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F. E. Brink

ABSTRACT

A series of treated and untreated laminated Douglas fir beams and plywood
panels were subjected to static and dynamic loads to study the effects of pressure-
impregnation with fire=retardant chemicals on the mechanical properties of wood
and to extend the existing knowledge of the dynamic properties of wood.

Results from the beam tests indicate that designs should be based on use under
wet conditions when large timbers are to be pressure=-impregnated with fire-retardant
chemicals; this is because of the hygroscopic nature of treated lum! er. It was also
found that the allowable static design load can be applied dynamically without
damage to the beam. Ultimate resistance of dry untreated beams to dynamic loads
was about 1,6 times the allowable design load for dry wood; for treated beams, the
ultimate resisiance to dynamic loads was about 1.4 times the allowable design load
for wet lumber.

Results from the plywood shear tests indicate that fire-retardant treatments
reduce the mechanical properties of plywood in shear and that the reduction is pro-
portional to the amount of salt retained in the wood.
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INTRODUCTION

There have been serious objections to the use of wood as a construction
material, especially in congested areas such as cities, because of its relatively low
ignition temperature and the ease with which it bums. Attempts to render wood fire-
resistant have been successful, and the prominent building codes now contain provisions
for the use of fire-retardant processed wood.

A factor that has created some concern, however, is the possibility that fire-
retardant chemicals or the impregnation process, or a combination of both, might have
adverse effects on certain strength properties of the wood. Voluminous data are avail-
able on the strength properties of wood, but not on wood treated with preservatives.

Previous investigations! have shown a significant reduction in many of the
mechanical properties of wood when it has been pressure-impregnated with fire-
retardant chemicals. The most adversely affected properties were toughness (a
measure of the energy absorbed up to the point of failure) in beams2, 3 and shear
resistance in plywood.4 Among the factors contributing to reduced strengths in
treated ‘wood were the incising process (punching small holes in the wood to aid
chemical penetration) and kiln drying after treatment.1, 16, 17

This stuay was initiated to detemine the effects of pressure-impregnation
with fire -retardant chemicals on the mechanical properties of leminated Douglas fir
beams and plywood subjected to static and dynamic loading. Full-cell pressure treat-
ment with the fire-retardant NON-COM was employed in accordance with Military
Specification MIL=-F-19140A, The lumber was not incised before treatment; this
precluded strength reduction resylting from the perforations. The lumber was allowed
to air-dry to minimize checking and cracking from forced drying. This procedure was
intended to provide approximate equilibrium moisture=content values for large timbers
and plywnod under desorbing moisture conditions rather than the absorbing moisture
conditiors resulting after kiln drying.

Twelve laminated Douglas fir beams 15 feet long and sixteen 1/2-inch Douglas
fir plywood sheets 14 inches square were tested under static and dynamic loading
conditions. The objectives of the test program were the following:

1. To study the effects of pressure-impregnation with fire-retardant chemicals
on the strength of laminated structural timbers in flexure and on plywood in shear.

2. To extend existing knowledge of the dynamic properties of wooden structural
elements,

3. To provide information which would aid in the formulation of design criteria
applicable to fire-resistani structures.
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In the following sections the beam investigations are presented first. The test
program is described, and the results are presented and discussed. A similar procedure
is followed for the second phase of the study on plywood. A general discussion of
results including major findings, limitations of the program, and accuracy of results
is included to summarize the investigation. Conclusions and design recommendations
are then presented.

LAMINATED BEAMS

Lominated wooden beams differ from solid members in that they are fabricated
from a number of select planks with the grain running in the same direction, and are
fastened together to pemit the assembly to serve in the same way as a solid member,
One of the advantages of laminated-wood beams is the possibility of utilizing
materials of higher grade or of a stronger species in those portions of u beam that
are subjected to maximum stress, permitting weaker material to be utilized in the
remainder of the member. Another advantage is that any treatment of t.e wood may
be pe.formed on the individual planks before laminating and thereby elininating the
need for large treatment facilities.

This phase of the study is concemed with the effects of pressure-impregnation
with fire-retardant chemicals on the mechanical properties of laminated structural
timber beams subjected to static and dynamic loading.

Description of Beams

Twelve beams having dimensions of 7-7/8 inches wide, 13 inches deep, and
15 feet long were prepared by a local fabricator, Each beam contained nine hori-
zontal laminations of Coast-Region Douglas fir bonded together with an exterior~type
glue. The interior laminations were standard grade lumber, and the top and bottom
laminations were select structural grade lumber. Allowable unit bending stress and
minimum modulus of elasticity were 2,200 psi and 1,800,000 psi, respectively, for dry
‘ lumber, and 1,800 psi and 1,600,000 psi, respectively, for wet lumber. Fabrication

was pgrformed according to the American Institute of-Timber Construction specifica-
tions.

After fabrication, the beams were shipped to a commercial treatment plant
where six beams were pressure-impregnated with fire-retardant chemicals. Treatment
resulted in an approximate 85% increase in weight and 5% increase in volume. There
was some tendency for normally tight surface knots to become loos@ as a result of the
treatment process. Depth of penetration of the chemicals was determined after the
beams were tested by cutting a section from the beam near midspan and drying it at
217°F for 48 hours. The treated portion of the cross section tumed a dark brown.
Chemical indicators were applied to the cross section also, but these indicators were
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so sensitive to the presence of the fire-retardant salts that sawdust from the treaied
portions contaminated the entire cross s=ction, resulting in a false test., The depth
of penetration of chemicals is shown in Figure D=1 in Appendix D.

After the beams were chemically treated, they were marked for identification,
weighed, and inspected for knots, checks, glue-line separation, and other defects;
the beams were then stored in a protected environment at approximately 50% relative
humidity and at tempeiatures ranging from 45°F to 75°F, Figure | shows the drying
rate of the treated beams while in storage. The curves were constructed from calcu=
lations based on the total weight of the beams at any given day and the weight of
oven-dried sections cut from the beams after all the tests were completed. The
moisture content is plotted as a percentage of the oven-drizd wood.

Treated beams are identified as T1 through Té and untreated beams as U1
through U6.

Test Equipment

All of the beams, either statically or dynamicully loaded, were tested in the
NCEL blast simulator6 shown in Figure 2. The simulator is capable of applying
uniformly distributed loads (gas pressure) up to 200 psi. A tank filled with air by a
compressor is bled into the simulator to apply static loads.

Dynamic loads are applied by detonating a high explosive (Primacord) within
a firing tube in the simulator. The peak dynamic pressure is determined by the length
of Primacord; the decay time is controlled by opening a series of valves which release
the gases to the atmosphere. The rise time of the load is approximately 2 to 4 milli-
seconds, depending on the location of the specimen in the explosive chamber.

Instrumentation

Instrumentation was located as shown in Figure 3. Applied load was measured
with 100~-psi Statham pressure cells. Each support reaction was measured with a
60,000-pound=capacity Kulite-Bytrex load cell mounted between plates of each
support cast (Figure 4), Midspan motion was measured with a 6=inch Bourns poten-
tiometer and a 500-g Statham accelerometer. Midspan deflection was also measured
with the rotating drum gage shown in Figure 5. The drum, which rotates at a constant
speed, has a sheet of vellum attached that records the motion of a pencil attached to
the beam,

| ongitudinal strains in the top and bottom laminations were measured with
type A5-1, SR-4 electric strain gages. Strains in the inner laminations were measured
with a pair of type A5-1, SR~4 electric strain gages bonded to opposite faces of the
beam at the same elevation and wired to opposite arms of a Wheatstone bridge. Dummy
gages bonded to Douglas fir blocks were wired to complete the bridge. To prevent the
gages from contacting the sides of the simuletor, a 1/8-inch-deep section was routed
from the beam, and the gages were placed flush with the surface. SR-4 cement was
used for bonding the gages to the wood. A Budd mode! A-110 digital strain indicator
was used to record the test data from the static tests.
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Figure 2. NCEL blast simulator.
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Figure 5. Rotating-drum deflection gage.
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Dynamic test data were recorded and reduced using the data-handling
complex developed for the NCEL blast simulator.” The system was developed for
rapid, accurate, efficient, economical, and timely reduction of data recorded during
dynamic tests. The complex is separated into three systems: data collection, data
conversion, and data reduction. The data generated are recorded on magnetic tapes
which are then converted to a visual record or to input to a computer for reduction.

