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“PALLET B0LT DEVasrOPNENT”
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AUTHORIZATION: ChBulendA itr dtd 15 Oct 1948 to OinC
NSOTC (now NSRAIDF), file No. L8-2/NT4-22
(ESX4-KTW) frh N&/JJ.

PURPOSE : To develop s bolt anc nut assembly for
the New Militery Stendard 40* x 43 Wood
Pallet, and to test varisus bolt designs
in order that guthoritative information
be gvailable for recommendations for pal-
let bolt specifications.

CONCLUSIONS : Two 5f the fitteen bult designs tested
were f‘ound suitable for pallet construc-
tion. A nut design was slso found ac-
ceptable.

RECONNENDATIONS : It is recommencded that additional devel-
opment be undert.ken to determine the op-
timum design of the two acceptabrle basic
forms, in order that a final choice can
be made.
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There are in general use today,
two principle means of asserbling
wooder pallets, namely: nails and
bolts. Uf the two, nails are the
rest widely used. however, it is
soretimes necessary to erploy the
less econorical but more servicealle
bolted means. This is particularly
true in cases where ease of assembly
of a pallet is a requisite or where
the strength advanteges offered by
bolts must be utilic:s’,

It hus been found advisable to
implerent the New Nilitary Standara
40 x 48" Yoou Pallet with two sets
of specifications; one covering an

all nailed construction for general

use, and another in which the pallet
is assemblsd by s combination of
bolts and nails. 1b= tatter form of
construction perrits disasse~bly of
pallets for unburdened overseas
shiprent or for pallet res.oply when
the conservation of shipping space
is essential.

In order to simpiify asserbly and
to ririmize the number of corponent
parts, it was found practical to
nail the trensverse boards and scre
of the top de-k boards into a sub-
asserbly. The remuining partis afe
corbined with the sub-assevbly by
reans of 18 bolts--two at each post
locatior, page 111. The shipping
cube ot the sub-sssembly and other

parts is srnroximately half that of
a8 comrpletely asserbled pallet. It
was found that g bolt §/318* in di-
ameter was sufficiently strong.

In testing bolted ngllets, cne
serious deficiency was encountered
reveateuly. If a bolt loosened, it
was found exceedingly difficult, if
not impossible, to retighten it.
Rhen a torque waes applied to the
nut, the bolt would turn freely.
The presence of any rust or corro-
sion or the deformation of any
threads sggravatsd this condition.

Another fault of the bolts com-
monly used in psllet construction
was the necessity of deep counter-

boring in order to effect s flush
head. This counter-boring materi-
ally weakened the member in which it

was done and also resulted in a de-
pression wherein water would collect

and acceierate rusting of the bolt
or rotting of the wood saround it.

It was determined that the bolt
and nut to be used in e standard
~ilitary pallet must fuifill the
following requirements:

1. For econoric consider-
stions, both bolt and nut must
bDe r4antable tn precent day
production line manufacture.
2. Tre rolt head or shank
rust be so designed that it
will lock into the wood suffi-
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( ciently to resist the toraue
necessaty to ti.tton ot loosen
the nut :»t any time during the
life of the pallet.
3. The bolt and nut must be
of such s aesign that when the
poit ie pullel up tighetly i=
the pallet assembly, the heads
of both nut and bolt must be
flush with the wood surfsce
without resorting to excessive
counter-boring.
4. The above functions should
be accomplished preferably
without the use of any acces-
:aries, viz., washers.
A survey of bolt manufacturers
disclosed a number of bolt designs
hich might be adapted to pallet
(jse. The manufacturers furnished
scooples of their products for ex-
perimenial purposes and several of
the coapanies further coopergted by
raking new designs in an attempt to

overcome known deficiencies.

J

Jt was iound that there was a
comrercially available nut that most
nearly fulfillea ‘he requirements.
Certain modificatiors were made to
this nut in order to obtain maximum
results. This modified version has
since been incorporated in the stan-
dards of the manufacturer and was
used in these teats. A photograph
of this nut sppesrs in Figure §.

