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. SUMMARY 1
v . B

| 3 The performance of 15 different types of metal .
3 fasteners was studied in simulated container ap- ,

I E 7 plications. The specimens were assembled at 20 3
J f percent moisture content and subjected to indoor
|4 3 storage under controlled conditions of temperature A
| { / i and relative humidity, and to outdoor storage. Im- A
% ' pact and static withdrawal forces were applied after 9
. various periods of storage. The instrumentation .
f 3 used to measure maximum loads and time duration
I 3 of impacts is fully described. Analyses of variance g"*
] are used to evaluate the data. Helically threaded Z‘
A nails and nylon-coated staples retained their initial 3

. ; resistance to withdrawal after a year of storage at A
73° F. and 50 percent relative humidity, while other
fasteners exhibited a marked decrease in withdrawal 44
3 resistance 2 weeks after driving, Helically threaded
E nails exhibited the best performance after 1 year
on an outdoor exposure fence. Some fastener coatings 4

i 3 offered resistance to corrosion but did not improve E
3 resistance to withdrawal. In general, dynamic with~ .
E drawal loads were significantly higher than cor-
R responding static-withdrawal values. .
& ' ?

, 2 ,‘
5 A o e e 4
E ’NOTICE: when government or other drawings, speci- 2
E fications or other data are used for any purpose
3 other than in connection with a definitely related 3
government procurement operation, the U. S.

Government thereby incurs no responsibility, nor any

obligation whatsoever; and the fact that the Govern- :

ment may have formulated, furnished, or in any way

. supplied the said drawings, specifications, or other

data is not to be regarded by implication or other- & )

wise as in any manner licensing the holder or any ; :

other person or corporation, or conveying any rights &

or permission to manufacture, use or sell any E

patented invention that may in any way be related ;

thereto. . I
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R. S. Kurtenacker, Engineer

FOREST PRODUCTS LABORATORYl FOREST SERVICE
U. S. DEPARTMENT OF AGRICULTURE

INTRODUCTION

During the past few years, many new and
promising fasteners and fastener coatings have
made their appearance. Many of these fasteners
are driven by portable pneumatically operated
tools and, in general, are designed to he used
with wood or products made of wood,

Considerable quantities of wood are used in
boxes, crates, pallets, and other packaging appli~-
cations. In order to ascertain some of the per-

formance characteristics of these new fasteners,
the U.S. Forest Products Laboratory undertook
an evaluation of fasteners used to assemble two
components in a simulated container application.
The performance of the fasteners was studied
under hoth static and dynamic withdrawal forces.
Withdrawals were made after various periods of
storage up to a maximum of 1 year of outdoor
storage.

lMa.int:anined at Madison, Wis., in cooperation with the University of Wisconsin.
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l MATERIALS

The test specimens were of two pieces of wood
simulating container applications. such as the
fastening of sheathing, side, top, bottom boards,
or plywood panel materials to skids, ends, or
cleats {fig, 1). The main member of the specimen
was of Douglas-fir and measured 36 inches long

by 2 inches wide and 2 inches deep. These were cut ~

from a timber that measured approximately
22 feet long by 8 inches wide and 16 inches deep.
After dressing the timber to remove surface
marks, it was cut into three flitches (A, B, and C)
measuring approximately 22 feet longby 16 inches
wide by 2 inches thick, These flitches were then
ripped and dressed into sticks 2 inches wide by
2 inches thick, The sticks were cut into 36~inch
lengths, eliminating wherever possible defects
such as knots which might influence the withdrawal
performance of the fasteners, The numbering
system and method of cutting timber to obtain
test specimens is shown in figure 2. To retard
change in the initial moisture content of ap-
proximately 20 percent, all Douglas~fir specimens
were end coated and stored in polyethylene bags
at 38° F., and 83 percent relative humidity until
ready for use.

The other portion of the two-part specimen
consisted of either 1/4-inch~thick, three~ply,
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Figure 2,~~Numbering system and method of cutting
timber to obtain test specimens.

container-grade gum plywood or 3/4~inch~thick
white pine. These pieces measured 4 inches in
length (parallel to the grain of the face plies of
the plywood and parallel to the grain of the white
pine) and 2 inches in width,

In general, the 3/4-inch~thick white pine cover
piece was used with fasteners 2-1/2 inches long,
while the 1/4~inch plywood was used with fasten-
ers 2 inches long so that the penetration of the
fastener into the Douglas-fir member was 1-3/4
inches. There was one exception tothis, however,
because a suitable fastener of the proper length
was not available,
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3 TEST ¢ n The 15 different fasteners evaluated in
4 - FASTENERS ~% this study were:
E i ¥ Hick, wHITE / .
PINE COVER )
e 2 PIECES T (1) 0.099- by 2-inch smooth box nail through
E 3 7 B 1/4~inch plywood,
. ,'/1 ] (2) 0.112- by 2-inch common bright nail through
S e A F v meees” 1/4-inch plywood.
T ~ o
E T ' (3) 0.181- by 2-1/2-inch common bright nail
E 3 I S through 3/4~inch white pine,
“_ LN
R . (4) 14-gage (0.080), 7/16~inch crown, 2~inch
. 2 DOUGLAS -FIR MEMBER leg, plain staple through 1/4~inchplywood.

ZM 128 576
Figure 1.~-~Arrangement and details of test spec-
imens. Fasteners are located 2-1/4 in. on
center, and staggered 1/2 in. Top and bottom
locations are offset to avoid interference,

(5) 16-gage (0.0625), 7/16~-inch crown, 2-inch
leg, plain staple through 1/4~inchplywood,
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(6) 16~-gage (0.0625), 7/16-inch crown, 2~inch
leg, nylon-coated staple through 1/4~inch
plywood.

(7) 0.099- by 2-inch plain T-nail through 1/4~
inch plywood.

(8) 0.099- by 2~inch epoxy-coated T-nail
through 1/4~-inch plywood.

(9) 0.097- by 2~inch acid-etched T-nail through
1/4~inch plywood.

(10) 0.113- by 2-1/2-inch plain T-nail through
3/4~inch white pine,

METHODS OF INVESTIGATION

Preparation of Specimens

After each piece of Douglas-fir, measuring
36 by 2 by 2 inches, was identified (fig. 2),
the hark face and opposite face were marked
for fastener location as indicaled in figure 1,
The pattern used to locate the various fasteners
was staggered and spaced so as to avoid inter-
ference from nails driven from opposite faces.
There were spaces for 15 fasteners on each of
the two opposite faces; thus, each face received
one of each of the 15 different fasteners.
Orientation of the fasteners was accomplished
with the use of a tahle of random numbers.

Behavior of the fasteners was investigated
immediately after driving,2 and after 2, 6-1/2,
13, 26, and 52 weeks of storage at 73° I, and
50 percent relative humidity; also after 1 year
of outdoor storage on an unprotected test fence
exposed to the weather,™ The initial moisture
confent of the Douglas~fir members was ap-
proximately 20 percent. This is slightly higher
than accepted limits for container material (7)=
hut not uncommon in actual practice, particularly
in pallet construction; thus, drying was expected
to occur in those specimens stored in controlled

(11) 0.113- by 2-1/2-inch epoxy-coated T-nail
through 3/4~inch white pine.

