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i1
y ABSTRACT

Creep ;;d reeovefy tests‘in compression parallel to .the
grain were conducted on 2 in. by 2 in., Douglas-fir speclmens
4 in, 1ong at four different:.levels of moisture.

Specimens were loaded 1n stages up to a predetermined
load. Instentaneous axial and lateral deformation as well as
creep measurements were taken at each stage. Creep was ob-
served over periods ranging from five minutes to twenty-five-
‘hours. Similarly, recovery was observed during unloading at/'
successively lower stress levels.

There are indications thaticreep as: well as negative
creep and negative recovery Were mainly due to molsture
present in the cell walls.

Creep, in general; eppeared to be more marked in the
green specimens than in the intermediate and air-dry con-
ditlons. The only oven-dry specimen showed less creep than
the air-dry specimens.

Results also show that the values of the coefficient of
€hateral

lateral deformation, A = (both radial and

AE Y opgitodsrma/
tangential), during the load rise were entirely different
from those during the period of creep, indicating that the ,'
cofresponding deformations were entirely different. The/éfé.
for the change in load were always higher than those for the:
periods of creep. |

All specimens tested showed a recovery of more than 50%

of the longltudinal creep. This indicates that creep in wood

is made up of two parts, recoverable and permanent creep.
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. Part T
INTRODUCTION

Woéd, which was among the earliest materials to be use& ‘
~for consﬁruction, has long had an established place in thé
me jor fileld of structural engineering. .waadays; through
the wide application of results from fundamental and applied
research novel designs of large wooden structures are pos-
sible, making wood competitive with other materials such as
steel and concrets. ’ |

Glued, laminated wooden construction, for example, has
already been recognlzed to be of primary importance in this
modern world of meéhénization and autOmatién. In the near
fiuture, prestressed or reinforced wooden members will likely
Join other engineered wood products for a more economilcal
and satisfactory utilization of timber,

It has become desirable, therefore, that studles be
conducﬁéd on some of the basic aspects concerning the strain£
“behaviour of wood which take into account not only the effect
of the applied stress, but in addition, the effect of time.

This present investigation was carried out primarily to
provide fundamental 1nformation on the creep of wood loaded
in compression parallel to the graln at four levels bf
moisture content. It was also concerned with the effect of
sustained loading at successively higher stress 1lntensities
on the modulus of elasticity, ultimate compressive strength

and maximum deformation.
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'In common with many materials, wood, when sub jected ﬁo
a constant force, exhibits an lncrease in deformation fol-
lowing an initial instantaneous strain. This subsequent
increase 1in deformation, called creep or plastic flow, is
time dependent and behaves in one of two ways. The creep
may take place elther at a continuously decreasing rate
until it approaches an ultimate or limiting value; or, it
may show gradually dlminishing rate at first, then a cons-
tant rate and finally an increasing rate which'eventually
leads to failure.

Previous Investigations elsewhere have shown that wood,
under all types of loading, exhibits creep even when the
stress 1s well below the standard proportional limit (1, 3,
4, 5, 6, 7, 8)L. o |

Tests at the‘U. S. Forest Products Laboratory as
reported by Wood (8) have shown phat Douglas-fir and
white oak both exhibit noticeable creep when subjected to
tenslon and compression paréllel to the grain at stresses
as low és 1500 psi. Wood also reported that there is an
indicatlion that creep in ténsion and compression 1is appro-
ximately proportional to stress.

Dietz (3) in ﬂis investigation of the creep behaviour
of Douglas-fir found that for compressive stresses below
.the proportional limit,'thé creep is very low.

The Australlan Forest Products Laboratory (1) reported

At mem e e amE e e mees e e M e e g cemn ame R we  mwmm . emm e . mee  smm aee  ma mew e

Numbers 1in parenthesis refer to literature cited.



observing increases in strain from 20 to 140 per cent 1in
green mountaln ash specimens subjected to compression for
almost three years at stresses ranging from 10 to 35 per

cent of the short time strength.

Part II
DESCRIPTION OF TEST MATERIAL

Species Used

Douglas~-fir (Pseudotsugza menzlesil), a speciles of prime

importance in world markets for structural grades of lumber,
was the specles chosen for this particular experiment;

As reported in F. P. L. Technical Note No. 3, "Strength
and Related Properties of Woodé Grown in Canada", Douglas-
fir shows the followlng average values 1in cbmpression paral-

lel to the gralns

Moisture Content® 419 12%
Nominal Specific Gravity- 0,45 0.49
Stress at Proportional Limit 2810 psi. 4830 psi.
Maximum Crushing Stress 3610 psi. 7230 psi.

Modulus of Elasticity 1,670,000 psi. 1,950,000 psi.

Source and Selection of the Experimental Material

Material utilized in this'work was obtained from a flat-
sawn plank selected from a stock of Douglas-fir on hand at
the Civil Engineering Laboratory, University of British
Columbia.

2 Based on welght when oven-dry.

Based on volume at test and welght when oven-dry.
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In order to simplify the interpretation of the results,
it was considered desirable to use test pleces free of defects
including knots, as stralght grained as possible, and with
sufficiently flat growth rihgs. When selected, the plank
was in an alr-seasoned conditién registering a molisture

content of about 12%.with an electric molisture meter.

Iype and Preparation of Test Specimens

The specimens used in these experiments were nomlnally
two-by-two inches in cross-sectlon and four inches in length
parallel to the grain (See Fig. 1).

The plank was surfaced on both flat grain faces to a
nominal thickness of 2% inches, the grain direction was
determined, and sticks 2%2<inch wide were ripped parallel
to the grain with growth rings as nearly as possible paral-
‘1e1 and perpendicular to the end edges of the sticks. These
were cross-cut into 5-inch lengths to produce end-matched
blocks fof the test specimens and their controls, and into
4-inch lengths for moisture content sampling. The 1ndivi-
dual pileces were reduced to final size only after they have
already attained a moisture content wvery near the desired
final condition.”

In the final processing of the test specimens and thelr
- controls, particular care was taken not only to improve
further the orientation of £he annual rings so as to make

them essentlally at right angles to a pair of faces, but
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B 6
also to make three sides of the blocks truly and mutually
perpendicular to each other.

Each specimen was deslignated by a capital letter which-
indicated the moisture condition under which it was to be
tested; air-dry condition was designated by the letter "A",
intermediate moisture condition by "M", green condit10n~by
"@", and oven-dry condition by oM,

For the controls, the letter "C" was simply added.
Thus, CA-1-6 indicates the controlispecimen in the air-dry

condition.

Part III
MOISTURE CONDITIONS AT TEST.

Creep and recovery. tests in compression parallel to
the grain were conducted at four different levels of mols-
ture;. namely: |

1. Alr-Dry Condition - in which the moisture content
of the specimens at test was in equilibrium: with the atmos;
phere of the testing laboratory. The speclmens were gene-
rally very close to 10% moisture content.

2. Intermediate Condition - in which the molsture con-.
tent was above 12% but:ibelow the fibre saturation point of
‘the species which in this case 1s about'24%'(2). Nominal
moisture content for this condition was chosen to be 20%.

3 Green:Condition - in which the molsture content was

above the fibre saturation point, the moisture content ranging:



from 47%-to 66%.
4, Oven-Dry Condition - in which the molsture content

was very close to zero.

Conditioning of the Specimens

All test specimens were stored ln temperature-end-
humidity controlled rooms or:chambers that would bring: them
to the desired final moisture content under which they were
to be tested.

Those assligned to tests in the air-dry condition were
stored exposed to the atmospheric conditions of the testing
room until they reached constant welght. These specimens
came to equilibrium at moisture contents ranging from 9.3%
to 10.2%.

Those to be tested In the intermediate conditions were
conditioned and stored in a chamber over a saturated solution
of sodium sﬁlphate. The chamber was maintained at a tempera-
ture of 75°F. At this temperature the relative vapor pres-
sure above the salt solution was such as to result in mois-
ture conditions that would give a nominal equilibrium mols-
ture content in the blocks of 20%.

Those to be tested 1n the green conditlions were stored
in a controlled-humidity-temperature room. To facilitate
the cbnditioning of these green specimens, they were flrst.
submerged in water under a vacuum for about three days.

Those to be tested in the oven-dry condition were

conditioned in a thermostatically controlled electric oven



heated at 212° F and dried until no change in welght wés
observed for a perilod of.twenty-fonr hours.

During the conditioning perliod, the specimens were
welghed perlodically, first at long intervals and finally,
when they had very nearly attained their eQuilibrium mois-
ture contents, more frequently. The welghing was continued
until most of the specimens in each condltion had malintained
an almost constant weight indicating, that they had attailned
the required equilibrium molsture content. Periodical;y,

a molsture sample_about an inch thich was téken from the
centre of the molsture sample blocks and the moisture con-
: tent, and its distribution throughout the cross-section,
determined by'the oven-4ry method. (See Moisture Content:
and Specific Gravity Determination on page 24).

