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ABSTRACT

An engineering test exploring the feasibility of using 5, 000-pound-capacity
floor tiedowns for securing U.S. Army aircraft in commercial and mili-
tary van containers was conducted by Engineering Research Division,
U.S. Army Transportation Engineering Agency, Military Trafiic Manage-
ment and Terminal Service, Fort Eustis, Virginia. The tiedowns were
secured alternately to four species of wood (representing types oI wood
used in container floors) by wood screws, and the screws extracted by
applied loads from the wood at angles of 90 degrees and 45 degrees by a
universal testing machine. A working load of 30 percent of the failure
load was applied to the tiedown systern and held for 1/2 hour, with no
vield observed. The results of the laboratory tests showed the tiedown
system to be structurally adequate under static loads. A recommendation
was made to install these tiedowns in a van container and subject them to
dynamic 1oads in field tests using salvaged aircraft.
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I. INTRODUCTION

The U.S. Army Transportation Engineering Agency (USATEA), Mlitary
Traffic Maragement and Terminal Service, Fort
presently investigating the possibilit - of shipping sectionalized U.S. Army
2ircraft by standard commercial aad military ven contziners.

Eusis, Virginia, is

One phase
oi this investigztion invoives determining & Hiedown configuration which is
capable of restraining the aircrait component within the contziner and which

will not permansenily damage or weaken the floor of the container.

. QOBJZCTIVZS

nich will puli 2 specific tiedowsn con-

1. To determine the static iozd =
figuration irom various species of wood used in contziner floors.

2. To ascertzin a structurally adequate tiedown which will cause no per-
manent damzge to or wezkness in container floors.

3. To determine if 2 particular iedown cenfiguration, laboratery tested,
could be considered adcguate for instaliation in contziners for field tests.

HIHi. CONCLUSIONS

1. The Hedown configuration tested under static conditions is structurally
adequate for further tests involv:ng dynam’c loads.

2. Ease of installation and ease of procuremest of the components of tha
tiedown make this configuration a logical choice for iurther testiag.

3. This tiedown configuration wifl cause no permanent darmage to or
weakening in container floors. The screws used for tms test ieft four
7/8-inch-deep holes. less than 1/4-inch in diameter, which caa easily be

filled with plastic wooc filler.

IV. RECOMMENDATIONS

1. That field tests be periormed, asing this tiedown configusration to con-~
firm its usability and structural adequacy.

2. That salvaged aircraft be used in these field tests in the event that the
tiedowns prove structurally inadequate under dynamic loads.
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3. That wood screws ir pilot holes be started by turning them rather
than by driving with 2 hammer, in order to utilize fuily the available
thread length of the screw.

4. That further testing begin immediately so that an adequate restraining
system will be available when the need arises.

Y. PROCEDURES

One tiedown cornfiguration was tested, using four species of wood. The
tiedown was a2 Ring Assembly, Tiedown, FSN 1560--928-6296, znd its
Adapter Assembly, Tiedown, FSN 1560-909-8741, as removed from the
floor of 2 CH-47 Helicop*er, and rated at 5, 000 pounds capacity {Figure 1).
. This tiedown assembly was secured
& 3;._ * : %%_ “%’:\ to each wood specimen, in tureg,
S *'i R, R ~-. with four No. 12 (0. 216-inch dian:-
eter) 1-1/4-irch-lcong steel wood
screws. Piig’ holes of 0. 182-inch
diameter were drilled for each
wood screw. This size was chosen
because the National Design Speci-
ficatiorn for Stress-Grade Lumber
and its Fastenings {1968), published
by the National Forest Products
Association, recommends 2 maxi~-
mun- pilot-hole diameter in hard-
woods of 90 tercert of the screw
diamerer. The wood species tested
were white cak. beech, white ash,
and & soft varizty of pine. The
three hardwood specimens were of
TAS {First and Second) grade arcd
met or exceeded the specificatioas icr
acceptable grade in F:uehani Zngineering Szandz- -"-tz:--.r": 3L i.-- perdix}.
A 390, 000-pounc-capacity Tiaius-Diss
uscd for 2pplyin . the withdrawal lcads

1

Figure 1. Tiedown Ring Assembly.
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I= the first phase of testing, loads were zppiied slowly at both 90 degrees
aad 45 degrees to the wood suriace uniil the wocd screws securing the He-
down withdrew irom the wood sd>ecimen {Tzatle 1). Each test was run
twice, and after an average withdrawal lozd ior each wood species was
ccmputed, 2 working iced of 3C percent of withdrawal load {chosen to
represent z suificient safety factor) was applied a2nd held for 1/2 hour to
check for vieiding {Tabie Z).
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3 Figure 2. Tinius-Olsen Universal Testing Machine.

