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PART 1
INTRODUCTION
A. BACKGROUND. The U.S. Army Defense Ammunition Center and School
(USADACS), Evaluation Division (SMCAC-DEV) was tasked by the Storage and
Cutloading Division (SMCAC-DEO) to test a unitization procedure for Armor
Tile packed in wooden boxes of approximately 38" long by 13-1/2°

wide by 4-9/16" high in accordance with MIL-STD-1660.

B. AUTHORITY. This test was conducted in accordance with mission
responsibilities delegated by the U.S. Army Armament, Munitions and Chemical

Command (AMCCOM).

C. OBJECTIVE. The objective the tests identified in MIL-STD-1660 is to
determine if subject unitization procedure for Armor Tile, as unitized, will
satisfactorily meet the test requirements to assure safe handling and trans-

port throughout the Army logistics system.
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PART 2
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PART 3

TEST PROCEDURES

The test procedures outlined in this section are extracted from
MIL-STD-1660, Design Criteria for Ammunition Unit Loads, 8 April 1977.
This standard identifies nine steps that a unitized load must undergo if it
ig8 considered to be acceptable. These tests are synopsized below:

1. STACKING TESTS. The unit load shall be loaded to simulate a stack of

identical unit loads stacked 16 feet high, for a period of one hour. This
stacking load is simulated by subjecting the unit load to a compression of
weight equal to an equivalent 16-foot stacking height. The compression load
is calculated in the following manner. The unit load weight is divided by the
unit load height in inches and multiplied by 192. The resulting number is the
equivalent compressive force of a 16-foot-high load.

2. REPETITIVE SHOCK TEST. The repetitive shock test shall be conducted in

accordance with Method 5019, Federal Standard 10l1. The test procedure is as
follows. The test specimen shall be placed on, but not fastened to, the
platform. With the specimen in one position, vibrate the platform at 1/2-inch
amplitude (l-inch double amplitude) starting at a frequency of about 3 cycles
per second. Steadily increase the frequency until the package leaves the
platform. The resonant frequency igs achieved when a 1/16-inch-thick feeler
may be momentarily slid freely between every point on the specimen in ccntact
with the platform at some instance during the cycle or a platform acceleration
achievesg one plug or minus zero point one G. Midway into the testing period
the specimen shall be rotated 90 degrees and the teast continued for the
duration. 1If failure occurs, the total time of vibration ghall be two hours
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if the specimen is tested in one position; and if tested in more than one
position, the total time shall be three hours.

3. EDGEWISE DROP TEST. Thig test shall be conducted by using the procedures

of Method 5008, Federal Standard 101. The procedure for the Edgewise Drop
{(Rotational) Test is ag follows: The specimen shall be placed on its bottom
with one end of the base of the container supported on a sill nominally

6 inches high. The height of the g8ill shall be increased if necessary to
engure that there will be no support for the base between the ends of the
container when dropping takes place, but should not be high enough to causge
the container to gslide on the supports when the dropped end is raised for
the drops. The unsupported end of the container shall then be raised and
allowed to fall freely to the concrete, pavement, or similar underlying
gurface from a prescribed height. Unless otherwise specified, the height of

drop for level A protection shall conform to the following tabulation.

GROSS WEIGHT NOT EXCEEDING DIMENSIONS ON ANY EDGE HEIGHT OF DROP LEVEL
NOT EXCEEDING A PROTECTION
Pounds Inches Inches
600 72 36
3,000 no limit 24
no limit no limit 12

4. MECHANICAL HANDLING WITH ATTACHMENTS. This test shall be conducted in

accordance with Method 5011, Federal Standard 101 Sub-Part 6.3, Hoisting
With Slinga. Attach slings to the four hoisting arrangements. The length
of the slings shall be such that, when lifting, they form angles between 20
and 25 degrees with a horizontal plane. Lift the gpecimen clear of the

floor and hold it suspended for not less than two minutes. Observe for any
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indications of inadequacies in this specimen. Record observations and let
the specimen down. Repeat the previous procedure using three, two,
alternate two, and one sling.