After extensive study, the Supply
Engineering Division of the U. S.

Naval Supply Research ana Develop-
mert Facility developed several bolt
designs. These bolts gre designated
in this report as Series A and may
be seen, aiong with those obtained
from commercisl outlets on page 1.
It is the purpose of this report
to present the developmental work
accomplished in the design of a
suitable pallet bolt, and to show
the results of the various tests
conducted. Included are pertinent
conclusions and recomwendstions.
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40X 48" NAVY STD WOOD PALLET
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PALLET BOLT DEVELOPHENT
TEST NATERIAL AND EXUIPNENT

TEST MATERIAL:
1. nerdvood block assembly
(white osk) simulating a secticn
of the 40' x 42' pallet. Payge 4.
2. Loftwood block assembly
(yellow pine) similar to a sec-
tion of the 40" x 48’ pallet.
ﬁase 4.
3. Pliush head, -....ouin-zccke?
nut; supplied by United-Carr
Fastener Corporation, Cambridge,
Nassachusetts., Figure S.
4. Bolt designs, cormercial and
others, having the following des-
criptions:
(The preceding page shows indivi-
dual photographs of heads of each
bolt tested and may be referred
tn in conjunction with the fol-
lowing descriptions.)
[YPY A
Lsrge conical head with 3 flast
radial fins projecting downward from
the surface cf the conicel head
This bolt designed by Supply Engine-
crim* "ivision snl! manufactured et
tne vaval Supply Jepot, Sayonne, New
jrrsey.
OYFR AL
Filat Fead with 3 radial flat fins
having a quarter circle profile pro-
jecting dowrrward from the underface
of the hend and integral with the
shark. A fillet rounds out the in-
tersection of the shank and the
head. This bolt designed by Supply
Fhgineering Division and marwfec-
tvured at the Naval Supply Depet,

8ayonne, New Jersey.

TYPF A2
Thin flet head with bevelad edge
and 3 tepered radial fins extending
downward from the underface of the
head. A smell fillet rounds out the
intersection of the shank and haed.
This bolt designed by Supply Engine-
ering Division, and manufsctured by
*he ¥aval Supp'!y Depot, Bayonne, New

Jersey.

TYPE B
Thin flat head with beweled eay»
four small non-symmetrical fins

ar’
having a substantielly triangular
profile placed in the web at the
intersection of the shank and the
hegd. Tesigned and menufactured by
the Lewis Bolt Cospany, Ninmneapolis,
Ninnesota.
TR 81

Identical with Type B except thgt
e swall rectangular lug has been
sunched out of and turned downward
from the head. Designed and manu-
factured by Lowis Bolt Company, Nin-
neapolia, Ninnesota.
TYPY B2

Substantiglly identics! with Type
A2. Einor dimensional alterstions
made to accommodste msnufacturing
processes. Designed v Supply Bn-
gineering Division, a:wa mnufactured
by Lewia Boit Company. finncapolis,
dinnesota.
TYPR C

A button hesded bolt heving twe
lugs punched out of and extended
dowrrward froc the edge of the head.
Supplied by Roli-Rite Corporatic..,
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Oakland, California.
TYPE D

A flat head Lolt having 4 dortion
of the shunk just below the hegd en-
larged, tapered, snd splined. +dge
of hesd bevelecd. Supplied by Lamson
Sessions Company, Cleveland, Ohio.
TYPE E

Combination of standard square
neck carriage bolt, button head, and
four pronged washer having a square
hole in the center to accommodate
the square neck of the carriage bLolt
and having four flat trisngular lugs
punched nut of and extending cown-
ward from the washer. Lesigned and
msnufactured by United-Carr Fastener
Corporation, Cambridge, bassachu-
setts.
TYPE t1

Standard square neck button head
carrigge volt manufactured by lewis
Bolt Company, NMinneapolis, ¥inne-
sota,
TYPE 12

Flat head square neck carriage
bolt. Pdge of bead beveled. tanu-
factured by Naclean-Fogg¢ Company,
Chicago, Illinois.
TYPE B3