r TABLE I

g MAXINU2Z LOAD WITHDRAWAL TESTS

L

E Test Angle ‘Withdrawal Load

fE Teast No. (°) Wooc Spescies {15)

i i 90 Yhite Oak 2,975

g 2 90 White Oak 2.500

*

E 3 g0 Pine 2,500

£ 4 90 Pine 2, 450

§ 5 90 Beech 1,225

. E 6 99 Beech 4, 300

t 7 20 Wkite Ash 2,525
§ 8 90 White Ash 2,475
3 : 9 45 White Oak 1,725
= i i0 45 White Oak 1,850
L 11 45 Pine 1,225
3 : 12 3 Pine 2,15¢
3 $ 13 35 Beech 2, 300
3 T 12 45 Beech 2,850
e i5 $5 White Ash :, 800
3 ) 16 45 White Ash 1,725

: 17 45 Pine 2,000
3 f Pilot Hole Diameter: N>, :4 bit, 0. 182~inch
3 : Piiot Hole Penetration. 3'4-inch
% $ Screw {Thrzad) Peneiratio.: 7/8-inch {3/4-inch)
3 Screw Type:r Wood Screw No. 12
3 Screw Length: 1-1/4 inches
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TABLE I
WVORKING LOAD WITHDRAWAL TESTS#

Test Average Working
Test  Angle Withdrawal i.oad Load+* Yield
No. {°) Wood Species (ib) {ib) {in. }
18 90 Pine 2,475 743 None
19 90 White Oak 2, 887 866 None
20 S0 Beech 4,263 1, 280 None
21 99 White Ash 2,500 750 None
22 45 Pine i, 721 537 None
23 45 White Oak 1, 737 536 None
24 45 Beech 2,825 848 None
25 45 White Ash 1,763 529 None

*Applied for 1/2 hour in each test.
*%30 percent of average withdrawal load.

Two tiedowns were tested simultaneously for the G0-degree tests (Figure

3). This assured withdrawal from the weaker of the two wood specimens.
Thereiore, the two values recorded for static withdrawal at 90 degrees are

the two lesser strength values of four tiedown configurations used in the

two tests.
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Figure 3. 90-Degree Extraction Test.
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: The 45-degree tests were performed on each specimen individualiy (Figure
~- 4). A 1/2-inch-diameter turnbuckle with 3/8-inchrdiameter shackles at
3 each end was used between the tiedowns being tested.
3 X
5 "g
% TEST SPECHIER l g T s
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Figure 4. 45-Degree Extraction Test,

Vi. TRANSPORTATION ENGINEERING ANALYSIS

~
-

Tables 1 and 2 summarize the tests performed. The hardwoods were
tested to simulate container floors, while the pine was tested to compare
hardwoods and softwoods and to simulate rough field conditions when

' container floors may be in such poor shape that screws may be withdrawn
more easily than under laboratory conditions. Actually, the pine was

T T T B Y A e R Ty B A P R N 0 T

3 b observed to have greater resistance to withdrawal at 45 degrees than

1 g white ash and white oak (see Table I).

i
E ‘r The withdrawal angles were chosen because 90 degrees demonstrated the

g ;. maximum resistance to withdrawal, and 4% degrees represented field

: i conditions where tiedowns will usually be stressed at some angle from the o

=2y

ver_.ical between 30 degrees and 60 degrees. The probable maximum
accelerations to which these tiedowns may be subjected wiil be on the
order of 2g’s. As the maximum weight of economically containerizable
sectinonalized U,S. Army aircraft is under 2,000 pounds, and as four or
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more tiedowns will probably be used for ecach aircraft, laboratory testing
has established the structural adequacy of this tiedown configuration for
securing these aircraft with a sufficient safety factor, pending field tests,
or further laboratory tests using dynamic loads.
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C. GQGrade

1. Season Checks

2, Sound Sapwood

3. Knots

4, Skips
. 5. Pin, Spot &
Shot Worm

Holes

6. End Splits

7. Stains, Streaks
& Spots

APPENDIX

EXTRACT: PARAGRAPHC
FRUEHAUF ENGINTERING STANDARDS NO, 32
(1961 - REVISED 1967)

Finished flooring shall comply with the following limitationz:

Face

Not permitted.
Permitted.

1/4 inch diameter
sound and tight knots
permitted. No two
knots closer than

10 inches.

Surface skips permitted
provided thickness of
floor at point of skip

is not less than 1/16
inch below nominal
thickness of floor -
length of skip may be
no longer than 1 inch
and aggregate length
of all skips on one
board may not be
greater than 12 inches.

Permitted to 1/4 inch
diameter and not pene-
trating thru beard.
Scattered and not to
exceed an average of
one per square foot --
hole to be filled.,

Not permiited.

Permitted if wood is
sound.

R

2L DL & s = 0 T

Far e, R AN

Back

Not permitted.
Permitted.

Sound and tight knots
permitted.

Bor o bbb o A E

Surface skips permitted
provided thickness of
floor at point of skip is
not less than 1/16 inch
below nomiunal thickness
of floor-floor skips of
aggregate length of all
components of one board
may not be greater than
length of that board.

Same ag face.

Not permitted.

Permitted if wood is
sound.
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