Test Procedure

Preparation of a beam was the same for both static and dynamic tests. The
beams were placed on the reactions and bolted securely. A sheet of Teflon was
draped over the top and down the sides of the middle quarter of the beam to reduce
the possibility of friction against the sidewalls of the simulator, Small dollies were
placed under the beam, and the unit was rolled between the skirts cf the blast simu-
lator. The dollies were then removed, and the reactions were bolted to the concrete
foundation. The bolts through the beams and into the reactions were then loosened
to reduce any horizontal shear resistance offered by the bolts or the clamping effect
of the tie=downs. Finally, all measuring instruments were fastened to the beam, all
electrical connections were made, and a strip of neoprene was placed over the top
of the beam to seal the chamber. A beam ready for testing is shown schematically
in Figure 6.

Static Tests. Beams U3, U4, T1, and T6 were loaded statically to failure
under uniform pressure; the remaining beams were subjected to blast loading. Beam
U3 was subjected to blast loading twice without apparent damage and was then loaded
statically to failure.

In the static tests, the beams were uniformly loaded by introducing compressed
air into the pressure chamber of the blast simulator. The pressure level was monitored
from an Emery pressure gage (375 psi capacity). Loading was in 5-psi increments up
to 30 psi; thereafter, the pressure increments were 2 psi until the ultimate resistance
of the beam was overcome. Each static test required approximately 15 minutes to
perform,

Prior to loading, the natural frequency of the beams was determined by
displacing the becm and releasing it suddenly. The resulting free vibration, detected
by strain gages and other transducers, was recorded.

Dynamic Tests. In the dynamic tests, the beams were loaded by detonating an
explosive charge in the pressure chamber. After a beam was in place, the simulator
was loaded with the proper explosive charge for the desired pressure and sealed. ‘
Blasting caps were then inserted and wired to the master-control circuit. The master-
control unit was then unlocked, allowing a switch to be closed which starts the firing l
procedure. When the switch is closed, a preset electronic programmer starts the
recording equipment, automatically detonates the explosive charge, and shuts off the
recording equipment, For these tests, the air vents were kept closed to simulate a
step-pulse-load characteristic.
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Each beam was given an initial blast load of about 7 psi to determine the
natural frequency. The simulator was then recharged with sufficient Primacord to
provide the desired test overpressure, and the above firing procedure was repeated.

After the test the beam-reaction assembly was rolled out of the simlator,
and the beam was inspected. Cracks in the wood were traced with felt pens for
easier identification on photographs. The beams were then photographed, and sections
were cut for moisture-content determination and penetration of the chemicals.

Results and Discussion

Static Tests. The results of the static tests are given in Table 1 and Figure 7.
Static strain - deflection curves are shown in Figures A-1 through A-4 in Appendix A.
All beams failed in flexure; there wus no horizontal shear cracking at the supports.
Failure in the untreated beams was primarily due to tension failure perpendicular to
the grain; the bottom laminations of the treated beams failed in simple tension. Both
treated and untreated beams did not have substantial permanent deflection after the
static load was removed, indicating that extensive yielding had not occurred before
failure.

The presence of knots in the tension side of the beams near midspan generally
controlled the location of the failure zone. The failure zone for beam U4 was through
a pattern of knots approximately 16 inches from midspan on one side, although some
cross-grain splitting had already occurred on the other side. Beam U3 was relatively
free of surface knots and as a result had a greater load capacity. Knot pattemns in
the treated wood, while not as numerous or concentrated as in beam U4, still precipi-
tated failure.

In examining the data in Table 1 and Figure 7, it should be kept in mind that
there is a considerable difference in moisture content between the treated and
untreated beams. Average moisture content in the treated beams was near or above
the fiber=saturation point for Douglas fir; the rate of moisture loss was nearly zero
in beam T6 at the date of testing.

The saturation point of wood fibers is that state in which the cell walls are
saturated throughout, but the cavities of the fibers are entirely free from moisture.8
It is presumed that at the fiber=saturation point the shrinkage of a drying wood fiber
begins, and its strength properties begin to be affected. In large pieces of lumber,
an abrupt change in strength properties when the average moisture content reached
the fiber-saturation point would be unlikely because of nonuniformity in moisture
distribution, Nevertheless, the fiber-saturation point does mark the point where
strength properties of wood are in a transition stage.

Beam T1 tested at 39.8% moisture and Té at 24,0% moisture had nearly
identical load - deflection behavior, attesting to the fact that the strength of wood
does not vary significantly if the moisture content is greater than the fiber-saturation
point. When beam T6é was tested, the drying rate was nearly zero, indicating that the
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equilibrium moisture content for the beams was near 24% under desorbing moisture
conditions. Under absorbing conditions, i.e., when the treated lumber has been kiln
dried and the moisture content rises to equilibrium, the equilibrium point will be
somewhat lower than this value.

Investigations frequently attempt to adjust strength values of timber to a
common moisture content by using published correction factors, But for wood treated
with fire retardants, the problem is complicated by the presence of chemicals which
tend to make the wood more hygroscopic and to increase the mcisture content,
Unpublished data indicate that when untreated Douglas fir has a moisture content of
14%, fire-retardant-treated wood may have a moisture content of from 15 to 30%,
depending upon the chemicals used and their retention.] No corrections for moisture
content were applied to strength values in this investigation, because the moisture
content that the treated beams attained under the conditions of storage was assumed
to be a unique characteristic of the material. On the basis that high moisture content
and fire-retardant chemicals go hand=in-hand, no corrections were applied to the
values shown in Table 1. Energy absorbed, a measure of toughness, was determined
from the area under the load - deflection curves for the beams. Up to the point of
major cracking, deflections were assumed elastic and resulted from continuous curva-
ture changes along the beam axis; deflections beyond major cracking were attributed
to concentrated rotation at midspan. Average values of stress and energy absorbed at
the proportional limit and ultimate loads were 25 to 35% lower in the treated beams
than in the untreated control beams.

The modulus of elasticity was calculated from the load -deflection curves and,
therefore, includes the effects of shear deflections. Shear deflections were determined
from the elastic—strain-energy method and measured flexural strains. The method is
shown in Appendix B. When shear deflections are considered, a better approximation
of the true modulus of elasticity in bending is 2.08x 106 psi for the untreated beams
and 1.92x 106 psi for the treated beams. Shear deflections in the elastic range were
calculated as 10 to 20% of the total deflection.

Dynamic Tests. Nine beams were subjected to dynamic loading. Beams U3 and
US received two cycles of loading to establish the response curve in the elastic range.
Beam U5 failed on the second cycle of loading, but beam U3 was undamaged after
the second cycle and was later loaded statically to failure.

The response of the beams to the imposed loads was generally quite typical of
beam response to blast loading. The results are summarized in Tables 2 and 3. Typical
time variation of the measured quantities is shown in Figures C-1 through C=6 in
Appendix C.