(12) 0.113- by 2-1/2-inch irridite~coated T-nail
through 3/4~inch white pine.

(13) 0.131~ by 2~1/2-inci plain T-nail through
3/4~inch white pine.

(14) 0.100~ by 2-1/4~inch helically threaded nail
through 3/4-inch white pine,

(15) 0.131~ Dby 2-1/2-inch common nail with
modified head to permit magazine loading
in air~-operated driver,

conditions. Since the specimens stored outdoors
were tested upon removal from the site, some
drying was expected, hut these specimens un-
doubtedly were subjccted to alternate wetting
and drying due to climatic conditions., There
were 12 replicates for each condition and the
selection of the test specimens for ecach of the
storage conditions was accomplished with the
use of a table of random numbers,

Specimens were prepared by driving the fasten-
er through a suitable cover piece inlo the 2-
by 2-inch, Douglas-fir member, The smooth hox
nail and the common hright nails were driven
with a hammer as was the helically threaded
nail, All other fasteners were driven with suitable
pneumatic equipment designated for usc with the
specific fastener. Efforts were made to drive the
fastener flush with the top surface of the cover
piece. Inassembly of the specimens, staple crowns
and T-nail heads werec positioned perpendicular
to the grain of the face ply in the plywood
cover pieces and perpendicular to the grain
of the white pine cover pieces.

Static Loading Equipment and
Technique

The static loading forces were applied through
the use of a conventional universal testing machine
operating at a head speed of 0.075 inch per

-Z-Withdrawa.l was made within 4 hours after driving.

gSpec:'m'xens were stored at the U.S, Forest Products Lab. exposure site located 8 miles west of

Madison, Wis.

'%Underlined numbers in parentheses refer to Literature Cited at the end of this report.
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minute (1). The machine was equipped with an
ink pen and recording device for obtaining a
graph of the load~-deformation for each specimen,
Suitable metal blocks and clamps (fig. 3) were
used to grasp the cover piece and restrain the
main member of the specimen so that the
movable head could apply a withdrawal force
directly in line with the shank or legs of the
fasteners. The maximum load required to start
withdvrawal or cause failure was obtaineddirectly
from the indicator dial of the universal testing
machine and checked by the load-deformation
chart of the autograph recorder., From this chart
it was possible to compute the average energy
to maximum load. Because of the limitations of
the recording system and the length of time
required to conduct each static loading evaluation,
load~deformation curves were obtained only to
maximum load,

Impact Loading Equipment and
Technique

The Forest Products Laboratory toughness
testing machine (8) was modified to accommodate
the specimens for the impact withdrawal evalu~
ation, In addition to the toughness machine, the
instrumentation for noting and recording the
phenomenon during impact loading included: a
resistance~type strain-gage load cell with special
clamps, a calibration box. a cathode ray oscillo~-
scope equipped with a Land process camera,
and a triggering device for the scope (fig. 4).

Briefly, the toughness testing machine consists
of a metal frame supporting a pendulum, When
the pendulum is raised to a predeterminec
initial position and allowed to fall freely, it
applies a load to the specimen by means of a
cable or flexible chain rastened around a drum

P e VL O TETIN (

After completion of the test, the condition
of each fastener was noted particularly as to
corrosion and condition of the coating, A no-
tation was also made regarding the type of
failure--whetheor the fastener withdrew from the
piece containing the point or whether the head
or crown pulled through the cover piece.

mounted on the axis of the pendulum,

Figure 3.,~-Method of clamping and supporting
test specimen for static withdrawal tests,
Thumb screws clamp steel backup plate to
cover piece to minimize bending of cover
piece during withdrawal, Specimens have been
stored outdoors for 1 year.
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The energy necessary to cause failure of &
specimen can be determined by reading the final
angle of the pendulum from a fixed graduated
scale and vernier. Conversion tables give avalue
in inch~pounds corresponding to the final angle
and this value is an indication of the energy

expended, Estimated average impact-velocity is
about 1 foot per second or 720 inches per minute.
This agrees with the velocity at impact reported
by J. J. Mack (4) in his investigation of dynamic
withdrawal of nails using a toughness tester
modified somewhat differently.

Figure 4.--Equipment for conducting dynamic
withdrawal test of fasteners in simulated con-
tainer application. (1), FPL toughness machine;
(2), resistance type strain-gage load cell;
(3), ciamp; (4), test specimen restraining
supports; (5), calibration box; (6), cathode
ray oscilloscope; (7), Land process camera;
(8), triggering device; and (9), test specimen,
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Some slight modifications of the toughness
tester were necessary to permit the equipment
to be located on the frame and at the same time
adequately hold and support the test specimen,
The load cell (fig. 5) was connected into the
system so that the load supplied by the falling
pendulum was applied directly through the load
cell. The sensing portion of the load cell consisted
of a hollow, thin-walled (0,012 inch thick), steel
tube with an inside diameter of 1/2 inch and a
length of 2 inches, Bonded to the outside surface
of the load cell were four SR~-4 resistance~type
strain gages; thus, a change iz the electrical
resistance of the circuit occurs when the load
cell is exposed to a tension strain within the
elastic limit, The four strain gages were connected
to form a Wheatstone bridge with two ofthe gages
“active” and two “passive.” The passive gages
were to compensate for temperature changes,
lead lengths, and other variables and were mounted
at the same location as the active gages. Only
the latter gages, however, were exposed to the
displacement of the load cell, With this arrange~
ment, a change of resistance in the active gages
due to strain in the load cell causes an unbalance
i the bridge circuit, which in turn produces a
direct-current output signal that is proportional
to the strain imposed on the load cell. This output
signal was fed through amplifiers to the vertical
deflection circuit of a cathode ray oscilloscope,

The resulting trace was recorded by means of a
Land process camera,

Calibration of the instrumeniation was accom-
plished by using a calibration resistor shunted
across a leg of the bridge circuit to produce an
unbalance of the bridge equal to that produced
by a known load on the load cell, To accomplish
this, the load zell was subjected to known tension
loading by use of a universal testing machine (6).

To assure proper recording of the trace, it was
necessary to frigger the oscilloscope which was
set for single sweep operation, The trigger-
ing impulse was provided fromanexternal sotirce
by the closing of electrical contacts during the
swing of the pendulum just prior to impact of
the specimen. Thus the deflection of the electron
beam as it moves horizontally across the scope
creates a trace of the impact pulse, The electron
beam moved horizontally at a calibrated sweep
frequency of 20 milliseconds per centimeter,
Since the horizontal displacement was a linear
function of fime, the resultant trace was a load-
time trace. The duration of loading could easily
be determined from the trace by measuring the
horizontal displacement during the impact pulse.