5. IMPACT TEST. This test shall be conducted by using the procedure of
Method 5023, Incline-Impact Test of Federal Standard 10l. The procedure for
the Incline-Impact Test is as follows: The specimen ghall be placed on the
carriage with the surface or edge which is to be impacted projecting at
least 2 inches beyond the front end of the carriage. The carriage shall be
brought to a predetermined position on the incline and released. 1If it is
desired to concentrate the impact on any particular position on the con-
tainer, a 4x4 inch timber may be attached to the bumper in the desired
position before the test. No part of the timber shall be struck by the
carriage. The position of the container on the carriage and the sequence in
which surfaces and edges are gubjected to impacts may be at the option of
the testing activity and will depend upon the objective of the tests. When
the teat igs to determine satisfactory requirements for a container or pack
and unless otherwigse gpecified the specimen shall be subjected to one impact
on each surfzce that has each dimengion less than 9.5 feet. Unless other-

wigse specified, the velocity at time of impact shall be 7 feet per second.
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PART 4

TEST EQUIPMENT

TEST SPECIMEN.

a. Drawing Number: 19-48-4221-20PA1009
b. Width: 38°

Length: 54°

O

d. Height: 44~

o

Weight: 2,508 lbs.

COMPRESSION TESTER.

a. Manufacturer: Ormond Scientific

b. Platform: 60 inches by 60 inches
c¢. Compression Limit: 50,000 pounds
d. Tension Limit: 50,000 pounds

TRANSPORTATION SIMULATOR.

a. Manufacturer: Gaines Laboratory
b Capacity: 6,000 pound pallet

¢. 1/2-inch Amplitude

d. Speed: 50 to 3000 cpm

e. Platform: 5 foot by 8 foot

INCLINED RAMP.

a. Manufacturer: Conbur Incline
b. Impact Tester

c. 10% Incline

d. 12-foot Incline

Forklift Rough Handling Course.
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PART §

TEST RESULTS

1. STACKING TEST.

Pallet Weight: 2,508 lbs.

Pallet Height: 44°

Test Load Weight: 10,900 lbs.

The subject pallet was loaded to 11,000 lbs. compression for a period of
one hour. At the end of this period of time, the compressive load had
decreased to 9,800 lbs. While in the compression tester, the unitization
decreased 1/2° in overall height. When removed from the compression tester,
irregular packing boxes allowed the load to resume its initial height of
44",

2. REPETITIVE SHOCK TEST. Subject pallet successfully passed the

longitudinal transportation simulation test during a 90-minute test period.
Rotating the nallet 90 degrees and subjecting it to a second 90-minute
period in the trangportation simulator caugsed no damage to the pallet or
loogening of the strapping. In order to achieve a 1/16° clearance between
the pallet and the transportation gimulator bed, the equipment was operated
at 180 rpm.

3. EDGEWISE DROP TEST. Each side of the pallet base was placed, in turn,

on a beam displacing it 6° above the floor. The opposite side was raiged to
a height of 24° above the floor and then dropped. This process was repeated
until the pallet had been dropped on all four sidegs. No damage occurred to

the pallet during the edgewise rotational drop test.
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4. MECHANICAL HANDLING TEST. The mechanical handling test was accomplished

-ging a forklift. This occurred while moving the pallet between test
stations and storage buildings over gravel roads. All forks were engaged in
the fork pockets provided on the pallet. No damage or deflection of the
specimen occurred that could cause damage to or displacement of the

contents.

5. IMPACT TEST. The inclined impact test consisted of placing the test
pallet on an inclined sled with 2° of the pallet projecting over the edge of
the sled on the impact side. The sled was then raised approximately 8 ft. up
the inclined ramp and allowed to accelerate and impact into a solid wall.
This test was repeated once on each side of the pallet. This inclined impact
did not use an optional bumper. No damage occurred to the unit load

after impacting all four sides.
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PART 6

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS. The unitization procedures for armor tile, Ml and M2, as
depicted in the unitization procedure drawing 19-48-4221-20PA1009, as
amended, satisfy the requirements of MIL-STD-1660 as tested in this report.

