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By E. George Stern, Earle B. Norris Research Professor of Wood Construction
Virginia Polytechnic Institute and State University, Blacksburg, Virginia

ABSTRACT :

The effectiveness of pointless, helically threaded, hardened-steel, 3
by 0.120-inch, pallet nails with umbrella heads and 2l4-inch, 15-
gauge, 7/16-inch crown, plastic-coated, pallet staples in 22 hard-
woods grown on southern pine sites was determined on the basis
of tests on 522 joints. Specific average performance values were
derived from the test data for the tested joints made of, and rep-
resentative for, these 22 hardwood species.
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PERFORDIANGE OF PALLET MAILS AND STAPLES
It 22 SUTHERH HARBY/OGRS

By T Goorge Sieen. Foele B Nepits Reseweeh Profeasor af Wood Cowstraetion

Virpinia Polytechuic Institute and Stale University, Blacksbury, Virginia

The 22 southern hardwands included in this study are green and
white a=h, Ameriean and winged elm, hackberry, mockernut hic larsy,
red maple, eleven naks (black, blackjack, cherrybark, lau rel, north
ern red, post, searlel, shumard, southern redd, water, and white oak),
aweethay (marmolia), sweefgum, black tupels, and vellow poplar.
These aspecics are =aid 1o eomprise more than 9% percent of the
volume of southern hardwoads prown on southern pine sites. Table
I provides information on the approximate percentaps volume of
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these species and thetr stemwood spocific gravity (based on ereen
volare Al oven=dry weight of trees of 6 inches dbh).  This
table alsn indicates the pallet species-grade classitication and the
sources from which the green eolor-coded loge aml canls were re-
ceived.

ATl of thess species have potential for use as pallet lumber.  Some
of them have been given preference for pallel manutsciure. Th
use of others has been avoided mainiy becanse of insoflicient infoe
mation on their performarnce in pallefs. It iz the purpoze of this
study to provide =uch inlfemation based on the static pallet deck-
board-slrinwer separalion resistance by such fasienors as are com-
monly usged Tor pallet assembly.

The assembled jeints congisled of 18716 by 1% by #-inch deckboards crossing
nemiinal 2 xd stringers. The aven-dey  speeillc zravity and moeisture content
ul Lest were determined for every deckboard and strivper uvsed, The [ostene
epacing in fhe stringers was S-inchas and the minimuem end spacing was 2 inches.

Thy nails used for deckboard-strincer inint assembly were poindless, helieally
threaded, haedeovd-steel, 3 by O120-inch, Philstone, pallet netls (VPTESTT Mo
1785), having four helical flutes, o 83° thread angle, an O1830-inch (L1382 to
013587 thread-crest diameier, a %-inch elearance, wnd an 4.5318-inck dizsmeler,
flottened, Lhin-vimmed, umbrella head. These nails had o Milant angle roeg
ing fram 12 4o 20 degroes, wilh an averags of 15 degrees; hence, were elassified
as “touph harvdened-steel nailz™  They wore hammer-driven, one per jeint

The stapics used for deckhanrd stringer joint nssembly were 2Yaineh long, 15-
cogmupe, semi-flal (0067 x 00TH-ineh}, 7/16-inch crown, galvanizod, Beoeote, pallet
staples (VPIARTY Mas, 1890, 1869, and 1782}, provided with a plastic-pelymer
coating alotnp their lees from the I"i]__l'-‘; af their shorl symmeteieanl ehizse] points
Lo 1 &/ 16-inch from these fipz.  These staples were driven with o Sence Mode!
MAIAT air-gun, anc per joint.