Impact loading of the specimens was accom-
plished by placing the adjustable weight of the
pendulum in the first position provided for it,
and raising the pendulum to an initial position
of 60 degrees. After the specimen was properly

Figure 5.~~Sketch of load cell,
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“E & located and secured ' the holding device, and completed just before the pendulum completed ’
g the clamp z.adequately iastened to the cover piece its downward swing,
§ of the specimen and to the load cell, the pendu~ The maximum load was calculated from the ,
; lum was released and allowed to swing through calibration information and the load-time pulse i
; 5. its arc. This pulled the chain taut and imposed {fig. 6). The final angle of the pendulum was used
% * an impact force on the two-component specimen, with the conversion tables to obtain a value in i
j tending to cause direct withdrawal of the fastener inch-pounds that was an indication of the energy 4
4 under test, By means of the instrumentation expended in causing failure. 3
i provided, the load-time pulse was recorded and As was done with static loading, observations
§ E: the final angle through which the pendulum swung and notes were made regarding the type of
{ 3 was read from the scale and vernier of the failure, the condition of the coating on the shank 3
g " machine. The sequence of events and the length of if any, and the degree of corrosion if present, !
4 chain were arranged so that withdrawal was
‘. Figure 6.--Typical traces of dynamic withdrawal
) 1 of fasteners: A, fastener pulled out (approx-
! imate distance 1-3/4 inches): B, fastener ;
;; pulled through white pine cover piece (approx-
if - imate distance 3/4 inch): C, fastener pulled -
’ ~ﬂ through plywood cover piece (approximate dis-
it tance 1/4 inch), Parallel horizontal traces
j g are calibration lines and represent 370 pounds.
L5 Each grid is 1 centimeter and horizontal A
B [ travel of trace is 20 milliseconds per cen-
timeter, Duration of pulse i8 influenced by Z
B! 3 the distance fastener is withdrawn or pulled
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RESULTS AND OBSERVATIONS each of the seven periods of storage is given in 3

; 4 table 1, Average values shown are hased on 12 ,,
; o replicates for each group, An examination of E
g Static Loading these results shows that two fasteners (Nos. 6 c
. 2 and 14) exhibited a characteristic quite different 3
- A summary of the minimum, maximum, and from the other 13 fasteners. The nylon-coated
average withdrawal loads for each fastener after staple (No. 6) and the helically threaded nail
1 , 7 |
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Table 1.--Susmary of the minjmum, meximm, snd sverage static-withdrawsl losds of different fasteners

atter various storage periods

h-tfm Duration of storage period
Nonel 2 Veeks® 6-1/2 Weeks? 13 Hukoz 26 Heebz 52 Weeks 52 Weeks outdoors
Mjni-[Maxi- |Aver: | Mini-]Maxi- | Avers |Mini-iMexi-} Avers |Mini-IMaxi-] Avers {Mini-|Maxi-]| Avers | Mint«|Maxi-| Avers | Mini-]Maxi-]| Aver:
e e sge- nm L] age=- s s l!&s- =i wmm ages oI wm lgé mia N age=- toum mum lgel
Ib. |1b. | 1b. | Lb. | Lb, |} Lb, | b, | Lb. | Lb. | b, | b, | 1b, | 1b. | Lb. § 1b. | Lb, | Lb. | Lb. | 1b. | Lb. | Lb.
1 219 | 294 257 85 1 138 108 58 | 108 a5 59 | 111 88 & ¢ 125 78 54 1 163 78 8 | 157 122
2 200 | 298 266 66 | 180 127 41 | 109 85 61 | 101 ” 52 | 120 7% 53] 114 75 92 | 157 117
3 236 | 323 276 67 | 160 116 56 | 107 82 37 | 114 78 55 { 101 80 31| 100 70 104 | 327 212
4 179 | 310 234 85 | 152 110 56 9% 75 50 90 75 43 97 67 50 83 61 79§ 135 113
5 204 | 12 261 61 9 81 53 9% [} 47 73 63 &0 72 59 50 95 66 89 | 145 111
6 214 | 298 246 213 | 309 245 198 | 275 241 197 | 304 252 212 | 219 243 202 | 309 258 63 { 178 123
7 186 | 310 253 54 | 196 116 57 | 168 93 k- 99 70 35 | 106 70 49 95 76 69 | 127 96
] 185 | 312 249 75 | 150 111 69 | 150 87 64 § 111 85 $3 as 3 54 95 73 64 | 132 86
9 122 | 267 211 86 | 200 156 46 ; 105 ” 52 96 18 46 87 66 60 | 103 78 5 | 113 78
10 235 | 16 274 60 | 232 154 3t 162 89 57 | 134 97 35 | 101 49 36 | 173 96 38 | 251 i61
11 214 | 438 319 135 | 211 173 67 | 168 114 55 97 73 58 91 72 69 | 107 85 76 | 218 151
12 221 | 304 261 65 | 253 112 15 {172 106 40 | 126 72 34 79 51 35 | 127 72 39 | 228 123
13 267 | 358 319 62 | 184 110 53 113 9 3% | 110 ” 37 89 67 54 | 103 77 53 | 222 155
14 272 | 356 310 256 | 382 321 288 } 436 k1] 303 | 485 n 232 | S17 356 252 § 389 309 193 | 384 282
15 200 | 286 238 78 | 126 2% &0 9 63 38 | 130 66‘ 42 85 56 35 82 62 105 § 202 158
lh-tod within &4 hours after driving.
lnou.- conditions meintained at 73° 7. and 50 percent relative humidity.
2Avenp based on 12 test valuses.
(No, 14) retained their initial resistance to static located within a small area and the associated
withdrawal for at least a year after driving when  problems of trying to differentiate the various
stored at 73° F. and 50 percent relative humidity. plots of the individual fasteners.
This same phenomenon for helically threaded nails The performance of the fasteners after 1 year
has also been noted by J. J. Mack (5). The of outdoor exposure at the Forest Producis
remaining fasteners, regardless of type or coat- Laboratory’s exposure site at Madison, Wis,,
ing, exhibited the normally expected decrease shows that the helically threaded nail retained
in withdrawal resistance when evaluated a few about 90 percent of its initial static resistance
days after driving, This decrease was markedly to withdrawal. The nylon-ccated staple, which
evident as early as 2 weeks after driving and performed similarly to the helically threadednail
the decrease generally continued rather rapidly under controlled storage conditions, only retained
for about 6-1/2 weeks. After storage for this  about 46 percent of its initial static-withdrawal
period of time, the decrease in resistance to with- resistance after 1 year on the exposure site,
drawal generally continued for approximately 6 After outdoor exposure for 1 year, the remaining
months but at a considerably slower rate. These 13 fasteners exhibited average withdrawal loads
fasteners generally exhibited a sligiit increase in  between 35 and 77 percent of their initial static-
resistance to withdrawal when evaluated after  withdrawal resistance., It is interesting to note
storage for 1 year at 73° F. and 50 percent that these performances are somewhat higher
relative humidity, compared to the withdrawal than the respective performances after storage
values after 6 months of similar storage. These for 1 year at 73° F._ and 50 percent relative
results are shown in figure 7, which is a plot humidity., Undoubtedly this can be attributed to
of the average withdrawal loads after storage the additional drying associated with the lower
expressed as a percentage of the average initial moisture content of the specimens inthe controlled
withdrawal load. For simplicity, this figure atmosphere and the increased corrosion associ-
shows the performance of all fasteners except ated with the specimens on the exposure site,
Nos, 6 and 14 as a shaded “envelope” type In container applications, proper nailing exists
curve, This avoids the confusion of many points when no one type of nail failure persists and one
FPL 29 8
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Figure 7.--Effect of storage time on static
withdrawal resistance of fasteners,