The load - time curves closely approximate a step-pulse loading of long duration.
In all cases the peak load was reached in about 3 to 4 milliseconds. Some disturbance
is present in the initial portion of the load curve; however, the frequency of these per-
turbations is much higher than the natural frequency of the beam, and the influence is
insignificant. The load function can be adequately represented by an average pressure
-time curve drawn through the perturbations.
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Figure 7. Measured static flexural resistance diagrams.
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Table 3. Effects of Strain Rate and Treatment

Proportional Limit Ultimate Load
Modulus Moisture Salt
Beom L/ Energy Energy |  of Content Content
Stress | Absorbed | Stress | Absorbed | Elasticity (% of (% of
(psi) (in.-lb (psi) (in.-lb (106 psi) | oven=dry wood) | oven-dry wood)
cu in, cu in,
Static Tests
u3 4,300 0.94 7,450 2.73 .75 4.4 -
u4 3,440 | 055 |5630]| 3.06 1.82 4.4 £
Average | 3,870 | 074 | 4540 | 2.90 1.79
T 2,840 0.46 4,690 2,15 1.54 39.8 28.7
16 2,920 0.48 4,505 2.04 1,61 24.0 17.0
Average 2,880 0.47 4,597 2,10 1.57
Dynamic Tests
Ul 3,840 | 0.5 |5040 | 250 2,04 47 -
U2 4,700 1.12 5,670 2,60 1.75 3.3 =
U3 4,700 1.13 = - 1.75 4.4 -
Us 4900 | 097 |[8900 | 4.45 2,23 7.6 -
U6 5,500 1.44 6,315 3.44 1.77 9.3 -
Average 4,728 1.06 6,481 3.25 1.91
T2 4,580 1.06 5,450 2,37 1.76 40.1 17.3
13 2,800 0.45 4,360 1.82 1.54 45.9 20.2
T4 4,340 0.95 5,100 2,07 1.75 45.9 18.1
15 3,560 0.70 4,360 1.68 1.60 36.5 27.2
Average 3,820 0.79 4,817 1.98 f 1.66
Strain Rate Effect (dynamic avg/static avg)
U 1.22 1.42 0.99 1.12 1.07
1.33 1.68 1.05 0.94 1.06
Treatment Effect (treated avg/untreated avg)
Static 0.74 0.63 0.70 0.72 0.88
DynamicZ] 0.8) | 074 | 0.74 | 0.6 0.87

17 U designates untreated beams; T designates treated beams.
2/ Includes strain rate effect.
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The strain and defiection curves for beam U3(1) shown in Figures C-1 and
C-2 indicate that the period of oscillations is about 25 milliseconds. The regularity
in these curves indicates that the higher modes of vibration do not appreciably
influence the behavior of these uniform, symmetrically loaded beams and that the
spring-mass analogy? can be used to analyze the results with reasonable accuracy.

Strain-gage data from the interior gages on the beams were of questionable
value due to an error in instrumentation. The amplifiers were overloaded at a rela-
tively low level of strain, and the output from the gages either oscillated at the band
edge or dropped to the center frequency of the amplifier. Strain gages on the top and
bottom laminations performed satisfactorily.

Dynamic resistance was determined from the acceleration records after
graphically averaging the oscillations corresponding to the third mode of elastic
vibration. The resistance curves shown in Figure 8 were determined from a force
equilibrium using Newton's second law and a single-degree-of-freedom analysis. In
this equivalent system, the !oad on the spring is the total load on the beam, and the
mass of the system is taken as 0.769 times the actual mass of the beam. The mechani-
cal properties at proportional limit and ultimate resistance can then be determined
from the resistance - deflection curves,

Under dynamic loading the proportional limit stress was about 2,1 times the
static allowable design stress, as determined from the dynamic resistance curves.

The average measured dynamic magnification factor was about 1.9; i.e., the maximum
elastic deflection resulting from a given dynamic load was about 1.9 times the static
deflection for the same load. Thus, the proportional limit was reached at a dynamic
load of 2,1 divided by 1.9, or about 1.1 times the static design load. This is important
in utilizing the reserve strength of wood in designing to resist dynamic loads.

The dynamic ultimate resistance in the untreated beams was about 1.6 times
the static design load for dry lumber; in the treated beams the dynamic ultimate
resistance was about 1.4 times the static design load for wet lumber. This usable
strength, however, should probably be left in reserve due to the variations in strength
properties of lumber and the lack of ductility at ultimate deflection.

Strain-rate effect and effect of treatment are summarized in Table 3. The effect
of dynamic loading on the modulus of elasticity was insignificant in these tests. The
stress at the proportional limit was increased 22% and 33%, respectively, in the
untreated and treated beams as determined from the dynamic resistance curves; the
corresponding energy absorbed to the proportional limit increased 42% and 68%.
Dynamic loading had little effect on the ultimate strength of either treated or
untreated beams. These results indicate that higher proportional limit stresses can
be realized under rapid strains, but that any increase in ultimate strength is probably
offset by knots and other imperfections in structural-size lumbe:. These results differ
from results of other investigations which report substantial increases in ultimate
strength of specimens subjected to dynamic loading.10, 11,12, 13 However, test results
from small specim. s which are free of natural imperfections are not necessarily typical
of the behavior of average structural=size members,
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Average mechanical properties of treated wood at proportionul limit and
vltimate deflection were 20 to 40% less than in the untreated control beams, as shown h
in Table 3. The modulus of elasticity was reduced by about 12%.

PLYWOOD SHEETS

The second phase of the investigation was to study the effect of the fire-
retardant treatment on the strength of plywood sheets. |t was desired to compare the
strength of treated and untreated plywood sheets used for shear resistance in walls and
diaphraym panels. This phase was concemed with the shear strength through the thick-
ness of the plywood panels subjected to static and dynamic loading.

Description of Sheets

To obtain treated and control panels which were matched, three test panels
8 feet long, 4 feet wide, and 1/2 inch thick, of 5-ply, A-B Exterior Douglas fir were
selected, and each panel was cut into two sections, 4 x 4 feet. Of the original sheets,
designated as A, B, and C, the half panels to receive treatment were labeled AT, BT,
and CT. These holf panels were given the same fire-retardancy treatment used for
the lominated beams. The sheets were then cut into test-size specimens and air-dried
to equilibrium moisture content before testing.

The test specimen is shown schematically in Figure 9. These specimens were
prepared by gluing plywood rails, 1 inch thick by 2 inches wide to the panels. The
shearing area between the rails was 8-3/4 inches square. Average thickness of all
untreated specimens was 0.512 inch; averxge thickness of treated specimens was
0.528 inch in panels A and C and 0.531 inch in panel B.

Test Equipment

The plywood sheets were loaded in shear by means of the frame shown in
Figure 10, The frame, pinned at the four corners, was fastened to the test specimen
by 1/2-inch bolts that passed through 1/2-inch-thick aluminum side plates. Alumi-
num was used in the side plates to minimize inertial forces in the dynamic tests. At
the corners, case-hardened mild steel bearing blocks, pivoting on a 1-inch-diameter
drill rod provided the pinned-end condition. The bearing blocks were connected to
the sice plates with 1/4-inch-diameter roll-pins. Match marks were punched on each
piece to ensure that assembly would be the same for each test. Assembly was simple,
requiring approximately 20 minutes to remove a loaded specimen and install a new one.

A concentrated load applied on the vertical diagonal is transmitted as an axial
force in the side plates through the pinned connections at the comers, which in turn
applies a shearing load to the edges of the plywood. Buckling of the plywood along
the compression diagonal was not critical.

18
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Figure 10. Shear loading frame.
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Static tests were conducted in a 20,000-pound-capacity Riehle testing
machine using a head speed of 0.06 inch per minute which was the minimum rate for
this machine. Dynamic tests were conducted with the NCEL 50,000-pound dynamic
materials testing machine 14 shown in Figure 11,

Instrumentation

Strain measurements were taken on the compression diagonal, the vertical
reaction, and the displacement of the loading head of the testing machine. Strain
gages were placed perpendicular to the compression diagonal and at an angle of
45 degrees with the grain of the face plies (Figure 9). At each location shown, a
pair of type A5-1, SR-4 electric strain gages were bonded to opposite faces of the
sheet and wired to opposite arms of a Wheatstone bridge. Dummy gages bonded to
Douglas fir plywood sheets of the same thickness were used to complete the bridge.

Displacement of the loading head was measured with a Bourns potentiometer.
The load appl ed to the test specimen was read from the dial on the Riehle testing
machine for the static tests and was measured with a load cell supporting the frame
in the dynamic 1csts.