Asn many s twelve replieate deckbourd-siringer junts. each contaming o single
fastoner, were assemhbled with groon lumber amd lested arfter several waeks of
seagoning of the joints in the Labovatory at anpeasimotels 707 10 lemperalore
and B0 relptive bumidily. The lesle previded infeemation on the stotie nail-
head and staplo-crown pull-Lheooeh resizlance in the deckboard and nail-shanlk
and staple-leg withdraws! resistones o the siringer, The lestzs were performed
ul w constant rate of metion of LN dnckes per minute of the eeoss-head of
the GO0 and BC00-pound capseity Olsen BElectomaric testineg machine

The detailed test dato are preseotled o Avpendiz Table 1. The averapge data
ave listed in Tahle TI and shawn in groaphical form in the bar disgrams of
Figs. 1 and 2,

The sverape oven-dey speetlic gravity of the deckboards of the 22 suceivs rangod
from 042 to 080, with an average of 0061 and that of the stringers ranped
from 043 ta A1, with an average of 084 The oven-dry specifie pravity
nu'%.‘{ll_'s aénd averares of deckboards and stringers of each specics are prescented
in Fig, 2.

The average maisture vontent of the deckboards of ihe 22 species doring test-
inp ranged from KO to 121 pereent, with an sveruwwe of 108 percent: sand
that of Lhe sleingerz ranged from 100 to 170 pevcent, with on averame of
128 percent. The nefsture eonlent ranges and averages of the deckhoards
and stringers of sach species are procasnled in Fig 1,

Ay many az 149 {577 of the 261 nail heads sepavated rom the nail zshanks
during the delermination of the delaved head null thrmugeh  resistones of Lhe
hardened-stee] paliet nails wed cndy 65 (24500 of the 261 staple crowns brake
uff one or two staple lepz durine the determioulion of Lhe de[;gygd crown pull-
through resislance of the coated pallet staples
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TABLE i

Average Delayed Deckboard-Stringer Separation Resistance of 22 Hardwood Specie
from Southern Pine Sites

Species  Spec,Test Spec.Grav. Test Test Head Shank Fastener Crown Leg Fastener
Grade No.  GreenVol, Oven-Dry Moisture Pull-Through Withdrawal Failure Pull-Through Withdrawal Failure
Dry Weight  Spec. Grav. Content Res. in Lb.  Res. in Lb. Res, inLb.  Res.inlb,
Dectbd. Stringer  Deckbd, Stringer

Sweetgum 2 5 0.448 0.46 0.52 1.9 12.2 820 877 20f 12 513 188 0of 12
Mock.Hickory* 1 8 0.619 0.73 0.81 9.7 1.6 1311 1437 1 of 12 690 190 11 of 12
Black Tuplee 2 15 0.502 0.46 0.54 9.3 10.6 922 923 1 of 12 575 175 0of 12
Post Oak 12 0.660 0.73 0.78 10.7 15.6 1261 1317 -70of 12 543 226 10of 12
Southern R, Oak 1 - 4 0.609 0.63 0.48 9.5 1.2 1083 1222 9of 12 553 280 1 of 12
Water Oak 119 0.587 0.74 0.70 10.0 14.0 1274 1316 11 of 12 625 271 7 of 12
White Qck 1 n 0.673 0.76 0.62 - 121 16.3 1235 1482 40f 12 624 286 6 of 12
Yellow Poplar 210 16  0.397 0.42 0.43 11.0 11.2 - 704 628 0of 24 456 152 0 of 24
Sweetbay 2 23 0.437 0.44 0.50 10.3 10.6 845 998 3of 12 463 160 20f 12
Black Oak 1 7 0.620 0.80 0.76 10.3 13.2 1407 1420 11 of 12 715 296 60of 12
Cherrybark Oak 1 20 0.633 0.65 0.68 9.9 153 1207 1096 10 of 12 627 374 3of 12
White Ash 1 14 0.582 0.52 0.58 10.8 {10.5) 1215 1099 11 of 12 708 173 1 of 12
Green Ash 1 | 0.561 0.57 0.59 9.7 10.2 1298 1124 11 of 12 739 N 10f 12

