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ABSTRACT 

This report presents an economic and engineering overview of 

railroad freight loss and danage. The engineering concepts and 

preventive techniques that are applicable to an orderly solution of 

the loss and damage problem are described and examined. 

The report specifically itemizes the :rrajor loss and danage cate

gories; specifies the hardware and equiprrent deficiencies which irrpact 

railrcar .loss and damage; reoorrmmds a product packaging system for 

the railcar environrrent; describes physical and electronic equip-

rrent to prevent cargo l oss (theft); and examines the transportation 

environment along with the railcar cushioning devices required for 

railcar and lading protection. 
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I FREIGHT LOSS AND DAMAGE CLAIMS 

Although precise statistical data do not yet exist, the 

office of Policy Review of the U.S. Department of Trans

portation estimates that the yearly losses due to damage 

in shipment total three billion dollars.* This figure 

includes the indirect factors such as the cost of process

ing claims. It does not include such intangibles as added 

inventory costs and the loss of customer goodwill. 

In 1970 the direct cost to railroads for loss and damage 

was $228 million, according to the released figures by 

the Association of American Railroads. The yearly loss 

and damage bill for 1969 was about 50 percent l).igher than 

the 1961 level. And for 1969, this economic confrontation 

amounted to approximately one-t'.1ird of the railroads in

dustry Is net income.** 

During the past many years, major innovations have occurr-

ed in the damage prevention area. Today many freight cars 

have cushioned underframes and end-of-car cushioning devices; 

equipment with interior stowing devices; specially equipped 

cars' for specialized cargo are available; impact recorders 

are installed; and packaging and loading studies are per

formed for the shippers confronted with severe damage problems 

*Office of Policy Review, "Freight Loss and Damage", 1971. 

** "Railroad Freight Losss and Damage Prevention.'.! Railway 
Systems and Management Association, Chicago, Illinois, 1969. 
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in the distribution environment. Yet, in spite of these 

varied measures and techniques, the railroad freight 

damage costs are not headed downward nor are there appar

ent inroads into the loss problem. 

For the decade 1958 - 1967, when the revenue ton miles" 

advanced by 30 percent, the freight loss and damage claims 

increased by almost 55 percent. The $108 million paid out 

in 1958 advanced to $167 million in 1967, and on to over 

$228 for 1970. Although most railroads have damage re

ducing programs, the claims costs continue to escalate. 

The railroad industry has lost billions of dollars through 

freight loss and damage. The category of improper handling 

accounts for 60 percent of the total freight claim payout. 

A claim is assigned to improper handling when the cause 

of the damage cannot be assigned to any specific cause 

during the claims investigation. 

In a prepared talk to the Railway Systems and Management 

Association, the Manager of Claims and Insurance for 

Burlington Industries underlined the fact that at present 

the carrier freight classification committees cannot 

provide package specifications that will insure the damage

free arrival of the packaged product. The classification 

specifications have been found to be unsatisfactory; yet, 

the carriers rely heavily on the classification committee 

specifications.* 

*"The Shipper Views the Carriers Approach to Loss and Damage", 
C.E. Barnes, Railway Systems and Management Association, 
Illinois, 1969. 
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As "common carriers", the transportation companies must 

accept any shipment of any product offered to them (with 

some few exceptions). By law, the transportation companies 

are required to publish freight tariffs. The freight 

tariffs describe the services, name the conditions under 

which the services will be performed, and state the price_ 

for the services in terms of a freight rate in cents per 

100 pounds or other unit of weight or volume. The carriers 

publish the freight tariffs in classifications, in which 

articles that have similar transportation characteristics 

are grouped together into classes. These characteristics 

include value, density, fragility, potential for damaging 

other freight or the carriers equipment, and frequency and 

direction of movement. The issue, published by the rail

roads, is called the "Uniform Freight Classification". 

Each "Classification" has one or more rules to designate 

the type of packaging required. The basic regulation of 

the railroads governing fiberboard boxes is Rule 41. The 

Department of Transportation establishes packaging standards 

under Rule DOT-12B. 

Although there are many new types of packaging that may 

provide superior product protection, many of these new 

packaging materials do not conform to the carriers' reg

ulations. The shipper may propose that his new packaging 

be recognized in the rail classifications. For this 
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purpose, as outlined in the railroads ' Rule 49 , printed 

proposal forms are supplied by the railroads' Uniform 

Classification Committee. Upon approval by the Classi

fication Board, the new package is included in the appro

priate classification, and then becomes available to any 

interested shipper. 

The available facts and figures for cargo loss and damage 

claims are somewhat less than helpful in assessing the 

magnitude and complexity of those areas of loss and damage 

which can be prevented or minimized. In response to the 

lack of a comprehensive and uniform loss and damage in

formation system , the Federal Transportation Regulatory 

Agencies have initiated, in 1972 , a s ystem of Quarterly 

Loss and Damage Re ports wh~ch will require common carriers 

to submit information defining cargo loss and claim data. 

The Association of American Railroads (AAR) has also re

cognized the requirement for more precise national statis

tics for freight loss and damage. The AAR plans to im

plement , in 1973, a National Freight Loss and Damage 

Prevention Data System for the detailed study of commodity, 

shipper or carrier-oriented problems. 

The development of a damage prevention information system 

has some special problems, such a s the built-in time lag 

in which to file a claim (nine months f rom delivery). 
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In addition to this time lag, approximately 50 percent of 

the individual railroad's claim data does not originate 

within its organization, but originates from another carrier. 

There is also the incomplete or inaccurate information col

lected. It appears that an information system for the 

productive analysis of the claims data will be complex. 

Various federal statutes and court decisions governs the 

carrier liability for freight lo_ss and damage. The effect 

of these rules and regulations is that the carrier is fully 

liable for the damage or loss of transported goods. 

The railroads annually handle 2.5 million freight claims. 

The large majority of loss and damage claims are voluntarily 

settled. It appears that probably 80 to 90 percent of the 

claims are or can be processed by the carrier with such 

documentary evidence as the bill of lading, the delivery 

receipt, the freight bill, the shipper's original invoice or 

certification of the commodity price , and the carrier record 

of investigation (OS and D Report). 

When the shipper seeks loss and damage relief, it then 

becomes a matter for the court. At present, the Court's 

function is to determine whether the cargo casualty occurred 

in transit and to determine the actual value of the loss 

caused by the carrier.* 

*Interstate Commerce Commission, "Rules, Regulations, and 
Practices of Regulated Carriers with Respect to the Process
ing of Loss and Damage Claim$'~ Ex Parte No. 263, 1972. 
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Although the existence of a loss and damage problem is 

established, there is no common agreement on the economic 

magnitude of the problem. This disparity led the Senate 

Committee on Small Business, during their investigation 

of cargo security, to request a report from the Congres

sioniH Library Research Service on tl'i.e cargo tl'i.eft and 

pilferage losses. The Congressional Library research 

group reported that the cargo theft and pilferage losses 

for the rail carriers for 1970 amounted to $250 million. 

This figure excludes such indirect costs as the process

ing of claims and the cost of lost business and profits. 
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II THE ECONOMIC METHODOLOGY FOR EVALUATING FREIGHT LOSS 
AlllD DAMAGE 

On account of the need to better describe the extent of 

cargo loss, the Department of Transportation awarded a 

contract to Braddock., Dunn and McDonald CBDMl to quantify 

the cargo loss problem.* 

The informational base for the BDM study was derived 

from personel interviews, a sampling process assisted 

by questionnaires, and freight claim data. The study 

implies that the carrier data, by itself, distorts the 

measure of cargo loss; and, therefore, this shortcoming 

must be corrected from the shipper claims data. However, 

the shippers do not have an agency which collects and 

analyzes claims data. In spite of thls deficiency, the 

BDM study states that the method of stratified sampling 

provides a reasonably accurate method for collecting 

shipper data. (Stratification is similar to simple 

random sampling). The insurance underwriters (AIMU) were 

contacted, but the insurance industry provided no data 

that defined cargo loss in detail for mode, cause and 

commodity. The new ICC Quarterly Loss and Damage Reports 

also provided meager data. 