Test data from the static tests were recorded on a Budd model A-110 digital
strain indicator; data from the dynamic tests were recorded on an oscillograph using
Consolidated Electrodynamics Corporation System D, 3-kc amplifiers.

Test Procedure

Preparation of the sheets for testing was the same for both static and dynamic
tests. A template was placed over the sheets as a guide for drilling the bolt holes
through the plywood rails and test specimen. Holes were drilled, and the shear
loading frame was bolted to the specimen in such a manner that assembly match
marks on the frame coincided. The pins were inserted at the corners, and the frame
was aligned until the pins were seated properly and rotated freely. Then the bolts
were tightened, and the entire fixture was placed in the testing machine. All electri-
cal connections were made, and the specimen was ready for testing.

After testing, the frame was disassembled, and a section was cut from the test
specimen for determination of moisture content and salt retention. Specimens approxi-
mately 8-3/4 inches square were oven-dried at 217°F for a period of 48 hours. The
moisture content and the original and final weights of the matching test specimens
were used to calculate salt-retention values in terms of dry salt as a pe: zentage of
the oven-dry weight of wood substance.

The assumptions made in the salt-retention calculations were that the moisture
content of matching half-panels was the same immediately ofter the original cutting
(before the panels were treated), and that the moisture in all half-panels was uniformly
distributed at the time each was cut into test specimens. The equations used to calcu-
late moisture-content and salt-retention values are given in Appendix D.
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Static Tests. Static tests were conducted on one treated and one untreated
panel from each of sheets B and C to study the static load-deformation properties of
the plywood and also to observe the behavior of the loading frame. Loading was
continuous to failure at a head velocity of about 0.06 inch per minute, with readings
being taken at 100-pound increments up to the point where the load could not be
maintained.

Dynamic Tests. Two treated and two untreated specimens from each of the

original sheets were tested under dynamic loads. The average rate of loading for

these tests was about 31 in./sec, resulting in a shear stroin rate of about 5.0 rad/sec.
Figure 10 shows a test specimen in the NCEL dynamic materials testing machine.

The frame is resting on the load cell which measures the resistance of the specimen,

To load the specimen, the machine is first brought up to a predetermined operating

vressure. A switch is then closed to start an electronic time relay which activates a

series of solenoid valves that control the loading. The head velocity of the machine,

and hence the strain rate in the specimen, is controlled by several hand-operated

valves; the settings for these valves are established before each test and are not

changed until a new head velocity is desired. The recording oscillograph is con-

trolled manually; it is started just before firing the machine and tumed off a short

time after firing.

Results and Discussion

Static Tests. In all cases, specimens failed in a plane perpendicular to the
panels and perpendicular to the direction of the grain in the face plies. Although
the specimens distorted and splintered badly, the rails did not shear off completely.
Figure 12 shows the condition of the specimens before and after a test.

Results of the static tests are given in Figure 13 and Tables 4 and 5. Because
only one treated and one untreated specimen were taken from panels B and C, the
results are not conclusive, but indicate that treatment reduces the mechanical
properties of plywood in shear., In panel B the treatment reduced modulus of rigidity
and maximum shear stress by 22 and 36%, respectively. In panel C the reductions
were 31 and 24%. Shear strains at maximum load were reduced 16% by treatment
in panel B but were increased 7% in panel C.

In terms of load-carrying capacity (maximum load per inch of length) and
shear stiffness (modulus of rigidity times thickness), the reductions resulting from
treatment were 34 and 19%, respectively, in panel B and 22 and 29%, respectively,
in panel C.

A comparison of these results with results of other investigators4 shows some
similarities in trends. The average reduction in modulus of rigidity and maximum
shear stress was 12 and 13%, respectively, from one treatment process and 17 and
25%, respectively, from another. (Treatments were designated as A and B respec-
tively.) Load-carrying capacity and shear stiffness were reduced by 11 and 9%
respectively, in treatment A and 23 and 14%, respectively, in treatment B.
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Table 4. Summary of Test Results, Plywood Shear-Through-the-Thicknet

- — 2

| Salt Moisture Content2/ Modulus of Rigidity Maximum Load
Specimen | Panel Thickness C :tenf ) T
pec Ratiol/ (20/) Treated | Control Treated | Control Ratiod/ Treated | Con
° (%) (%) (psi) (psi) | (b in) | (Ibi
Static Tests
BT B 1.037 16.5 12.1 7.0 95,100 | 121,400 | 0.784 429
CT C 1.031 10.6 1.1 8.0 92,800 | 134,300 | 0.691 470
- — .__JL .y . 1
Dynamic Tests
AT-1 A 1.031 19.2 10.2 7.8 60,000 92,900 | 0.646 [ 630
AT-2 A 1.031 19.2 10.1 7.7 60,000 76,100 | 0.789 670
Avg A 1.031 19.2 10.2 7.8 60,000 84,500 | 0.717 650
BT-1 B 1.037 16.5 10.5 7.3 43,500 52,000 | 0.827 615
BT-2 | O 1.037 16.5 9.2 7.1 66,200 78,900 | 0.839 704
Avg B 1.037 16.5 9.8 7.2 54,850 65,750 | 0.833 655
CT-1 C 1.031 10.6 8.8 5.9 57,800 59,600 | 0.970 825
CT1-2 C 1.031 10.6 8.8 5.2 63,800 57,400 | 1.111 720
Avg C 1.031 10.6 8.8 5.5 60,800 58,500 1.041 772

1/ Thickness of treated specimens divided by that of control.,
2/ Dried at 217°F for 48 hours.
3, Treated values divided by control values.




iﬁ. Summary of Test Results, Plywood Shear-Through-the-Thickness

F__....-
fsture Content2/ Modulus of Rigidity Maximum Load’in. of Length Maximum Shear Stress
Efed Control | Treated | Control . 3, Treated | Control . 3, | Treated | Contol . 3
%) (%) (psi) (psi) sliee (Ib/in.) | (Ib/in.) Relliocy (psi) (psi) Chioe
Static Tests
2,1 7.0 95,100 | 121,400 | 0.784 429 646 0.664 808 1,262 | 0.640
1.1 8.0 92,800 | 134,300 [ 0.691 470 599 0.785 890 1,170 | 0.760
Dynamic Tests
.
0.2 7.8 60,000 92,900 | 0.646 630 664 0.949 1,193 1,297 | 0.920
0.1 7.7 60,000 76,100 | 0.789 670 810 0.827 1,269 1,605 | 0.791
0.2 7.8 60,000 84,500 | 0.717 650 737 0.888 1,231 1,451 | 0.856
10.5 7.3 43,500 52,600 | 0.827 615 695 0.885 1,158 1,357 | 0.853
’9.2 7.1 66,200 78,900 | 0.839 704 744 0.946 1,326 1,453 | 0.913
9.8 7.2 54,850 65,750 | 0.833 655 720 0.916 1,242 1,405 | 0.883
8.8 5.9 57,800 59,600 | 0.970 825 810 1.019 1,562 1,582 | 0.987
8.8 5.2 63,800 57,400 | 1,11} 720 687 1.048 1,364 1,342 | 1,016
8.8 5.5 60,800 58,500 | 1.041 772 748 1.034 1,463 1,462 | 1.002
hat of control.
25
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Table 5. Summary of Test Results, Plywood Shea

1 T 7 ——r 1
Maximum Shear Strain
. Salt
Speci Panel Thickness Content — —t
ALt Ll Ratiols ?2,:‘” Treated | Conlrol Ratio/ Tueatj
_J ° (4 rad) | (u rad) atto (Ib7i
Static Tests
BT B 1.037 16.5 15,200 | 18,000 0.844 | 50,5
CcT C 1.031 10.6 19,200 | 18,000 1.067 | 48,9
Dynamic Tests
AT-1 A 1.031 19.2 22,000 | 21,200 1.038 | 31,7
AT-2 A 1.031 19.2 32,000 | 35,200 0.909 | 31,7
Avg A 1.031 19.2 24,000 | 28,200 0.973 | 48,2
BT-1 B 1.037 16.5 33,600 [ 36,000 0.933 | 23,1
BT-2 B 1.037 16.5 25,600 | 24,800 1.032 | 35,1
Avg B 1.037 16.5 29,600 | 30,600 0.983 | 29,1
CT1-1 C 1.03: 10.6 12,800 | 35,600 0.921 30,
CT1-2 C 1.031 10.6 28,800 | 34,000 0.847 | 33,
Avg C 1.031 10.6 20,800 | 34,800 0.884 | 32,1