Square neck carriage bolt hoving
2 conicel or counter-sunk head.
? enufactured by Lewss Bolt Company,
¥inpeanolic, Minnesota.
TP £

Thin beveled headec bolt with two

" radial fin cisretrically cnposed

k]

and torged from a section of ‘lie
stank siightly celow the head. De-

signed and manufactured by Naclean-
Foga Company, Chicago, Illinois.
TYPE G

Button head bolt with twn tapered
redis] fins, substantially triang-
ular in profile and symmetrical, ex
tending ocwnward from the underfuce
of t!'e hesd onu integral with the
shaft.
Company, Cleveland, Ohio.
TYPE G1

Jutton head bclt with two thick
radial fins extending doswnwerd from

vanufsctured by Yasmer Bolt

the overface of the heac and inte-
gral with the shaf:, the protile be-
ing substantially rectangular with
the lower corners beveled otf.
Manifectured by Taseer B80it Company,
Cleveland, Chio.
TEST BOUIPNENT
1. Torque wrerches {"anufec-
turer: Snan-On Tool Corporation,
Kenosha, Wicconsin) with the fc!l-
lowing canscities:
(8} 0 to 3¢ ineb-lus. in }
inch-1b, increrents
(D) 0 te 1S5S0 inch-lbs. 1r 3
inch-1b. increrents
(c¢) 0 to 60C irch-'ls. 10 20
inch-1D. incre citts
(G)Y D to 180 foeot-lbs. 10 3
foot-1ba. increvents
2. OSpecial tools teo facilitate
testing, shown con pagers 4(a) .
+(b).

L}
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TEST SCHEL!'LE

TEST NO. 1 - !sxiruwr hesistence of
the bolt to be Turned in ¥nod.
(Hardwood end Softwood).

Conditions:

In order to allow accessibility
to the bolt thread, for the apecial
tools used in this test, t(he top
board of the block assembly, nege 4,
end the nut should not be uged. The
bolt shall be drswn tightly into the
remgining members of the test block
with the special tool shown on page
4a. The special tool shall then be
backed of f and retightened until 15
l1bs. of torque is resched. The toul
shall then be secured to the buit
by the set screws. The second
special tool, shown on page 4a2, con-
teining » blind thresded hole, snall
be turned onto the bol. unt.l the
bolt hits the thread botctom. A
torque wranch shall then be used to
forcibly turn this tool and the max-
imum force resistance by the bolt
before turning in the wood or break-
ing shall be recorded, Figure 1.
keadings shall be taken in both
hardwood snd softwood blocks. Wwhere
the luys, fins, or other holding
means are symretricsl to s longitud-
inal sxial wlane of theabolt, resa-
ings shall be taken only in the
clockwise dircocion; where the hold-
ing means are not symmetrical, resc-
ings shall be taxen in both the
clockwise and counter-clockwise
directions.

TEST N¥O. i - Torque fequired tc back

Aut off bolt.
Conditions:

Solts shall be placed in test
biocks snd ¢ nuit turned on., The nut
shaell then be tightensd until the
belt hcad is drawn into the wood end
the components of the block are
tightly drawn together. A torjue
wrench shall then ke uscd to back
the nut off the bolt, ana the maxi-
mum torque incurred shall be record-
ed. The ability of the bolt heed to
withatand this counter-clockwise
torque shall be noted.

TEST N0, 3 - Tetermination of the
effects of weather and the maximum
torque necessary to remove the nut
from the bolt when L'e two are rust-
ed. The resistance of the bolt to
turning sha'l also be noted,
Conditions:

The bolt shall be driven up and
tightened into the test blocks with
the nut of Figure 5, until the hega
of the bolt is drawn into the wood
and the components of the block are
The blocks
sheil then be cycled in a weather

tightly drawn together.

conditioning chember, during which
time the bolt and nut should accumu-
late severe rust. As an alterna-
tive, the block assembly shall bLe
subjected to slternate 24 hour salt
water immersions and drying periods
out of doors until a severe rusting
is ocotained. A torque wrench shell
then be used to determine the amcunt

of torque necessary to disengaxe the

g
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nut from the bolt and the ablility of
the bolt to resist turning in the
wood shall be notad. This procedure
shalil be followed using both hard-
vood and softwood olocks.

