.. If the difference in time scales
1s'n0ted,'the much greater duration of maximum load for the control specimen
is readlly apparent, If the higher strength values are used in design because
of more rapld loading conditions, the fact that +the ultimate load can only be
'carrled for a very short time must also be taken into consideration.

Straln-tlme characteristics are evident in the curves of figures 1l and 17, and
it may be noted that the deformation proceeds uniformly with time during the
_ early part of the test, but at a rate much slower than that determined by the

free running head speed chosen as the nominal rate of deformation, Other
yinvestlgatlons have shown that this behavior is typical and depends on the
capacity and elastic constants of the testing machine and the strength and
stiffness of the test spe01men. These studies also show that after the pro-
portional limit stress is exceeded, the rate of deformation tends to increase
and’ approach the free running head speed in magnitude as the ultimate load is
attained, Thls condition is evident in the curves of figure 17, It is not
S0 apparent in figure 1l, however, partlcularly for the control spe01men, but
it was noted that in this species flnal failures occurred outside the gage
1ength of the compressometer, so that the strains obtained do not truly
measure the deformation taking place in the specimen as ultimate load is
reached,

Comparisons of specimen deformation and rate of loading in compression
parallel to grain are made in table 6. The average unit strain values

tabulated are those obtained between gage points and may not, for species
that tend to fail near the ends, give exact values of total deformation,
since the deformations at the point of failure are not included. Within a
lspe01es, however, all failures exhibit the same pattern, and the values given
“do afford an 1ndlcatlon of behavior with loading time. Average results show
that. deformatlon at ultimate is approx1mate1y a wniform value regardless of
loading rate for the softwood species, but tends to increase as the loading
time is _decreased for the hardwoods. The time that maximum load can be sus-
talned 1s very clearly a function of loading rate, as shown by the duration
of maximum load periods of table 6. As the rate of loading is increased, the
duration at maximum load is markedly lessened, and for rapid rates of loading
it is approximately 10 percent of the time to maximum load.
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Flexure

Flexural properties of rapid loading specimens and comparisons with their
matched controls are tabulated in tables 7 to 10, inclusive, by species, rate
of loading, and plank number., The data presented are similar to those for
the compression-parallel-to-grain tests given in tables 1 to L and discussed
previously. A portion of the datd are reswmarized in table 11 according

to species and nominal rate of center deflection, and a more exact indication
of the rate of loading is presented in the form of average time to maximum
loads The effect of rate of loading on flexural strength properties is

given in the form of average ratios of the property values, as determined in
rapid loading tests, to the average properties of their matched controls. To
afford an indication of the uniformity of the results obtained, standard
deviation figures were computed and are presented for each property listed,
The data indicate that the flexural modulus of rupture increases as the rate
of loading increases for all of the species tested, and that the ratios are
of the same order of magnitude for a given loading rate regardless of species.
The fiber stress at proportional limit also increases as the loading time is
decreased; and for softwood species, this increase is greater than that ob-
“tained for modulus of rupture, For the hardwood species, however, the in-
crease is less than that obtained for modulus of rupture; and for the slowest
rate of rapid loading in this study, the proportional 1un1t stress value is less
than that obtained for the matched controls. In all instances the. variability
of results, as measured by standard dev1at10ns, is greater for the fiber stress
at proportional limit than for modulus of rupture. Examination of the data °
of table 11, as well as those of tables 7 to 10, 1nclu51ve, shows that the
modulus of elasticity of the rapid loading specimens is usually, though ot
always, greater than that of the matched controls. The modulus of elasticity
does not increase as the loadlng time is decreased, however, but rather is
quite uniform over the range of testing speeds studled. The magnitude of the
increase is small, and if this, together'w1th the variability of results, is
considered, it would seem logical to assume that the flexural modulus of
elasticity is not changed with rate of loading.

