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PART1

INTRODUCTION

A. BACKGROUND. The U.S. Army Defense Ammunition Center and School (USADACS),
Validation Engineering Division (SMCAC-DEYV), was tasked by USADACS, Transportation
Engineering Division (SMCAC-DET), to test a loading and bracing procedure for nitroguanidine
packed in 15.5"-diameter by 24.4"-high Department of Transportation (DOT) 21C fiber drums iii
a 50’-6"-long boxcar. Inert test samples of the DOT 21C fiber drums were fabricated and loaded
into the boxcar. The boxcar was then tested IAW TP-91-01, Transportability Testing
Procedures, July 1991, for rail impacts at 4, 6, and 8.1 miles per hour (mph) in the forward

direction and 8.1 mph in the reverse direction.

B. AUTHORITY. This test was conducted IAW mission responsibilities delegated by U.S.
Army Armament, Munitions and Chemical Command (AMCCOM), Rock Island, IL
61299-6000. Reference is made to Change 4, 4 October 1974, to AR 740-1, 23 April 1971,
Storage and Supply Activity Operations; AMCCOMR 10-17, 13 January 1986, Mission and
Major Functions of USADACS.

C. OBJECTIVE. The objective of this test was to test the loading and bracing in a 50’-6"-long
boxcar of nitroguanidine packed in 15.5"-diameter by 24.4"-high DOT 21C fiber drums to
TP-91-01, Transportability Testing Procedures, July 1991.

D. CONCLUSION. Rail impacting the boxcar loaded with 876 DOT 21C fiber drums at 4, 6,
and 8.1 mph in the forward direction caused the load to compact 36 inches. The 36-inch
displacement was measured at the center line of the boxcar, from the end of the load to the
plywood liner in the nonimpact end of the car. Drum lids had undercut into adjacent drums in

the direction of impact. Load compaction occurred after each impact.
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After reverse impact at 8.1 mph, the load compacted 30 inches from the end wall opposite the
impact end of the railcar. That is, the 36-inch displacement at the impact end of the boxcar was
closed, and a 30-inch displacement opened up at the nonimpact end of the boxcar. Drum side

walls were crushed at three stacks from the impacted end walls.

E. RECOMMENDATION. It is recommended that the DOT 21C fiber drums be rebuilt to
resemble the actual product’s physical characteristics and the rail impact test be redone, if an

approved loading and bracing method is still required.
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PART 3

IEST PROCEDURES

A. Rail impact testing is accomplished to assure regulatory compliance IAW previously
approved and standardized procedures. This test was performed using inertly-loaded items
which were equal in weight, correctly located at the center of gravity, and general in character to

the material ultimately shipped.

B. The test load or vehicle was positioned in/on a railcar. For containers, the loaded container
was positioned on a container chassis and securely locked in place using the twist locks at each
corner. The container chassis was secured to a railcar. Equipment needed to perform the test
included the specimen (hammer) car, five empty railroad cars connected together to serve as the
anvil, and a railcar locomotive. These anvil cars were positioned on a level section of track with
air and hand brakes set with the draft gear compressed. The locomotive unit pulled the specimen
car several hundred yards away from the anvil cars and, then, pushed the specimen car toward
the anvil cars at a predetermined speed, disconnected from the specimen car approximately

50 yards away from the anvil cars, and allowed the specimen car to roll freely along the track

until it struck the stationary anvil cars. This constituted an impact.

C. Impacting was accomplished at speeds of 4 and 6 mph and at least 13 km (8.1 mph) in one
direction and at a speed of at least 13 km (8.1 mph) in the opposite direction. The 4 and 6 mph
impact speeds were approximate; the 8.1 mph speed was a minimum. Impact speeds were
determined by using an electronic counter to measure the time required for the specimen car to

traverse an 11-foot distance immediately prior to contact with the anvil cars.

D. INSPECTION AND DATA COLLECTION. Atselected intervals during testing, thorough

inspections of the specimen loads were made by the technically proficient personnel to collect




data on the specimen load and equipment resulting from the above test load steps. This data are
recorded in part 4, following.
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TEST SPECIMEN AND RESULTS

Test No.: 1

Date: 30 JULY 1991

Specimen Load: 21C FIBER DRUM RAIL IMPACT TEST.