L While every attempt was made to bring the alr-dry,
intermedlate and green specimens‘to'a uniform molisture con-
tent of .10%, 20%, and 60%, respectively, before testing,

it was inevitable that some specimens exhlibited a moisture
content slightly higher or lower than the desired level.

. However, for the firsﬁ-two conditions, it was deemed impe-
rative thét no two specimens should have a difference in
molsture=of more than 10% of the nominal value, 1. e., 1%
and 2%,_respectimely, otherwise the test was discarded.

For the green specimens, such limitation was.not necessary
since most of the strength properties of wood are influenced

by molisture content only 1in the range Delow the



fibre saturation point.
The specimens were kept under these conditions until

removed one at a tlme for testing.

Part IV
EQUIPMENT USED

Testing Machilne

All the testing was performed on a Balwin Tate-Emery
Testing Machine with a maximum capacity of four-hundred-
thousand pounds and having three ranges of load. OCnly two
ranges, the 80,000-1b. range, graduated at 100-1b. intervals,
end the 16,000-1b. range, graduated at 20-1b. intervals, were
used in these experiments. |

A load maintainer, which 1s an accessory of the testing
machine, was utilized in holding the load constant over a
period of time in order that creep or recovery‘could be
developed. With the use of the load maintainer, no fluctua-
tions in the load have been observed even when held overnight.

A stop-watch was used to measure the time intervals

while observing creep or recovery.

Stress—Strain Kecorder

An autographic recorder, the Microformer Stress-Strain
Recorder, was used to provide a record of load versus speci-
men deformation measured over a gauge 1ength of two 1inches.

This.apparatus conslists essentlally of two parts, the com=
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pressometer which is attached*ﬁo the specimen and the micro-
formef type recording equipment which produced autographiec
load-strain records of compression tests made parallellto
the grain.,

The recording equipment consists of a drum around which
is wound a graph paper and a pen attgched at the end of a
push-rod which is in turn geared mechanically to the load
indicating pointer of the testing machine. There are two
coordinate axes in the graph; the load coordinate which is
parallel to the axis of rotation of the drum and the'straint
coordinate whlch runs around the circumference of tpe,drum,
The load 1s marked by the pen which moves parallel to tﬁé
axis of the drum while the drum roﬁates in proportion to
specimgnideformation.

.The‘compressometer (Figs. 2 and 2a) includes a pair of}t
-gauge rings which are attached to the test specimen at a
gauge length of two inches and a measuring assembly which
measures the average values of displacement occurring
between the gauge rings as the specimen 1is loaded. Each of
the gauge rings 1s clamped to the test block by a pair of
screws at points P and Pl"

The measuring assembly, which is also shown in Photo-
graph 1, includes a heavy base supporting a vertical frame-
work, two pairs of measuring arms and a microformer measu-
ring unit. Each pair of measuring arms, upper arms and

-lower arms, pivots on a common axis A or A,. ©Stable contact
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Photograph 1

Measuring assembly of compressometer
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"
'bétween the measuriﬁg arms and the gauge rings~at polints B
or By is malintained by the balance welghts w.

The microformer measuring unit consisting of a coil
unit and a movable core is fixed to the lowér arm. The core,
with a spring underneath, 1s forced‘to keep 1h contact with
the upper arm at point C.

When the test speciménLShortens under the action of the
load, the distance~betweeh the gauge points P and P; decreases.
and the upper and lower arms rotate about their respective |
axes ‘A and A, causing thelr rear ends to move farther from
each other. This results in the movement of'the core relative
to the coil. This motion of the core in relation to the.coil
unit actuates the rotation of the drum in the recording equip-
ment proportional to the deformation of.the gauge length of
the specimen, | _ |

Two of the three avallable strain magnification settings
of the Stress-Strain Recorder were used in recording the
longitudinal deformation occurring within the gauge length
of two inches. These are the "Intermediate" and the "High"
which correspond to strainuscaies of 1&f1000 micro-inches \

per inch and 1% 500 micro-inches per inch, respectively.

"Lateral Deformation Apparatus
To measure lateral deformation, creep or strain reco-
very, elither in the radlal or tangential directions, a

speclal apparatus was devised. This apparatus was desligned



and patterned after the one developed and used by Dr. A.
Hrennikoff of the Departmént of Civil Engineering of the
University of British Columbia for measuring the lateral
straln and creep of a concrete chindrical specimen;

As shown in Fig. 3, it conslsts of two channel-shaped
steel collars A Joined by two bent 1so-e1astic4 strips
which are fastened to the collars by means of small screws.
The square ring formed by the collars and bent strips 1is
clamped on the test specimens byAtwo large thumb. screws B
passing through the mld-points of the collars. The 1iso-
elastic sbﬁings form the sensitive elements which bend as-
fhé speclmen undergoes distortion in the lateral dimension
when 1t is subjected to a longitudinal compressive force.
The bending strains in the iso-elastlc springs are sensed
by two Budd SR-4, Type C5-141-B electrical resistance strai
gauges glued on the inner and the outer faces of both

springs. All inside gauges C and separately all ouside

152

n

gauges D afe connected in series and attached to the active -

and. compensating terminals of a Baldwin SR-4 Type L Strain

Indicator whose readings are nearly proportional to the

lateral strains in the specimen. With this arrangement, the

inside gauges were also made active, but stressed different
from the outside ones. The indicator would then show the

- difference of the twé strains which are of the opposite

— e e D e D D e e AP ey etm e e e R eie amm e ewe e et w6 L R m—e e e

Iso-elastic 1s an alloy of iron, nickel and chromium
possessing particularly fine elastic properties.

ly
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signs, , thus increasing the'sensitivity of the apparatus.

In order to be able to make simultaneous observations
on the lateral strailn, creep of recoyery on both radial and
tangential faces of the specimen, two apparatuses of this
kind were made and used. It was also necessary to use a
ABaldwin switching: and balahcing unit to be able to read
several gauges while using only one strain indicator.

The design of the lateral deformation apparatus con-
sists malnly of, determining the cross-sectlonal dimensions
and geometry of the iso-elastic springs. DBased on a useful
range of strain of 3,000 micro-inches per inch, the spring
was designed so that its stress wlll not exceed 1its elastic
limit of 50 kips per square inch. In addition, a minimqm
force of about a third of a pound, was provided for as the
initial force necessary to hold the apparatus in the speci-
men by friction alone.

When calibrated, the two apparatuses showed a sensi-
tivity of 3.18 and 3.36 which means that a strain reading
of 1 micro-inch per inchtin the indicator corresponds to
a strain of 3.18 or 3.36 micro-inches per inch on the test
specimen.

Callbration of the apparatus was done by means of
a 2-inch dlameter cold rolled steel cylinder the lateral
strains of which are known from-strain gauges mounted

dlrectly on the cylinder.
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Part Vv
EXPERIMENTAL PROCEDURE

Measuring and Weighing of Test Specimens

Immediately before testing, each speclmen was weighed
to an accuragy of 0.0l gram and its cross-sectional dimen-
slon and length measured to the nearest 0.01 inch.  After
weighing and measuring, 1t was carefully wrapped and sealed .
-completely with Saran Wrap, a polyvinyl plastic film, in
order to prevent any lncrease or decrease in the molsture
content of the spec;ﬁen while the testing was 1n progress.

Immedlately after each creep-recovery test, the
speclmen was welighed again to determine whether or not
‘;gere was any change in molsture during the test. When a
variétign<in welght of more than 1% was found, the tést was
cancelled. The change in welght before and after testing
of the test specimens reported‘ln,this work was found to
have a maximum value of only 0.3% which 1s an indication of

the effectiveness of wrappling the specimens with Sananerap.

Preparing the Specimen for Testing

The proper éttachment to the test speclmen of the
four rings (two lateral deformation rings and the two com-
pressometer rings) was accomplished with the aid of four
setsup'posts, which, together with the rings, formed a
rigid frame (See Photograph 2). One lateral deformation
ring 1s clamped on the tangentlal sides of the test block
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td measure strain in the radial direction and the other on
the radlal faces to measure tangentlal distortion. Centre
to centre distance of these two rings is five-elights of an
inch and they are piaced equidistant from the upper and ‘
lower compressometer rings. The posts are removed when the
rings have been secﬁrely attached 1n their respective posi-
tions. _

Photograph 2 shows the four rings and the set-up posts
forming a rigid frame before attachment to the specimen.

Photograph 3 shows the rings attached to the specimen.