A summary of the railroad cargo loss cost, based on the 

*Department of Transportation, "An Economic Model of Cargo 
Loss: A Method for Evaluating Cargo Loss Reduction Programs," 
DOT P 5200.3,1972. 
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BDM economic model derived from their stratified sampling 

technique, is shown in Table 1. 

According to the study, the railroad cargo loss cost in 

Table 1 is conservative as th.e claim processing costs do 

not include overhead or burden, and it was also difficult 

to estimate the cargo liability premiums because the cargo 

liability insurance is usually included in a total in

surance package. Also; the indirect cost estimates are 

low; various officials estimate the indirect losses as 

high as 2 to 5 times the clai)l}s paid. Some ot the estimates., 

according to the Senate Small Business Committee, are in

cluded below:* 

Carrier Indirect Cost= $2-5/$1 claim paid 
Shipper Indirect Cost= $5-7/$1 claim received 
Library of Congress Study= $4.5/$1 claim paid 

Table 2 itemizes the distribution of claims by commodity 

for the railroads; the distribution of cargo loss and 

damage are compiled from the 1970 FCD - 1 Report of the 

Association of American Railroads. 

The commodity-cause data, presented in Table 2, are further 

summarized below: 

Figure 1 summarizes the freight revenue by mode for com-

parison with the commodity-cause loss data. 

*U.S. Senate Select Committee on Small Business, "Cargo Theft 
Joint Conference", Part 4, 1971 
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Figure 2 describes the distribution of the cargo loss 

by mode. The cost ratio was calculated as the ratio of 

total loss to gross revenue. According to the study, this 

is a better measure of loss than the claims loss ratio 

commonly used by the industry. 

Figure 3 itemizes the distribution of theft-related losses 

by mode. 

Figure 4 summarizes the cause of loss and itemizes the 

theft-related portion of loss for each mode. 

The Association of American Railroads Freight Loss and 

Damage statement for 1970 is also included,as Figure 5. 
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Table 1 

SUMMARY OF RA I LR01\D CARGO LOSS COST 

Carrier Direct Cost 

Carrier Indirect Cost 

= $302,278,865 

$ 79,335,965* 

Total Carrier Cost 

SIC Direct Cost 

S/C Indirect Cost 

Total S/C Cost 

Total Cost 

$381,614,830 (82%) 

= $ 4,655,520 

$ 79,335,965* 

= $83,991,485 (18%) 

$465,606,315 

*Shipper/Consignee(S/C)indirect costs are asswned 
to be equal to carrier indirect costs, on a claim
by-claim basis. 

Source: Braddock, Dunn and McDonald DOT P 5200.3, 1972 
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Table 2 

GROSS CLAIMS PAID BY CAUSE & COMMODITY-RAILROADS 

COHMOO ITY 
GROUP ING 

SHORTAGE 

VALUE 
' OF 

THEFT 

VALUE ' OF 

DflH' GE 

VALUE > OF 

TOTAL 

VALUE 
'.I; OF 
TOTAL 

I. Food and 
food 
products 

12,522,827 28.5 3,295,481 12. 6 203,849,028 45 .o 219,667,336 42 .0 

2. Alcoholic 
beverages 

1,889,409 '. J 915, 41 l J. 5 3,623,983 O. 8 6,428,803 I. 2 

J. Tobacco 
products 

659,096 I .5 1,909,287 7. J 1,358,994 0. J 3,927,377 .8 

'. Wood Pro-
ducts & 

furnature 

2,592,445 5., 680,020 2.6 lili,846,78(, 9. 9 48, l !9,251 9. 2 

s. Chemicals 
Petroleun 
rubb'er & 
plastic 

5,800,046 l 3. 2 2,196,987 8.' 32,162,847 ). I 40,159,880 7. 7 

6. Metal pro~ 
ducts & 

hardware 

3,734,878 8. 5 1,987,750 7 .6 22,196,894 '-' 27,919,522 5. J 

7. Hachlnery 
(except 
electrical 

2,372,746 5·' 732,329 2. 8 13, 1]6,937 2., 16,242,012 J. I 

8. Electric 
machinery 
Including 
appl lances 

2,1s1,o:i1 '. 9 3,263,326 12, 5 22,196,894 '. 9 27,619,267 5. J 

,. Tf"ans-
portation 
equipment 
Including 
motor 
vehicles 

8,304,612 18.9 10,331,071 39. 5 45,299,784 10.0 63,935,467 12. 2 

10. Clothing 
& textiles 

-o- -o- -o- -0- -o- -o- -o- -o-

II. Jewelry 
& coins 

-o- -o- -o- -o- -o- -o- -o- -0-

12. lnstru-
ments 

-o- -o- -o- -o- -_o- -o- -o- -0-

I]. Medicines, 
drugs & 

cosmetics 

-o- -o- -o- -o- -o- -o- -o- -o-

". Others 3,910,637 s., 836,948 J. 2 63,419,698 14,0 68,167,283 I 3 .0 

Total 43,939,744 l00 26,154,610 100 452,997,840 l00 523.092, 195 100 

% of Total loss s., s.o 86,6 100 

Source: Braddock, Dunn and McDonald. DO
-ll- T P 5200.3, 1972. 



AIR 1.1% 

MARITIME '-._ 
8.3% 

RAIL 

19.8% 

AIR .1 8 1.1% 
TRUCK 43.9 3 70.8% 
RAIL 12.3 B 19.8% 
MARITIME: 5. l B 8.3% 
(US & FOREIGN FLAG) 

62.0 8 100% 

Figure ;1, Freight Revenue by Mode 

Source: Braddock., Bunn and McDonald DOT l? 5200.3, 1972 
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MARITIME 5.3% 

AIR 1% 

RAIL 17.6% 

76% 

REVENUE LOSS CARRIER LOSS S/C LOSS 

Amt. Cost Ratio 
{LosstRevenue) Amt. Cost Ratio 

(LosstP.evenue 
{freight charges)} 

AIR . 7B 1.1% 28,8M '.1% 1 5. SM 2,2% 13, 2H 1. 9% 

TRUCK 43. 98 70,8% 2011. 4M 76% 1401 .2H 3,2% 61 l, 2H 1 . 39% 

RA IL 12. 38 19.8% 465,6H 17 ,6% 381 ,6H 3, 1% 8li,0H 0. 7% 

HARITIHE 5.18 8.)t 141,2H 5,3% 101,ZM 2.0% 40.0H 0.8% 

Tota J 62 ,OB 100% 26li7. OM 100% 1899, SM J,06% 

(Industry 
average) 

748. 4H 1 , 2% 

(Industry 
average) 

Figure 2 Total Loss by Mode 

Source: Braddock, Dunn and McDonald 
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AIR 1.5% 