The variation in modulus of rupture with loading time is illustrated graphically
in figures 18 to 21, inclusive. The ratios of modulus of rupture of rapid
loading specimens to modulus of rupture of controls were plotted on semi-
logarithmie coordinates against time to modulus of rupture for each of the
species studieds The data for each species are also separated into specific
gravity groups to permit evaluation of specific gravity effect on specimen
behavior, but no well-defined effect was evident from the data obtained, ‘While
the scatter of the test data is somewhat greater than that obtained for
compression-parallel-to-grain tests, a trend of increased modulus of rupture
with decreased loading time is clearly evident. The trend is deflned by the
straight line determined for each group of data that represents the mean con-
dition for rapid load tests and that passes through the average control test
value, Intercepts and slopes of the lines determined are similar for ‘each

of the species tested; and based on the data available, an average curve for
modulus of rupture would have the equation:

"P =121 -~ 7.5 log T

where
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P = ratio of modulus of rupture of rapidly loaded specimen
to that of controls :

time to modulus of rupture in seconds

I

T

The slope of the equation thus derived is slightly less than that obtained
for the compression-parallel-to-grain studies (8.5 to 7.5); but if considera-
tion is given to the variability of results, it would seem that an equation
with an average slope of 8 is justified. Thus for flexure and compression-
parallel=to-grain loading conditions, which are more rapid than those used in
standard tests, the maximum strength properties are increased by 8 percent as
a tenfold decrease is made in the loading time. Stated another way, a 100
percent change in loading time causcs a change in ultimate strength proper-
ties of approximately 2.5 percent in the opposite direction,

Typical behavior of rapidly loaded flexure test specimens and matched controls
is shown graphically in the ‘load-deflection, load-time, and deflection-time
curves for Douglas-fir and birch in figures 22 to 27, inclusive., The load-
deflection curves of figures 22 and 25 substantiate previously made statements
on the equality of modulus of elasticity values for rapidly loaded test
specimens and controls by the similar slopes for the initial portion of the
test curves.  The fiber stress at proportional limit comparisons can be made
by noting the extent of the straight-line portions of the curves, and the
-increase of modulus of rupture with decrease in loading time is clearly
discernible. Center deflections at maximum load are much the same for rapidly
loaded specimens and controls, but the increase in modulus of rupture with
decrease in loading time causes the area under the rapidly loaded test speci-
mens to be greater; and since this area represents energy absorbed, the work

EY

to maximum load is greater for the rapidly loaded specimens.,

The load-time diagrams of figures 23 and 26 show a uniform increase of load
with time during the early portion of the test, They further show that the load
at or near maximum is maintained for a much longer period of time in.the con-
trol tests than at more rapid rates of loading; and this is a factor that should
be given adequate consideration when the rapid loading increases are used in ‘
design, since failures will then give less warning and occur suddenly,

The deflection-time curves (figs. 2L and 27) are two straight-line segments
Joined by a short curved section, The initial straight-line portion repre-
sents the deflection characteristics at loads below the fiber stress at
proportional limit value, which show about a 15 percent slower rate of
deflection than the theoretically applied rate, Above the proportional
limit the rate increases to about that determined as the nominal rate of
deflection, an ot

Table 12 is a tabubtion of the average deflection at maximum load and work to
maximum load values, as they vary with rate of loading, that substantiates
the statements made on typical specimens, There is no consistent .relation-
ship between time of loading and center of deflection at ultimate, but rather
the deflections are quite wuniform and - independent of loading time, In the
hardwoods tested there is some indication of increased deflections at in-
creased rate of loading, but the magnitude of the change is small, With
center deflections much the same and ultimate stresses increasing as loading
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time is decreased, the energy absorbed to maximum load will also increase as
time of loading becomes less, This is essentially true as shown by the work
to maximum load values, which are generally greater than those of the matched
controls, The increase is not related specifically to time of loading for the
softwoods, however, although this trend is indicated by the tests of hardwoods.

Conclusions

1. The maximum crushing strength in compression parallel to grain and the
modulus of rupture in flexure are increased as the time of loading decreases
below that used in standard testing procedures for wood members. This increase
is approximately 8 percent for tenfold decrease in loading time; or, to
express it another way, if the loading time is changed by 100 percent, a
change in strength in the opposite direction of about 2.5 percent will result.

2. The fiber stress at proportional limit in compression parallel to grain is
increased to a greater extent than maximum crushing strength for any given
loading rate, but the variation in results is much greater,

3. The fiber stress at proportional limit in flexure is increased more rapidly
than the modulus of rupture for softwoods, but the reverse is true for the
hardwoods tested. Greater variability in results for proportional limit stress
data was' found.

he The modulus of elasticity in compression parallel to grain is generally
greater at rapid loading rates, but this increase seems to be uniform for all
rapid rates of loading and does not increase as loading time is decreased.
Comparisons of the magnitude of the increase with variability of results suggest
that ﬁo'increase in stiffness be considered as loading time is decreased

5. The modulus of elastlclty in flexure is approximately the same for all rates
of loadings

6. The unit strain at ultimate load in compression parallel to grain is
approximately the same for all loading rates in softwoods, but it tends to
increase as the loading time is decreased for hardwoods.