1/ Thickness of treated specimens divided by that of control.
2/ Treated values divided by control values.
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. Summary of Test Results, Plywood Shear-Through-the-Thickness

_

Maximum Shear Strain Shear Stiffness Energy Absorbed to Ultimate Load
\ : - S
Treated | Conirol . 2,| Treated | Control ) Treated Control .
c/ 2 2
wrad) | Gired) | RO (b/ind | (b/in | RO | finb) | (in.-te) | ROtOY
Static Tests
15,200 | 18,000 0.844 50,500 | 62,200 0.812 - - -
19,200 | 18,000 1.067 | 43,900 | 68,800 0.711 - - -
Dynamic Tests
22,000 | 21,200 1,038 31,700 | 47,500 | 0.668 680 1,020 0.667
32,000 | 35,200 0.909 31,700 | 39,000 | 0.812 820 1,190 0.689
24,000 | 28,200 0.973 48,200 | 43,250 0.740 750 1,105 0.678
33,600 | 36,000 0.933 23,100 | 26,900 0.859 950 1,120 0,848
25,600 | 24,800 1.032 35,100 | 40,400 | 0.869 730 1,420 0.514
29,600 | 30,600 0.983 29,100 | 33,650 0.864 840 1,270 0.681
12,800 | 35,600 0.921 30,500 | 30,500 1.000 1,150 1,330 0.865
28,800 | 34,000 0.847 33,700 | 29,400 1.146 1,200 1,130 1.062
20,800 | 34,800 0.884 32,100 | 29,950 1.073 1,175 1,230 0.964

ues.

[d by that of control.
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Dynamic Tests. The modulus of rigidity, maximum load per inch of length,
shear stress and shear strain at moximum load, shear stiffness (modulus of rigidity
times thickness), and energy absorbed to ultimate load of six treated specimens are
compared with corresponding values from untreated matched control specimens in
Tables 4 and 5. A typical oscillogram of the recorded experimental data is shown
in Figure 14, In general, the effects of the treatment were not as significant in the
dynamic tests as in static tests. In some treated specimens, the mechanical properties
were improved over those of the untreated specimens. For example, in the specimens
from panel C, some mechanical properties were improved by as much as 7% by treat-
ing. Exceptions to this in specimens from panel C were maximum shear strain and
energy absorbed to ultimate load, in which average values were reduced 12 and 4%,
respectively. .

In the treated specimens from panel B, average values for modulus of rigidity,
maximum shear stress, shear stiffness, and energy absorbed to ultimate load were lower
by 17, 12, 14, and 32%, respectively, than corresponding values from the untreated
specimens, Average maximum load in the treated specimens was reduced 8%; however,
the shear strains at maximum load were nearly identical in treated and untreated
specimens,

Treated specimens from panel A were the only specimens in which the side rails
sheared off in testing. Both rails perpendicular to the direction of the face plies
sheared off almost simultaneously. Average values for modulus of rigidity, maximum
shear stress, shear stiffness, and energy absorbed to ultimate load were lower by 28,

14, 26, and 32%, respectively, than corresponding values from the untreated specimens.
Average maximum load and maximum shear strain were reduced 11 and 3%, respectively,
in the treated specimens.

The results in Tables 4 and 5 indicate that the effect of treatment on the
mechanical properties of plywood is a function of the amount of salts retained in the
wood. There appear to be no adverse effects when the dry salt content is approximately
10% of the weight of the dry wood, or about 2.4 lb/cu ft of plywood. The present
specification covering fire-retardancy treatment of plywood requires a minimum reten-
tion of 5.0 pounds of dry salt per cubic foot of plywood. 13

GENERAL DISCUSSION
Major Findings

These findings apply only to the type of beams, plywood panels, loading, and
fire-retardant treatment investigated in this study. It is reasonable, however, to
assume that the trend of these results will be similar in laminated Douglas fir beams
and plywood panels of other physical dimensions subjected to fire-retardant treatments
and loading other than those used in this investigation.

28




*uawyvads [01UCD 3y} PuD | -] UIWIDads 10} swoubo||195Q “y| unbig

L=L9 (9]

usw i 3eds o1uoTy Aﬂu

‘ut g ors'C

TR T VIR

Tul e Z0900°0

“u g 046

RUTTR TTR TLE T T

A\

“ur Ul 7090070

i SR

peo|

£ uIons

uocide|jop

—

R TR LR T ) ﬂh_v_v.

Lﬂ_.uﬂu ugoig e

Tur Cwy Ctwim g0Ltr

I o Eﬂ....rﬂh-‘_._ﬂu_

| uious

JuBwainsoayy

o S



=

Laminated Beams.

1. Large structural-size timbers impregnated with fire-retardant
chemicals and then air-dried will retain large quantities of water over a long period
of time because of the hygroscopic nature of the treated wood. Equilibrium moisture
content under service environment may be quite high, approaching the fiber-saturation
level for the material.

2. Normally tight surface knots may be loosened as a result of treatment,
resulting in a reduction of effective cross section at those points.

3. Average values of stress and the energy absorbed at proportional limit
and ultimate load were 20 to 40% lower in the treated beams than in the untreated
beams. Modulus of elasticity was about 12% lower.

4. Rapid strain rates resulted in substantially increased stress and energy
absorbed at the proportional limit in both treated and untreated beams; at ultimate
load these increases were insignificant,

5. The proportional limit of both treated and untreated beams occurrea
at a dynamic load of about 1.1 times the static allowable design load. The dynamic
ultimate load was between 1.4 and 1.6 times the static design load.

Plywood Sheets.

1. The hygroscopicity of plywood is increased by pressure-impregnation
with fire-retardant salts, thereby resulting in a higher equilibrium moisture content
than in untreated plywood.

2. The effect of treatment with fire-retardant chemicals on the
mechanical properties of plywood appears to be proportional to the amount of dry
salt retained in the wood. When the weight of dry salt retained was 10% of the
weight of the wood, no significant adverse effects on the dynamic mechanical
strength properties were observed. Higher retentions were detrimental.

3. In plywood panels containing 16.5 and 19.2% dry salt, the energy
absorbed to ultimate load wos reduced about 32%; corresponding average values
for modulus of rigidity were reduced 17 and 28%, respectively. Maximum load was
reduced 8 and 11%, respectively, at the two salt-retention levels.

Limitations of the Program

This study was undertaken to evaluate possible trends toward reduction of
strength properties in wood as a result of treatment with fire-retardant formulations,
and to determine the general magnitude of such reductions when dynamic and static
loads are applied. The results as reported should be viewed accordingly, because
the study is by no means all-inclusive. There are many variables, such as depth of
penetration, method of treatment, chemicals involved, aging effects, temperature and
humidity effec!s, etc., which must be studied before complete and precise answers can
be given.
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The required sample population for timber testing is necessarily large due to
the large number of variables involved. Careful selection and matching of specimens
is possible when small specimens are to be tested; when structural =size specimens are
involved, the matching becomes more difficult, and consequently a larger sample
population is required for significance in a statistical analysis.

Accuracy of Results
In experimental investigations there is always a certain degree of inaccuracy
involved in recording or reducing data. The following are reasonable assumptions

of the inaccuracies in the measured experimental data for these tests:

Type of Test

and Measurement Accuracy (%)
Beam Tests
Static:
Pressure 2-3
Deflection 2-3
Strain 4-5
Dynamic:
Pressure 2-5
Deflection 2-5
Strain 4-5
Acceleration 2-5

Plywocd Tests

Static:
Load 2-3
Strain 4-5
Dynamic:
Load 4-5
Deflection 4-5
Strain 8-10

el CONCLUSIONS

From the study, the following conclusions were made:

1. Equilibrium moisture content in wood that is commercially pressure~impregnated
with fire-retardant chemicals which are hygroscopic will be higher than in untreated

wood.
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2, Bulking because of treatment with fire-retardants is in the range of 5% for
laminated Douglas fir beams and plywood.