Compression Tests of Control Specimens

Initially, one end-matched‘control specimen was taken
at random from each conditiqn and tested 1n compression
.pérallel to the grain according to standard procedures,
except that the speclal compressometer was used to measure a-
deformation over a 2-inch gauge length. The specimen was
sub jected to progressive loading until failure,_the rate of
loading Eeing maintalned at a constant speed of approximately
0.012 1nch'per minute as per ASTM specifications. This gives
the rate of loading from the following formulas

n = 2x/
where m: = speed of the movable head of the machine in inches
per minute. '

Z = rate of fibre strain per inch of fibre length
/= length of compression specimen ~

The value commonly used for Z is 0,003, therefore, n = 0,012

inch per minute.



Photograph 2
Lateral deformation and compressometer rings rigidly
connected with four set-up posts before attachment

to a specimen.

Photograph 3
Lateral deformation and compressometer rings shown
in their proper positions on the specimen.

20
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While the recorder made possible the continuous and
automatic recording of the load-axial strain graph, at
least two persons were needed for the test, one reading the
load and the other reading and recording the lateral strains
from the strain indicator. The‘lateral strains were then
plottéd against load. From these sets of load-dgformationi
curves, the two Poisson's ratios,,AQQg and./ég7 , were cal-

culated. The Polsson's ratio /44;£ or represents the

L7
" numerical value of the ratio of the strain along the radilal
or tangenﬁial direction to that along the longitudinal direc-
tion due to a compressive stress parallel to thé grain, |

The results of these testis eétablished the ultimate
crushing strsngth‘of_each of the three conditions of testing
and permitted a selection of the various fixed stress-levels
to which the: other specimens were.ﬁp;bgglgdded ih@a step-

wlse manner.

.Step-by-Step Creep and Recovery Tests

In this type of test the specimen was sdbjected to
compression para1le1,to the grain in successive steps at
the desired various stress levels. A very rapid rate of
loading was used so that no creep would come Into play
during the application of the load. The time of loading
from ons stresa-leﬁel to the next higher one was about
five seconds, |

At‘every'désignated level of stress, the load was

sustained for a desired period of time to record the
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creep strain:along the thfee perpendicular axes, after whicﬁ
the load was rgised ﬁo the next step and at successively
higher stress levels according to the loading thedulé
given in Tables 1, 2 and 3. Several load levels, chosen arbi-
trarlly, were used, ranging from 13 to 91 per cent of the
control's maximumAload for the air-dry specimens,-ffom 24 to
96 per cent for the intermediate conditions and from 23 to 81
per centlfor the green specimeﬁs.

As in the testing of the control specimens, the load
axlial<strain relgtion was recorded automatically, and lateral
strains; both in the radial and tangential directions, were
read fromvthe strain indicator and recorded throughout the
duration of the test. In addition, time intervals were noted
on the load-axial strain graph while slmultaneous readings
were made for any change of deformation in the lateral direc-
tions., |

Creep was observed and recorded under a sustained
loading for a minimum‘period of five minutes in somevsﬁress
levels and a maxiﬁum of twenty-five hours at other levels of
load. Measurements of creep were méde every minute for the
first five or ten minutes, every two or three minutes for
the next ten or tﬁenty minutes, and then as the creep rate
became smaller, at convenient random time increments.

After stressing to a selected maximum stfess-le&el
had been completed, the specimen was unloaded in a similar
step-by-step manner (Sée Tables 1, 2 and 3 for unloading
schedule). '~
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Table 1 ~ SCHEDULE 0F»STEP-BY-STEP LOADING- UNLDADING TESTS
: ' (AIR-DRY CONDITION)

L Q0 A D I,. N & - - UNLQADING
kips L] 8 [12 |18 | I8 [20 [ 22 | 24|28 f20[16]12] 8] &] O
Per cent off '
max. load J13 |26 |39 {52 | 59 |65 | T2 | 78|91 165|52]39|26|13| ©
of controls : )
Specimen . Time duratlon of susteined load at each load level
: ‘ : in min
A-1-5. 5155 20 51 51 5|20| 330
A=1-T7 - 5 115 115 | 20 5| 5| 5{15| 180
A-1-4 15| 5| 5715|1510 1500| 5| 5] 5{15(3095
A- 1-3(a§ 5130 125 . - |125]1 301 135
(v 5 115 |25 35 51151 35| 195
(0) ‘5 115 |15 -15 5] 51 5] 5{10f 135

Table 2 - SCHEDULE OF: STEP-BY-STEP LOADING- UNLOADING TESTS
‘ ( INTERMEDIATE CONDITION)

[Load Level [

0

L _A D I N G UNLOADING
kips 5 10 12 15 8 5 0
er cent of |
max. load j24 | 48 60 | T2 89 48 24 0
of controlsy - -
Specimen - Time duration of sustained load at each load evel
: in mi ut. :
M-1-2 5 | 60 60 5 5 215
M-1-9 5 5 5 75 5 10 145
M-1-3 5 20 30 - 10 5 15 155
M-1-10 5 5 5 11040 10~ 20 |1250
M-1-4(a) § 5 5 30 10 + 75
. (B) &5 5 5 60 5 10 150
M-1-7(a) § 5 | 5 30 -5 10 70
(b))} 5 5 5 | 30 5 10 | 115

Table 3 - . SCHEDULE OF STEP-BY~STEP LOADING-UNLOADING:. TESTS
. (GREEN CONDITION)

 Load level

L ¢ A D I N G UNLOAD I‘N‘G
kips 4 8 10 12 T 14 B 4 )
Per cent o - : .
max. load | 23 46 58 69 81 46 - 23 0]
 of control ) :
Specimen Time duration of sustained load at each load level
- in minutes .
- G-1-9 5 10 , 10 5 10 5
@-1-5 -5 5 | 962 ‘ 20 1025
G-1-3 . 5 20 20 10 5 5 90
@-1-6 5 15 30 10 5 15 135
G-1-7§a) 5. 1 25 25 ; , 10 95
b)j 5 25 25 | 25 15 5 10 150 A_J

(a) 18t. cycle of repetitive loading.

(b) 2na.

.cycle of repetitive loading.

~{e) 3rd. cycle of repetitive loading.
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Longlitudinal and lateral strain recovery - the creep

on the unloading part of the cycle - were observed and recor-
ded following the same technlque used in creep observation.
Finally, the same speclmen was tested in a contlnuous
~5peration without stops to failure at a machine speed of
"“6.012 ineh per minute. Each test was continued until the load
fell well below the maximum. This final test was done only
after there was no further dlscernible recovery taking place
in the specimen in its unloaded state after a considersable
length of time which was in all cases equal or more'than the

testing time.

Repetitive Loading _

In this test, the specimen was loaded as in the previous
step-by-step creep and recovery tests. Then after being un-
loaded, the specimen was loaded again in a similar step-wise
fashion. For each succeeding loading cycle the.selected
maximum stress-level was made higher than that of the pre-
vious one. Speciméns tested in this typeésof repetitive |
loading were not.reloaded until strain recovery, both axial:
and lateral, was virtually complete. A recovery period of
~at least two hours at the unloaded state was allowed between
loading cycles. As before, each specimen was finally loaded

to fallure.

Part VI-
MOISTURE CONTENT AND SPECIFIC GRAVITY DETERMINATION

The molsture content and specific gravity of each test
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specimen were determined from a,Small sample taken adjacent

to the point of failure.

Molsture Content

The molsture content was determined by the oven-dry
method in the followling manner: .

(1) After each final test, and after welghing the speci-
men, a moisture sample about an inch in thickness was taken
and cut into sectlons és shown in Fig. 4. Molsture determi-
nationé’were made for thé core and each of the shells sepa- -
rately in order to determine the moisture distribution at the
cross-section of the block.

(2) Immedilately aftér sawing, all loose sp}inters were
removed and each section was weighed to the nearest 0.01 grém
by means of a Mettler type balahce graduated to the nearest
0.10 gram but which could be read by interpolation to the
nearest 0.01 gram.

(3) The material was then put into a thermostatically
controlled electric oven heated at 212° F and dried until
there.was no variation in welght for a period of twenty—fodr
hours.,

(4) Upon attaining this condition of constant welght,

i. e., when all the moisture had been evaporated, the material
was agaln carefully welghed.

(5) The loss in welght expressed in per cent of the
oven-dry welght indicates the moisture content of the speci-
men from which the sample was cut.

The vafiation in molsture content between the core and

shells was limited to 0.1 %.
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Fig. 4 -METHOD OF CUTTING MOISTURE SAMPLE

FOR DETERMINVATIOV OF SHELL AND
CORE MOISTUREL DISTRIBUTIOV
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Specific Gravity
The specific gravity for each speclmen was.calcuiated
to the nearest 0.001 on the oven-dry welght, volume at test

baslis.

Part VII
-RESULTIS AND DISCUSS IONS

Creep and Recovery

Creep and recovery data, both axial .and lateral, obtained
from tests 1n compression parsllel to the graln at the four
moisture content conditlions 1nvestiga£ed are presented ih
Tables 4 and 5.