Indoor

storage maintained at 73° F, and 50 percent
relative humidity. Fastener description: No, 6,
16 gage (0.0625 in.), 7/16-in, crown, 2~in. leg,
nylon~coated staple through 1/4-in. plywood;
No, 14, 0,100~ by 2-1/4~in, helically threaded
nail through 3/4~in, white pine,

type of fastener failure has as much likelihood
of occurring as does another. When evaluated
immediately after driving, all 15 fasteners ex-
hibited this characteristic, since some of the
fasteners pulied out of the piece holding the
point while others either pulledthroughor started
to pull through the cover piece before withdrawing
the shank from the member holding the fastener
point. This was true for fasteners driven through
nominal 1-inch material as well as for fasteners
driven through plywood, All subsequent evalu-
ations after storage at 73° F. and 50 percent
relative tumidity for 2 weeks showed practically
no evidence of fasteners pulling throughthe cover
pieces except for fas.eners Nos. 6 and 14, These
two fasteners retained their resistance to with~
drawal to such an extent that they generally

" SR e

pulled through the cover pieces. Even though
fastener No. 6 showed a marked decrease in
withdrawal resistance after outdoor storage for
1 year at the exposure site, it still tended to
pull through the cover piece.

An examination of the fasteners showed, in
general, that those stored outdoors were corroded
or rusted to a greater degree than those stored
at 73° F. and 50 percent relative humidity for
the same length of time; furthermore, outdoor
exposure was detrimental to the plywood cover
pieces in that they delaminated to a greater
degree than those in controlled storage (figs. 8
and 9), The white pine cover pieces stored on
the exposure site had signs of discoloration but
no evidence of deterioration,
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Figure 8.-~-Test specimens at start of exposure
at the U.S, Forest Products Lab, exposure
site west of Madison, Wis.

Figure 9.--Test specimens after 1-year’s ex-
posure at the U.S, Forest Products Lab, ex~
posure site west of Madison, Wis. Note the
weathered appearance and the deterioration
of the plywood cover pieces,
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Impact Loading

A summary of the minimum, maximum, and
average dynamic-withdrawal load as read from
the load-time trace for each fastener after each
of the seven periods of storage is given in
table 2. Table 3 contains a summary of minimum,
maximum, and average energy values for the
fasteners as computed from the tables used with
the FPL toughness tester after each of the seven
storage periods. Average values shown in these
tables are based on 12 replicates for each group.
As in the static tests, the same two fasteners
(Nos. 6 and 14) retained their dynamic resistance
to withdrawal for a period of at least 1 year
when stored at 73° F. and 50 percent relative
humidity. The other 13 fasteners, regardless of
type or coating, exhibited a decrease indynamic-
withdrawal loads when subjectedto storage before
evaluation. This decrease was rather abrupt
during the first 2 weeks and continued at a more
gradual pace for the balance of the storage.
These results are shown in figure 10, which is
a plot of the average dynamic-withdrawal loads
after storage expressed as a percentage of the
average initial withdrawal load.

Outdoor storage for 1 year did not influence
the average dynamic-withdrawal load for the
helically threaded nail, while that for the nylon-
coated staple decreased to about 60 percent of
its initial dynamic-withdrawal resistance. The
remaining fasteners generally showed a slight

increase in dynamic-withdrawal resistance after -

outdoor exposure over the values obtained after
1 year of storage at 73° F. and 50 percent
relative humidity,

Figure 11 shows the average dynamic-energy
values expressed as a percentage of the values
immediately after driving, Againtheperformance
of the fasteners follows the previously established
patterns, Fasteners Nos. 6 and 14 tend to retain
or improve their performance with time up to a
year of controlled storage. Outdoor storage for a
year did not apparently influence the performance
of the helically threaded nail while similar
exposure resulted in reduced performance of the
nylon-coated staple as compared to its perform-
ance after storage under controlled conditions.
The remaining fasteners exhibited a decrease
in dynamic-energy values when stored at 73° F,
and 50 percent relative humidity as compared
to their performance immediately after driving.

Table 2.--Summary of the minimum, msximum K and average dynsmic withdraval losde
of different fasteners after various storage periods
Pastener Duration of storage period
nunsber

Nonel Weeks? 6-1/2 Weeke? 13 Veeks? 26_ueeke? 52 WeeksZ 2_Weeks door:

Mini~{Maxi- Averi Mini- mers Mini-|Maxi- | Avers | Minji~ Hm Avcts Mini-|Maxi~ Avers Ming-f{Maxi- Avers mm.s::n—r?

mm | oum | age=| wmm | mm | ageZ| mun | oun | sge=| wmm { mm | age2| mm | wmm | age=| wum | mun | agel| mm | oum age=
wo e [ [ fme | e | {m fe e | o | | o | | | || |
1 300 | 440 360 125 | 200 160 130 | 180 155 120 | 160 140 100 | 175 130 100 | 150 120 105 | 230 165
2 40 | 370 320 115 | 170 150 130 { 200 165 125 | 175 145 95 | 175 150 95 | 150 125 100 | 265 170
3 370 | 510 450 145 | 210 190 145 | 200 125 125 | 210 155 110 | 220 150 100 | 195 160 155 | 340 220
&4 210 { 380 305 140 | 245 170 14C | 230 165 105 | 165 150 100 | 210 150 90 | 155 125 110 | 190 150
5 230 | 370 310 100 | 195 155 135 | 185 155 130 | 200 155 105 § 160 140 95 | 160 125 120 | 225 170
6 260 | 400 310 210 | 385 295 320 | 370 365 250 § 375 315 185 } 360 300 265 | 315 320 125 § 230 190
7 250 | 410 350 120 | 250 165 120 | 250 180 120 | 170 135 125 | 155 140 90 | 150 115 95 | 230 145
8 250 | 370 340 140 | 215 165 140 | 210 165 120 | 175 10 120 | 190 145 90 | 215 120 75 | 150 120
9 250 | 400 335 120 | 315 205 105 | 115 150 100 | 180 125 90 | 160 135 70 | 145 110 85 | t70 125
10 315 | 400 370 150 | 380 255 105 | 355 195 130 | 280 185 11¢ | 235 150 105 | 225 155 130 | 195 160
11 300 | 420 370 165} 370 255 100 | 280 205 125 | 190 165 105 | 190 135 105 | 170 140 130 } 220 170
12 300 | 380 330 150 | 260 185 140 | 260 195 120 | 210 140 100 | 175 140 100 | 185 135 1640 | 315 180
13 330 | 430 390 120 | 195 165 130 | 210 160 120 | 230 150 85 | 180 125 120 | 185 145 100 | 230 175
14 330 |} 42 383 315 | 400 370 175 | 520 405 350 | S00 425 5§ 475 410 285 | 485 395 255 | 475 400
15 330 | 485 435 165 | 230 195 130 § 220 175 120 | %0 175 120 | 250 165 105 | 190 140 130 | 340 225

'!1‘.nted within & hours after driving.
-z‘.itauge conditions meintained st 73° 7. and 50 percent relative tumidity.
2Aunge based on 12 test values.