3. Reduction of strength of treated wood will be largely due to the increased
moisture content.

DESIGN RECOMMENDATIONS

Stress-graded lumber provides material of designated and assured strength to
meet engineering requirements. The development of stress grades and the determina-
tion of safe working stresses for them conform to well-established bases resulting from
extensive research at the Forest Products Laboiatory. These efforts have provided
engineers with a wide range of working design values for the mechanical properties
of lumber.

The results of this investigation are related to only one of the numerous stress
grades of Douglas fir and one specific fire-retardancy treatment; therefore, the
results must be studied and correlated with information on other chemicals and treat-
ments before design criteria can be formulated. Until such correlations can be made,
these results give some indication of the relative effect of fire-retardant treatment
on the mechanical properties of wood. The following design recommendations are
presented,

Lominated Beams
1. When fire-retardant lumber is used, the allowable unit stresses and modulus

of elasticity should correspond to those specified for use under wet conditions.

2. Under long-duration dynamic loads, the proportional limit load can be
assumed to be approximately 1.1 times the static design load.

3. Ultimate dynamic locd for untreated lumber is about 1.6 times the static
design load; for treated lumber the ultimate dynamic load is about 1.4 times the
static design load.

Plywood in Shear

1. Modulus of rigidity and shear stiffness should be reduced approximately
20% when fire-retardant lumber is used.

2. Maximum allowable shear load in plywood should be reduced by 10%
when it has been treated with fire-retardant chemicals.

3. Energy absorbed to ultimate load will be decreased by approximately 30%
when plywood has been treated with fire-retardant chemicals,
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As a final comment, the detrimental effects of fire-retardant treatments should
not be oversmphasized at the expense of the benefits that result from the use of treated
wood. Not all applications call for wood in a highly stressed state. In many applica-
tions wood is used structurally at low or intermediate stress levels and under conditions
where even considerable reductions in toughness can be safely tolerated.
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Appendix A

STRAIN -DEFLECTION CURVES FOR STATIC BEAM TESTS

o

e




:n-ﬁ_:-ar —_f— —— —

ooo'r 000'€ el

‘EN woaq ‘saAaund uoII|JIp - uloUys IYDYS *| -y unbiy4

o't oool

0

ooo’1-

000'Z-

A R L L e e, uoi s saudwoy

&0

>

oLr

135

{'u-;r A4 'uoriaeyen vedepiy

000°'y-

“ ¥as o /
uodEpiw
] i | i S e e — i - ]
UIy3I0.d Jolow .\. oz
rlllll.__lllllll.ll\lll..-lllll. /r /
UDLIB|BP BIOWI A
\
1
= t?ﬁ;m

35




-

A 2 ‘A.
Cragt

*p WD3Aq ‘SaAIND UOIYDII|JIP - UIDUS DYDYS *Z-Y 31nbi14

UOCISUS | g (UI/°UITI) 3 ‘UIDNG g UOISTBIdWO)

ooo'r 000t ooo'z 000"1L ] 000°1- 000°Z- 000°E-
. [ /
x /
\ a.-.- “.
T £95% L35
995 m___
s < zos
uodsp w n._-
— — — — e S a— i —— — — — — — = —— — — —— —— ———
Buiqa023 solow ]
—_— m._ +
W...
oz
R (O /i i / VIlll
UO I Ep I—IE_—._:
- |




*| 1 woaq ‘S3AIND UOHII|JIP - UIDYS DDYS *g-Yy inbig

uoIsus | *+—— (Ut "wir) L ‘ulong —_— — voissesdwor)

oco'y 000°'€ 000°2 000°t 0 0001~ 000°Z-

7

- £05

/

4
=¥

N\

£925 195

01
#a5
ras
updspiw
— -

o — — — — — i —

Buinaoss iolow

37

Sl 4

(fui) A ‘uoyae|jeg uodspiy

5925

N I J

_..._........ul:i_ﬂ Biowigpn

PR CHp-.. S T e () (e ——— A




‘9] WDIq “SIAIND UOI4D|JIP - UIDIYS DIYDIS -V 3unBig

UOISUS | = (“UI/CUITT) 3 ‘UIDNG —e= UOISSEIdWO))

000'¢ 000’2 000°L 0 000°L- 000°'Z- 200°€-
S0 /
z
= tos
a
99S $9% :
o143
o
ros | 8
°
)
S €98
uodsprw .M
p — em— — — — —— e— — - e— — 1 — d — —
Buinoesd solow w.: ] = -
S'ig
, 0z
uoIIde|jep SiDWI N

-\



Appendix B

ANALYSIS OF MEMBERS

BEAMS

Pievious experience has shown that the modulus of elasticity in compression
for Douglas fir is not appreciably different from that in tension; therefore, the
assumption that plane sections before loading remain plane in the deflected beam
can be used.18 It has also been experienced that the compressive flexural-yield
stress is nearly approximated by the compressive stress parallel to the grain in
standard compression tests. 18 No conclusive data are available on the pure tensile-
yield strength of wood, but it is generallg accepted that it is much higher than the
compressive stress parallel to the grain.18 A tensile failure usually occurs in flexural
tests after considerable yielding in compression has taken place. Because the flexural-
tension stresses increase nearly linearly up to the yield value, the ultimate resistance
of the cross section can be approximated from a stress-block distribution (Figure B-1)
similar to that in concrete. F “m a summation of horizontal forces and moments at a
cross section,

ZSCd
U T (8-1)
c t
5 ZSCS'd
a = h=—2t 6-2)
Sc ACK (Sc +S')2
4 M. =S bd2 1 2S'c _ intemal moment at (8-3)
an i c \‘2 3(Sc +S t) the cross section

where the terminology is defined in Figure B-1. The total deflection in beams will

be a result of flexural deflections combined with deflections due to shear. Established
values for the shear modulus are not well defined, but can be determined experimen-
tally. In the uniformly loaded beam shown below, the shear deflection and flexural
deflections are given by the following equations:
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where V = the shear at any location caused by .. ¢ uniformly distributed
loading
v = the shear at any location caused by a unit load applied at
midspan
E = the modulus of elasticity
G = the shear modulus of elasticity
| = the moment of inertia of the beam cross section
A = the cross-sectional area
The total deflection is then found as
L2 5p L4
A =40 + A = +
t v f -gﬁ 32Ed3
2 2
. pL (4, 5L 3 !
or 8, = Bea G dz) (B-6) |

where G = kE.
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Figure B-1. Stress -strain distribution for timber in flexure past the
proportional limit.

The ratio of shear deflection to flexural deflection is

8, 12 (32Ed3) __4d? -
5, wGa\, 4) T

The quantity k can be determined from Equation B-6 as

4 4D
k = = - (B-8)
32EdAr ] 5L2 EAt DF
p L2 d2
2 2
where D = %2% and F = —§—L2— (8-9)
d

The modulus of elasticity, E, can be determined in the elastic range from the
applied loading and the measured flexural strain at midspan where the shearing strains
are essentially zero:
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E (8-10)

Values of E, k, S¢, Sy, and M; were computed using the data from the static
tests to determine the relative deflection due to shear and to compare the value of
the internal bending moment calculated from Eq.ation B-3 with the applied bending
moment calculated from statics. The value of S nsed in Equation B-3 for the intemal
bending moment was taken as the maximum fiber stress at the proportional limit (see
Table 1). The maximum tensile stress, Sy, was calculated as the strain at ultimate
load multiplied by the modulus of elasticity. Results of these computations are shown
in Table B-1. This analytical approach is recommended in Reference 19.