5.5% 

MARITIME 8.5% 

84.5% 

REVENUE LOSS CARRIER LOSS S/C LOSS 

Amt, Cost Ratio Amt. Cost Ratio 
(LosstR.evenue) (Losstll.evenue 

(freight charges]) 
AIR . 78 1.1% 15. 411 1.5% 8,JM 1. 2% 7.111 1.0% 

TRUCK 4J. 98 70.8% 850. SM 81i, 5% 591,911 1.4% 258.611 0.6% 

RAIL 12. 3B 19,8% 54, 5M 5, 5% li4. 611 0.26* 9,911 0,03%* 

MAR1Ttl1E 5, 1 B 8. 3% ss. 511 8. 5% 61 .3M l. 2% 21i,2H 0.47% 

Total 62 .OB 100% 1005,911 100% 683, 1M 1.1% 294. 7M .Ii]% 

(Industry (Industry 
average) average 

1'. 
rail theft estimate is low 

Figure 3 Theft-Related Loss by Mode 

Source; Braddock, Dunn and McDonald. DOT l? 5200.3, 1972 
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AJA TRUCK 

All OTHER 

SHORTAGE 

ALL OTHER 

CAUSES 
CAUSES 

37.9"',
SHORTAGE 

61,7" THEFT 3.9% 
THEFT 

\2% 

THEFT RELATED 
S3.~ THEFT RELAHD 

42.2% 

SHORTAGE \ 

THEFT RELATED 2'1.1'1\, 

37.4% ALL OTHER 
CAUSES 

THEFT 

17,:l¾ 58.6"b 

THEFT A!:LATED ALLWOOES 
11.7% 

SHCflTACE b.4% 

Tl"IEFT 5.0% 

All OTHER CAUSES THEFT RELAH 

60.6% 
86.6"-

\ ALL OTHER 
CAUSES 

SHORTAGE 

'" 

RAIL 

MARITIME(Theft Estimate low) 

Figure 4 Cause of Loss by Mode as Percentage of Net Claims Paid 

Source: Braddock, Dunn and McDonald DOT P 5200.3, 1972. 
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_3~- 1~1:us~HOLD A.PPL!ANCl'S ~g~r.JC:.:::t·_:_.___u?.u__ ··r·- __ --.--· _ _ _ -----,----.---,- aL 25s :1121 -~)~-r::_14.s__ 193.._~.---3_J,, 2 ~5___ 
• ' ' ' ' 5" 9~ ' IE....~ TOTA~ OF-~? '5S CL 35 492 • ""'"--P - ! .. -I'- vi.I u;, : 8 """ ,, ,,__ .., __ 

3711 ~HiCLES .' C,L, _JQ....1,9l._;,4--.,--.;,.."'-Z2-'+j.__Q _f__5971 8 273..J. .., 2)i $)9 1_§~8 i;'.01 ill /!"ib hb';, 

371.t MOTOR VEHICLE_ PARTS I 1.,,_,_,_+--~...565__o_82.._ 11 31 6 I 6~!,dLQ.9 i 
• FR~IGrlT FORW,\RDER T S R ,, 378 1.-,1. , a-,,.,_ 

~d T<V.FF:C , 2~ C.L 6 6 1Q 1 00 t.i~ I UJ..V 
1 

45 ~ :;;I~ A~SOC:A T~ h L02 62 66! ~ 200 030 &i.1 
"-L'- v•HERs-oa.09.13.;9.n , 1 I I 1 j I j , 
'l).2]~!.:_3_8..:~'.£~1~42_-:16 i_S'.2 !C.L. 11 970 6191 022 9S:0 ~61..1...ru. 6...nS'.1_6rJ.i. _____ Jg Pn1 I 178 128 25 ,368 ' 820 .2_ll_ 206I 

..il.._..J_L .L _ §.6Lfil.3... 1 2s 2 6 i 6l ~~.:ruL._Le2 3116 256- l'U: , 1 7/Jh 10 I ;n ,w
I ' 

_1 

, 
"TOHL 98.SIC.L,, [ "-,U<L--'-'l.:U>-"(l) ! --+--'~ ! i j • 

'"' ,_.,,""···· •• ,.,,.,,LC.U 11_225 64!L16 8.1.5:lll.F' --= ~: [,:.:'" '11 9J?_llfi I, "'° 820 iIi 961.~-'.181-024.p--131!__~ 
SUMMARY - C,L, Md L.C.L. Combined I II I I J, 

(Al! 2-<ll~I• !t~.,-,,1..,,.,.. I 11J \. '. I ; 

- ~---~-,~~-~~~~" J_<28 ~; :a• _t~:;!XL_ 9~~~52.z L6.~1---~=~~~t-2~B Io_~ftr~::J8 i' ,~~ 
CAUSE SYMBOLS l 2 3 4 5 6 7 8 9 111 Ii-~-~-----=-==-=-= --
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t'EI!' 
Ce:it 

C0MM0DITI£S Inc. TOTAL 
or 

1970 
... Dec• 
01 • 1'OTAL OF Vi +20.a C.L. $ 24 977 9hO 

01121 COHON, IN MLES - ,u C.L 711 Q<:I, 

. _0113 GRAIN +).9 <C.L. 6 29-L0l..6 
0114, SOY~CANS !DI..' :::.L. 1 ~,< ">Ac'. 

POTATofs-:--0THeR. THAN 
01195 SWEET +10.t C.L. l 72LJ)22 

ALL FRESH FRUITS ANO 
C12 iREE NUTS +l • ~ C.L. Ii r;r;r; 16_8 
013 ALL FRESH VEGETABLES +32.0 C.L. 7 73h t:11 

•)1 41 LIVESTOC, + 6.2:C.L l 069 98h -- ·. 
JO METALLIC ORES +-:iA .? C.L. , 71 < c'."-? . 
11 COAL - 8.t, C.L. 2 09', 398. 
14 NONMFTALLIC MINERALS C.L- 1 ,. 1 1c'.8 no1. 
20 TOTAL OF 20 + r;.E C.L. ,;7 011 849 

2011 CF. ESH Mf.O.T 0 C.L. in 77A c.t:n+ ?O 

2012 FROZEU f-1F.AT +1 1 .8 C.L. 1,c:;7 ">01-
,c,13 MF.AT PRCJCJUCTS +11 Q C.L. 1 n?o l,AA--- ----. 

COMMODITY COMPARISONS 

1970 vs. 1969 

Per Cent 
To Total TOTALL&D 

1970 1969 1969 

11.0 9 .c t ,n 676 889 

n -:i n I 75.l-.0.22. 

1.0 ? F' ', 8,1, 91<; 

n_,<; n ~ . 1121..t 868 

0 ... 7 o.E 1 c'.87 c'.1 < 

2.0 , -~ I, nno •~ 

1.1.t 2 .f. r; 8r;B 6QI 

o.4 o.~1 1 007 12,; 

n A " "' l 2<Q <J,8 

1..0 1.1 2 287 466 

o.6 0 .! 1171 36', 

2',.l 2',.8 <, 88o 281 

,. 7 < Q 8 29<:; l.t69 

n ? n ? 398 128 

n < n ·1. 010 Q1c'. 

2015 ORESSF.D POU!.TRY -1.B-7 C.L. l,n on~·.2.....Jl.Q.2 c'.n 261 

2016 FROZEN POULTRY ~I C.L. inc'. l,nl ,1 Q,.Q_c ,,., 2<:;2 

CANN ED OR CURED 
2031 SEA. FOODS + 0.1 C.L. <<6 _4ll_Q .? ".1 r;c;~~ 

2032 - 1.r; C,L 22.li_~.Q._ Q...l___Q.2CANNED SPECIAI.TIES 31-J!....!~51 
CANNED FRUITS OR 

2033 VEGEH,OLES -13.0 .':·:::L_.2-..l.63-213 _ o..2._1...2 2 48!., 281--~·----
PICKLED FRUITS OR ~ l~ VEGETABLES -10.8 C.L, ~50 8h2. _Q_.2_0__.2 <9<_{}il9_ 

~-~ ?ACKAGED +71.7 C.L. _ __ 82 189.~ .02__0_.02 l,7_857. 