7. The duration of maximum load in compression parallel to grain decreases
as the loading time is decreased, and for rapid loading tests it is found to
be approximately 10 percent of time to maximum load

8. The deflection at maximum load in flexure is about the same regardless of
loading rates in softwoods, but it tends to increase as loadlng time is
decreased for hardwoods.

9. The work to maximum load in flexure is greater forfmore'rapid loading
conditions, but only in the hardwoods is there any indication of greater
increases as the time of loading is reduced,
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Table 2.,~-Effect of rapid loading on the compressive strength properties of Douglas-fir

Nominal rate of defomation%.............in. per ming...:
Plank NUmbeTs.cssreesnsasssssassosssesssssetessnoennsesal
Number of te8tB,ssessncesccacsssascsassansnnrescansennsad
Moisture contentscieesecrseercsaseasasancassaspercent., s
Moisture content of controlS.sssesesssscsssssspercent.,.:
Specific gravity’g.......................................:
Specific gravity of controlag...........................x
Time to maximum 1cAdeesecsesccssassosscnserssesaBOCsasal
Time to maxizmum load of CONtTOlBassseccacssnvacseBOCaonat
Maximum crushing strengtheesscsecessscsocssesssPeBolocaadt
Maximum crushing strength of controls.cessecrsePeBelocest
Percent of control 8trength..esescesesessscaresssosancesd
Strain at maximum 1loadessessssessscssssassin, per in....t
Strain at maximum load of controlsees.....ins per in....:
Duration at maximum loadescssvsnosserssssesrsasssB8Caaaol
Duration at maximum load of CONtrolBiessssscesssaBOCooasd
Time to proportional 1imit.ssssesessessesoesossea®0Coseal
Time to proportional 1limit of controlS.e.ccecceeeB@Cesssl
Stress at proportional limite..ceceeeecccosscsoPeBolocest
Stress at proportional limit of controlsescsccsPeBelecset
Percent of control proportional linit...................;
ﬂodulul of elalticity...........................p.l.i....l
Modulus of elasticity of controlSecececececessePetodocest

Percent of control ModUlUBeessecsosssonssssnssnssasnsnsal
3

0.087
39-59
7

12,4
12.7
0.3k
0.433
30.6
266
6,170
5,700
108,4
0,00416
0,00463
3.1
104
17.7
151
4,410
4,090
107.9
1,733,000
1,649,000
105.2

-

0.394
39-59
8

12.2
124
0.431
0.429
6.69
268
6,440
5,670
113.4
0,00438
0,00496
0.58
T4
3.4
153
4,570
L 060
112.4
1, 740,000
1,618,000
1074

H

H

0.773
3959
8
12.1
12,2
0.431
0.431
3.27
67
6,530
5,710
1144
0.00440
0,00472
0,31
8.3
2.09
152
4, 820
4, 0%
117.8
1,740,000
1,661,000
104,6

1.905
39-59
8

12.3
12.6
0.439
0.435
1.47
265
6,870
5,760
119.3
0,00429
0,00451
0,14
8.6
0.96
155
5,220
4,190
1246
1,810,000
1,689,000
107.4

.
:

.

6,830
5,660
120,6
0.00442
0,00452
0,13
10.1
0.66
156
5,330
4,150
1284
1,790, 000
1,671,000
107.2

lNominal rate of deformation of controls == 0,012 inch per minute.

o
“Based on volume at test and oven-dry weight.

um 84952 F
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Table 6.--Summary of the rate of loading effect on the strain at maximum
load and duration of mazximum load Tor Tour species of wood
tested In compression parallel to grain