Boxcar No.: RBOX 39060

Load and Lading:
Impact End Stryck
1 A
2 A

Lt Wt.: 62,900 lbs.
Wt.: 49,154 lbs.
Total Specimen Wt.: 112,054 lbs.
Buffer Car (five cars) Wt.: 250,000 1bs.
(mph)
4.47 Load shifted 6-3/4 inches from
non-impact end of car.
Undercutting of drum lids in
the top layer.
6.63 Load shifted to 20-1/4 inches

from non-impact end of boxcar.
Center gate shifted 6-1/2 inches
from first impact. No punctured
drums.
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Impact End Struck Yelocity
(mph)
3 A 8.77
4 B 9.14

Remarks:

Load shifted to 27-1/2 inches from
non-impact end of boxcar.

Center gate shifted 7-1/2 inches
from the second impact. Some
drums were partially crushed.

Load closed standoff from
previously non-impacted end.

No drums ruptured. Some
damaged enough to permit the
product to leak out. Center gate
moved 32 inches from third impact.

Note: Due to lid undercutting and drum deformation, this transportation configuration is
unsatisfactory. New test samples need to be fabricated to resemble the actual material.
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[NOICATES DRUMS IN A 7-6-7

INQICATES CAR EMO WALL.
[" / \'—

IMOICATES FIFTY-POUND KRAFT PAPER
367 WIDE 8Y 132°-0° LONG. FOLD S0

| AS TO FORM EIGHT THICKNESSES, EACH
OF WHICH VILL 8E 16" -6° LONG

(6 REGD. 3 EACH ENO OF CAR).

PATTERN. PROCEOURE [S ALSO 1
APPLICABLE FOR DRUMS IN A 1
6-7-6 PATTEHN. i

t

// NEEEEETEEE \/®

STEP 1

POSITION TWENTY DRUMS IN ENG OF CAR USING
A 7-6-7 NESTED PATTERN. OR NIMETEEM ORUMS
USING 6-7-6 NESTED PATTEAN, AS APPLICAGBLE.

STEP 2
AT THREE PLACES. SIDE-BY-SIDE ACROSS THE CAR.

UP THE FRONT AND OVER THE TOP OF THE ORUMS.
PAPER UP THE END WALL.

POSITION KRAFT PAPER SO AS TQ EXTEND FROM FLOOR,

EXTEND

IF DESIRED. PAPER MAY BE

TEMPORARILY STAPLED OR TAPED TO EMD WALL WHILE

LOADING NEXT DRUMS.

.

INOICATES CAR

END "LL'\F .

INDICATES KRAFT PAPER FOR THE
SECOMD LAYER OF ORUMS.

/-IPOICATES ORUM.

/‘IPOICATES CAR END wALL.

l

——— = = = = == - —

/INOICHES DAM.
“

STEP 3

POSTTION THE NEXT TWENTY OR NIMETEEN
DRUMS ON THE KRAFT PAPER, DIRECTLY ABOVE
THE ORUMS PREVIOUSLY LOADED.

STEP 4

LOOSEN PAPER FROM END WALL, IF SECURED.
ANO BRING OVER THE TOP OF ANO DOWN THE
FRONT OF THE LOAD AS SHOWN.

IMOICATES FIFTY-POUND KRAFT PAPER
36° WIOE BY 148'-0° LONG. FOLD SO
AS TQO FORM EIGHT THICKNESS. EACH
OF WHICH WILL BE 18 -6° LONG

(6 REQD, 3 EACH END OF CAR).

INDICATES KRAFT PAPER FOR

INDICATES CAR END nu..-/

@\

AL

R

STEP 5§

AT THREE PLACES. POSITION KRAFT PAPER SO AS TO EXTEND FROM
THE TOP OF THE FIRST LAVER OF DAUMS, UP THE FRONT ANO OVER
THE TOP OF THE SECOMD LAYER OF DRUMS (OVER THE PREVIOUSLY-
POSITIONED PAPER). EXTEND PAPER UP THE EMO WALL  IF OESIRED,
PAPER MAY B7 TEMPORARILY STAFLEQ OR TAPED TO ENO WALL WHILE

LOADING MEXT ORUMS.  ypaAFT PAPER END-OF-LOAD PROTECTION

@

THE SECOLD LAVER OF ow«s.\

o f

INDICATES CAR EMNO WALL .