Red Maple 2 12 0.496 0.57 0.59 10.2 10.5 1092 1340 50f5 773 105 3of5
American Elm 1 21 0.536 0.53 0.56 10.8 10.6 986 1082 3of 12 585 204 10f12
Winged Elm 1 18 0.623 0.68 0.68 9.5 10.0 1407 1369 11 of 12 811 191 9 of 12
Hackberry 13 0.525 0.49 0.56 10.4 10.6 1053 1087 50f 12 545 120 0of 12
North, Red Oak 1 13 0.597 0.60 0.70 8.0 13.2 1085 1522 10 of 12 609 538 0of 12
Scarlet Oak 1 ¢ 0.622 0.70 0.74 9.4 12,1 1198 1477 7 of 12 521 3N 50f 12
Shumard Ock 1 17 0.625 0.73 0.73 9.6 13.5 1248 131 9 of 12 683 494 20f 12
Laurel Oak 1 22 0.583 0.59 0.61 9.7 17.0 1091 1103 7 of 12 582 497 3of 12

Blackjock Oak 1 & 0.638 0.69 0.74 1.4 11.5 1098 1123 I of 4 570 227 1of 4
Average 22 0.572 0.61 0.64 10.2 123 1129 1198 149 of 261 614 257 63 of 261

57% 24%

Average 22 100% 105% 100% 106% 100% 42%

Serving as representative of the true hickories,

Staple

Nail

L/s
21%
32%
19%
17%
23%
21%

s 19%
o 24%

16%
21%
4%
16%

14%
1%
35%
21%
38%
45%
20%
22%
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Fig. 1.—Average delayed static deckboard-ctvi_ger separation resisiance offered

by 3" x 0.120”, hardened-steel pallet nails in 22 hardwoeds from southern pine
sites.

The average delayed head pull-through resistance of the nails ranged from 704
Ib. to 1407 lb., with a grand-average of 1129 lb., and the average delayed shank
withdrawal resistance of the nails ranged from 628 to 1522 lb., with a grand-
average of 1198 lb. Thus, the grand-average nail-shank withdrawal resistance
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Stapla-Crown Pull=Threugh
in Pound

Resistance,

.-Tu.tlm_',u

Fig. 2.—Average delayed static deckboard-str'inger separation resistance offered
by 2Y;”’, 15-gauge. 7/16”’-crown, Sencote pallet staples in 22 hardwoods from
southern pine sites.

in the, on the average, 5% heavier stringers, was 6% higher than the grand-
average nail-head pull-through resistance in the deckboards. Consequently, nail-
head pull-through resistance and nail-shank withdrawal resistance were balanced.

The average delayed crown pull-through resistance of the staples ranged from
456 to 811 lb.,, with a grand-average of 614 lb., and the average delayed leg
withdrawal resistance of the staples ranged from 105 to 497 lb., with a grand
average of 257 lb. Thus, the grand-average staple-leg withdrawal resistance
in the, on the average, 5% heavier stringers was 589 lower than the grand-
average staple-crown pull-through resistance in the deckboards.

While the nail-head pull-through resistance in only five of the 22 wood species
was from 3% to 15¢¢ higher than the nail-shank withdrawal resistance, the
staple-crown pull-through resistance in each of the 22 species was, on the
average, 188¢%: higher than the staple-leg withdrawal resistance, with the dif-
ference ranging from 139 to 636¢; higher.

In the light of the above, with five exceptions, the nail-head pull-through resist-
ance and staple-leg withdrawal resistance were governing the deckboard-stringer
separation resistance. On the average, 4.4 staples should have performed as
well as a single nail.