PLYWOOD IN SHEAR

A shearing load acting lengthwise on a rectangular plywood panel can be
treated as a force, the line of action of which coincides with the long axis of the
top edge while the bottom edge remains in a fixed position. The deformations at a
point within the panel are shown in exaggerated proportions by the dashed line in
Figure B-2,

Shearing stress, T, is given by

= .
- (B=11)

where v is the shearing force per inch of length at the boundary edge of the element,
and t is the thickness of the panel. By definition,

G = —:- (B-12)

where G is the shear modulus of elasticity and y is the shear strain,

Unit axial strains measured along the diagonals can easily be converted to
shear strains by the use of Mohr's circle for strains. The angle between the measured
strain, ¢, and the shear strain, y, is 7/4; therefore,

y = 2¢ (B-13)
— v -
and G = Sre (8-14)
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Table B-1. Mechanical Properties of Beams in Fle

Elastic Range (20 psi)

Beam :
|
|

|

U3

U4

1!

T6

Deflection

(in.)

0.635

0.6C0

0.725

0.695

Strain

(in.’in.)

1,200

1,200

1,300

1,300

—

Modulus of
Elasticity
(100 psi)

Approximate

1.75

1.83

1.54

1.61

Revised

S S — —

pE—

2.08

2.08

1.92

1.92

0.029

0.047

0.021

0.027

(psi)

4,300

3,440

2,840

2,920




e B-1.

Mechanical Properties of Beams in Flexure and Shear

Ultimate Load

Moment
' A, | sc € St (108 in.-Ib)
A (psi) | (win./in.) | (psi)
¥
Theoretical | Experimental | Experimental Theoretical
0.029 | 0.142] 4,300 | 3,300 6,900 1.381 1,670 1.20
2.08 | 0.047 | 0.092| 3,440 2,600 5,400 1.084 1.168 1.07
1.92 |0.021 |0.188{ 2,840 2,320 4,460 0.899 1.000 1
1.92 |0.027 | 0.153 | 2,920 | 3,000 5,760 1.060 1.00 0.95
43
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Mohr's circle for pure shear stroin.

Figure B-2, Deformation of plywood subjected to pure shear strain.
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The analysis is unchanged if the deformed shape is rotated an angle y /2. In
this case the slope of the diagonal does not change, and the resulting elastic equations
are identical to Equations B-1! through B-14.
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Appendix C

EXPERIMENTAL RESPONSE CURVES FOR DYNAMIC TESTS
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Figure C-2, Strain-gage data, beam U3(1).
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Figure C-3. Response to blast loading, beam U5(2).
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Figure C-4. Strain—gage data, beam U5(2).
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Appendix D

MOISTURE CONTENT AND SALT PENETRATION

The weight of each beam and plywood sheet before treatment could not be
obtained; therefore, exact values for moisture content and salt retention in terms of
the weight of the dry wood could not be determined. The approach used was to assume
that the oven-dried weight of the wood was the same in all beams and that the dry
wood in each half panel of an original plywood sheet was the same; calculations are
then based on the average dry weight of the untreated beams and plywood sheets.
This assumption proved reasonable, because the maximum variation between beams
was only about 6%.

A 30-inch~long section was cut from each beam near midspan to determine
the oven-dry weight of the wood in the untreated beams und the combined weight of
wood plus salt in the treated beams. The weight of salt in each treated section was
taken as the difference between the weight of the oven-dried treated section and the
average of the oven-dried untreated sections. The results of these calculations for
the beams are shown in Table D-1. Computations for the plywood sheets were simi-
lar, and the results are presented in Table D-2. Formulas used in the computations
are given in Tables D-1 and D-2,

Penetration of the salts at cross sections near midspan of the treated beams is
shown in Figure D-1. The penetration patterns were quite irregular and changed with
the position along the axis of the beam,
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Table D-1. Moisture Content and Salt Content in Laminated Beams

Initial Test Oven-Dryl/ Moisture2/ | Salt3/ | Saltd/

Beam | Weight | Weight Weight at Test Weight | Content
(Ib) (Ib) (Ib) (%) (Ib) (%)

Ul 355 355 339 4,7 - -
U2 375 375 363 3.3 - =
u3 353 353 338 4.4 - -
U4 357 357 342 4.4 = -
us 380 380 353 7.6 - -
Ué 351 351 321 9.3 - -
Avg 342 (+6%)
T 625 576 440 39.8 98 28.7
T2 581 538 401 40.1 59 17.3
T3 627 568 411 45.9 69 20.2
T4 618 561 404 45.9 62 18.1
T5 622 560 435 36.5 93 27.2
Té 590 482 400 24.0 58 17.0

1/ Dried at 217°F until a constant weight was reached.

2/ For untreated beams:
For treated beams:

3/ Oven=dry weight - 342,

4 salt weight.

oven-dry weight

(test weight) = (oven-dry weight)

342
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Table D-2. Moisture Content and Salt Content in Plywood Specimens

Oven-Dryl/

Wet . 3
Specimen Weight Weight Sg,/")gj Mon(i/tt;re =
(gm) (gm) < 0
Treated panel A 1,995 1,841 19.2 10.3
Untreated panel A 1,676 1,544 0 8.5
AT-1 512 473 19.2 10.2
AT-1 control 443 411 0 7.8
AT-2 435 402 19.2 10.1
AT-2 control 405 376 0 7.7
Treated panel B 1,766 1,636 16.5 9.5
Untreated panel B 1,500 1,404 0 6.8
BT 403 366 16.5 12,1
BT control 748 699 0 7.0
BT-1 360 331 16.5 10.5
BT-1 control 413 385 0 7.3
BT-2 435 404 16.5 9.2
BT-2 control 363 339 0 7.1
Treated panel C 1,896 1,757 10.6 8.8
Untreated panel C 1,692 1,588 0 6.5
CT 454 413 10.6 11.1
CT control 404 374 0 8.0
CT-1 9260 890 10.6 8.8
CT-1 control 394 372 0 5.9
CT-2 481 444 10.6 8.8
C7-2 control 442 420 0 5.2

1/ Dried at 217°F for 48 hours.

2/ Determined from:
(oven-dry weight of treated panel) - (oven-dry weight of untreated panel) % 100

3/ Determined from:

(wet weight) - (oven-dry we

(oven=-dry weight) (1 -

100
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oven-dry weight of untreated panel
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Appendix E

PHOTOGRAPHS OF BEAMS AFTER TEST

57



-

*(Z)EN PUR “ZN ‘LN SWDaq JO M3IA JOUS 4504 °| -3 aunBig

e P AR T

T T Y

58

-



(*A]jp21404s papoo| som M) 9N

pup

SN ‘¥N swoaq jo malA Joys §50d °FZ

3 aanbi4

59

ey



. et A b

60

P
)




- g

(*A11p214045 papoo| som gN)

*EN puop ‘g| ‘y| swoaq jo Mm3iA JOys J50d -3 ainBig

61

v



\
y
L

REFERENCES

1. State of Oregon. Forest Products Research Center, Unpublished report on
Project 44A-4: Effect of preservative treatment and related conditions on wood
strength, a literature survey, by R. D. Graham. Corvallis, Ore., July 1958.

2. A.P. Jessome. "Strength properties of wood treated with fire retardants,"
Civil Engineering and Public Works Review, vol. 58, no. 681, Apr. 1963, pp. 513-517,

3. R. D. Graham. "Strength of small Douglas fir beams treated with fire retardants,"
American Wood-Preservers' Association, Proceedings, vol. 60, 1964, pp. 172-177.