IMOICATES KRAFT PAPER FOR
THE THIRO LAYER OF DANS.

\

— - =T = =

VA

N\
I
L}
|
]
[}
|
i
¥
[}

_}

/-

) S
]
1
[}
|
t
i

=

STEP 6

POSITION THE TOP LAYER OF TWwENTY OR
MINETEEN DAUMS 0N THE KRAFT PAPER AND
DIRECTLY ABOVE THE ORUMS IN THE SECQNOD
LAYER.
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INGICATES CAR ENO WALL.

INOICATES CAR END WALL.

IMDICATES XRAFT PAPER FOR
THE THIRD LAYER OF DRUMS.

pmmsemaooo- —® femszdoess- —
! t
1 | INOICATES ORUM 1 .
: T : ~
\
\ ' \ N . E— N
EEETE I, e
INDICATES KRAFT PAPER FOR i INOICATES DRUM
! [ | '
: m THE SECOMD LAYER OF MS.\_.‘: ./—:':/
1 ! ' it
AL i A L
- R O
@/" \l ] @/F )
1 1
) " '
"i 1
1" ! .
o1 N i
STEP 7 STEP 8

LODSEM PAPER FROM ENMO WALL, IF SECURED.
AND BATHNG OVER THE TOP AND DOWN THE
FRONT OF THE LOAD AS SHOWN.

INOICATES CAR END VALL.\

LIFT ENOS OF PAPERS WHICH EXTEND OQVER THE SECOMD AMOD
LAYERS OF ORUMS. POSITION SEVEN OR SIX ORUMS AGAINS
FIRST-LAYER GROUP OF 20 OR 19 DRUMS. FORCE CRUMS FI
AGAINST THE KRAFT PAPER TO PROVICE PROPER NESTIMNG.

THIFD

T THE
RMLY
PQSITION

THE NEXT THIRTEEN ORUMS AND PLACE KRAFT PAPER ON TOP.

INOICATES KRAFT PAPER FOR
THE THIRO LAYER OF DRUMS.

'f' === e~ |

1

: '

! i

! |

W

i ==

INDICATES KRAFT PAPER FOR It INDICATES DRUM.
THE SECOND LAYER OF OAUNS.—__ || | ot | 0
In Wl -~
' W
/"\__________L'.k__::::::::
ol ‘
. |
!
¢
I
i
J
STEP 9

POSITION SEVEM OR SIX ORUMS AGAINST THE SECOMO-LAYER GROUP

OF 20 OR 19 DRUMS

FORCE DAMS FIRRY AGAINST THE KRAFT PAPEA

T0 PROVIOE PROPER MESTING. POSITION THE NEXT TWIRTEEN DRUMS
OF THE 20 OR |9 DRUM GROUP. POSITION SEVEN OR SIX DRUMS AGAINST
THE THIRO-LAYER GROLP OF 20 OR 19 DRUMS, FORCING FIAMLY AGAINST

THE KRAFT PAPER TO PROVIDE PROPER NESTING.

THE BALANCE OF THE CAR.

CONTINUE LOADING

KRAFT PAPER END-OF-LOAQ PROTECTION
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FACING MATERIAL, 1,2° X 28°
X 8 -0° PLYWOOO (2 REQOD).

FACING MATERIAL. 1,27 X 13-1/2°
X 48° PL(WO00 (2 REGD).

FACING MATERISL. 1427 X 48°

X 8'-0° PLYWGOD () REQD).
\ 9 -i-172°

FACING MATERIAL. 1/2° X 13-1/2°

X 28° PLYWOQ0 (2 REQD). %

6 -4°

~

FACING MATERIAL, 1/2° X 48°
X 48° PLYWOGQD (2 REGOD).

CENTER FILL A

FOR A 9 -2° WIDE CAR
NOTE: ALL PIECES WILL BE LAMINATED
W/1-4d NAIL EVERY 8° AND CLINCHED.

g -3-12°

FACING MATERIAL. 1/2° X 48°
X B'-0° (B’ -4° MIN) PLYNGOO
(4 REQD). NAIL TO EACH LATERAL

.
PIECE %/1-6d NAIL EVERY §".— |

& -1-1/2°
| / 6 -4° (NIM)
49-3/4°
FACING MATERTAL. 1/2° X 15-(/2°
X 8 ~0° (8 -d4° M) PLYWOQD v L
(2 REGD). NAIL TO EACH LATERAL “
PIECE V/3-Bd NAILS AT EACH JOINT. ' //

LATERAL PIECE, 2° THICK MATERIAL
CENTER FILL B B A WIOTH TO SUIT (REF 4-1/47)
————m— B7 §' -3-1/2 LOIG (4 REQD).