11

P R U I S eI e e s

oo

o

Sxafiivante ot s

RS
Y,

WA

5

G i
et

Lo oy

s i

oot Sobar g

A et

AR e pana o

B




!
|
i
i

3 2 SN " ¥ I 45
yied i 82 e B e

Yastener] Duration of storage period
number

Novel 2 Voake? 6-1/2 Huk:g' 13 Veeka? 26 Heckcz 52 ileelu.3 52 Weeks outdoors
Hi::- H:v.-!.- A::ré %- H:-L- A\.ur- Hl-l:" H::- A:::i H:::- H:: A:::é H::- H::.I- 5:::5 Minie]Maxs- Avcri Minte|Maxi- Aver5
go=| mmn | sum | aged oum | mum | age~
: Inc |In.c |In.c In.c [In.- [I8.- |In.c fIn.- {In.- |In.- |10.- |16, |25.e {Io.- |1n.- |1n.- |1 {20 f16.s |16.e f56,o
ST U ISV I UV Y i UV T TR i O B U [T B T 4 i U Ol B Ul I Tl B T B OOl IS TRl I O
1 65 | 2351 230 0] 95 70 5] 90 65 351 90 65 | 40 75 55 S0 75 55 451 9% 60
2 551195) 105{ 301 95 70 0! 90 65] s0)| 80} 60| 20 75 601 25 70 50| 40| 80 60
_ 3 210 | 320 260 | 25| 120 5 25{ 100 70 35 80 60 | 43| 90 70| 33| 120 70 6 | 110 8
\ 4 60| 1451 110 | 551 90 0 0| 80 60 50 80 65 50 { 10 5] 45| 85 65 30| 8 55
] 45 | 120 65 15 75| 55 501 80 65 50| 90 60 | 40 65 S5 50 70 60 5| 85 55
6 35 60 50 | 45 70 60] 4| 90 60 50| 80 65 | 45| 85 60 ] 45| 80 55 20 50 35
? 4§ 9] 55 30 65 50| 40] 65 50 25 60 | 45| 25 55| 40 10 60 35 20 60 | 4S
8 25 7 0 3 60 | 45 30 s0{ 45] 30 501 4 30 5s | 40 20 50 35 15 50 s
9 35] 8] so] 30 0 50 30 (] S0 15 55| 45 20 50 | 40 20| S5 | 40 10 ] 45 30
10 60| 165| 135 | 30 ] 150 70 15 75 50 51 90| 4s 20} SO | 45 20 50 35 20 60 { 40
1 10 } 160 ]| 140 | 40 | 80 60| 4« 55 50 30 60 | 45 25 ss | 40 20 | 4S 35 25 55| 45
12 115 | 165§ 135 | 35 r 55 0 55| 45 20 50 | 40 20 60 | 40 20 65 | 40 10 100 ] 45
13 170 | 270 | 220 { 20 | 100 5| ] 80 60| 4| 85 60 15 5] 50 15 70 55 15 5 60
14 40 | 255] 155 ] 190 1 295 | 220 ] 155 | 295 § 215 751 365 | 220 | 125 | 360 | 240 | 145 | 265 | 200 | 90 ] 265 | 200
15 5125|150 1 40| 80 ] S5 30 75 55 30 85 551 40 | 85| 55] 30 S0 35| 40| 85 60

‘l"tuud within &4 hours after driving,

2

“Storsge conditions maintained at 73° 7. and S0 percent relative bumidity.
“Average based on 12 test values.
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These fasteners were divided into three more
or less distinct groups. The first group con-
tained fasteners Nos, 5, 7, 8, and 9 and were
characterized by a rather general decline in
performance., The second group (fasteners Nos, 1,
2, and 4) exhibited a more marked decline
the first 2 weeks of storage followed by a
slow and gradual decrease, The average dynamic~
energy values of these fasteners (excluding Nos. 6
and 14) generally increased slightly when evalu~
ated after outdoor storage for 1 year as com-
pared to a similar evaluation after storage for
1 year under controlled conditions.

When subjected to dynamic evaluation imme-
diately after driving, every fastener with the
possible exception of Nos, 4, 13, and 14 exhibited
failures where the head or crown pulled through
or started to pull through the cover piece as
well as some withdrawal from the piece con-
taining the point of the nail. When dynamic
withdrawal was delayed for as little as 2 weeks,
the type of failure was predominately withdrawal
of the fastener shank, except for the nylon-
coated staple and the helically threaded nail,
These two fasteners (Nos. 6 and 14) generally
had the crown or head pull through or start
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to pull through the cover piece. This situation
continued even when evaluated after storage for
1 year at 73° F. and 50 percent relative hu-
midity, These two fasteners exhibited this same
characteristic failure when evaluated after out-
door storage for 1 year, Occasionally one of
the other fasteners pulled through the cover piece
when evaluated after a year on the exposure
site; however, this was generally confined to
fasteners driven through plywood in which de-
terioration of the plywood promoted this type of
failure.

Table 4 shows the results of moisture content
determinations and the specific gravity of the
test specimens. Specific gravity was determined
on the basis of volume at time of test and ovendry
weight,

In any experiment of this type therc are possible
sources of error, One area that must be considered
is that associated with overcoming the inertia
of the moving parts in applying the impact
forces. Adjustments may be made in the orien-
tation of the toughness tester to compensate
for friction, but the load and energy required
to overcome inertia of these parts is a definite
source of error that should be heldto a minimum,
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Figure 10.-~Effect of storage time on dynamic
r~aigtance of fasteners., Indoor
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storaye raiininzd at 73° F, and 60 percent
relative i idity. Fustener description: No. 6,
16 gage (0.06%3 1n.), 7/16-in. crown, 2-in. leg,
nylon-coated staple through 1/4~in. plywood;
No. 14, 0.100- by 2-1/4~in, helically threaded
nail through 3/4-in, white pine.

This may be accomplished partially by reducing
the size and weight of the parts used to transmit
the potential energy of the pendulum (when in
the test position) to the specimen. Checks were
made at various inlervals during the experiment
by operating the impact equipment without a test
specimen and examining the resultant load-time
trace. Since these traces remained essentially
the same, the checks indicated that any error
thus introduced tended to remain thc same
throughout the experiment and would influence
all impact results by the same constant, It
appears reasonable, therefore, to obtain impact~
withdrawal values somewhat higher than static-
withdrawal values. Since a rapid rate of loading
increases the load-carrying characterisitics of
wood as much as 25 percent (duration of load 1
second) (10), it is reasonable to expect that rapid

13

loading of fasteners in wood might normally result
in higher withdrawal values,

Visual Condition of Fasteners

After each evaluation, the fasteners were
examined visually in an effort to ascertain the
condition of the coatings, if one was used, and
the effectiveness of the coating in preventing
corrosion or deterioration of the fastener, The
general observations are given in table 5. Condi~
tions were rather conducive to corrosion since
the moisture content at time of driving was
approximately 20 percent and those specimens
stored outside were exposed to the elements
of wind, rain, sun, and snow,

In general, the conventional bright nails in-
cluding the helically threadednail and the common
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Figure 11,--Effect of storage time on energy values of fasteners subjected to dynamic

loading, Indoor storage maintained at
Fastener descriptions:

Ne,

(1) 0.099- by 2-in, smooth box nail through
1/4~-in, plywood.