TZST NO. 4 - Torque required to
t ighten bolt into drilled hole of
pallet post assembly (Hardwood end
Softwood).

Conditions:

Bolts shall be pushed up through
the test blocks, pasge 4, until ini-
tial turning on of s nut is pos-
s ible, A torque wrench shall then

6

be used to determine the torque nec-
essary *to draw the bolt head into
the wood and to establish the torque
required for final! tightening. The
torque for final tightening shail be
that torque at which the underface
of the bolt head is firmly compres-
sing the wood and the components of
the block are tightly and sdequately
drawn together. This procedure
shall be followed with each bolt de-
sign in both hardwood and softwood
blocks.
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TEST RESULTS
DISCuUsSION

The several types of commercial
Carriage or square neck bolts inclu-
ded in the test schedule cGid not
satisfy the functional requiremer:-
for pallet construction. When used
in en oversized hole, such as is re-
quired in wood pallets, the bolt de-
pends solély on the extreme edges of
the squared neck in the wood to re-
sist turning. Ths low veluas of re-
sigtance obtgined by Type EI, E2,
end E3 bolts mgke it evident that
for this bolt to resist turning iop
wood, an accessory such ss g special
washer is needed. The bolt-washer
combinstion, Type F, illustrates an
effective means. The washer has a
square hole to sccept the neck of
the bolt and turned-down corner
orongs that arc forced into the
wood, .nat this device
providea s most rigid lock, attsin-
ing a strength limited only by the
shear strength of th~ bolt shank.
The insdequacy of this .ssembly,

It was fou '

however, is in the fact that exces-
sive counter-baring of the wood is
required to house the bolt heed, and
that the added parts result in "~w-
plication of assembly with sdded

cost.

It was not nossigde to secure
raximum results 'itﬁ the tspered-
bolt.
leocking means are effective only
when the drilled hole tii the wood is
icenticsl to the bolt diameter at
the thresds. The oversised drilled

hole nesded for ease of pallet sa-

splinea sherk of Type | Cuch

sembly permits only a portion of the

spline depth and length to lock in
the wood. The low values of resis-
tance obtained with this bolt are

comparsble to those obtained with
the carriage bolts.

The peripheral lug type bolts, Bi
snd C, disclosed certain serious
wesknesses. Then attempts were made
to drav the bolt into the wood, some
of the luge wouid either bend beck,
or under, or chip off, Figure 2.
Vhen the lugs could be drasn into
the wood, shesring of these lugs oc-
curred st moderate torques. The
lugs of these bolts are formed in
manufacture by a secondary opera-
tion which combines shearing and
bending wherein » section of the
outer periphery of ihe bolt heed is
bent downwarc paraeilel to the bolt
shank. Becsuse of this operstion,
the lug is inherenti, weak, since
the metel therein has alresdy beer
stressed beyond its elastic limit.

Generully, the design thet pro-
vided the best and most consistent
results were those bolts thet hgd
webs or {ins radially specec either
under the bolt hesd or on the shank.
It was fourxi that the turning rer s-
tance of such a bolt was propertion-
al to both the sffective ares of the
fins or webs and ths distance from
thee to the sxis of the bolt. Bolt
B and U haeve a smell fin ares and
produced insignificant results as
compared to Types A, Al, A2, ¥ end
w2, in which the fins were of grest-
er dise. A sinisum of two and »

reximuw of four fins were found on

SRR R
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the bolts tested. A tendency toward
eplitting of tre wood was noted when
driving the bolts having fins placed
diametrically opposite (especially
when the fins were aligned with the
grain of the wood). Type F bolt,
having diacetrically opposed fins,
on the bolt shank, provided good
vaglues of resistance. Vliowever,
under high torcues the fins showed a
teviercy to slesr. Figure 3.