FOR A 9 -4° WIDE CAR

NOTE: B8 -0° LOMG PLIWO0D SHEETS MAY
8 USED It LIEU OF CUTTING TG 6 -4°.
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FACING MATERIAL, 172" X 48°

X 8 -0" PLYWO0D | REOO;A\

FACING MATERIAL. 1,2° X 16°
X 28” PLYWJ0OD (2 REJD).

FACIMG MATERIAL

X 8 -0° PLYWO00 (2 REGD)

PLYWOOD DIVISIONAL GATE

FOR 9'~6" WIDE CAR AS AND OPTION 10
THE PLYWOOD/LUMBER DIVISIONAL GATE.
NQTE: ALL PIECES WILL BE LAMINATED

W/1-4d NAIL EVERY 8° ANO CLINCHED.

rFA

FACING MATERIAL. L72° X 16" X 28°
PLYWO00 (i REDD). NAIL TO LATERAL
PIECES W/2-Bd NAILS AT EACH ENO
AMD CLINCH.

FACING MATERIAL, 1/2° X 28" X 8 -0°
PL000 (1 AEQD). MAIL TQ LATERAL
PIECES W/1-Bd NAIL EVERY 5° AND CLIMCH.

I

172" X 28°

FACING MATERIAL.
X 48° PLYMOOD (2 REGD)

1/2° X 16°

FACING MATERIAL.
% 48° PLMW000 <2 REQD)

CING MATERIAL. 1/2° X 48° X 8 -0

Q’ -4°

PLYWO0D (| REGD). NAIL TQ EACH LATERAL
PIECE w/1-6d MAIL EVERY 6° ANO CLINCH.

172° X 48°

FACING MATERIAL, 1/2° X 16° X 48~

PLTWOOD (1 REQD).

LATERAL PIECES ¥/4-Bd HAILS AT
EACH JOIHT AMO CLINCH.

NAIL TO THE

PLYWOODALUMBER DIVISIONAL GATE

FOR 9 -6~ VWIDE CAR

X 9' -4 (4 REQD).

LATERAL PIECE. 1" X 6°
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FACIMG MATERIAL. 1/2° X 48°
X 8'-0° (6 -4° ML) PLYNOOD
(4 REQD) NAIL YO EACH LATERAL
PIECE W/1-6d NAIL EVERY 6°.

FACING MATERIAL. 1,2 X 15-1/2°
X 8 -0° (8 -4° MIM) PLYWOO0D

(2 REQD). NAIL TO EACH LATERAL
PIECE ¥/3-8d NAILS AT EACH JOINT.

CENTER FILL C
FOR A 9'-6° WIDE CAR.

' /I 6' 4" (NIN)

LATERAL PIECE. 2° THICK MATERIAL
8Y A WIDTH TO SUIT B¢ 9 -S-12°
LONG (4 REQD).
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DOORWAY PROTECTION STRAP. 1-1/4° X 035" OR
Q31" STEEL STRAPPING. DOOR QPENING WIOTH
PLUS 18 ° IN LENGTH (6 REQO). NAIL TQ THE
CAR SIDEWALL W/3-6a NAILS AT EACH ENO. NOTE
THAT PLAIN STRAPPING MAY BE PUNCHED OR
ORILLED FOR USE IF PRE-PUNCHED STRAPPING
IS NOT AVAILABLE.

'/—INSKOE OF CAR SIOWwALL.

TQLERANCE FOR PLACEMENT OF
STRAPS MARKED (A) IS ALUS 4°
OR MINUS Q7. TOLERRANCE
FOR STRAPS MARKED @ IS
PLUS DR MINUS 4°.

THREE THICKNESSES OF FIFTY-POUND KRAFT PAPER

36° VIOE 5Y DOOR OPENING WIOTH PLUS 48° [N LENGTH
(3 REQD). FOLD ENDS BACK 12° Al SECURE TO CAR
SIDEWALL W8 EACH 374 X 1/2° OR | X 5/8° STAPLES.