(2) 0.112~ by 2~in, common bright nail through
1/4-in, plywood.

(3) 0.131- by 2-1/2-in, common bright nail
through 3/4-in, white pine.

(4) 14-gage (0.080 in.), 7/16-in, crown, 2-in.
leg, plain staple through 1/4-in, plywood.

(6) 16-gage (0.0625 in.), 7/16-in, crown, 2-in,
leg, plain staple through 1/4-in. plywood.

(6) 16-gage (0.0625 in.), 7/16~in, crown, 2-in,
leg, nylon-coated staple through 1/4~in,

plywood.

(7) 0.099- by 2-in. plain T-nail through1/4~in.
plywood.

I'PL 29 14

73° F. and 50 percent relative humidity,

(8) 0.099- by 2-in, epoxy~-coated T-nail through
1/4-in, plywood,

{(9) 0.097- by 2-in, acid-etched T-nail through
1/4-in, plywood.

(10) 0.113- by 2-1/2-in, plain T-nail through
3/4~-in, white pine,

(11) 0.113- by 2-1/2-in. epoxy-coated T-nail
through 3/4-in. white pine.

{12) 0.113- by 2~1/2-in, ifridite-coated T~nail
through 3/4-in, white pine,

(13y 0.131- by 2-1/2-in. plain T-nail through
3/4~in, white pine,

{14) 0.100- by 2-1/4-in, helically threaded nail
through 3/4-in, white pine,

(15) 0.131- by 2-1/2-in, common nail with
modified head to permit magazine loading
in air-operated driver.




e A
2T SR

s o

T

Sy TS0 o ¥ Dt Vo s TR

B R e s ot 2 e a3 by (s T

PR YTETeNG

23R o Bty

V Table 4.--Hoisture content and specific gravity
of Douglas-fir specimens after
various storage periods

nail with the modificd hcad, when driven into
Douglas~fir at about 20 percent moisture contént,

exhibited signs of corrosion after storage for

Storage | Hoisture content Spectfic gravieyt 2 weeks at controlled conditions of 73° F., and

3 perio : 2,38 -

7 50 percent relative humidity. These fasteners

b Mini- | Max{- | Aver- | Mini- | Maxi- | Aver- 1.8 s N . :

mm | mum age mm | mum age generally exhibited increasing signs of corrosion
3 rer. | pet. | pet. as the storage time lengthened, with the worst

L conditions occurring in those specimens stored

A None 18.5 21,9 19.9 0.45 0.53 0.49

¢ - outdoors for a vear.

2 ko= R R R . R PN . N
ueeke™ 1.0 147 ) 1334 .45 55 51 The galvanizing employed with the plain staples

o 2 . N s .

N 6-1/2 weeks=] 10.1 | 11.4 | 10.9 .48 .54 .51 and some of the plain T-nails was effective to
13 veeke2 9.0 | 109 0.6 | 47| .s5] .52 some degree in preventing corrosion of the
9 26 weekel 8.71 98] 9.3 43 YR fasteners. The epoxy-coated fasteners had the
52 veeka? 0.3 | 10.1] 9.7 46 58 52 coating dxs.turbed or removed, prob?.bly during
X driving, since fasteners coated with epoxy
. 52 weeks o .

3 outdoors 14.5 | 18.3 | 16.0 b .54 .50 compound generally exhibited more evidence of
k- 1 corrosion than those that were galvanized.

A —Specifi avity based 1 t ti . >
P ovendry welghe, oo O volume et tine of test and The nylon coating appeared to be reasonably
3Sto:'nge conditions maintained at 73° P. and 50 percent effective in minimiZing corrosion, particularly
4 relative huntdity. in those specimens storedunder controlled condi~
Table S.--Avera;

E Pastener Description Durstion of storsge period
b number of fastener 1 7 3 2 2 Y
k- coating None= 2 Yeaks= 6-1/2 Veoks™ 13 teeks™ 26 Meeks> 52 Weeks= 52 Veeks outdoors
; 1| Swooth box nail| Bright--no evidencel Slight rust Soma rust Some rust Rust Rust
k. of stain or Rust--gensratly
3 corrosion entire area

t:’: 2| Common bright

_ nafl [ERRLL PRSI PRVPPPRIN T N rreen [ IR P PRV PP TN L e ereavenns 40c0csrancs] cacieseaidoioiiaaas wasessdOistiianne
X LY QU coenidonan, TSRO N creseesedOucanas
3 4 { Plain staple ves80,00nien s Beight-=no evidence| Bright--no evidance | Sright--no evidence{ Bright--no evidence | Some discoloration
> of stsin or of stain or of stain or of stain or
b corrosfon corrosion corroston corrosion
: S hoenedosan rereisenansl0escacieed ceesrenas d0socrsosa] cecvccnas [ [ JSRPORPN SR T Ry ey do. .

-~ 6 { Nylon-coated No dsmsge to coat- |Ko damage to cost- | No damage to cost- | No damage to cost- | No damege to coat- |Some of coating Some of coating
4 staple ing. No evidence] ing. No evidence ing. No evidence ing. No evidence ing. No evidence removed. No evi- tremoved. Some
7 of stain qr of stain gr of -nlut of stafn gr of stain ¢r dence of atain stain and tust
v corrosion= corrosion corrosi or rust
: 7 { Plain T-nail Bright--no evidence{ Slight stain or Light stsin or Light stain or Slight stein Slight statn and Some tust
d of stain or discoloration digcolorstion discoloration occasional spot
2 corrosion of tust
. 8 | epoxy-coated No demage to coat- {Most of coating Most of coating Most of coating Most of coating Most of coating Hoat of costing
3 Tenail ing. No evidence] removed, Slight removed., Slight removed. Slight removed. Slight removed. Sooe removed. Rust
> of stain or stain or rust stain stain stein rust
= corrosion
Al 9 { Acid-etched No evidence of Occasionsl stain Slight stain Slight stain to Some slight rust Some discoloration [Some diecoloration
> T-nail stain or occssional rust and occasional
. corrosion tust
s 10 | Platn T-nail Bright--no evidence| Cenerally bright, Ganerslly bright. Generally bright. Some slight rust Some rust spots Rust
o3 of stain or Occasionsl Some slight Some slight epots
> corrosion stain stain stain
3 11 | Epoxy-coated No damage to coat- | Most of coating Most of coating Most of coating Most of coating Most of coating Most of coating
oy T-natl ing. No evidence] removed. Some removed, Slight removed. Slight tewmoved. Slight removed. Some temoved. Sowme
¥ of staln or slight statn statn stain stain stain rust
i corrosion
= 12 ]| 1rrigite-costed | ... . .x.do,. «+| Coating ganerally Costing wnerslly Some 0! glé cost- | isrge portions of Some of gold cost- |Some of gold coat-