1037 ~:gg~:tlrs OR - B.6 C.L. 874 77 o.l_____0..5 ~7.......Q21 
- - M,XFD "SHIPMENTS OF - - -- -- - - • 

~ "._1s_;~NEo Go~ _ _ -:....5 ,5(L. 1 88~_81.§J_ o ..6_ _, ..0 _ --1-221...?11 
20, GRAIN Ml Le PRcoucTs _ + , , , c.L.I , 1, ..102. 963 L_6.L_§_.6,. 

1 13 9hl,_g~ 

20.!2 SUGAR, REFINEO °"'25...8 C.L. ? ),,L.9l3 1....lJ._ l.6; 3 282 976 

20221 BEER + 4.7 C.L. 2 494 478 1,1 lol __L.381 !&._4_1 
200~- ::-;;-, , BRANDY ~;.i_,l C.L 72~- ;_6;1- ~ .;--0 ~31 542- 978 

-;e~~sm f.·,. c.L. , Q7?_o12. I _i.ol 2 116 5~ 

20&6 SOF~ _:>Rl~IK~-=- 6.1.i c.LI S.!LDJl..:.0...02 0.031 56 345 

,09 M1sc.Fooo PREPARATION, ~J~.o\c.L j ,, ...Q20 f..k'I I , A I~ 9 7h7 053 
21 • TOBACCO PROOUCTS ~ 6.1 CL 1 626 798 0.7 0 .81 1 692 5li4 

Per 
Cent 

COMMODITIES Inc. 
or 

Dec•. 
24 TOTAL OF 24 _,,.; , C.L 

2432 PLY WOOD OR VEN EER ...u.4 C.L . 
~15,025 FURNITURE AN D FIXTURES C.L . 

26 TOTAL OF 26 I+ C: ... t; C.L. 

26211 NEWSPRINT .-10 .I, C.L. 

28 
• CHEMICALS OR ALLIED 

I+ 9.2PR ODUCTS C. L 

29 
• PETROLEUM OR COAL 

f<-16,7PROOUC TS C.L 

"" RUB BER AND MISC. 
1+57.h C.L30 PLASTICS. ~ 1.632 TOTAL OF 32 C.L 

321 FLAT GLASS .. 1.1 C.L 

322 GLASSWARE , n C.L 

3251 1 BRICK _1, . l C.L. 

3259 

33 

34 

35 

36 

363 

37 

3711 

3714 

44 

45 

47 

~SC.STRUCTURAL CLAY 
PRODUCTS -12.0 C.L. . 
PRIMARY METAL PRODUCTS + 7 r, C.L. . FABR ICATED METAL 

.. 2 1PRODUCTS C.L. 

• MACHINERY, EXCEPT 
E LE CT RI CAL - 2.2 

C.L. . 
TOTA L OF 36 _?I - C: C.L. 

HOUSEHOLD APPLIANCES ~u., C.L . 
+'38.1TOTAL OF 37 C.L 

MOTOR VEHIC LES +19.7 C. L. 

MOTOR VEH ICLE PARTS +18..3 C.L. 

• FREIGHT FORWARDER _, 7 .,TRAFFIC C.L 

• SH I PPER A~::tOCIATION 
+11.9TRAF F IC C.L 

• ALL OTHERS-OB-09-13-19-22 
+LLB C.L.23-27-31-38-39-40-41-42-46 . 
1+u6.5L.C.L. 

TOTA L + B.3 C.L. 

(All 2•digil items, u c • P' 47•L.C.L.) 

SUMMARY - C. l. ond L.C. L. Combiii•d 
(All 2•digit 'h e"'s) 

+ 8.7 

Per Cent · 

TOTAL To Total TOTALL&D 
1970 1970 1969 1969 

8 871, n<< ., o C: " 10 ,;11.i 621 

< ,45....309 _l. I, ? , ~l11.Qi, 

4 898 5o7 2.1 2., ,; 7c;1.i 218 

l< nllc'. c'.o, C: ? r;.9 12 -:ice'. 108 

? Al.c'. 1,1,,<.. 1.2 l.S 3 173 8o8 

11 Al.o ">OI c'..n c'.? 10 Bu6 -:im 

2 lh2 uQ7 O.Q O.Q 1 81C: 629 

1 c'.7J, OI 0 0.1 0 C: l OM 270 

7 116 c'.-:ic'. < ., ,.I, 7 197 6),-:i 

1 t.r,t., n ,~C: 
" 7 /"'t A 1 621 ',76 

<"l.n or,,<.. ,... " ,... ., c'.9, 99<:; 

""'3. 28o..LJ),L_o_.C: j,....Q.],5_921_ 

129...524...~Q,l..... .Jh.l. ___216...175..... 

o , -,,<.. -,1,0 I n 1.t.1 8 537 h85 

J, , a,:: ,<..-:,? I, A 
? " 

h 275 Ol,C: 

C: 01? -:i,<;c'. i ? t.. ., _o 6 06', 28o 

Q Al.I n.::, 11 ., 
"' ? 

ll 02" 901 

"- ...32h _:z50_ 2~.1- ,.__6_668 ..119... 
1< 1.02 nt..ri 11 < c'. 1? ? I ?c'. 6/lo l,?7 

-:in 1.0, "tc'.7 11-:i < ,,... ., 21 811 QM 

•.S65....082- _1.5-1..~ ,___3 a_o6...8Zc.. 

6 '3',6 10 J, 2 8 • 6 7 66o ·908 

I, l,n? "-?7 1 O , n 3 911 687 

11 Q?/"'t 619 c'..? I , " 8 huO 000 

2 667 00'3 1 -2 0 Q 
, C,?f\ .,_,.,_ 

225 648 786 98. 8 99.1 208~_ 

??A -,, ,: -:iAcl 1,,..,.,1'\ 1/'Y'I " 210 1 00 1 61 

•use 2·die:it items onl y Lo o btain 
"TOTAL C.L."' and "SUMMARY-C.L. " 
and L.C.L. Comb:ned", at bolt.om or 
~tatement. 

https://J~.o\c.Lj
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ASSOCIATION of AlVIERIC.AN RAILROADS 
OPERATIONS AND MAINTENANCE DEPARTMENT 

FREIGHT CLAIM DIVISION 
Chicago, Illinois 

CALENDAR YEAR 

FREIGHT LOSS AND DAMAGE 1970 
REPORTED BY 78 CARUERS REffiESENTil!G APPROXD!ATELY 95 ?ER CENT OF UNI!ED STATES, CAIWJIDl Al.'D l!EIICAR MILEAGE. 