The relationships between average (la) nail-head pull-through re-
sistance, (1b) nail-shank withdrawal resistance, 2a) staple-crown
pull-through resistance, and (2b) staple-leg withdrawal resistance,
on the one hand, and oven-dry specific gravity, on the other hand,
at given moisture contents of deckboards and stringers of the 22
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Fig. 5.—Relationship between delayed nail-head pull-through resistance and nail-
shank withdrawal resistance and oven-dry specific gravity at given moisture
contents of deckboards and stringers of 22 southern hardwoods grown on south-
ern pine sites.
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southern pine sites.

hardwood species are shown in Flgs. 5- and 6. Within the test
range, the average delayed -

(1a) nail-head pull-through re51stance was found to be 7076GDL
= 1857G; - i

’ (lb) ‘hail-shank- w1thdrawa1 res1stance was found to be 14480G"/2DL
< 8801G%/2 or 7063GDL = 1854G;

(2a) staple-crown pull-through resistance was found to he 3900GDL
= 1024G;

(2b) staple-leg withdrawal resistance was found to be 3026G3 /2DL
794G*/2 or 1512GDL = 397G;
where G = Oven-dry specific gravity of the wood members, D= Fastener di-

ameter, in inches; and L = Fastener penetration, in inches; with the result-
ing values in pounds
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These expressions compare with the empirical formula P = 6900 G5/2DL for
bright plain-shank nails driven into the side grain of seasoned wood or unsea-
soned wood that remains wet according to the 1955 edition of “Wood Hand-
book”, Handbook No. 72 of USDA); where P = Fastener withdrawal resist-
ance per inch of penetration, in pounds. .

While the nail-shank and staple-leg withdrawal resistance is normally related
to oven-dry specific gravity in accordance with G3/2, especially the nail-shank
data may be also represented within the test range by a straight-line relation-
ship with the oven-dry specific gravity, G, as is evident from Fig. 5.

The ranges and grand-averages for the delayed test values for the five species
of Grade 2 (that is, sweetgum, black tupelo, yellow poplar, sweetbay, and red
maple) versus that of the 17 species of Grade 1 (that is, eleven oaks, mocker-
nut hickory, white and green ash, Ameridan and winged elm, and hackberry)
are given in the following tabulation:

Test Species Oven-Dry Nail-Head Nail-Shank Staple-Crown Staple-Leg
Valves Grade Specific Gravity Pull-Through Withdrawal Pull-Through Withdrawal
Deckbd, Stringer Res, inlb, Res, inlb, Res, in'Lb. Res, in Lb,

Range .  0.49-0.80 0.56-0.81 1053-1407 1082-1522  521-811  120-538
Avg. 1 0.66 0.68 1203 1270 631 286
Range 2  0.42-0,57 0.43-0.59 704-1092 628-1340  456-773  105-188
Avg. 2 0.47 0.52 877 953 556 156
Avg.  2/1 71% 76% 73% 75% 88% 55%

While the average oven-dry specific gravity of the deckboards and stringers
of species Grade 2 was 29% and 24¢; lower, respectively, than that of the
deckboards and stringers of species Grade 1, the average delayed test values
for nail-head pull-through resistance and nail-shank withdrawal resistance in
species Grade 2 were 27% and 25% lower, respectively, than those in species
Grade 1; and the average delayed test values for staple-crown pull-through
resistance and staple-leg withdrawal resistance in species Grade 2 were 129
and 459 lower, respectively, than those in species Grade 1. These findings are
presented graphically in Fig. 7.

The ranges and grand-averages for the delayed test values for the eleven oaks
included in this study (that is, post, southern red, water, white, black, cherry-
bark, northern red, scarlet, shumard, laurel, and blackjack oak) are given in
the following tabulation: :

Test Species Oven-Dry Nail-Head Nail-Shank Staple~-Crown Staple-Leg
Values Specific Gravity Pull-Through Withdrawal Pull-Through Withdrawal
Deckbd. Stringer Res.inlb. Res.inlb. Res.inlb, Res.inlb,

Range 11 0.59-0.80 0.61-0.78 1083-1407 1096~1522  521-715 227-538

Avg.  Odks 0.69 0.70 1199 1308 605 345
Range 22 0.42-0.80 0.43-0.81 704-1407  628-1522 456-811 105-538
Avg. Species 0.61 0.64 1129 1198 614 257
Avg. 11/22 - 113% 109% 106% 109% 99% 134%

The eleven oak species are among the 22 hardwood species which provided the
highest deckboard-stringer separation resistance, as is shown in the bar dia-
grams of Fig. 8.