Tre Tyve F bolts, as received
froe the ranutscturer, spoeared to
have had the fins mgde by performing
s seconisry shearing and forming
operstion cn a bolt which had beer
snnenled or ncrmalirzed after form-
ing. It does not epnear that th-
internal stresses cei:sec by the sec-
ondary oneration hau veer relievec
¢nc this might wccount for the weak-
ress of *he tins. This observed
wenkness couv.d nrobebly ve nvercore
Lv s slight altersticn in desiyn ard
. : onrealing or nor~elizin- efter
t . tins hiave Leen formed.

“orsistently good test results

Leoit.

cvore cbserved with Type A2
Tr1s .esign it » step-dowr modifica-
tion ~f Types A wivi M1, since 1t *us
foun. thrt for s}l orectical purnes-
req tim satter toc Lolts vere cver-
L esiorer. iyoe BI was A moal fred,
cearercially proivces mocel of the
~retatyne A2 whicl hed peen recdified

3

t. scenercopte nroduction =ethc

Liritaticrs,  drst restlts nr this
L ywoa 1 Cortar-es t s virtues ot the
{perC :iesr L W the Hossintilitaes

t ditic tinr s st
At turther moditrc-tinrs to oer

racier ~arufacture.

11

It was disclosed during Test 1}
that when the bolt was able to ob-
tain an initial lock in the wood,
there was no apprecisble difference
in the holding power in either hard-
wood or softwood.

In Teat 3, wherein the test
blocks containing the bolts and nuts
were subjected to severe rust condi-
tions, Figure 8, it was established
that the torque required to back the
nut off the bolt, when both are bad-
ly rusted, ranged from 280 inch-1bs.
to 370 inch-lbs. It was also noted
thst under these cenditions, the re-
sistance of the bolt to turning is
increased. [his is due to the addi-
tional friction between the nut and
the wond ana the resetting of the
wocd fibres saround the bolt head,
cansed by the changing conditions of
the wood, i.e., shrinkage and swel-
ling. The shesring of the bLolt
shanks, ahich accurred at approxi-
rately 200 inci-1bs. 1n Test 1. was
resistea meore untformly under the
coniitinns of Test J due lergely to
tae distribution ot stresses down
the entire lenith of the volt, an’
the anced tricticnpl forces brought
rbott by tie rust. inder the condi-
tiors of Test 3, Lrlt Tyne A2 was
sGle to resist a ~aximum tnraue of
370 inch-15s. withont Lreaking o7
lnagenim 1ts bl

In tests wherain the nut was used
2ith the Dolt 1t mpy roted that tihts
rot tulfiiled sll of the remire-
¥er pldit.onal uvetuils, see

rerte.
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>rut tyscs ot commercial Lolts
are oot rendily ndaptavle to pallet
constructior. wny bolts which ere
scceatav]le trom strength consider-
«tions, have bLeer found imnecceptable
Lecaugse of cost, comlication of as-
serlhly, nr tlie necessity of counter-
voring. Inberently greater accept-
alility is founda in bolts which have
inteyral locking mesns.

fhose bolts which have radial
{ins wrrenged under the head or on
the shank generslly have greater
“‘noldind power” or resistance to
turning in wood. The degree of this
resistance is largely governea by
the ares snd shape of the fins and
their locstior with respect to the
icngitudinal exis of the bolt. A
cgetinite tendency to cause splitting
of the wond veccurs where fins are
digmetricslly opposed.

+here a bolt is able to proviae
g good initisl lock in woed, there
is no sppreciable difference between
the bolding power in hardwood or in
softwood. Therefore, only a single
design need Le specitied for either
hardwooa or softwood.

The high torques required to re-
move g nut from its bolt when the
tvo are badly rusted, indicetes that
only those bolts whose resistance to
turning was limited solely by the
shear strength of the shank in Test
1 would sdequstely fulfill the func-
tions required in pallet construc-
tion.

Only two of tha bolts tested pre-

12

gsented a resistance to turning limi-
ted onlv by shear strength of the
shanks; they were Types A2 sna F.

Al though the fins of Type F were
not uniformly strong end occasion-
slly would shear st high torques, it
is believed thut this conaition
could be overcome by changing the
ranufacturing technique.