2. RECOMMENDATIONS. 1t is recommended that subject unitization procedures

be implemented to the extent allowed for the handling, storage, and trans-

port of armor tile identified.




PART 7

PHOTOGRAPHS




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 1. This photo shows the armor tile pallet in the compression tester.
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DEFENSE AMMUNITION CENTER AND SCHOOL -~ SAVANNA, IL

Photo New 2o This phote shows the armor cile pallet atter being taken out of the com-

aression tester.

Note the indentations in the pallet strappineg.  This was caused bhv
t tt ! .

Improper stacking of the pallet on top of the unitization.  The compressive load has per-

maneint iy Jdetformed

the 374" strapping, causing the ticdown straps to loosen.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

This photo shows the armor tile unit load on the transporta-

Photo No. 3.
Plastic cover only used in this test to reduce

tion simulator.
dust from inert filler.
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DEFENSE AMMWNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 4. This photo shows the armor tile unit load ready for the
first edgewise rotational drop.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 5. This photo shows the armor tile unit load ready for the
gecond edgewise rotational drop.
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DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 6. This photo shows the armor tile unit load ready for the
third edgewise rotational drop.
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DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 7. This photo shows the armor tile unit load ready for the
fourth edgewise rotaticn drop. Note the center skid on the left hag cracked

from the previoug edgewjge rotational drop,




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, 1L

Photo No. 8. This photo shows the armor tile unit load after the first
inclined impact.




DEFENSE AMMUNITION CENTER AND SCHOOL- SAVANNA, IL

Photo No. 9. This photo shows the armor tile unit load after the second
inclined impact.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, IL

Photo No. 10. This photo shows the armor tile unfit load after the third

inclined impact. Note the s2light loosening of the armor tile boxes in the
first row.




DEFENSE AMMUNITION CENTER AND SCHOOL - SAVANNA, 1L

Photo No. 11. This photo gshows the armor tile unit load after
impact on the fourth and lagt side.




PART 8.

UNITIZATION PROCEDURES




UNITIZATION PROCEDURES FOR ARMOR
TILE, XMl AND XM2, PACKED 2(XM2)
OR 3(XMl) PER WOODEN BOKX,
UNITIZED 32 BOXES PER 35" X 45-1/2"
PALLET; APPROX BOX SIZE 38"L X
13-1/4"W X 4-9/16"H

PALLET UNIT DATA
TIon© WE
ITEMS INCLUOED HAZARD CLASSIFICATION 1ur ©HAZARD CLASSIFICATION DATA CONTAINED [N THE CHART TO THE
- 0 e | (s LEFT IS FOR GUIDANCE AND INFORMATIONAL PURPOSES ONLY.
NSN - 000C | OO Soss | ass | Satue VERIFICATION OF THE SPECIFIED DATA SHOULD BE MADE BY CON-
SULTING THE MOST RECENT JOINT HAZARD CLASSIFICATION SYSTEM|
o LISTING OR OTHER APPROVED LISTING (S ),
az-un Mol | A | @ fkorz o |2am
nz-mmg M2 | A | I lonrz o |zam
REVISION
REVISION NQ. 1, DATED JUNE 1986, CONSISTS OF:
ADDING ITEM BY NATIONAL STOCK NUMBER (NSN )
T "PALLET UNIT DATA" CHART.
REVISIONS gy = K
L0 SNANE OV
't James 'l" = [

e

ARMY AMC DRAWING

MARCH 1966
LA OPRION ORAWNG s
20PA
RO_NOT SCALE 19 | 48 | 4221 | 1609

PROJECT_CA 486
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TIDOWN STRAP, )/4° X (35" OR LOAD STRAP, ¥/4° X .(3S* Ok 01" X
031 X 13'=6° LONG STEEL STRAP-
PING (4 REQD ). SEE GENRAL

NOTE "D* AT RIGHT,

SEE GANEAL NOTE °C*® AT RIGHT,

SEAL FOR 34" STRAPPING
(6 REQD, 1 PER STRAP),
CRIMP EACH SEAL WITH
TWO PAR OF NOTCHS

’I
¢
A\ \

Wi
\\\4/”

RRRERY
NN

3

(4

[[///
ANV NN WY

77777777
(L {L LY

(L /
WA K
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TYPICAL LOCATION POR
SECURBMENT OF A STRAP
CUTTR. SEE GENERAL
NOTE F° AT RIGHT.