= 
CAUSE SYMBOLS l 2 3 4 s 6 7 ll 9 HI ll 

Po, 
Cent LoH Loss Other Defective or T Fire, Error

Troir,Conceoled 
Morine ond(OMrflODITI£S I TOTAL Thon Entire oFm:,~:~"'of Entire Unfit Deloy Theft of

D(UT\oge Accid~r,tTotal Pockoga Package Equipment Co1ostroph.,.$ l:mploye,:t 

L&D -·°"-·-- I • 
c- ~ r 1 

o1 TwTAL oF o1 u_o c.L.1 62 It Ul9;iJ 2 39:5...11.3$___7ruill·2 1$ ... ns 69:I 
! I • ~ !0112, COTTON.,,. SALES o.3 c.L. _Q5k,___~.9.2.l}.: 97~-25__ n,h 1_p+ - ! _,_e_i§ __ S§J ~-ni_____...e.filL 

_'''.'... .'"'" -----+3-•9.jc.c.1 ___§ 962_.Ql& l§_oozj__l..l'l8_~61--1.£§__;,55_ 2~_J)l2 - Jl._QQo _ 20. Q07: ___ l,r$0,_1..325_8,._ _ lLe6Q-f-----91,J..Q5_ 
01 1 

w :::_::_~:_:"~S - 0 .6 C.L. 1 5_43 3~2..L £..t!-0~_?99 _n1 ----2_6 _1~5 ~?.9-..7119 ~--~-r-·-····-23. 9-6l.,., ___3 J3.3Qt' ---~--+---252 h'l.9;--- ~--- l.92.>------..--4-227-
?0T ATOES OThEi( THAN , ' , I I ' . j I I 

'"'' ':'.'.'.' ' _h71c.c. ..l.l5.2_.8?.2.1 .. --55-339 _ __?_Q_Q_lJ 13!L9-82+__2lL21!4---9J2--2Q6 _28:L 6Ut.--l:L9.98c_ ___l.l2l___$h-921{- __ 45-155 j.------11l-3'.>S--
"' i()(.~5\)"""'''° 2_.~,. 4__2$5188 125_7_47 ... 28 Ol4127~1,l,;Lf _ _?Jl,el,!.LS~l,__699i.~1JB5-,-_2c;_:ig4)____ 3J~ ___2l5_es?4(_69_o29t----3:2-hll-

oi. ALLfRESH VEGETABLES 3-!i C.L. 1 1 I! li.lh ~-19-~ ______1.k..2.~2 g_J§1._1.i15.4_--2..a:_ 9~4 .._uQQ_ __LfiJ~ 1_s-6l316._J__31 _ _992L_~-1.. __ l,65r_-252_:;:.q___6fl.662+-------61-382... 
0 1 ~. """ " _Q.urc: l D69 981, __2J_62 ___•__ --%5 l,48. 1 2 2$5,--~r --- 22 3J9-r-___ 1l0~ -•----l-·--3l17Ji----·-J.5j____.J4J,1B_ 

10 
METALL1c 01<Es o~a'.c.L.i 1 71 ·62 16 6 6 429 6461 ULlfil!.~ 3B1,: ... 1 46o i 13 925: - I 9l!!t.Ql6~ J, 378 · JS 6o6 

1
11 I 1 I • - I , I i J ,r ,B n 

COAL ..J:AJ:.L1 2095398 1 3h_J2Q• 5li9S1J1 1J5....2J.1...L 2871112: - ' ] ~35· 26° ,.. ; ]Q/18!13 17, Q.'&L.
• I I I I I ' I I ' I 

u N~Ml:TALuc ,..,NER"-lS o~6 c L 115.a 003 ! n 2~6 1 165 717!----5:w._..u;..Qj____J,1,5J1h I ... 1 1 513 h31~___1.,i;'9i 219 $~_3._415..l..___19---55.2_ 
20 TOTA.L OF 20 2e-;.Ll C.L.; 57 013 8~. 523 Jl,9 I 72u )n i 66 2961 5 106 245' 372 287 i! 1 2Y2.£l8 I 1 <;63 )6S'»59LJ72 I 1 522 072 i 9 OD$ 9001 362 T/3 

"" "''.H-~W 4A7 ':'4-.._l!LI7JL569J _ ___111 253 1 ___S'Q__700r 1U.=l--Ul-471;.7.6;/6-.;J4L-1,oa SJ1-f-1J()_J,1)4;_ __v. 900 f--3M.-6lhj-- _ 4.53h l__ll2_8l,S_ 
2011 f>!czrn MEAT .C!_~? c.L.1 L3_J?l1l_____.51 5_19.f- _____ §_?_19 ___ )s b.2_Z~------n.1.! ____ 29J___251: ---·· 5 .lli._~21.-113 ~--- ____ ..2C1) __1.1-m~------·+--11__6J9.._ 

,o,; "'·'' _".'OOCCH_···--- ..9.,? '·':/---_l,_()29_JJ§§ 1 §_..Qllf __21__()2!, 0 6_"/9_ j)J.5 ! ____21o.L____Eh_252!--6 J.l'il__]i,._"/4Ji______ 590] _ l2Jl 139; .. __ 9__:,JS+---__l.Q_J_',J._ 
1 

2015 ORE_s__s:~.!'CUL'.._~_!__ ~ ..Qf. ~:=--.t--- .,,,, ~•-PL~~ w, - ~m,1 unj __-10.6➔---•---__l_JJJ.~--···J.SJ~.---~·-···-·~ - -
_:~

1
~_,. _F~~~:~__P_~U_L_'._~_"._____ , iQ.-C14 c.;.. lQ5 hl).O ----19..9051 ____ _]_221~-- ,___ J....275 _______1J.ili9 L_~2_Q__}.9_9~__2e.1.6.1,l__l3_Ql3 ~---- ~-- _.__ - l 611.:. - -- -- -·---,---~~ 

CA/,;NEn OR CURED . • I I r , 

~i~ ',';;;;;~e~c~;,rr~:== =;:! :~~-- _2;t~~ __ z~ ~:~t-=_t_;~~~=~::i~~:L--~=-~2 
L____: -L- ~·~~i--:::_- :t_=-~~ ~~:- -- '-_ll.2_t- _:_ 

'"''° '"'"" ~4-- j I I ' ~ I ' '' I:'::.. ,_,5-n;c'·''---·----- -. C.l.9. ,.,., . _..LL ---1d.516 - -- - 7_ 27611. 662 .473 r- __ J,.£1.~___]_a_B --~ - t'_ .li\ ll!I '1-- ll 6i6+-16l,__6:,9_ - 7-1,"'-+ --1.J .'1Sl-
;,:ci<LED rRuns OR ~ ,. I , ' 20

~
5 

YEGETA5LES _0~2 C.L: "~_§gt_ __6_7411..____J_ 2!i4r_2~~ '___ 21._0 --- ---- r--.2....210. _..l OSlJ,1.+ _....,1tJJS~ - --- --- -
~ F~~~~~~~: 0 .•___ 0e92 C_L·t-- 82_1-82 ___3-1.3~---~..100! __ 2.2_.aJ.h[_ -- 70. -----111ea - 1-- 322~ ------r--!a Ll5~-- ____j _ __.__ !i6_ 
1tlJ7 ~~gn~tt?ts OR 0.3 c ..1 871 77L. lL 8.,.6 1 ,1, 11":I. I ,c.:s -\,·, I 8 111. Lfili li::11 C.:),7 ">? ~ a ..,,.c J ~ ' ,._, I .... ""1 
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:1 9ll _669 t I ! ' 1/4 3.,6 

[: ;~~} n:: Lf 564 969 + 48 689 ~ ~ ~;; i l; ;~ I---"" "'" 

, !":''·'·'' ~>irl'MtNh OF 1 I ! . r -···· _· j 1 I i I , - c;
039 8 

j , 
-- ...s.~~~-~Q.._G.~_.s . ·-0._ ~--. 1.==·----- l. ~S!LQ.·l··8_._ 1 

______ I.,~_ 5...'C··· I eni )._6~ ,)73 .; - ____ 6_ hO. 61
1 

--------156t..-- ____ J.B& ; •.•• .. .3 !.·- ---~ ---- -. -. +--. 1.36 tL!G.'. •. -------40 .379.._._+. -_····· ~--~~ 

t 
...,,, __ .13 _},,). .fl) 

204 lr.n.1.1N Ml .._L. !ROD~~~~-- ~.o:2 1c~L11!_;LQ~_9_6J ---· 95 35~~ __lJ.76.1JllJ.l.65•S_36:1 \__ :a.6. 0'76 - ---1151'.11 _....J.4 .i.01.. ~ ___42 _557_. - 3 %9 )_ J~8_)13l _ ;). !_1,n j- ----~ 513._ 
TI ' I I ' ' ' ' 