Nominal : Average time : Number : Average § Average
rate of : to ¢ of tests ¢+ unit strain at duration of
deformation : maximum load : g maximum load : maximun load
In, per min, s Sec. : : In, per in. : Sec.
Sitka spruce
0.012  : 1300 s 117 s 0.00326 ; 12,9
087 : 33.6 : 16 : .00331 : 3.2
«39L : 7.08 : 19 : .00338 : .35
o773 : 3.78 : 21 . .00336 : «33
1,905 : 1.48 : 11 : 00356 : .13
2.799 : 1.10 20 : .003L9 : .09
Douglas~fir
.012 : 265 57 00466 : 8.9
.087 : 30,6 7 .0041.6 . 3el
390 : 6469 : 8 .00L38 : .58
0773 H 3.27 . 8 .OOLL)_LO H 031
1.905 : 1.lt7 : 8 .001129 : .1l
Maple
012 : 345 : 178 : .00616 : 9,2
087 : L5.9 : 17 : .0065] : 645
394 : 11.1L : 18 3 00757 : 1.51
o773 $ 5460 : 18 : .00801 : o 73
1.905 : 2.60 : 18 : .00832 : 33
5.87 : $99 : 18 : .00958 : .09
012 : 325 s 148 : .00618 : 9.5
0087 H 2.5 : l)l H .OO[)IS)LL H 5.6
<394 : 10.18 : 15 : 00666 : 1.23
A : 5.18 g 15 : 00660 : 062
1,905 : 2450 : 15 : .00701 : e
587 : 099 - 15 ¢ .00707 : .10
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Table 12,--Summary of the rate of loading effect on the deflection at
maximum load and the work to maximum load for four species
of wood tested in flexure

Nominal ¢ Average time : Number : Average g Average
rate of : to of tests deflection at : work to
deflection : maximum load maximum load maximun load

ee se oo

.
.
e - — —:——————————————————

— e

ee o0 0 se ee

In. per min. Sec. : Inch :In.-1be per cu.in,
Sitka séruce
0405 ; 550 ; 127 ; 0,417 ; 10,4
2 : 130 : 33 : 2395 : 10.2
1.0 : 27.2 : 31 .03 : 10.9
360 e 8.5 : 23 <397 : 10,1
6.0 : Lo L0 : 23 : 0126 : 11.5
12,0 : 2,01 : 25 .33 : 12.1
18.0 1.37 s 23 : 112 : 11.6
. Douglas;fir
05 i 530 ¢ 111 - s .391 : 12,6
02 H 121.1. : lh H c37h H lln8
1,0 : 25.01 : 12 : .388 : 15,0
3.0 : 9.8 : 16 : o112 : 16.5
6.0 g .25 : 16 11 : 13.5
12,0 : 1.89 : 13 «396 c b7
18.0 : 1.28 : 1 .385 : 13.4
. Maplé .
05t 670 ;88 .50l : 21,1
1,0 : 29.8 ) 19 : 501 : 21.9
12.0 : 2.4k : 19 534 : 25.1
80,0 : .32 : 19 52L : 25.1
. Bircﬁ .
.05 g 735 : 76 553 : 23.3
1.0 : 32,0 : 16 <535 : 23.0
12,0 : 2454 : 16 : o561 : 26,
80,0 : et : 16 586 : 31.2
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Figure Te.--ilethod of testing small clear flexure specimens

Repte No. R1767

at rates of deformation in excess of 18 inches
per minute by means of loading bellows. Cali-
brated ring for measuring load used as one

reaction and the deflection and time measuring

equipment are shown,
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Figure 12,-~Typical stress=strain curves for two matched
Sitka spruce l- by 1- by li=inch compression-
parallel~to=grain specimens, The increase in
ultimate strength due to rapid loading was 20

percent of the control strength.
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Figure 13.--Stress-time diagrams for Sitka spruce
compression=parallel-to-grain specimens

of figure 5.
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Figure lh.-—Strain~time diagrams for Sitka spruce compression-

parallel-tomgrain specimens of figure 5.
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Figure 15,--Typical stress=strain curves for two matched maple
1- by 1= by L=inch compression=~parallel-to-grain
specimens. The increase in ultimate strength due
to rapid loading was 22 percent of the control

strength,
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Figure 16,--Stress-time diagrsms for maple compression-

parallel-to=grain specimens of figure 8.
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Figure 1l7.--Strain-time diagrams for maple compression-

parallel-to-grain specimens of figure 8.
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Figure 22,--Typical load-deflection curves for two matched

Rept. No. R1767

Douglas-fir flexurc specimens. The increase
in ultimate strength due to rapid loading is

28 percent of control strength.
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Figure 23.--Load-time diagrams for Douglas—fir flexure

specimens of figure 15.
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Figure 24.--Deflection~time diagrams for Douglas~fir

flexure specimens of figure 15.
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Figure 25,~-Typical load=-deflection curves for matched birch
flexure specimens. The increase in ultimate
strength due to rapid loading is 26 percent of

control strength.
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Figure 26,--Load-time curves for birch flexure specimens

of figure 18.
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Figure 27.--Deflection-time curves for birch flexure

specimens of figure 18.
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