The grand-averages for the delayed test values for the 22 hardwood species
are valid for lumber of such average oven-dry specific gravity as was deter-
mined during this study. These specific gravity values varied from the aver-

(11
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ages for the 22 hardwood species as previously established (see Table 1 to III)
from —21% to +12¢, with grand-averages of —7%¢ for the deckboards and
—3% for the stringers. In the light of this, the delayed test values were
adjusted to be representative for the wood species, as is shown in Table III
and Figs. 9 and 10. These adjustments were made in line with the formulae
developed during the study. Their validity as well as their limitations are
evident from these illustrations. ’ ‘

The reduction of the average delayed test values to the common
denominator — that is, the average specific gravity of the wood
species as previously established — makes it possible to indicate the
average pallet deckboard-stringer separation resistance, in other
words, the average performance of the joints made of the 22 hard-
wood species, based on the lower values of the nail-head or staple-
crown pull-through resistance and nail-shank or staple-leg withdrawal
resistance. These average joint performance data — derived from
the average delayed test values on the basis of the straight-line
relationship of the specific gravity, G — are based on eleven nail-
head pull-through resistance as well as eleven nail-shank withdrawal
resistance values and 22 staple-leg withdrawal resistance values
for the 22 hardwood species. They are listed in Table IV and
presented graphiecally in Fig. 11. They may serve ag basis for com-
puting the average performance of, including design values for, nailed
joints as were tested during this investigation.

It is evident from Fig. 11b that the performance of the nailed jcints assembled
with lumber of the five Grade 2 species was lower than that of the joints
assembled with lumber of Grade 1 species. Furthermore; it can be noted from
Fig. 11c that the performance of the stapled joints assembled with lumber of
the five Grade 2 species was, with two exceptions (hackberry and mocker-
nut hickory), also lower than that of the joints assembled with lumber of
Grade 1 species.

(13)



1)

TABLE {Hi

Nail-Head Nail-Shank
Pull-Through Withdrawal

Res. in Lb,

{b)

925
1309
1150
1325
1215
1174
1272

749

947
1256
1356
1540
1437
1069
1142
1517
1283
1228
‘1220
1234
1283
n7é

Res.

(b)

875
1293

981
1295
1271
1282
1527

652

984
1334
1177
1249
1202
1267
1186
1476

. 1159

1476
1423
1297
1255
121

in Lb,
()
873
1113
1073
1263

1354 -

1236
2670

690

959
1210
1320
1511
1326
1179
1358
1664
1267
1411
1340
1277
1529
1121

. Average Delayed Deckboard~Stringer Separation Resistance of 22 Hardwood Species from Southern Pine Sites
Adjusted for Average Specific Gravity Representotive of Wood Species
Species Species Test Species Spec. Grav, Test Test
Grade No, Green Vol. Qven- Oven-Dry Moistyre
Dry Weight Dry Specific Gravity Content
(a) Deckbd, Stringer  Deckbd, Stringer