~- s~~~~.'.":_N_E_E_ __ --- _i.;i,__·<-.L:i ---~ .h3L9.13. ·--·--··15. _25-0.; ...,.. 3 225 j2, J.27 312 i__7.1 9.75 ----- -- --- --· _ - ... !- __ .,]_ 6:10_ .; ., __l __ ($6, :--·----L,'l"Jl,L.~n :· • 1.1 ill 1---- .l _,Sll_ 
.!~ 8 ~!:R___ __ ___ ____ la.l '.:.:~r----L.9h__l.a__6________67 91..6.j._... 18 1.88 '.2 D29 268 ___ 4 ,1_51,_ _22_??9 _____ ),_ _7_96_.~-- -~'!_ ~S~ : --~~ _J4li- i---- .f:_62._ .75J.t- ___.4_6 ~.7)~_J§_fu

1 
~~- __.,, i-_:~s~~ANDl' 9_. C.L, 75 161 ...J,9.._U5_i____s__ .J.59:' ____622. 6.72- ___21_8 i _J...$6 . ___..-___ j ___ ~~_l~~- _____ ft.;?_9 I 32 85~L- £C!.. ?t~_J_________hlu_• • --r- , I , , I 

208~SO~~'::.KS ------- - 9,02'c.L.I $h_7)81 _____i793J ___2.9 __52_.659...-i---=+--·--·--- ; __.,___ ________________4_: _____25~L----~-----i-- ---1----~---
~-; 1:1~'-_'.:~~o !!~~Ii~'._ D~S . l1~8 ~ L. r- ll..Q:?"Q-~- 21.t.9 57h.l _989_~J5 ,e 288 J8L .....JLL....ru+---"l-.:::...2li.2. -- __8_.265, ___'J,1_8__ 8§,I l---- _€-!+9 .Li 091 2?4 ~-- - ci5 &n 1-18 _7S'!__ 

21 ITOS.I.CCO ?RC!'UC7S I' o.. 7 c.L.I 1 626 8 ; _j_2Q.j___gLJn..;_....222-7 I - .. 26_.§_JU1i..___1J.1l. I 13] 6)7. - 41,tQ_ 

24 ·:TQlALOf~4 C.L.I 887h0$5· ]OOJ.62i TI506i6...c.62 - l t;6 24198 
1 

L.2693~32_§%2I lil,,.7_}~8 i f.6T!'.?. 

2~n. PL vwooo o.: vn•E_~'.'._ ____ _J .l~h--~+-----·3-.2!.5_ .30.9.L----1h...66h l _____2__ 53ik_.431_JJ56. ! .--21:- .61.6.t i .1~1§ __ l,.. J.35 \--- ___295 656 .091 f- lln_ af,7 -~- ___J_S_ljl __ 
2S FURNITURE A~O f'lX"!"UR!'.~ ! 2 ~ _c.Ll___JL898 i;',07 I SL1.lL_.J..8...J?6 l3 )1?7 2 • a - 116 ! 45 2h§_~_~m-~_lfl..2.1k3_•_i0__ 59 -

• - I I I I ! ' ' i ' • 
26 TOT.I.L OF 26 ,J1_1_l:;.:.::..-J__l1...:.ill5:.. c;'9J 79 s,;11, ~ __21L503.JQ..021.-6J.C.. 11~_364 - 6r:; ' __ _l!~___?Q-1J2+2.__15_2.,_Jl.2J_J21 817 I 63 Q11_ 

I I i I : I ' ~.r-- I ' 11~~ ;:::.1~;tL:c~-~•iCCiTo _1:_.2_ ..c_·~+--~ .. -fJ/.:_2J_il16 _t-----). J_61LI---~-~7_812__$~.. 9:95.. __l,9_J5.~. -'=---~----!"____ _ __ _:-17_8_ i-----~-!2.l,,_,. __:i.;~.. o_QJ ;-- 31 023.-i- ____.322.._ 
2s no12..t~os ~~.JUJ.2....12.4..1 ..~-210 _1,.1§.. 268 211zlz.2..6Q__: 1o ; 891e2 ~ B J.26 3 32? 987UU 6'.)3 1 122 651 

• PC rROLEUM OR COAL - L . ! : : I ' 4 • C i I 
~~\!_(:TS Q 9 ;:_:L: ?:...11A.LLJ9] : 22....6§5..; fl.5.....6lli_lJ 5Q6 8J6 : I QJl L04 12L\--~-p6l_q§_

'1 RU8l!ER .... ND MiSC. :7 ~ I i------· : ' i I ' 
1~_£_:..,1.:,n:s o. ~1_ __!___S_'&3J,:Q._;___2},JL.22? i 7~ 1,3:21 556 9:28._: ., ; 2 '3 ~T-~~---L...3?8 91"/ 1 12.} 9" • -

• I ··1 li -~+~= I I I I 
32 To:.a.LoF ~i I J.2 C.l-'. 7 16 c; _3 _236 118.JdQJ~5....J1:~ll.6LJ.2l 1 - - l _!.t26 L!.W.~ '>66 {i31L1S.,-:i-+JP:JJ.Z2ll!-•-'L--':i'JZL!t47i.;>L.

I ' I I l I 
~~---_:'l.AT cL:4:_52 ______r 0~1 _'.:.:_:-+~-- 1. &J6..M5 ___.1..330__ ~ ___ .1. 845 l h1.6 01.B _ l)__' ____.,.________ .... - ---+---69 +--~ 67__ €.68 I- 1n2 3.25_ ~ 2 964.§iy;: _ 
.m cLi->~w.>--!: _________L~!L ~:~c:____Sl-2. 906 __w_1i21_:~ _2_79_7..t__lµ..3 __25.1 .J...4. .211 - - ~ ~2 ~ _?2_ l§ i_61.__Q..1J~__]..5_ 2.11 66__ 

-"-''-~ '~"---- ___________ ~o_,i. 'cL _ 90..lJ'§Q_, ___ __, 5h5, __J1§11 I _856 21,2 ____ u --~-- ----~---+---"'- "" _n '] ~ - _,L 
1MISC.STRUCi'URtL CLAY I ' 5 4 I 6 L. I 8 I 6 • 

~- £:!:11.?_C~[QS__ --------+--o-~~ -~-Ju____:t99__2 -r- ___ _2__~ ~ ~-- ~ f-171: 421 ____ i_JQi ___ __!!'___ ···-·~---- __ 39 , _ 1 11 ______lk..200 _ 1 815 _____ si6a__ 
E.. ~ r,,~:MA>ll' METAL r-Rooucn I h.o c_:~~-J.:;6 ~9 , 2: 81?6 I 211• llil ¼...125-l:cL-!---'12"--'!.S 281. 469 18 619 l 8iSUlJ1 2S...filt7 1 86 384 

• ~.\;RICATED METAL. I , I 1 i ,!, 19 -33 71 =2 46 '' ' 
3, Pf-'OOUCT~ l.B C.L. 1~_6 2 27!.i I ),fl 582 12 932 ... l 02t.l .1 -~ 7"- 9__12 _,l-,LL I Q.Oti_ 

• l·.1.r:H:N~'<r.EXCF.f>T I , , .. 1 .., • I 112 092 "' 225 I "'8 ,,~ C'._r,ccmc.1.L C.L,! 2 6 ' 26' Pt I 2:, 529 µ...1Jl.....15 - • LW~ J......ML.kt>LLJLl!l2__ 
36 • l'OTAL Of JO ., C.L. 1 2fi) 26 I I . I ... I 497 039 