THE KRAFT PAPER 1S SHOWN AOLLED BACK ONLY FOR THE PURPOSE
OF DISPLAYING THE INSTALLED DOORwAY PROTECTION STRAPS. aLL
THREE PIECES OF PAPER WILL BE STAPLED TO THE CAR SICEWALLS AT
ggTH ENgS WHEN THE DOORWAY AREA IS READIED FOR THE LO:OING

NOORWAY PROTECTION A OUTSIDE OF CAR.

FOR THE SIDE OPPOSITE THE LLOADING
SIDE IN CARS EQUIPPED WITH PLUG DOORS.

TAPE EHO TQ
HOLD I PLACE.

SEE THE "KRAFT PAPER OVERLAP
SECUREMENT® DETAIL BELOW.

DOORWAY PROTECTION STRAP, 1-1s/4" X .035° OR
.031° STEEL STRAPPING, OME-HALF OOOR OPENING
wIOTH PLUS 24 ° IN LENGTH (12 REQD). NAIL TO
INSIDE CAR SIDEWALL W/3-6d MAILS. SEE THE
“DOORWAY PROTECTION A* DETAIL ASOVE FOR HEIGHT
LOCATIONS. TENSION AND SEAL WITH ONE SEAL.
MOTE THAT PLAIN STRAPPING MAY 8E PUNCHED OR
DAILLED FOR USE IF PRE-PUNCHED STRAPPING IS
HOT AVAILABLE.

THREE THICKHESSES OF FIFTY-
POWD KRAFT PAPER 36° WIDE
BY ONE-HALF OOGR OPENING
¥IOTH PLUS & -6" IN LENGTH
(6 REQD)Y. FOLD EMD BACK
12* AND SECURE TO [NSIOE
CAR SIDEWALL ¥/8 EACH 3/4°
X 1/2° OR 1° X S/8° STAPLES

THE KRAFT PAPER [S SHOWN ROLLED BACK DMLY FOR THE PURPOSE
OF CEPICTING THE METHOO OF SECURING TO THE QUTSIDE CaR
VALL/DOOR; ALL THREE PIECES wILL BE EXTENQOED ACROSS THE
DOCRWAY QPENING. TAPED, ANO SECURED AS SHOWN BY THE “KRAFT
PAPER QVERLAP SECUREMENT® DETAIL BELOV.

TEMPORARILY SECURE 000Aw:7 PROTECTION
STRAP AND KRAFT PAPER TG CUTSIOE CAR
SIDEWALL VITH TAFE WHILE LOAOING DRUMS.

INDICATES KAAFT PAPER. FORM 36° DOORWAY PROTECTION B
LONG FLAPS B¢ FOLDING THE TMER

THREE THICKNESSES OUTWARD AMD T FOR THE SIDE OFPOSiTe THE LOAGING
OUTER THREE THICbeSSESFII)WAFU.rE SIDE IN CARS EGUIPFED WITH PLUG DOORS.

INTERLOCK THE TWD FLAPS AS SHOWN.

INDICATES
TaPE

INDICATES TAPE.

CUT/TEAR THROUGH THE OUTER SIX THIQNESSES OF THE YRAFT FAPER,
FROM THE TOP EOGE DOWN TO THE DOORWAY PROTECTION STRAP (10O THE
TOP STRAP OF A SET OF TWO DOORWAY PROTECTION STRAPS). F(LD
THE SIX THICKNESSES OUTWARD OVER THE STRAP AMD SECURE ThE FLAP
VITH TAPE AS SHOWN. THIS MUST BE ACCOMPLISHED ON ALL ThigE
ég' MIN LEVELS OF KRAFT PAPER SPANNING THE DOORWAY OPENMING.

* MAX

APPLY TAPE AT THIS
AREA TO AEINFORCE
™E CUT PORTIGHS

OF THE XAAFT PAPER.

KRAFT PAPER OVERLAP SECUREMENT

PLUG DOOR DOOAWAY PROTECTION DETAILS
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(2 REGD).

DOOR SPAMER. 2° X 6° BY DOOR ¥/12d NAILS.