“In general, creep, in the longitudinal and lateral direc-
tions, was found to be more marked in the green speclmens
than in either the intermediate or air-dry condition. The
only oven-dry specimen showed lesser creep than the air-dry
ones.

Apparently, creep in wood is due malnly to the.moisture
present in the cell walls, Upon application of the load,
water 1n the walls 1s compressed so as to carry part of the
load. While the load is held constant, the moisture is
forced into the cell cavities and the pressure 1is relileved.
The load, previously carried by the compressed water is trans-
ferred to the fibrous materlal, thus causing further deforma-
tion. The reason that the oven-dry speclmen still showed

some creep 1s probably due to the fact that all the moisture

was not expelled.



During the rise in load, the specimen undergoes an
increase in the lateral directlons. When the load is sus-
tained for a period of time, lateral creep‘occurs usually
in the sense of bulging. In some cases, however, the
lateral creep occurred in the opposite direction. This
unusual phenomenon, in which thé lateral dimension tends
o contract instead of expanding further under a sustained
longitudinal compressive siress, and which we will now |
call negativé creep, has been observed'to be more marked
and predominant in the greéﬁ specimens than in the speci-
mens of intermediate moisture content. For the latter,
only one, usually the upper level, in three stress leveis
at which creep was observed showed negative creep while in:
the green condition almost all 6f the stiress ievels showed
negatlive cresp.

Similér phenomena were also observed 1in the unloading
part of the test. When the stress l1ls reduced or released,
a decrease in the lateral directions occufs, and a further
contraction usually:develops during the period of sustained
load. Av the low levels of stress 1in the intermediate.and
green conditions, however, an expansion in the lateral
dimensions was noted durihg recovery following unloading.
Again we w;ll term tnis as negative recovery. As with
negaﬁive creep, there was a preponderance or negati?e.reco~_
very observed in the green specimens,

However, not all the stress levels under whnich negative
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creep was recorded exhibited a similar negavive recovery.
For example, in Specimen M-1-2, there was a consistent
negaitive creep both in the radial and tangential directions
but no negative recovery either radlally or tangentially
was recorded. This was also found to be true with Speci—
men G<1-3 (Fig. 15), but in the tangential direction only.
On tne othner hand, the éreep and recovery in the two lateral
directions of Specimen Gel-6¢(Eig. 16) were found to be
both negative. Such is the case, 100, with Specimens
M-l-4 and G-1=-3 in their radial directions,

Since neither négatlve creep nor recovery was observed
in the air-dry specimens tesnéd and because such behaviour
was found to have occurred more in the greén than in the
Antermediate conditlion, 1tv becomes obvious that the mols-
ture conteﬁt of the speclimens had something to do with the
'negative creeping and recovery. It'seems that during the
rapld application of the load, pressure in the water within
the cell structure builds up causing laveral expansion in
addition ©o the normal distortion of the wood substance.

' When the load 1s sustained, some molsture finds 1its way

into adjoining cavities. the water pfessure in the cell
walls 18 thus reduced, resulting in the lateral contraction.
of the fibree. Hence, negative creep 1s developed.vNegativé
recovery can be explained in the same way. After reduction
or removal of the load, suctlon is developed and the mols-

" ture 1s attracted back to tne cell walls, thus causing
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lateral expansion during the perlod of sustainedvload.l

Creep-Time Relationships

For each individual test'specimen, axial creep values,
expressed as percentages of the total elastic strain, from:
zero load to tne siress level of the creep, were plotted
against time at every creep level and smooth curve lines
were fitted visually. The stress levels are expressed as
percentages of* the specimen's actual meximum crushing
stress; By way of explanation,'tne specimen's actual
maximum crushing stiress, as uéed here, 1s thé ultimane
strength obtalned from the static compression parallel to
the grain test performed after tne specimen had been subgec-
ted to the step-by-step creep and recovery tests as described
earlier, Due o the natural variability of wood, and due to
the effect of the first type of" testing, the actual stress
- levels, expressed as the percentagés of the ultimate com-
pressilve strength ol each specilmen, differed'somewhat_from
the assumed stress levels which were based on the compressive
strengioh of the control specimens,

Typical creep curves showing the relationship of creep-
percentage-of-elastic-strain and time, under various stfesses,
are shown in Figs. 5 and 6 for the air-dry specimens, in Figs.
7 and 8 for the intermediate condition, and in Figs. 9"&@ 10
for the green specimens. Each set of curves 1s the result’ of

a test with an individusal specimen.
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At about 90% stress level it appears that there is a
rapid increase in creep, first at a decreasing rate, then
at a constant rate and finally again at an increasing rate.
Although none of the specimens was allowed to fail under a
constant load, other investigators (8) have pointed out: that
the increase in the rate of creep 1s a sign of imminent
fallure. | |

Continuous deformation at a diminishing rate, until an
almost constant value is ultimately reached, 1is characterls-
tic of the creep curves for stress levels up to about TO0%.
ThHese curves are relatively flatter than thoée of the 70 -
T7% stress levels. Within the stress levels and time range
used in ﬁhis investigation, these curves indicate that creep
proceeds rapldly for the first few minutes after which the
rate gradually diminishes with increasing time.

Coefficient of Lateral Deformation

A speclmen subjected to a compressive force undergoes
deformation not only in the direction of the applied load
'but also 1n the lateral direction. Within the elastic
limit of the material, the ratio of these deformations,:
lateral to longitudinal; is commonly known as the Poisson's
ratio. In wood, this elastic property is obtained from
standard tests made at a uniform rate of loading.

Similar ratios are giveﬁlin Tables 6 and 7. They are
herelin referred to as the coeffletents of lateral deformaé

A arers

tion, /é(’:gﬂé_ » These are of two kinds,
Z any//z/a’/ e/
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namely, the ratio of strain increments for the change in
load and the ratio of strains during the period of creep
or recovery.

In order to distinguish them from the usual Poisson's
ratios, ;4%2( and /447. , we designate the coefficiénts of
radial and tangential deformation by ,4%2, and 4ch , respec-
tively.

Typical /é{'diagrams are. presented in Figs. 11 and 12
for the air-dry.specimens, in Figs. 13 and 14 for the inter-
medlate condition and in Figs. 15 and 16 for the green condi-
tion. Flg. 17 is that of the oven;dry speclmen.

| The values of the coefficlent of lateral deformation,
btoth radial and tangential, during the period of creep are
entirely different from those during the loaa rise, indica-
ting that the corresponding defofmationé are entirely diffe-
rent. In all the specimens tested, the /Lfg for the period
of creep showed consistently lower vaiues than those for the
change in load.

| At almost all stress levels, the coefflcient of tangen-
tial deformation exhibited a higher value than 1its radial
counterpart. This 1s probably due to the medullary rays
running radially in the wood which restricts its deformation
in the radial dlrection.

During the loading part of the cycle, some of the sum
//%k.¢/&ér have been observed to be greater than one, indica-

ting that the materlal 1n a way opens up. On.the other hand,

]
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the ﬁegative sum,q;fzg.indicates a reduction in volume of
the material.

Whenever feasible,.the,é{g'duringythe period of creep
were calculated separately for different parts of time Inter-
vals. Tﬁese values appear to become smaller with increase
in time for the intermediate condition while the reverse is

true for the air-dry condition.

Step-wise Loading and Modulus of Elasticity

Illustrated in Graphs 1, 2, 3, 4, and 5 are typical
graphs traced automatically by the stress-stralin:recorder
during the step-wilse cféep-recovery tests 1n compression
parallel to the grain. At éach level of load, short ver-
tical lihés were drawn on the horizontal portions of the. .
graphs., These represent time increments in minutes during:
which creep or recovery, axial or lateral, was recorded.
Whehever there was measurable creep or recovery, marking:
was done every minute for the first five or ten minutes,
every twp or three minutes for the next ten or twenty
minutes, and so on, the time intervals graduaily increasing:
thereéfter.‘

Due to the rapid rate at which the load was raised,
the load axial deformation relatilonship was, for all prac-
tical purposes, linear on each load increment. Such a
linear behaviour was observed to exlist in some specimens
even: up to stress regions beyond the standard proportional

limit of the material, where it would normally plot as a
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curved line under the ordinary rate: of testing. Graphs 2 and
4, with load levels up to 95 and 92 pér cent of the specimen's
actual strength,respectively, will serve td 1llustirate the
foregoing: statement.

Obviously, the curved portlon of a stiress-strain graph
as ordinarily obtained by the conmentiopal testing method,
is mainly due to creep that is taking place within the dura-
tion of thesloading time.

In general, however, the slopes of the stralght lines
Between two consecutive loads for each graph are not of equal
magnitude. As one goes from one interval to the next higher
interval, the slopes have a tendency to become smaller, though
not consistently so. Consequently, becadse the modulus of
elasticity is directly proportional to the slope, a similarly
decreasing Young's modulus is evident from thé figures in
Table 6.