PACLET UNIT

SEE GENERAL NOTE "8” AT MGHT,

32 $OXE OF ARMOR TILES (2 OR 3 PR BOX ) 2 75 LIS 2,400 XS ( APPROX )
DUNNAGE 7 s
PALLET & s
TOTAL WEGHT 2,472 S ( APPROX )
Quse 49.0 CU FY ( APRROX )
BILL OF MATERIAL

PALLET, 25° X 45-1/2° 1 EQD 43 18S
STEEL STRAPIING, V4® woemee 85.00" REQD ——rweaemmeed . 14 LIS
SEAL FOR 3/4° STRAPPING 4 REQD NiL

TIE MECE, 1° X 4* X SOX WIOTH (2 REQOD ).
NAIL TO LONGITUDINAL PIECES W/2-64
NANS AT EACH BND AND TO LATRAL
PIECE W/2-6d NAUS,

VERTICAL MECE, 2° X 4° X 80X
HEGHT MINUS 3/4° (4 REQD ),

LATERAL MIECE,
2° X §° (IPPED TO
POX HEIGHT MINUS
/4" ) X $OX WIOTH
MINUS 3% (3 REQD ).
NAIL TO VRTICAL
Mecs w/2-100

NAILS AT EACH f-
=0,

LBNGTH (2 REQD),

FILLER ASSEMBLY
(POR MINUS ONE 30X )

PAGE 2 I

16'=0" LONG STEEL STRAPPING (2 REQD ),

TO DOX HEGHT MINUS 3/4° ) X 80X
NAIL TO VERTICAL
PECES AND CBNTIR LATERAL MECE
W/2-104 NAILS AT EACH JOINT.

GENERA L NOTES

THIS DOCUMBNT HAS SEBN PREPARED AND ISSUED IN ACCORDANCE WITH
AR 740-1 AND AUGMENTS ™™ 743-200~1 { CHAPTER 5) AND CONFORMS TO
MIL-STD-1440.

DM ENSIONS, CUBE AND WEIGHT OF A PALLET UNIT WALL VARY SUGHTLY
DEPENDING UPON THE ACTUAL DIMENSIONS OF THE BOXE AND THE WBGHT
QF THE SPECIFIC ITBM JANG UNITE DD,

THE LOAD STRAPS MAY $E THREADE THROUGH THE STRAP SLOTS OF A PALLEY
OR ME-POSITIONED ON THE PALLET DCK MICR TO MACING OXES ON THE
PALLET. LOAD STRAPS MUST BE TENSIONED AND SEALED MICR TO APPLICA-
TION OF TIHIDOWN STRAPS.

INSTALL SACH TIEDOWN STRAP TO PASS UND®R THE DECK/STRINGIR SOMDS
OF THE PALLET AND TO BE LOCATED AS SHOWN, TIDOWN STRAPS Wil NOT
SE APPLIED UNTIL THE LOAD STRAPS HAVE BEBN' TENSIONID AND SEALDD.

THE FOLLOWING AMC ( DARCOM ) DRAWINGS ARE APPLICABLE FOR OUTLOAD-
ING AND STORAGE OF THE ITBMS COVRID 3Y THIS APPENDIX,

MILVAN ORAWING  19-40-4 144~ 15PA 1003 .
CARLOADING —=—DRAWING  19-40-4115-PA 1002.
TRUCKLOADING ~DRAWING 19-43-4117-1WA 7003
STORAG E ORAWING  19-48-4118-1-2-3-4= WU-22PAT1002.

FOR METHOD OF SECURING A STRAP CUTTER TO THE PALLEY UNIT, SEE DARCOM
ORAWING 19-48-~4127-20P1000.