A modificstion of prototype bolt
A2 which can successfully be manu-
factured by a cold forging process
will possess the optimum astrerngth
and economy necessary for pallet
congtruction,

In view of the foregoing results
of testing the following recommenda-
tions are made:

1. It is recommended that bolts

cortaining the basic designs of

Tynes A2 and F be conaidered for

bolt specifications for the New

Vilitary Standard 40 x 48'%ood

FPallet.

2., It is further recommended

that the following investigations

be made, and that the final
choice betwean the two types (A2
and F) be based on the results
therecf:
(a) The modifications re-
Quired to saks Type A2 adapt-
able to commercial cold forg-
ing processes ba determined,
and that boitz embodying such
modifications and manufectur-
ad by those processes be ev-
alvated for strength. Thia
vork should be done in cloase
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cooperation with competent
bolt menufacturers.

(b)Y The atrengthening of the
f of Type F be invesatiga-
te «nd that bolte containing
any chandes the menufecturer

13

may meake be evaluated for
strength.
% It is alao recommended that
the nut ueed in these teats be
accepted for use in the specifi-
cations for bolted pallets.

R et A




FIG 1 CONDITIONS OF TEST NOI BOLTS ARF
ORAWN UP INTO THE WOQOD BLOCK ASSEMBLY.
TENSION IS THEN APPLIED TO THE BOLT BY
SPECAL NUT. SECOND SPEZAL NUT & TORQUE
WRENCH ARE USED 7C ATTENPT TO TURN
LT IN WCTC.




FIC 4 - TYPICAL "iPRESSIONS AND DAMAGES CAUSED
8Y 30LTS N BOTH HARDWOOD (UPPER) AND SOFTWCOD
{_LOWER: BLOCKS IN TEST NO '

B T TSI, S . e




FIG.5- FLUSH TYPE NUT
FOUND AGCEPTABLE FOR
PALLET CONSTRUGTION.

£1G.6 - NUIT IN PLAGE SHOW-
ING FLUSH FAGE AND TWG OF
THE MEANS FOR TIGHTENING.

e

7
T e A
Fﬁ‘ ‘ "g‘i""" - gé : s‘

3

F!(‘ 7- DESTRUCTIVE TF_ST!NG SHOW"D i
NUT ACEQUATE. SHEARING STRENGTH ;
EXCEEDS 300 IN.-LBS.

4




FIG.8- TEST BLOCKS AND BOLTS PREPARED FOR
TEST 3 ALTERNATE SALT WATER DIPS AND DRY -
ING PERIODS PRODUCED SEVERE RUST CONDITIONS,:

()

£16.9 Llelo £16.11
REPRESENATIVE RESULTS OF TEST4. WHERE BOLTS COULD NCT
BE REMOVED THEY ARE SHOWN ON TOP OF THEIR RESPEL TIVE
PBLOCKS. BOARD WAS SPLIT TO SHOW OTHER BOLT HEADS.

17
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Tre nut used in Test 2, 3, and 4
It 1s
punchea gnd tormed trom steel strip
The body of the

nut is threaded internally anc s

is 1llustrated in Figure §.

and zinc plated.

lockinyg {eature is aaded by forcing
a snuil area out of round by con-
trolled immact. The upner portion
of the body cnntains a bhexagonel
sccket which will gccept & S/16°
Mler wrench. 1lLe hes has three
mstches equully spaced around .ts
edye. These nctches perrit tighter-
1.5 or lonsening with a spsnner

vrencd (or in an emergency, & hammer

ard punch or screwiriver), figurc §
siiowsg one of the nuts on g spanner
wrench,

The hex socket rithstood torques
of over .1 inch-paunds without
stripgoing ( Teat 4) and when the low-
ey part nf the hody was gripped in a
vise, the sahearing seen in Figure 7
occurred in excens of 300 inche.
pouras,

This nut i3 manviasctured by Un-
ited-Cars F stener Corporation, Came
bridge, Hassachupetis, end 1s sold

under ‘'ie name of Tea-put”,