In the alir-dry specimens, the decrease in the modulus of
elasticity was of the order of 2 to 6 per cent with the excep-
tion of Specimen A-1-3 where a 12% reduction was noted from
the first- to the second-stepbinterval. Generally, the pérA
centage decfease was greater in the intermediate condition
and slightly higher for the green specimens, the former: having
a maximum reduction of 21% and the latter a maximum of 26%.

The said linearity in the graphs is also evident during
unloading, although to a lesser degree, especlally during the
last unloading step where a pronounced curvilinear graph has

been observed in all the intermediate and green specimens.
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This curvilinearucharaqteristic could be attributed to
the molisture in the wood. Upon_release of the load, suction
is developed causing tension in the water at first and
finally the water that had been forced out off%ﬁévcell'walls
during the period of creep, 1is reverted. This accounts to
the curvature of the unloadlng curve.

It will also be observea from the same grgphs that in
the formation of the hysteresis loop, the strain for‘a.given
1oad'increment is generally greater upon releasing the stresé
than upon applying it. Or, putting 1t 1in. another way, the
modulus'of.elastiC1ty is smaller on release of a load than
on 1lts appiication. This seems ito indlcate that upon decrease
or removal of the compressive stress, there is, 1n addition
to the elastic strain, an immediate recovery of a portion
of the-creep.' This was found to be true in all the specimens
tested in the intermediate and green conditlons while the

ailr-dry speclimens did not show such a consistent trend.

Effect of Creep-Recovery Teets on the Subsequent Stress-
Deformation Relation

Graphs 6, 7, 8 and 9 are examples of typical graphs -
showing the load-axial and load-lateral strain relationships
obtained ffom a compression parallel to the grain test done
at a uniform testlng rate of about 0.012 inch per minute.
As in the other graphs, the load-axial curve was automatically
recorded while the two other graphs (radial and tangential)
were plotted from experimental data obtained through the

strain indicator.
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With.the exception of Graph 6, which 1s. that of a con-
trol. specimen, these graphs are all from specimens that have
been previously subjected to the cfeep and recovery tests.
~Ittwill be hoticed from the last two graphs, which are those
of the intermediate and green conditions, respectively, that
the load-axlal curves show a deviation from straightness
almost from the origin,‘althopgh the curvature 1is noet very
pronounced., This characteristic is present in all the curves -
of the 1ntermediéﬁe and green specimens.

Graph 7, on the ot@er hand, is typilcal for the ailr-dry
9pécimens, with the exception of Speeimen A-1-5, which also
exhibited a-non—proportionai‘stress-strain felationship
similar to that of either Graph 8 or 9, All the curves,
however; showed a:definite peak that indicated maximum load
from which the maximum stress and strain values as given in
Table 8 were obtained.

Also included in Table 8 are the moilsture content and
speciflc gravity of each specimen, and the modulus of elas-
ticity gnd goisson's ratios of the controls. From this tablev
a comparison of the properties of the individual specimens
with those of their corresponding controls can be made. All
the air-dry specimens tested have shown higher ultimate com- -
pressive strength than their controls, the lncrease being of
the order of 4 to 8 per cent. Likewise, for the intermediate
condition, all but two showed greater strength than their
controls, the percentage of increase varying from 5 to 16.

For the green speclmens, the opposite result was obtained\
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that 1s, the control showed higher crushing stress. A re-
duction of about 20 per cent was noted in all but ohe of
the green specimens. |

All the speclmens tested at the three moisture conditlons
(air-4ary, intermediate and green) exhlbited strains at maxi-
mum load conslstently greater than’those of their respeCtive

controls.

Permanent Set ‘ |
Axial and lateral (radial and tangential) permanent set
and strain recovery expressed as percentage of the axial
creep are tabulated in Table 9.
Each of the residual strain values was taken at the:
time when no more measurable recovery was taking place.
From the table it will readily be observed that, in all cases,
more than half of the axlal creep that had taken place had
been ultimately recovered. Hence, creep of wood could then
be classiflied into two kinds, namely, recoverable creep
which other workers have considered as an elastic after—effect
or delayed glasticity, and permanent creep or plastic de- |
formation. _Recomérable creep In the lateral direction was
not determined because of the accidental disturbance sf the

lateral deformation apparatus at the end of the test.

Conclusions
The more important conclusions in this investigation

are as follows:
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1. Creep, both longitudinal and lateral, in the green
specimens was, 1n general, mére marked than in elither the
intermediate or air-dry condition. The 6ven-dry specimen
- showed creep response less than that of the air-dry,speg;-
mens. Creep, therefore, could be attributed malnly to the
presence of mdisture in the cell walls.

2. Negative creep and negative recovery in the«lateral-
directions observed in the intermediate and green cond;tions
were due to moisture present in the cell walls. ‘

3. Values of the coefficient of lateral.deformation,

€ era (
A cateras (both radial and tangential), during the

/q: A é[ or.ty ¢ Fvtvnal
load rise are entirely different from those during the

period of creep, indlcating that the corresponding deforma-
tions are entirely different. The Z/ in the tangential
'direction is usually'greater than the,/Q/in the radial
direction., This 1s probably due to the medullary rays run-
- ning radially in the wood which somehow restrict. its deforma-
tion in that direction.

4, Decreasing moduli of élasticity have been observed
during loading at successively higher stress 1e§els. |

5. Stress-strain curves from fihal tests of the interme-
diate and green specimens were‘found to be'éurvilinear from
the béginning_of loading, althoughlﬁhe curvature was hot
very pronounced. | |

6. More than haif of the longitudinal creep that had

developed was ultimately recovered in all the specimens tested.
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Table ijVALUESERQMFTNAL STATIC TESTS IN COMPRESSION PARALLEL
- TO GRAIN FOLLOWING CREEP-RECOVERY TESTS .

e -
Molsture|Specific{ Max. Max. |Modulus Poisson's

S Content [Gravity |Stress|Strain of Ratio
Specimen o Elasti-

- jmicro-| city
(%) (pei.)|in.,An ) (1000ps ¥ /é_(“, Ay

: = , :

0-1-1 floven-dry| ©.472 {11400 |12200 | . ,
CA-1-6*) 9.6 0.497 | 7300 | 6000 | 1890 }0.372}0.402
- A=1<5 9.6 . 0.504 7860 T300 |

A-1-7 10.2 0.541 | 7760 |13,050

A-1-4 9.3 0.492 7750 6700

A-1-3 9.6 0.492 7600 6200 .

CM~1-1%|l 19.9 0.491 | 4190 | 4400 1610 {0.210|/0.596

M-1-2 20,8 0.491 4400 4800

M-1-9 20.3 0.518 3720 | 4720

M-1-3 21.8 0.490 4400 5500

M-1-10| 20.0 0.541 | 4850 | 7900 -

M"l-h 20.0 00500 4180 4650 h .
cG-1-10% 63,0 0.547 4100 3850 2000 0.342|0.651

@-1-9 46.9 0.545 3290 4300

G-1-5 60.5 0.498 3280 6240

G-1-3 65.5 0.504 3320 4250

G-1-6 62,1 0.499 3250 | 6600

G-1-7 57 . 4 0.547 3000 | 4850

¢ Control speciméns-were'not subjected to oraep-recovery tests.
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Table 9- PERMANENT SET AND STRAIN RECOVERY OF DOUGLAS-FIR
TESTED FOR CREEP

Permanent Se.t Strain Recovery
Specimenj Radilal Tangential]Longitudinal Percentage of
(micro-inches per inoh) Axial Creep

17 270 51.8

91 370 53.1

- & 270 - *156.5

& - 0 100.0

10 40 87.3

232 "~ 700 55.5

% 80 83.5

-16 750 , T7.T

-127 490 79.9

29 1440 ' 64.6

43 100 60.6

40 160 81.9

"6 ' 50 78 02

-19 . 80 90.6

o 220 82.1

=35 800 76.7

-20 175 89.4

-29 460 ’ 87.0

* 30 89.3

60 180 88.8

“W

# No values recorded due to accldental disturbance of
the lateral deformation apparatus.

(a) Values of 1lst. cycle.

(b) Values of 2nd. cycle.