8 
-'-'-'-,_""'"-'-"OLO__'_P_'_'""__ C"~L~.7 C.c' _Q.321,_1:iJ ____5.L859_f--._l2128~.98L.4Bll. : I ~--! -~-

22Z! 
-'-'_ '"" o,_a, _-- ~5.5 CL 3 1 8 µ2uw,1-_ill__WL_2_ - . 6?7 

371! Ii;.:r:-oi:; VEHICLES : 1 ':\. ~ C.L 138 9S:9 b._Q1"L..Ll~Z__5,Yl_J------'"--'Cll ' 
J7U MOTOR VEHICLE PMHS 

• FI\EIGHT FORWARDER jI I I I I 
4' HHF;c 2.s ~C.L 6 3S6 104 L1R 662 5h 065 3 108 0021 22 773 11, 252 I 1 Bh I 37B 434 I 810 9S9 11. 442 886 I 92 nh ,: ll : 

1SHIPPER /i.5~0Ci.l.TION I - I 
,s TRAff.1~ 

ALi.. 0TH ERS-C6.09-1 J.1 ~-2:! 
<-:,.27 .J l -3~-39-4 (k 1 ·~2-4C 

.!..&..!:.,. 

TOTAL )'U• 

\All 2-d;glt l!•m•, ue•pt'47•L.C.L.) I __
225 

WM/,1.1.RY - C.L. ~"4 L.C.L. c_,l,;n•d , 
{.ldl 2.J;;1,1,• .,.,,l_ __ 0 .! 8 6 ,,_ j§_ 8 8 

------~==~·~~- 22 TI 3o:, c-!ll 
- ---·--·- '" ""' 1~~---.l.le~-1--.J,.J. ----s--- ~ 8CAUSE SYMBOLS __J_ ""2_====~==

--~-----=fr 
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COMMODITY COMPARISONS 

1970 vs. 

·- -----,·per 
Per Cent 
To Total 

Cent 

COMMODITIES Irnc. TOTAL TOTALL & D or 
1970 1970 1969 1969I!~--

01 • TOTALOFOl +20.8 C.L $ 
01121 COTTON, IN BALES C.L-
0113 GRAIN 

011 <l.<1. SOYBEANS 

f'OTATOES, OTHER. THAN 
01195 SWEET 

ALL FRESH FRUITS AND 
012 TREE NUTS 

013 ALL FRESH VEGETABLES 

01'1 LlVESTOCK 
, 

10 METALLIC ORES 

COAL" 
NONMETALLIC MINERALS" 

, 

, 
20 TOTAL OF 20 

2011 FRESH MEAT 10 778 ~6Q h-7 ,.. 8 22, ~69 
2012 FROZEN ME,O,T +11, 8 C.LI l,C::LJ2l.Lo.2 0.21 398 lJ:___§_ 

::;;~~;:-T P_RODUCTS +n C C.L.I , n29 '1881 o.,5 O~lr Q]Q~ 

~ D~Eyseo POULTRY -J..8 'l C.L.i l,n ,..,..210.02 o.o~I1& 
~~ ~:oz~N POULTRY _,.,., 1 c.L "lf'l.t"--400.LolO!L_Q_.,~ 252. 