4, Douglas Fir Plywood Associution. Laboratory Report no. 90: Effect of fire-
retardant treatment on the mechanical properties of Douglas fir plywood, by
E. G. King and D. A. Matteson, Jr. Tacoma, Wash., May 1961,

5. American Institute of Timber Construction. AITC standards. Washington, D. C.

6. W. A, Shaw and J. R. Allgood. "An atomic blast simulator," Society for
Experimental Stress Analysis, Proceedings, vol. 17, no. 1, 1959, pp. 127-134,

7. U.S. Naval Civil Engineering Laboratory. Data handling complex for the NCEL
blast simulator, by W. Wilcoxson and A. Jackson. Port Huener e, Calif. (Unpublished
report)

8. U.S. Department of Agriculture. Technical Bulletin 282: Strength-moisture
relations for wood, by T. R. C. Wilson. Washington, D. C., 1932,

9. C. H. Norris et al. Structural design for dynamic loads. New York, McGraw-
Hill, 1959.

10. L. J. Markwardt and J. A, Liska. "The influence of rate of loading on the
strength of wood and wood-base materials," in Symposium on Speed of Testing of
Non-Metallic Materials, presented ct the 58th Annual Meeting of the American
Society for Testing Materials, Atlantic City, N. J., June 20, 1955, American
Society for Testing Materials, Special Technical Publication 185, Philadelphia, Pa.,
1956, pp. 3-18.

11. U. S. Forest Products Laboratory. Report no. 1518: Effect of rapid loading and
duration of stress on the strength properties of wood tested in compression and flexure,
by M. P. Brokaw and G. W, Foster. Madison, Wis., 1958 (reaffirmed 1965).

12, W. L. James. "Dynamic strength and elastic properties of wood," Forest Products
Journal, vol. 12, no. 6, June 1962, pp. 253-260.

13. R. L. Youngs and H. C. Hilbrand. "Time-related flexural behavior of small
Douglas=fir beams under prolonged loading," Forest Products Journal, vol. 13, no. 6,

June 1963, pp. 227-232.

62

-

.~

~ Bt T



14, U. S. Naval Civil Engineering Laboratory. Technical Report R-331: NCEL
dynamic testing machine, by W. L. Cowell. Port Hueneme, Calif., Oct. 1964,

15. Military Specification MIL-F=19140A: Fire-retardant treatments, lumber and
plywood. Dec. 26, 1956. (Superseded by MIL-L-19140C: Lumber and plywood, fire-
retardant treated. Nov. 12, 1964.)

16. J. W. Johnson and R. D. Graham. "Bending strength for small beams and joists
of Douglas fir treated with fire retardants," paper no. 84 presented at the 5th Pacific
Area National Meeting, American Society for Testing and Materials, October 31 -
November 5, 1965, Seattle, Washington. (Paper listed in Materials Research and
Standards, vol. 5, no. 9, Sept. 1965, p. 478 under title: "Bending strength for
1-inch square beams and 2-by-6-inch lumber of Douglas fir treated with fire-
retardants.")

17. O. H. Schrader, Jr. "Tests on creosoted laminated stringers," Engineering News-
Record, vol. 135, no. 20, Nov. 15, 1945, pp. 80-83.

18. U. S. Forest Products Laboratory. Report no. 2231: Stress-strain distribution in
Douglas-fir beams within the plastic region, by A. N. Ramos. Madison, Wis., Dec.
1961,

19. E. J. Biblis. "Shear deflections of wood beams," Forest Products Journal,
vol. 15, no. 11, Nov. 1965, pp. 492-498,

63

—~




BLANK PAGE




Unclassified
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clessification of title, body of abatract and indening annotation must be entered when the sverall report ie clasailied)

| OIQIGINATING ACTIVITY (Corporate author) 22 REPORY SECURITY C LASSIFICATION
U. S. Naval Civil Engineering Laboratory Unclassified
Port Hueneme, California 93041 2b eroup

3 REPORT TITLE

Static and Dynamic Properties of Fire-Resistant Wooden Structural Elements

4 DESCRIPTIVE NOTES (Type of report and inclusive datea)

Final; July 1965 - May 1966

5 AUTHOR(S) (Laat name. tirst name, initial)

Brink, F. E.

6 REPORT DATE 78 TOTAL NO. OF PAGES 7b. NO. OF REFS
October 1966 69 19
8a. CONTRACTY OR GRANT NO. 98 ORIG'NATOR'S REPORT NUMBER(S)
b emosect no. Y =-R009-03-01-006 TR-485
c 9b. g'r.urz.:ol:"ponf NO(S) (Any other numbers that may be assigned
d.

10 AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11 SUPPLEMENTAP Y NOTES 12. SPONSORING MILITARY ACTIVITY
Copies available at the Clearinghouse
(CFSTI) $3.00.

Naval Facilities Engineering Command

13 ABSTRACT

A series of treated and untreated laminated Douglas fir beams and plywood panels were
subjected to static and dynamic loads to study the effects of pressure-impregnation with fire-
retardant chemicals on the mechanical properties of wood and to extend the existing knowledge
of the dynami:: properties of weod.

Results from the beam tests indicate that designs should be based on use under wet
conditions waen large timbers are to be pressure-impregnated with fire-retardant chemicals;
this is because of the hygroscopic nature of treated lumber. It was also found that the
allowable static design load can be applied dynamically without damage to the beam. Ultimate
resistance of dry untreated bearas to dynamic loads was about 1.6 times the allowable design
load for dry wood; for treated beams, the ultimate resistance to dynamic loads was about
1.4 times the allowable design load for wet lumber.

Results from the plywood shear tests indicate that fire-retardant treatments reduce the
mechanical properties of plywood in shear and that the reduction is proportional te the amount
of salt retained in the wood.

DD "™ 1473 oi01-507-6800 Unclassified

Security Classification

v b

P




— - mad
= Fadad £
A
. e
o —— ~ 0 e i
[ ¥ 4
Security Classification
18 LINK A LINK B LINK C
KEY WORDS
AOLE wT ROLE wY RCLE wT

Wood construction
Fire-retardancy treatment
Douglas fir beams
Plywood panels

Dynamic properties

INSTRUCTIONS

. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURNITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
“Restricted Data’’ is included Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual, Enter
the group number. Also, when applicable, show that optional
markings have heen used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Emter the complete report title in all

capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-

tion, show title classificatiosn in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If sppropriaie, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial,
If military, show rank and branch of service. The name of

the principal agthor s an ahsolute minimum requirement.

6. REPORT DATE: Enter the date of ti. report as day,
month, year, or month, year. If more than .ne date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should lollow normal pagination procedures, i.e., enter the
number of pages containing information

7. NUMBER OF REFERENCES: Enter the total number of
references cited 1n the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applic able number of the contract or grant under which
the report was written.

8b, &, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report,

4b. OTHER REPORT NUMBER(S): If the report has been

imposed by security classification, usirgz standard statements
such as:

(1) **Qualified requesters may btain copies of this
teport from DDC."’

(2) ‘Foreign announcement and dissemination of this
report oy DDC is not authorized.'’

(3) “U. S. Government agencies may obtain copies of
this report directly from DDC, Otter qualified DDC
users shall request through

"

(4) ‘‘U. S. military agencies may obtain copirs of this
report directly from DDC. Other qualified users
shall request through

n

(5) ‘*All distribution of this report is controlled Qual-

ified DDC users shall request through

If the report has been furnished to the Office of Technical
Setvices, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or lavoratory sponsoring {pay~
ing for) the research and development. Include address.

13 ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technir 2! 1.
port. If additional space is required, a continuation shee! shall
be attached.

It 1s highly desirable that the abstruct ol classificd reports

be unclassified. Each paragraph of the abstract shall ¢ ad wat}
an indication of the military secunty classification of the in-
formation in the paragraph, represcnted as 1 TS) (S) 7Cy or (U)

There is no limitation on the length of the abstract. How

ever, the suggested length 1s from 150 t» 228 words.

14. KEY WORDS: Key words are technically meanmgfu! terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification 1s required  Klenty
fiers, such as equipment model designation, trade name, militory
project code name, geographic location, may be used as key
words but will be followed by un tndication of technical con-

ussigned any other report numbers (cither by the originatct text. The assignment of links, reles, and weights 15 optional
or by the sponsor), also enter this number(s).
10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
stations on further dissemination of the report, other than those
Unclassified
Security Classification

=\

T S .. o