(c) values of 3rd. cycle.
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Table 1 - SCHEDULE OF STEP-BY-STEP LOADING-UNLOADING TESTS
(AIR-DRY CONDITION)

Table 3 ~ SCHEDULE OF STEP-BY-.STEP LOADING-UNLOADING. TESTS
(GREEN CONDITION)

oad level L O A D I. N G UNLOADING
kips 4 8 {12 {16 | 18 20 22 24128 |20116112] 8] 4 O
Per cent of ,
max. load §13 {26 |39 |52 59 65 T2 78|01 f65)52|39{26113] O
of controls :
Specimen Time duration of sustained load at each load level
4 in minutes
A=1-5 5 5 5 20 225 51 51 51201 330
A=1=T7 5 115 {15 20 15 51 5] 5/15f 180
- A-1=4 5 5 5 5 11510 1500 51 5] 5115|3095
A-1-3(a) ' 5 130 125 | . 251301 135
(b) 5 115 |25 35 ‘ 5115 35| 195
(c) | 5 115 115 15 151 5 5] 5 5] 5110f 135
Table 2 - SCHEDULE OF. STEP-BY-STEP LOADING-UNLOADING TESTS
: : ( INTERMEDIATE CONDITION)
Load Level L 0 A D I N G UNLOADING
kips 4 8 | 10 12 15 16 8 4 0
Per cent off
max. load §24 48 60 | 72. 89 96 48 24 0
of controlshk - ‘
Specimen - Time duration of sustalned load at each load level
: in minutes
M=1-2 5 60 60 5 5 215
M-1-9 5 5 5 75 5 10 145
M-1-3 5 20 30 , 10 5 15 155
M-1-10 5 5 5 11040 10 20 1250
M-l<4(a) 5 5 30 ' : 10 75
(b) § 5 5 5 60 5 10 150
M-1-7(a) § 5 5 30 5 10 70
(b) § 5 5 5 30 5 10 115

| Load Level L O A D I N G UNLOADIDNG
kips; 4 8 10 12 14 8 4 0
Per cent o _ : ‘
max. load § 23 46 58 69 81 46 23 0
of controls <
Specimen Time duration of sustained load at each load level
: in minutes
G=1-9 5 10 10 ’ 5 10 >
G=1-5 5 5 962 L ’ 20 1025
G-1-3 | 5 20 20 10 ¢ 5 5 90
G-1-6 1 5 15 30 10 . 5 15 135
G=1-7(a)] 5 25 25 L 10 95.
(o)} 5 25 25 | 25 | 15 5 10 150'1=J

(a) 1st. cycle of repetitive loading.
(b) 2nd. cycle of repetitive loading.
(¢c) 3rd. cycle of repetitive loading.
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CREEP

D

ATA

o

FOR

 DOUGLAS-FIR

‘LOADED

I'N

STEP-BY-

]

TEPFP

jMMA]N,N‘E,Rg

AT

S UCC.E S S I V B L h4

HIGHER

STRESS.

L E V E L S :

Specimen

o lst

2nd,

epn

3rd,

e 1

_Ath,

e P

Sthe

S to

ep ﬁ

: 6th

Duration

o Sustained

of

- Stress
(minutes)

Longi—r

tudinalg

1 Tangen—

tial

(micro- 1nches per inch)

Stress

Level

(psi.)

Duration
. .of.
Sustained
Stress
(minutes)

8t

" CREETD

Longi~,
tudinal

Radial”

Tangenr Level

tial .

IStress

(microuinches per 1ncb) (psi )

, uustained

Duration
of

- Stress
(minutes)

St

G R BB P

Longi~,

tudinal|

Radi&l

Tangens-

 tial

(micro—incnes{per inch)

Stress
Level

(psi,)

Duration
- of
Sustained
Stress
(minutes)

S t

CREEP

: Longi-

tudinal

(micro-inches per inch)

Radilal

Tangen-
tial

: Stress

Level

(pet.

fSustained

Duration

O R K E B

Stress

of

- Stress
(minutes)

Longl~.
tudinal

(nicro-inches p

Radial

Tangen-
tial

er'inch)

Level

(psi.)

Duration

of

Sustained
Stress.

(minutes)

Longin
tudinel

Tangen-:
tial

(microeinches per inch)

Male3
M-léloU
M-l-4(a.)

950
(25%).
1000

(23%)
J[x9%) v

1000
(24%)

M-1-7(a) 950

G=1-9
G-1-5
G-1-3
G-1~6ff

1000
(31%)
-1000
(20%)
1000

-1 ~7(a)

1000 |
(23%)

| (20%)
(o)

;’,950] L
; (28%)

317)”fi)é
<247>, -

5

[GEEIC BT U HEC RV BARC FERC TEEC FAEC HEEC IEEC BEEC BT S IV BT ST T IR Y

10
20
0

0L
’€30_;w, ,

0
.
20
50
o

40

20 |
0 |

ﬁO
- 20
0

30 |

ggif,

o

O N
10
0

5";:

i

o o

A

© o o o o w o

0

©c wWw © o o o o

W

13

T
3030

(27%)
2010
(37%}
2880
(37%)
1940

fesn |

2910

(38%)

2000
(45%)
1800
(51%)
2000
(45%)
1900
(39%)

1 2000

(48%)

1900
(40%)

1000
(57%)
2000
(61%)
2000
(60%
2000
(61%)

1900 |

(48%)

5
S
15
ﬁys -
. 3bnhe
15
s
o
5
20

10'
.
20
15
nESM)'w

25

10
90

,yébn:’nne

50

s |

- 80

'65;'

65 |
50 |
s |

50
%,45“

75
90

150

w0 |
s |

0

o O O O WU

0

3

e
e

7

4040

1 2880

(49%)

3840
(50%)
12910

1851

- 3880

‘) KS;%) i:ﬂ,

”10u: Lo

~54)”

13

BOOO
(687
28)0
(767

2860

(58%)
2500

2860
(617)

2860

Feesz) | :

2500
(76%)
2500
(75 )
2500
(767)
2380
(607

3000 |-
| sen)
10
L |
R (607)

10
5
s

g
s
15
i
5
30
o
.
LA
Cw
b
10
962
: 20
30
’))77é5
s

30
45
85

0 |
el

70
40

530 N .

150
270

80);))?_

170
35;
e
55
1190
3330
200
530 ;

120

5

K :O;

W N O W oo

791505
-124f

0
7
20
3
’:)0
T
10
a5
38
=T
L
: o
9

: )unls,

5050
(44%)
4850
(62%)
4800
(62%)
3890

, (50%)f

4860
(64%)

3560
(952)

4000
(91%)
3570

(73%) |

300
(72%)

3570
(767%)

3000

(90%)
3000

(92%)

2860

+

35
20
20

- 35
15

75
10
1015
60
10

10

90
120
175

50

2320
2035

”387é)

| 70

730

1350

2820

275

25 |

00
19
32

.25 |
9
67

83

Tl

-70

~94

3|

-6h |

6
20
60

.

-218

-220

|

6060

3330

65

- 225
)wuf15
flsloﬁ

'1)€15

15

180
810
445

250

270

jllOO

3

95
51

1137

;,63'§'

41

6
155
1161)’

e

67

' Stress level expressed as percentage of specimen s

#Negative eign indicates negative oreep which 18 opposite to bulglngp

(a) Velues for let. cycle of 1oading.«,.
(b) Values for 2nd. cycle of loading.
,,(C) Values for 3rd. cycle of loading.:

actual crushing strength.

(72%) '

7070
(62%)

(69%)

s

} s800
(88%)

40

- 1500

240
300

1140

3

267

6
Sl




Table B~- R EC OVERY DATA “FOR DOUGLAS-FIR UNLDO A DDED IN 'SNT'E,P -BY_-STEP MANNER AT ~5UCGC E ) Ilva LY LOW ER S T R;E S5 B B i EVE LS

lst. 5 S t e

Specimen| Level of Longi- {Radial {Tangen-:JlLevel | = of Longl- {Radial {Tangen-fLevel of ~ Longi» Radlal |Tangen- Level | of Longi- {Radial {Tangen-}Level of Longi- Radial TTangen- Level of | Ton ,
: : ~ : - - e , - L gli-- Radial Tangen-
Sustainedjtudinal | tlel - |Sustainedjtudinal| | tial | Sustained|tudinal| tial Sustained|tudinall 1 tta1 § Sustained |tudinal | t1a1 Sustained tudinal| tial
Stress . . Stress : L o Stress } Stress o o : ‘Stress ; : S ) : -

: < ‘ Stress
(psi.) [|(minutes)| (micro-inches per inch) j(psi.)| (minutes)| (micro-inches per inch)|(psi.)| (minutes) (micro—[nches per inch)f (psi.)l(minutes)|(micro-inches per inch)f(psi,) (minutes) (micro-inches per inc

» o B0, BT © D — L S b . —I%h. S5 tep _ —_Sth. S tep —_ bth, 5 t e ,
Stress JDuration RECOVERY Stress Duration RECOVE RY Stress Duration RIECOVERCY ”5tress”Dubation I KRECOVERY §Stress Duration T 0L R T Stressfpuration [ K Epc ) V Wﬁﬁ T
h) (psi )| (minutes) (micro-"nches per inch)