Sweetgum 2 5 0.448 0519 0,46 (89%) 0.52 (100%) 1.9 12.2
Mock, Hickory (d) - | 8 0.619 0729 073 (100%) 081 (111%) 9.7 11.6
Black Tupero 2 15 0.502 0.574 0.46 (80%) 0,54 (94%) 9.3 10,6
Post Oak 1 2 0.660 0,767 0.73 (95%) 0.78 (102%) 10.7 15,6
South, Red Oak 1 4 0.609 0.707 0.63 (89%) 0.68 (96%) 9.5 11.2
Water Oak 1 19 0.587 0.682 0.74 (108%) 0.70 {103%) 10.0 14,0
White Oak 1 N 0.673 0.783 0.76 (97%) 0.62 (79%) 12,1 16.3
Yellow Poplar 2 10 16  0.397  0.447 042 (94%) 0.43 (96%) 11.0 11.2
Sweetbov 2 23 0.437 0.493 0,44 (89%) 0,50 (101%) 10.3  10.6
Black Odk 1 7 0.620 0.714 0.80 (112%) 0,76 (106%) 10.3  13.2
Cherrybark Oak 1 20 0.4633 (0.730) 0.65 (89%) 0.68 (93%) 9.9 153
White Ash 1 14 0.582 0.659 0,52 (79%) 0.58 (88%) 10.8 (10.5)
Green Ash 1 1 0.561 0.631 057 (90%) 0,59 (94%) 9.7 102
Red Maple 2 12 0.496 0.558 0,57 (102%) 0.59 (106%) 10.2 10,5
American Elm 1 21 0.536 0.614 0,53 (86%) 0.56 (91%) 10.8  10.6
Winged Elm 1 18 0.623 0.733 0.8 (93%) 0.68 (93%) - 9.5 10.0
Hackberry 1 3 0.525 0.597 0.49 (82%) 0.56 (94%) 10.4 10.6
North, Red Oak  } 13 0.597 0.679 0,60 (88%) 0.70 (103%) 8,0 13.2
Scarlet Ock 1 9 0.622 0.713 0.70 (98%) 0,74 (104%) 9.4 12,1
Shumard Oak * 17 0.625 (0.722) 0,73 (101%) 0.73 (101%) 9.6 13,5
Laure! Oak 1 22 0.583 0.694 059 (85%) 0.61 (88%) 9.7 17.0
Blackjack Oak ) 6 0.638  (0.739) 0.69 (93%) 0.74 (100%) 114 1.5
Average 22 0.572 0.658 0.61 (93%) 0.4 (97%) 102 123

(o) Adjusted in accordance with Table 3-5 of Wo.
Handbook No, 72, page 3-9, August, 1974,

(b) Adjusted in accordance with G,

(¢} Adjusted in accordance with G5/2.

Staple~Crown Stople~Leg
Pull-Through Withdrawal
Res. in Lb, Res. in Lb,
{b) (b} (e
579 188 187
689 171 147
718 186 203
571 222 217
621 2N 310
576 264 254
643 361 515
485 158 167
519 158 154
639 278 252
704 401 451
897 197 238
818 204 225
757 - 99 92
678 224 256
874 206 232
664 128 140
689 522 499
531 300 282
676 - 489 481
685 565 689
610 227 227

od Handbook: Wood as an Engineering Material, U.S.D.A. Forest Service, Agriculture

(d) Serving as representative of the true hickories,
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Fig. 9.—Relationship between delayed nail-head pull-through resistance and
nail-shank withdrawal resistance and oven-dry specific gravity at given mois-
ture contents of deckboards and stringers of "" southern hardwood species.
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Fig. 10.—Relationship between delayed staple-crown pull-through resistance and
staple-leg withdrawal resistance and oven-dry specific gravity at given mois-
ture contents of deckboards and stringers of 22 southern hardwood species.

TABLE IV

Average Delayed Joint Performance of 22 Hardwood Species from Southern Pine Sites
Based on ‘Average Specific Gravity Representative for Wood Species and
Lower Values for Nail-Head or Staple-Crown Pull-Through Resistance and
Nail-Shank or Staple-Leg Withdrawal Resistance, in Pounds

Species Species  Test Species Spec. Grav, Nailed Stopled
Grade  No, Green Vol, Oven- Joint  Joint
Dry Weight  Dry