OFENING VIDTH (AS REQD). HAIL
'O THE VERTICAL PIECES ¥%/2-10d
NAILS AT EACH END. SEE THE
"NOTE" BELOW.

& -5*

RETAINER PIECE. 2° X 6° BY OOOR
OFENING WIDTH PLUS 24° (1 REGD).
NAIL 70 THE SPACER BLOCK ANO
CAR SIDEWALL W/3-10d NAILS AT

DOORWAY PROTECTION C

QQOAWAY PROTECTION 10 BE USED WEN DOOR
POSTS OF CONVENTIONAL SLIDING ODOORS ARE
¥O0O0O OR NAILABLE METAL.

EACH JOINT.

SPACER BLOCK, 2° X 4" X 12°
(2 REGD). MNAIL TO THE
VERTICAL PIECE ¥/3-10d NAILS.

VERTICAL PIECE. 2° X 3" X 8'-5°
(2 REQD). NAIL TO EACH DOOR
SPANNER PIECE ¥/3-8d NAILS.

SEE "CAUTION® NOTE BELOV. SPACER BLOCK. 2° X 4°
X 12° (2 REGD). NAIL
TQ THE VERTICAL PIECE
RETAINER PIECE, 2° X 6° BY DOOR ¥/3-10d NAILS.
CPENING VIDTH PLUS 24° () REQD).
HAIL TQ THE SPACER BLOCK AND
CAR SIDEVALL W/3-10d NAILS
AT EACH JOINT.

VERTICAL PIECE. 2° X 2° X 6" -5°
MAIL TO A DOOR POST

VERTICAL PIECE, 2° X 3
X 8'-5° (2 REGD).

A WEDGE FIT (3 REGD).

¥ AFTER WEDGING IMN PLACE.
TOENAIL TD THE VERTICAL
PIECES ¥/2~10d NAILS
AT EACH END.

LEDGER, 2* X 2* X §°
(4 REGD). NAIL TO THE
YERTICAL PIECE W/2-10d
HAILS.

Z /‘WEDGE. 2° X 4* By CUT FOR

DOOR SPAIRER. 2° X 6° BY DOOR
OPENING WIDTH (AS REGD). HAIL
T0 THE VEATICAL PIECES W/2-10d
NAILS AT EACH EMD. SEE THE
*NOTE® BELOW.

OOORWAY PROTECTION O

DOORVAY PROTECTION TO BE USED WHEN DOOR POSTS OF CONVENTIONAL
SLIDING DOORS ARE NOT NAILABE. MQTE: ALTHOUGH 6" WIDE PIECES
HAVE BEEN SPECIFIED FOR THE * PANNER” PIECES. PIECES OF
ANY WIDTH AND COMBINATIONS OF DIFFERENT WIDTHS CAN BE
SUBSTITUTED. IF DESIAED, WHEN FABRICATING A ‘DOGRWAY
PROTECTION® GATE ASSEMBLY. PROVIDING THE PIECES USED ARE OF
THE SPECIFIED THICKMNESS (2°) AND PROVIDING PIECES LESS THAN

3" ¥IDE ARE NOT USED.

WEDGE. 2° X 4 BY CUT FOR A
WEDGE FIT (3 REQD). AFTER
WEDGING IN PLACE, TOENAIL

T0 THE VERTICAL PIECES W/2-10d
NAILS AT EACH END.

LEDGER, 2° X 2" X 9°

! (4 REQD). HAIL 10 THE
VERTICAL PIECE ¥/2-10d

2| NAILS.

~ .
DOOR SPAMER, 2° X B° BY DOOR
OPENIMNG WIOTH (AS REGD). BEVEL
THE ENOS 1O FIT THE ROUNDED STEEL
OOOR POSTS. SEE THE “NOTE® ABOVE.

& -5°

ALTERNATIVE DOORWAY PROTECTION E

DOORYAY PROTECTION TO BE USED WHEN DOOR POSTS OF CONVENTIONAL SLIDING OOORS ARE
ROUNDED STEEL. WITHOUT NAIL MOLES. CAUTION: WHEN DRIVING THE NAILS THAQUGH
THE VERTICAL PIECE INTO THE OOOR SPANNMERS. EXERCISE CARE SO AS TO NOT DRIVE A
NAIL INTO THE LADING.

SLIDING OOOR DOORWAY PROTECTION DETAILS
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