(247)* (z5%) | ‘ B o Wers) S B (18%) L ( 97) R N
A-1-5 3880 5 40 0 0 2910 4 5 50 o | 7 ] 1940 5 | 50 0 7 o710 | 20 1000 | 10 | 30 3% | 205 41 b4y
(49%) - S7¢720 IR L j(es%) | o (12%) | 7 , I (07)' N » L
A-1-T7 3840 5 50 13 10 2830 - 40 13° 10§ 1920 -5 50 | 13 17 960 15 75 19 | 30 S 150§ 175 25 | 1T
Sz | (&z) 0 > o fesnh o (12%) | I | (0 ) | |
10 2910, 5 15 , ,
(z8%) (|

A-1-4 3890 5 30 1940 5 1 25 of 7T R o7of 15 60 o | 10 1 3095 | 180 10 60
a-1-3(a)] 1940 | 25 | o (25%)' s | o100 | s | s 4O} | (07): S I T
“1-3(a N 1 , | , o | AN ”

| (s | ‘ ] ) B 3| 13 , , o
10 1940 | 15 10
| (26%) | I
10 3880 - 5 30

(51%)

178 A M , B R B
1 970 35 | 25 | 10 10 o | 195 5 | 6 | T
(13%) o o : ,(O%) - I ’  ‘ o B R ,  (’ . ’
12010 5 | 50 3 17 § 00| s go | o | 23 o70 | 10 165 o | 54
. 21%) “f'ﬁusf zo , (38%) 215 ,”;176 - 27 (26%) T (13%)‘ R . 1 -
: 3 o3 ] | | 2 | B
(22%) E o (0%) B ’

170 20 4 950 | 10 | 400 17 | s | o 145 | 700 0 _16#
| | (es%) | S AT ﬁ(O%) B R o
M-l-3 2000 | 195 0 6 1000 4 15 | 400 0 10} 155 | 1050 27 32
B (45%) o o , (e3z) (| B e ;(oﬂ) I | IR D _—
M-1-10 1900 10 185 -3 57 950 | 20 | 530 34 105 | I 1250 || 1520 60 64
I 530 R B asd | T T T fem ) T PR
M-1-4(a)] 1000 10 50 0 3 (07) 75 e 0 3 1 , | o
()| 2000 5 25 o | 7T 1000? 10 || 140  '”~6Wi 44 ?' k ',150 :/ "390 / nlé‘ ’ 84
0
6

(b)| 2910 20

25
20

(c)| 4860
M-l~?2 2000

0-1-1 5050 5 20 0 0 hoko | 5 o 1 o | o | 30%0 5 -0 o o | =020 5 10 R IR PR 0 i ° ( %) 0 | i i
: - 0 N -
135'“,’{:245,  6 81

O OO W O O
WU 0 O
W o o w

M-1=9 1900

(ST G 1 R O R G R S

, o o o (23§%  7”4:16’ - "/é5 ‘Ji3   S f(o%) S . o
M-1-7(a)| 1900 5 15 0 i 10 3 1 70 | 25 | 17 6
( | (28§% ,,  io" L6 1"& - ;(07) 7
(b)| 1900 5 120 | 3 : , o |1 25 1 115 | 165 37 54
(40%) (20%) s | (07) | o
G-1-9 1900 5 55 16 - 950 - 10 260 13 | - 75 295 -29 -
(57%) . (28%) | N (07) B
G=1-5 1000 20 350 47 10 o | 1025 900 -232 | -22 |
(31%) | (o%) o I N I o o B o
G=l=3 2000 5 55 0 12 iocoo 5 200 =9 1 10 -0 85 600 | =29 3
(60%) (30%) | - | o (oz) AR R B
G=1=-6 2000 ) .95 -7 0 1000’ ’ ”15 456 -40 - -10 | O’” ’ :“115 - 540,, ~67f -29
, (61%) » ' , (31%>  R . "u,“ “ R ~(O%)T N T B
G=1=T(a)] 950 10 50 -12 10 0 o5 10 -3 I D
(247) (oz) | ) | B R T o |
(b)f 1900 5 100 -22 17 950 | 10 350 -32 17 | o 150 4370 | .38 34

(48%) | ' (24%) || 1 B N ¢4
*3tress level expressed as percentage of specimen's actqai~crush1ng strength. —
#Negative sign indlcates negative recoVerwbulging)

(a) Values for 1lst. cycle of unloading.
(b) Values for 2nd. cycle of unloading.

(¢c) Values for 3rd. cycle of unloading.




  fTab1e 6,-"MODULUS'OF”ELASTIGITY AND COEFFICIENTS. OF LATERAL DEFORMATION DURING LOADING IN STEP-BY.STEP MANNER AT.

SUCGESSIVELY HIGHER STRESS.LEVELS

1st.

St e

o

- 2nd.

St e

,p:

rd, St e

o

Lth,

5 t e p

T

5th,

St e

o

—qﬁ

6th.

S tep

Spécimén

of

Deformation -

: Modulusj
srachored]

During
Loading

: During.
Creep

(1000 psiJ

e

i

“a

Ay

Coefficlent of Lateral Modulus

of

,Elasticity

(1000 psi)lt Lie

Ceefficlent

of Lateral

Deformation

Modulus <P
of

During
Loading

~During
- Creep

Coefficient

of Lateral

Deformation

Elasticity

ALy

Al Ly

During
Loading

During
Creep

{1000 psi)

My |

Ao | A

Modulus
of

Coefficient of Lateral

Deformation

NElasticity

During
Loading

;,During
. Creep

X | 4

EA%Q

Ay

Modulus
of ‘
Elasticity]

(1000 psi)

;‘Goefﬂient of Latefal

_Deformation

During
Loading

During
Creep

e | Ay

e

A

Modulus 'n
of
Elasticity

Coeftficlient of Lateral

Deformation

Durilng

Loading

During
Creep

(1000 psi)

:Ahﬁé A

Ay | A

0-1-1

A-l-5  ,h

A-1-T

CA-l-4 ||

h-1-3(a)
| (b)

2

M-1-9
M=l=3
M-1-10
M*l4(3)
o m
¥-1-7(a)
o (p)
- G-1-9
VG*1~5 u
G-1-3
G-1-6

G-1-7(a)}j

e )JL

}1800
2110

1690
2060

2200

100
1750

1790

1600
1900
1790
1660
1980
1980
1420

1560

1850
1820

2210

1900

2020 ||

0.232

- .528

775

0.406
175
. 349

208
.530
b
. 391
.539
573
- 450

012
A4y
.808
475
465

Tho
461
.275
.338
. 360
736
.621

.710
.618
.828

-

- 305 L
L448)
336
| .oes|
ei‘ .819 |
.600|
625

665
621

0.000

-.200]

0.000

oo

o

 ’€,100’u

0
o |
R

11800
1980
1780

2060

| ;194°  |
1940
:1870,"

0.211)0.486

196 .339
.359
344
178
.208
479
. 330

450
423
525
661
.256| .388
.531
.306| .460
439
75| a0

466 ;480

T .
482
.598
JA40

.292

.234
.282
.228
.405( .540

. 382

.526

4811
L343
456

.635‘,
-.200

f;173

0.000 o 000
150 ,.150

| wore

1,120 .140
133

”‘113

222
-+ 360
200 260
.038| .082
;198 +154
369
-.060| .400
1120]-.120
;;060 .120
-;150'
-.133
-, 267
-.233

-.203]

-.211
-.200

“p185

1740
1940
1720
2020
1870
1940
1870
1540
1460
1490
1800
1560
1600
1670
1610
1240
1390
1470 il
1350
1590
1700

i .ous

0.18610.490

236 .362
352
.346{ .369
236 | 450
258 .2
415
.331
253

526

.626
387
.298| .460
250 L4
466
A3h| 463
252| -

.158| .450
4ok
.354
.53%
;504

. 309
.227
34T
. 354

486
.100f .
485

L433)
470

_.oe2|-.
.623|
-.33%6|
um|- 286
REA

‘;0126 ;
-.037 |-

0.000{0.000
33|
071

.156

086 .
;eés,%
*?073

'246 E

.125 »

-216
.109|

;‘145 f'
-.121]-
-‘315‘2
-.173

.025

(1000 psiyu L

1710
1870
1720
2020

;,1940 |
1870
1400
1470
1800

1600

, 1520,”

363
| ';346

248
264

29

st

0.176 |0.448
2271 .
493

456
423
592
%28
525

.310
215
.505

475

237

.208| 344

. 507

493

394 |

446

o

0.000 {0.
158
L8| .
i;120 .

179 .
10
029 |-.

L0411

%;084 .

;.097

%;052
-.033 |-

-.164|-

.167

.280

0c7

343

243

gQSO

161

.078

171

1710
1850
1720
1940

1830

1700

0.2290.458
.10

Sk
408

.278
432
. 592

.258| 449

0470

0.017
169
 ;?14
204

234

0.033
.191
.362

. 309

.252

-.040

1710
1870

1830

0.285|0,442

A2T7

294

564

0.012{0.025
. 304

.297

234 .295

(a) Values for 1st.,cycle of loading.