Sweetgum 2 5 0.448 - 0519 875 188
Mock, Hickory™ i 8 0.619 0.729 1293 171
Black Tupelo 2 15 0.502 0,574 981 186
Post Oak ] 2 0.660 0.767 1295 . 222
South, Red Ook ! 4 0.609 0,707 1215 291
Water Oak 1 19 0.587 0,682 1174 264
White Ock 1 1 0.673  0.783 1272 361
Yellow Poplar 2 10 16 0.397 0.447 652 158
Sweetbay 2 23 0.437  0.4%3 947 158
Black Oak 1 7 0.620 0714 1256 278
Cherrybark Ook 1 20 0.633  (0.730) nM177 401
White Ash 1 14 0.582 0.659 1249 197
Green Ash 1 1 0.561 0.631 1202 204
Red Maple 2 12 0.496 0,558 1096 99
American Elm 1 21 0.536 0.614 1142 224
Winged Elm 1 18 0.623 0.733 1476 206
Hackberry 1 3 - 0.525 0.597 1159 128
North, Red Ok 1 13 0.597 0,679 1228 522
Scarlet Oak 1 9 0.622  0.713 1220 300
Shumard Oak 1 17 0.625 (0.722) 1234 489
Laurel Oak 1 22 0,583 0,694 1255 565
Blackjack Ogk 1 6 0,638 (0,739) n21 227

*Serving as representative of the true hickories,
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Fig. 1la.—Average delayed joint performance of 22 hardwood species  from
southern pine sites based on average species specific gravity and lower values
for mail-head and staple-crown pull-through resistance and nail-shank snd
staple-leg withdrawal resistance farranged in sequence of predominances,
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Fig. 1lb.—Average delayed joint performance of 22 hardwood species from
gouthern pine sites based on average species specific gravity and lower values
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Fig. 1le—Average delayed joint performance of 22 hardwood species from
southern pine sites based on average species speeific gravity and lower values
of staple-crown pull-through resistance and staple-leg withdrawal resistance
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SUMMARY

Both nailed and stapled pallet deckboard-stringer joints were assem-
bled with 22 hardwoods grown on southern pine sites. These hard-
woods included green and white ash, American and winged elm, hack-
berry, mockernut hickory, red maple, eleven oaks (black, blackjack,
cherrybark, laurel, northern red, post, scarlet, shumard, southern
red, water, and white oak), sweetbay (magnolia), sweetgum, black
tupelo, and yellow poplar. The specific gravity of the tested lum-
ber varied from the averages for the 22 hardwood species, as pre-
viously determined, from —21% to +12%, with grand-averages of
—T7% for the deckboards and —38% for the stringers.

The joints consisted of 13/16 by 1% by 6-inch deckboards cross-
ing nominal 2x4 stringers of the same species. Each joint was
assembled with a single fastener when the lumber was green; and
tested for static deckboard-stringer separation resistance in the
fastener direction when the lumber was seasoned to an average
moisture content of 10% of the deckboards and 12% of the string-
ers. The fasteners were (a) hammer driven, pointless, helically
threaded, hardened-steel, 8 by 0.120-inch, pallet nails with umbrella
head and (b) gun-driven, 2l4-inch, 15-gauge, 7/16-inch crown, gal-
vanized, plastic-coated, pallet staples. .

Within the test range under scrutiny, the overall delayed nail-head
pull-through resistance was 7076GDL = 1857G ; the nail-shank with-
drawal resistance was 14480 G*/2DL = 3801G%/2 or 7063GDL — 1854
G; the staple-crown pull-through resistance was 3900GDL — 1024G;
and the staple-leg withdrawal resistance was 3026G5/2DL = 794G5/2
or 1512GDL = 3897G; with the resulting values in pounds.

Specific average performance values were derived for the described
joints made of, and representative for, the 22 hardwood species
investigated, to serve as a basis for arriving at design values under
given use conditions. When determining such design values, con-
sideration need to be given to the fact that the tested joints were of
such dimensions that end splitting by the tested fasteners was elimi-
nated, while such end splitting may occur in the field where the dist-
ance between nail and deckboard end is often less than required to
eliminate end splitting. In contrast, end splitting by the tested staples
has been observed rarely in the field because of the slenderness of
the legs of the tested pallet staples.

APPENDIX
Detailed Test Data

10\
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