; Tenafl appears good. No appesrs good. No ing removed. ¥No gold costing {ng cemoved. No {ng tesoved. Sowe
;, stain or rust stain or rust stain or rust removed. No staind etain or rust vhite discolorstion.
. or rust Mo stain or rust
' 13 | Plain Tenail Bright<-no evidence | Slight rust Some rest Soma Tust Some rust st Rust
s of stain or
a corrosion
3 16 | Helteally 3 ) )

- threaded natl |...ccoc..do. eee | Conacrally brighe. Slight rust= iz o0 e epemvad tieneen 802 iennnse] caaneaie do. ¥
P Occasionsl rus
' 15 | Common natl with | Damage to red coat- |Coating dameged. Costing removed, Coating removed. Coating removed. Costing removed. Coating removed.

4 nodified hesd ing used to form Some occasionsl Slight rust Some rust Some rust Some rust Rust
£ nails into strips.| stain
'. No corrasion

-litpunnts observed condition vithin & hours sfter driving.
%:oun conditions meintained st 73° P, end 50 percent relative tumidity,

" “und on examination of part in cover plece since shank did not vithdraw.
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tions for a year. There was some evidence of
breakdown of the nylon coating in the specimens
stored outside for a year. This breakdown was
located at the junction of the plywood cover
piece and' the Douglas-fir member where air-
borne moisture could be trapped and possibly
become slightly acidic from the extractives of
the wood.

STATISTICAL ANALYSIS

From the test results {(figs, 7, 10, and 11) it is
obvious that two fasteners, the nylon-coated
staple (No. 6) and the helically threaded nail
(No., 14) performed differently than the others.
It is also quite evident from the results (tables 1
and 2) that the same fastener subjectedto similar
storage conditions sustained different withdrawal
loads, depending upon the method of test--static
or dynamic, Figures 7, 10, and 11 show that the
withdrawal performance of most of the fasteners
was influenced by the storage time and conditions.
it is, however, rather difficult to interpret any
further and more detailed information from the
results. For example, is there any significant
difference in the performance of fasteners Nos, 1,
7, 8, and 9~~and if so, where?

To obtain information regarding performance
of the individual fasteners for the sevenexposure
periods for each test (static and dynamic), an
analysis of variance was made for eachfastener-
test combination--15 fasteners and average
static load, average dynamic load, and average
dynamic-withdrawal energy. This resulted in
45 analyses of variance., From this, confidence
limits at the 95 percent level were calculated§
to permit examination of the results for a par-
ticular fastener subjected to a specific test at
any two of the exposure conditions, These con-
fidence limits are given in table 6 and may be
used in conjunction with the average values given
in table 1 for static loads; table 2 for dynamic
loads; and table 3 for dynamic~withdrawal energy,
For example, from table 1 fastener No., 14
had average static-withdrawal loads of 310, 321,
369, 371, 356, and 309 pounds, respectively, when

The irridite coating as applied to the T-nail
fastener No. 12 was the most effective in pre-
venting corrosion of the fasteners, even when
the test specimens were stored outside for a
year, Examination of the fasteners revealed that
some of the gold coloringor coating was removed,
but there was no evidence of stain or rusting.

tested initially and after storage for 2, 6~1/2, 13,
26, and 52 weeks at 73° F, and 50 percent relative
humidity. From table 6, fastener No. 14 has a
calculated confidence limit of 73 pounds at the
95 percent level; thus, there is no significant
difference indicated in the aforementioned with-
drawal loads. In a similar manner, the influence
of storage time and conditions may be examined
for significant differences for any fastener using
the average results in tables 1, 2, or 3 and the
corresponding confidence limit (table 6) for the
fastener-test result combination,

Similarly, to permit examination of the per~
formance of different fasteners at specific con~
ditions and methods of test, an analysis of
variance was made for each of the seven storage
periods combined with average static loads,
average dynamic loads, and average dynamic-
withdrawal energy. As hefore, these analyses
were used to compute the confidence limifs at
the 95 percent level, These limits are given in
table 7 and may be used with the respective
average test results in tables 1, 2, and 3.

By using these confidence limits, acomparison
may be made of fasteners Nos., 3, 13, and 15,
These fasteners are the same size and differ
only in the shape of the head, Fasteners Nos. 13
and 15 have a residue coating that is used to
adhere them in clip form for magazine loading
and is not primarily to influence the performance
of these fasteners. Such an examination indicates
there is no consistent significant difference in
the performance of these three fasteners. There
is some inconsistency of significance whentested
immediately after driving, but this disappears

éCalcnlatioms were based on Sectica 3-4 of Experimental Statistics Handb., 91-~*Comparing
the averages of several products,® by Nancy Gibbons Natralla, pp. 3-40, 3-41, and 3-42.
Natl. Bureau of Stds., U.S. Department of Commerce, Washington, D.C. 1963.
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Table 6.--Computed confidence limits at 95
percent level for 15 different

fasteners based on average
test results

Fastener Computed confidence limits
number at 95 percent level for:
Average | Average | Average dynamic
static dynamic withdraval

load load energy

Lb. Lb. In, -1b,
1 +27 +32 +31
2 +28 +35 +29
3 +45 +38 +26
4 +26 +39 +21
5 +22 +30 +16
6 +37 +50 +11
7 +37 +39 +15
8 +27 +34 +11
9 +31 +45 +13
10 +53 +61 +24
11 +50 +43 +10
12 +50 +42 +17
13 +41 +37 +28
14 +73 +64 +71
15 +28 +45 +29

when tested after 2 weeks of storage.

In a similar manner the performance of fasteners
Nos. 1, 7, 8, and 9 may be compared since they
are of similar size and differ only in the shape
of the head and shank coating or treatment,
Such a comparison reveals no consistent sig-
nificant difference hetween the performance of
these fasteners after various periods of storage.
When tested immediately after being driven,
fastener No, 1 exhibited a significantly higher
withdrawal energy than did Nos. 7, 8, and 9.
This is the only instance in which fastener No. 1
outperformed the other three fasteners, No sig-
nificant difference was noted in the performance
of the three T-nails (Nos. 7, 8, and 9).