" (b) Values for 2nd. cycle of loading.
- (c) Values for 3rd.cycle of loading.

-;173uﬁ 1700

-.037




Table 7 - MODULUS OF ELASTIGITX AND GOEFFI&IENTS ~ OF LATERAL DEFORMATION DURIN&<UNLQADING IN STEP-BY~STEP MANNER AT SUCCESSIVELX LOWER STRESS LEVELS
e |
- st, B8 t e p- C 2nd., S t e p : - 3rd. S t e p. s 4th, 8t e pf , ' ~ Sth. S t e p W,, T )
Modulus Coefficient of Lateral Modulus ﬂCoefficient of Lateral Modulus : Ooef?icient ofgiateral Modulus JCoefficient of Lateral Modulus "Ooefficient of’ Lateral Modulus Coefficient of Lateral
of Deformation . ~of Deformation _ of _Deformation : of . _Deformation - of ~ Deformation = . - of I ~ Deformation

6th. =TS D

Specimenl|Elasticityf During | During nlasticity “During | During [|Elasticityf During | During [|Elasticityl  During —During  ||Elasticity During | During ElaStiCity ~Buring | Durlng
: = : ~ Unloading Recovery §I Unloading | Recovery s Unloadingi Recovery -}t Unloading | Recovery. - )l Unloading | Recovery R l ‘Unloading % Recovery

1000 por)l|l Ae | 447 | 2t |4, J(a000 psi) Ma | Hr | Ha | My (1000 vet)| 2y | #y | te | Ay (1000 psr)| 4l | #r |20, | 4y (loOO'péiJ:"Azkf A |2 | Ay (1000 vos) | A | 7 | e | Ay
0-1-1 | 1800  ||0.26410.464 0;000 o 000 1710 |{0.188]0.443[0.000{0.000f 1740  J0.169{0. 531 0.00010.000 1770 flo.17740.563 oVooo=o.ooo; 1740 10.243 0.504 0;000 o 000fi 16607 [10.430]0.430]0.,000{0.000
a-1-1 || 1780 || .e0n| .384 .260 ?.2od 1850 || k05| .575| .325| .250|| 1750 | .376 500|260 340 r\iséé   :',;4io 536 ,.253";466,  1750,  ;" 420 500 143 7.097 -
A-1-b ',’1910"1f .3e8| .382| o | .333) 1900 -320| a1l o | 200l 1870 | .343] .386 o | .es0 1870 || .330| .386] .0 ,;167 2060 || .380] .302 056 5,333

' 1880 | .ase| 7as| o | o || asso || .es1| aso| o | o || ae00 | .am| .ae2| .030| .1z Sl 7| 2050 | -3e0) 392) .056| .33

@) 100 | 01| .ece| 150 .50ofl 1630 || .ce1| .650| .600| .coofl 1870 | .560| .4z2| .00 .2oo) 200 | .2z s azmel.ass) | | L 0 b | |
~ (e)| 1800 | .e80| .602| .240| o || 1800 || .264| .4e9| .100| .233|| 1830 | .241| .423| .060| .204| 1760 | .240| .416{ o | .288f 1800 fi .es1| .508| o | .ze7|| 1800 | .282| .542| .024| .331
w1ez | st | .os| .swe| o | .zof 1sso || .zsa| el a0 .acoff w600 | .ze2| erf ase| el || L | ) L | | | | |

we1-9 || 1240 | .3:14| .536| 18] .2sofl 1190 || .207| .s05| .os2| .200f - | .142| .244{ o | .02z

u-1-3 [ 1350 | .382| .424{ O o038l 13700 || .242] .368 ﬁ,oe5:';oes 1250 | .234| .360| .026 ;;030” ' ]3  

u-1-10 | 1590 | .480| .532|-.016| 308 1400 || .4ca| .6u6| 064 .108] - | .54 .62 ous| Lomgl
w1-a(a)| 1600 | .ses| .ae1| o | .asof 1600 || .z00| .251| o | .150 S AR R R RNCENR NN D I 0
()l 1610 || .4%0| .452| o 280 w0  .341 .392z;.043;,,3i4 1450  f «2h0 ?421y*~031 5%215  " §'   N N “,7" - |
w-1-7(a)] 1640 || .a06| .s21| o | o || 1se0 || .ses| .a60| .50 .120] - | .388| .s67| .670| .22 | e
o) 100 || .uco| .s02| .oes| .osof| 1s20 || .avs| .noe| .ose| .13of| 1520 | .s63| .a7s| 2| .zer|

¢-1-9 || 1150 | .z86| - | .21 £ﬁ~ W oaero | .zl - | Loso| - ff - | .ewo| - [-.o08] - |
‘Go1-5 || 1130 || .enaf .3so|-.1s| Losel - || .os| .c1g|-.es8| .o2af | D R O I
¢-1-3 || 1390 || .2r8| .401| o | .21 1370 || .250| .s16-.085] .osoff - | .101) .262|-.120| .013

6-1-6 | 1220 | .182| .eo2|-.o74] o | 1110 || .135| .223 -.08¢|-.022ff - || .101} .110f-.124|-.054

@-1-7(a)]] 1500 | .521| .564{-.240| .eoof - || .400| .se6f-.300] .zoOf o f f 4  f | | | . | o
(o)l 1360 M 489 f;560 -.220] .170} 1560 Jahol 5200 -.002) .ouoll - || .346| .482|-.088) .o7ef o |  f F  F | | | - "

(a) Values for lst. cycle of unloading.
(b) Values for 2nd. cycle of unloading.
(c) values for rd. cycle of unloading.



Table 8— VALUES FROM FINAL STATIC TESTS IN COMPRESSION PARALLEL
TO GRAIN FOLLOWING CREEP«REGOVERY TESTS .

P AR
: "MoisturezSpecific Max. | Max. |Modulus } Poisson's
. Content |Gravity |Stress|Strain]. of Ratio
Specimen o Elasti- }
: _ , ‘ icro-| city -

(%) = (psi.)!in,An.)| (1000ps 3| ’é(-’-ﬂ' /L("J
Oul-lfoven-dry O.472 |11400 [12200 ‘, A
CA-1-6%l = 9.6 | "0.497 | 7300 | 6000 | 1890 }0.372}0.402

A-1-5 | 9.6 0.504 | 7860 | 7300 | ‘
A-1-7 || 10.2 0.541 | 7760 {11050 |
A-1-4 9.3 - 0.492 1| 7750 | 6700 |
A-1-3 || 9.6 | o0.402 | 7600 | 6200 | A
CM-1-1%] 19,9 0,491 | 4190 | 4400 | 1610 |0.210{0.596
M-1-2 20,8 0.491 | 4400 | 4800 | -
M-1-9 20.3 | 0.518 | 3720 | 4720 |
M-1-3 21.8 0.490 | 4400 | 5500
M-1=10| 20.0 0.541 | 4850 | 7900 |
M-l=4 20.0. | 0.500 | 4180 | 4650 | ?
ce-1-10% 63.0 0.547 | 4100 | 3850 | 2000 |0.342]|0.651
© @G=1-9 46,9 0.545 | 3290 | 4300 :
G-1=5 60.5 0.498 | 3280 | 6240 .
G-1-3 65.5 0.504 | 3320 | 4250

.'G—1=6 62,1 0.499 | 3250 | 6600
- G""l"? 57 ° 4 O¢547 ' 3900 4850
. _ R ‘ ,

Control speclimens were not subjected to creep-recovery tests,



Table 9- PERMANENT SET AND STRAIN RECOVERY OF DOUGLAS-FIR

TESTED FOR CREEP

Strain Recovery

Permanent S et
Specimenj Radial |TangentialilongitudinaljjPercentage of
. (micro-inches per 1inch) Axial Creep
0=1-1] 0 17 270 51.8
A-1-5 48 7T 300 70.4
A-=1-T7 48 01l 370 53.1
A-l-4 i d 270 .56.5
A<l=3 % # -0 100.0
#* 10 40 87.3
% 232 ~ 700 55.:5
=27 % 80 83.5
0 -16 750 TTT
=27 -127 490 . 79.9
138 29 1440 -64.6
=32 43 100 60.6
-32 40 160 81.9
% -6 50 78.2
34 «19 80 90,6
«30 L 220. 82.1
60 =35 800 T6eT
-22 =20 175 80.4
. =67 «29 460 87 .0
& i 30 89.3
# 60 180 88.8

# No values recorded due to accidental disturbance of

the lateral deformation apparatus.
(a) Values of 1lst. cycle.
(b) vValues of 2nd. cycle.
{c) Values of 3?rd. cycle.



Note:

Pages 46-67 oversized and are conteined—in-eeccompanying  See F?j leat
“tube, '

Library,
UBC
November 2nd, 1962,