¥ IToMS COVERED HIREIN ARE UNITIZED PRIOR TO ISSUANCE OF THIS DRAW~
ING, THE BOXE NEID NOT 8E RAUNITIZED SOLAY TO CONFORM TO THIS
APPENDIX.

WHEN APPLYING ANY STRAP, CARE MUST BE EXBCISED TO ASSURE THAY THE
SND OF THE STRAP ON THE UNDERSIDE OF THE JOINT EXTBNDS AT LEAST 4°

BEYOND THE SEAL, THIS EXTRA MINIMUM LENGTH OF STRAP IS REQURD TO
PERMIT SUSSEQUENT TIGHTENING OF LOOSENED STRAPPING, RETENSIONING
CAN 3E ACCOMPUSHID WITHOUT REPLACING STRAPPING OR SPUCING STRAP-
MING THROUGH THE USE OF A FEEDWHERL TENSIONING TOOL, MANUAL On

PNAMATIC, AND THE APPUCATION OF ONE ADDITIONAL SEAL,

ALL WOODEN DUNNAGE AND PALLETS MUST 3E MERVATIVE TREATED WITH
BTHR COMR--QUINOUNOLATE OR ZINC NAPHTHENATE SMULSIFIABLE.
PALLETS AND DUNNAGE ASSEMBLIES MUST BE ASSEMILED PRIOR TO TREATMENT.
THE LETTERS PA" DENOTING PQS6 { COPPR--QUINOLINOLATE) CR *P3" DE-
NOTING M=-GARD WS3) ( ZINC NAPHTHONATE EVULSIFIABLE ) MUST SE APPUIED
TO THE CUTIR FACE OF THE CENTR POST ON THE 43-1/2° SO OF THE PAL-
LET, AN LETTERS AT LEAST QONE-INCH HIGH, ) T

A PWS OR MINUS 1/4° 15 ALLOWED ON OVIRALL DIMENSIONS OF ANY DUN-=
NAGE ASSOMBLY, HOWE/R, SIMILAR PIECES IN AN ASSEMBLY MUST BE WITH-
N 1/8° OF THE SAME DIMENSION,

N OROB TO OSTAIN COMPACT ( SOUND ) UNITS, ALL STRAPS SHALL 8E LO-
CATED IN ROPER ALIGNMENT AND TENSIONED UNTIL THEY QUT INTO THE
EDGE OF THE PALLET DECK, AFTER TENSIONING, ALL STRAPS WILL §E SECIR D
USING ONE SEAL AND TWO PARR OF NOTCHE. : .

DIMENSIONAL WMSE SPECIFIED THROUGHOUT THIS PROCIDURAL DRAWING
IS OF NOMINAL SIZE UNLESS OTHERRWISE SPECIFIED, FOR EXAMPLE, 1° X 4°
MATSUAL (S ACTUALLY /4" THICK BY 351/2° WIDE AND 2° X 4° MATEOAL K
ACTUALLY 1-1/2° THICX BY 3-1/2" Wi,

MATER JAL SPECIFICATIONS

MIL SPEC MIL-P-13011; 4-WAY ENTRY, STYLEIA,
TYPEL, CLASS |, MESEVATIVE TREATDD, SEE
GENRAL NOTE °J°,

SEE T™M 743-200~1 { DUNNAGE WMIR ) AND FD
SPEC MM=L-751.

FID SPEC PP=N-105; COMMON. ALT: ANNULAR-
RING TYPE NAIL OR PALLET TYPE ( MECHANICALLY
DEFORMID ) NARL OF SAME SIZE,

P SPEC QQ-5-781; CLASS |, TYPET OR I, HEAVY
DUTY, FINISH & ( GRADE 2), SIZE V4" X .035° O®
a3,

PALLET e—swemwanvmm—y

WM B woemasamncaey

L

STRAPPING, STERL ~

FI SPEC QQ-5-781; TYPED, STYLEY, II, Or INY,

SEAL, STRAP —moeey
CLASS H, FINISH 8 ( GRADE 2).

PROJCT CA 24-86