Similarly a comparison of fasteners Nos. 2,
10, 11, and 12 ( similar in shank diameter and
depth of penetration, but differing in head con-
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Table 7.--Computed confidence limits at 95
percent level for each of the

storage periods based on
average test results

Storage Computed confidence limits at 95
period percent level for:
Average | Average | Average dynamic
atatrie dynamic wi thdrawasl
load load energy
Lb, Lb, In.-1b,
None +52 +55 +48
2 weeksl +48 +55 +29
6-1/2 weeka'l"' +38 +51 +21
13 veeks® +37 +38 +32
1
26 weeks™ +41 +40 +30
52 weekr]* +33 +40 +21
52 weeks
outdoors +62 +56 +28

lStorage conditions maintained at 73° P, and 50
percent relative humidity.

figuration and shank coatings) revealed no con=-
sistent significant difference. No one fastener
in this group consistently performed better or
worse than any other fastener in this group,

With the amount of data obtained in this
experiment and the use of the confidence limits,
a large number of comparisons is possible,
To mention all of them is beyond the scope of
this Research Paper; therefore, detailed com~-
parisons are left to the discretion of the indi-
vidual readers.

Questions often arise regarding a performance
comparison of fasteners in wood when subjected
to dynamic and static forces. To obtain this
comparison, analyses of variance were made
between the average withdrawal loads (dynamic
and static) for each fastener after each period
of storage (15 fasteners x 7 conditions = 105
analyses). Significance was determined by use
of the I test atthe 95 percent confidence limit (2).
This was done by comparing the calculated I
ratio to the tabled critical value of I, If the
calculated I was as great or greater than the
tabled value of F, the effect (average dynamic
withdrawal vs, average static withdrawal) was
significant, Of the 105 analyses, 99 showed
significantly higher wvalues for the average
dynamic withdrawal. It is interesting to note
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that many of the analyses indicated significantly
greater values for average dynamic withdrawal
at the 99 percent level, The six analyses that
did not show significance were: fastenersNos, 3,
10, and 13 after 1-year storage at the exposure
site; fastener No. 11 immediately after driving;
and fastener 14 after 6-1/2 and 26 weeks of
storage at 73° I. and 50 percent relative humidity.

This indicates that the average dvnamic~-with-
drawal load for a fastener is generally sig-
nificantly higher than the average static-with-
drawal load for similar conditions, This does
not concur with J, J, Mack’s findings (4) that
in general the maximum load measured from the
impact test curves was not significantly different
from the static maximum load, Since hoth in-
vestigations used a modified toughness tester and
the impact velocities were similar, an explana-
tion of the difference might be found in the

recording systems. It is generally accepted that
the pen-type recorder used by Mack does not
have the frequency range and accuracy response
of a cathode-ray oscilloscope, Indications from
the oscilloscope traces in this study are that
the frequencies obtained during the dynamic
tests were in the range of 60 to 160 cycles per
second,

In the studv conducted in Australia. the duration
of the dynamic test was 1/7 second, or approxi-
mately 144 milliseconds. The duration of the
dynamic withdrawals reported in this Paper
ranged from 20 to approximately 125 milliseconds.
Naturally the time is going to he influenced by
the depth of penetration and whether or not the
fastener pulls through the cover piece or with~
draws from the member holding the point (fig. 6).
In the Australian study this was not the situation,
since the nail was always withdrawn,

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions are hased solely on
the performance and results obtained in this
study and are applicable only when the fasteners
are 3ubjected to forces tending to cause axial
withdrawal:

(1) Nylon-coated or helically threaded fasten-
ers tend to retain their initial resistance to both
static and dynamic wilthdrawal for at least a year
when the wood undergoes a loss in moisture
content under uniform storage conditions, Nat-
urally, the performance of nylon-coated fasteners
is dependent on the quality of the bond between
the nylon and the hase fastener, Outdoor storage
is more detrimental to the performance of
nylon-coated fasteners than to that of helically
threaded fasteners,

(2) Smooth shanked, uncoated metal fasteners
and those coated with materials other than nylon
exhibited a marked decrease in withdrawal re-
sistance whether loaded statically or dynamically
2 weeks after driving,

(3) If fastener assemblies are to be exposed to
outdoor storage for a year, consideration should
be given to the use of helically threaded nails for
improved overall performance.

{4) Nails with modified heads such as T-nails
or the clipped head of fastener No, 15 may be

FPL 29

expected to perform as well as similarly sized,
conventional bright nails in either static or
dynamic withdrawal, providing such heads are
oriented for maximum resistance to pulling
through the wood fibers., Most fasteners will
exhibit a decrease in withdrawal resistance
when subjected to storage after driving, par-
ticularly if the wood dries during this storage.

(5) Exposure to the elements-~sun, wind, rain,
show, etc., causes more severe corrosion of me-
tallic fasteners when driven into wood initially
at 20 percent moisture content than if exposed
to uniform storage conditions. Plain metallic
fasteners driven into Douglas-fir at 20 percent
moisture content may exhibit some evidence of
corrosion after only 2 weeks of storage in a dry
environment,

(6) The irridite coating offers excellent pro~
tection to fasteners against corrosion. Gal-
vanizing offers reasonably good protection against
corrosion but the epoxy coating offers only
little protection. None of these coatings can be
relied upon to improve the withdrawal perform-
ance of the fasteners.

(7) The nylon coating not only affords gocd
resistance to corrosion but it also improves
the withdrawal performance of the fastener. The
nylon coating appears to be less effective in
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preventing corrosion when the fasteners are
exposed to the weather.

Although the conclusions are based on the re-
sults of a sfudy involving a single species
{Douglas~fir), it is reasonable to assume from
past experience with fastener research thatthese
behavior patterns would be similar with other
species. Some further work involving represent-
ative species of groups 1, 3, and 4 (9) is rec-
ommended as a means of checking this assumption,

Some limited previous work (3) indicated that
staples and T-nails subjected to dynamic lateral
loading did not always sustain higher maximum

19

loads than when subjectedto static lateral loading,
In the previous work, some of the fasteners were
clinched, which ¢ould influence the performance.
Further research involving static and dynamic
tateral loading of simulated container joints as
well as the behavior of clinched fasteners in
dynamic withdrawal might be worthy of con-
sideration.

It is also recommended fthat further analysis
be made of the data obtained in this and other
related research in an effort to develop some
broad performance guidelines for design ap-
plications,
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PUBLICATION LISTS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following lists of publications deal with investigative projects of the
Forest Products Laboraiory or relate to special interest groups and are avail-

able upon request:
Architects, Builders, Engineers,
and Retail Lumbermen
Box, Crate, and Packaging Data
Chemistry of Wood
Drying of Wood
Fire Protection

Fungus and Insect Defects in
Forest Products

Furniture Manufacturers,
Woodworkers, and Teachers

of Woodshop Practice

Glue and Plywood

Note: Since Forest Products Laboratory publications are so varied in subject
matter, no single catalog of titles is issued, Instead, a listing is made for
each area of Laboratory research. Twice a year, December 31 and
June 30, a list is compiled showing new reports for the previous 6 months.
This is the only item sent regularly to the Laboratory’s mailing roster,
and it serves to keep current the various subject matter listings, Names

Growth, Structure, and
Identification of Wood

Logging, Milling, and Utilization
of Timber Products

Mechanical Pr -erties of Timber

Structural Sandwich, Plastic
Laminates, and Wood~Base
Components

Thermal Properties of Wood

Wood Fiber Products

Wood Finishing Subjects

Wood Preservation

may be added to the mailing roster upon request.
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