CANNED OR Cl/RED ~ 
2031 SE,\ FOODS + Q 1 C.L ~Q.._LJ.l _Q,.2._ Q

0 
3 !,S'6 292 

1 

~~-- ~NNEO ~PECIA~~~7<t5C L 2_9~ 8l.6!_o_.L___Q._2~___11__§__4~-
CANNEO FRUITS OR I II 

2033 VEGfTA81:_~~- -13 ..0 C.L. 2 163 213~ ..n.9 1 .21 2 48k 281 
PICKLED FRU!TS OR !~ I I:w3

s VEGETABLES ~1Q.~•c.L. 0__842. _0.. 2._____ o_.2, ~93__049_
1 

f+n.•7[c.L. 82 189_! 0•02____ J L?_a512036 FISH, PACKAGED 

FROZEN FRUITS OR~-"''''"""·' t -~·6(·'·, 
MIXED SHIPMENTS OF ~ I 

~~~ ~-~J:l~~-.o_qg_ogs ~-.5-~2 c.L.1 

204 GRAIN MILL PRODUCTS + J...] C.L 

2062 SUGAR, REFINED "5_._8 C.L.i 

""" "'" !_k.J C.L. 

2064 WINES, BRANDY +33.l C.L. 

20851 WHISKEY 

2086 SOFT DRINKS 58 345. 
MISC. FOOD PRE PARA T!ONS 6j 9 747 053. 
TOBACCO PRODUCTS 8~ 1 692 544" 

.. _ 0..0
1 

874_ 77ki ...o.3 0.5l _____9,;zsi23_
' T

1 6B_8__81_8t.0•.8~.l.01 __.1_99..I_?J:L 
1h ..102._963.l 6_.,2 Q_j,:f>l 119L.l_U39 

2 J,17_9J.JJ__l_.L__l_.,61 _l____l_ey_~,_9_76 

2 .. 494_41&_.1..,.1__1~11 2 !SJ. M4 
72'J. 16li 0.3 _ 0e3 i2 978 

-, o -I ·"I- 2 llQ.526 

1969 

. 
" 
2432 

. , 
2S 

26 

2621 l --. 
2B . 
" .. 
30 . 
32 

321 

322 

32511 

32S9 . 
33 

, 
34 

" . • 

36 

363 
, 

" 
3711 

3714 

" " 

, 

" 
• . 

" 

•t.:se 2-digit items only to obtain 
"TOTAL C.L.'' and ''SUMMAR\'-C.L. 
and L.C.L. Combined". at boll.om of 
statement. 

. 

Per Cent • 
To TotalTOTAL L&D 

1970 1970 1969 

B 871, nee ' 0 " ' 
l.21,5302. i.L 2...lf 
4 898 507 2.1 2.71 

1 ~ nAC: C:oi 5.7 5 ,9 

-= 

TOTAL 
1969 

10 '>74 623 

__li_M.l..lill§. 
S 754 si! 

12 ,oe 'JOB 

COMMODITIES 

TOTAL OF 24 

P_LYWOOD OR VENEER 

FURNITURE AND FIXTURES 

TOTAL OF 26 

NEWSPRINT 

CHEMICALS OR ALUED 
PRODUCTS 
PETROLEUM- OR COAL 
PRODUCTS 
RUBBER ANO MISC. 
PLASTICS 

TOTAL OF 32 

FLAT GLASS 

GLASSWARE 

BRICK 

MISC. STRUCTURAL CLAY 
PRODUCTS 

PRIMARY METAL PRODUCTS 

FABRICATED METAL 
PRODUCTS 

MACHINERY, EXCEPT 
ELECTRICAL 

TOTAL OF 36 

HOUSEHOLD APPLIANCES 

TOTAL OF 37 

MOTOR VEHICLES 

MOTOR VEHICLE PARTS 

FREIGHT FORWARDER 
TRAFFIC 
SHIPPER A~~OCIATION 
TRAFFIC 

22 
f3:i731~3tR3t~t~t~t~:· 

L.C.L. 

TOTAL 

(All 2-dlgit i!em•, oee~• 47-L.C.L.) 

SUMMARY - C.L. <>ml L.C.L. CombiMd 
(All 2-d;gi! ltemo) 

+ 8.7 

Per 
Cent 
Inc. 
or 

De_9. 
'~," , CL 

c2.7,4 C.L 

-15.o C.L 

+ ,;., C.L. 

110,4 C.L. 

!+ 0 2 C.L 

~16.7 C.L 

"'7 .4 C.L. 

., 1.6 C.L 

l.]. C.L 

, a C.L 

ll.l. C.L. 

I C.L.-l,_2_,0 

C.L.+ 7 C 

~ 2 , C.L. 

2 .. 2 C.L.1-

_ol , C.L. 

27.1 C.L 

+18.1 C.L 

.,o ' C.L. 

+18o.~ C.L. 

I 
~1? , C.L 

~,, .Q!C.L. 

~Ll. alc.L. 

~46.5, 

8.3 C.L.+ 

2 8h5_..L.I& _l...2_J....5i _____3__1..~B. 
ii Rl,0 101, ~ n e ? i 10 Rl,6 101 

"49.. 906 f-D..2__0..3r--~--5.2i...222.. 
_____ l 015 95790J .. 2iJo o..LJJ.5 

1.9.9 .5~.4... __Q.l ____"O...l ~- 226Jli. 
Q , -:i.l; .,, .... l,.n h,l 8 537 485 

h ,s, 612 11 A ? n u 21s oJ., 
I? ,5 OS? 165 ? " i 6 06<; 28C 

9 Rl,I, oSi 11 02'> on1 
' ? ' 

_632u 750 .. 2 .J..___J;. l_ -···-···B 668_179. 
>< 1.02 ,~., '°·'nt.r. '" 689 1,07 

sn l,01 JS7 1,-:i -:i ,n -:i 21 814....2QQ. 

1 565 082.. 1.s-1.u ;-- _3 oo6 .B1c. 
' 

2 142 497 O-• 0 O 

l ~74 01,0 0.7 o.• 

7 116 "'" ' ? ' I 

l "'16 .09.5 _o..:z._o~B_ 

6 3<;6 104 2.8 3,6 

h I.no <•• , 0 1 0 

11 970 610 C:_? I, _n 

2 667 6oJ 1 2 0 0 

225 648 786 98.B 99,L 

?28 '1,; ,,., l,rn,-,. ,nn .n 

l 8)5 629 

1 a~?= 

7 101 61,a 

____ 1_623 576 

7 66c 908 
3 OS, 687 
8 1,1,o ooo 

·1 o?n -:t?~ 

__?QLJ19 840 

210 100 163 

209 
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ASSOCIATION of AMERICAN RAILROADS 
OPERATIONS AND MAINTENANCE DEPARTMENT 

FREIGHT CLAIM DIVISION 
Chicago, lllinoia 

CALENDAR YEAR 

FREIGHT LOSS AND DAMAGE 1970 
REPOR'.IED BI 78 CARRIERS REPRESENTI!IO APPROXIMATELY 9S PEl! CENT OF UIIITED STATES, CAIWlIAII ARD !IEXlllAII IIILl!ACIE. 

CAUSE SYMBOLS I 2 3 4 5 6 7 8 !I 10 II 

COMMODITIES 

I 
I-' 

"' I 

• TOTAL OF 01" 
01121 COTTON, IN BALES 

0113 GR,1,IN 

OlU-4 SOYBEANS 

01195 

"" 

F>OTATOES, OTHER' THAN 
SWEET 
ALL FRESH FRUITS AND 
TREE NUTS 

'" ALL FRESH VEGETABLES 

01'1 LIVESTOCK. 
METALLIC ORES" . 

PM lmf,opM ErrorLon Defective or c~, Loss Other IHond ing-A!! Ffr,, ITrainConcealedTemporoture ofMarine andof Entire Than Entire Damage Not Unfit O.loy Theft AccidentTOTAL I DamageFailures EmployeeTotal Pc:ickoge Otherwise CatastraphesPackage Equipment I I I II Provided ForL&D 

U.O lc.c.l $ 24 977 940 1$ 3!,!, $17 I$1, 0$6 8651!6 266 l,03 b2 573 ~211 $L 83) 6J2ll )4!, 906 l;t 100 62!• I• I, l,,ol, • •o< .,.., '100 I.no I• •o< .:o, 

- 7~+ - ' 
J.O C.L - 20 on1____16o+ 1 

o.6 c.,.. - ffiLL- 3. BJ!lf_ __.,__4il_.252c.41'.5ll--_--192-e--4-1ll 
0.1 C .,. ,.2._1_-"'-"'--""''-l _So2..2o6L - ,w...o.u4- - ~2 998 I --'""'"'21---""--' 

1
2.0 u. un__o22l 26 1241_____.J.JJi _ ___,,,,,_-""''i---"'"-""'-l---'-"'--""' 
J.4 c.,.1 2 MJ,i;j.1.__.mJL'U= _ 33 9621 ..-1.1_65!__.QL<,--_.J>JL<>ltl-l--

C.L..! -'!4!1+-----2.~>+.------ ... ! 

o.8 c.L.: 1 .!ill'-E!l2!--la.1L-'2!l../-..l,!,~=l----"----l-_..J...!IB,Ll-~~='---=-'---""0-"""1----

" COAL+-------,~l~O,..~·L. . - --~--i-Llli4ll-.43l;;_..--2!2..;--..!l!!..2<lll.---.,. ~ NONMETALLIC MINERALS Q.6 C.L.1 _ r' i 1.-::,-, I lC:-,1--'---'""'--=21-. r-:;~----""-, 
,0 TOTAL OF 20 25.1 c.,.; l_2/.,5__2lll: l.56J 36, J6<;o2 172 • l ,22 072 ! 9 oOS 900 <;23 1M • _ 724 JE.,_ __ 66 296, 

FRESH MEAT2011 h.1 c - JJL1.zll562_ ----12~ ~"<Lil/,1 OJJ I J33 i,n ~-,;6 7;.,r~-;;- 537-1-__ l_)Q_l.~ __ p __ 2f!l[._.9_~1_.2ll.,i___J,,_5)h_'.___ll2..&,5._ 
FROZEN MEAT2012 0.2 ", 4 7 ~- _ _§_?19 _.9_)i2L'.____ __J2JL__;19J_~- .., 332 21.J..u; 20, __1a.mf--- • I u -639. 

2013 ME,\T PRODUCTS Q,5 ,,' 102 488 8 o l -~ _§7!)~
1 

____JTuj_____ol,-2521-- 6.47.6.~___J,2__14.'4._ --59l4- l2fl.l.39: _6 ,i,; I .llLJS1_ 
2015 I I I ' DRESSED POUl TRY-----+-'o~.0~2'+-c.'cf- 0 2 __Ul_l!j____ -----3li1!2.[______l_.\1Jl.1-____l0.6a__ - l 333: ___ .:!$3; ___ ' - • --

' ' I I I 
1"16 FROZEN F>OUL TRY~. 0.P.4 ,., ____l.9__!105 _ 7 222L1 ---1.21s. ___ Llih91___g_~_l96__2a h61: 13 073 1 _ .,_ --~- _ _l_~ - ----~---

CANNED OR CURED 12~31 SFA i::nnr,~•••• ---- ---- ___9_ 2 c., 6 _ .11.l2Q_\_1 i, 253 _366_ JSL_ ---- I .l'Q_W - 5-.11~ --- -- .J.8.;-___l,!)_ m. - :u112 ,-------W..-
1022 CANNEO SPECIA.::~'.:~---" _Q.l C 1..I --~zl__ _g_...5921 _291.--81~' l 2117 - - _!/" - - - ~- - :~ - 1_08_3 f---., --- 5L..i __B2_i81~. - - I J06 

CANNEO FRUITS OR I I ' i i ,, !
2033 ;~GKELT;;~:~ns OR---·-· p_._9_ C_Lt .....-2_J.O.Ll<.U.1----1.2....5J~.--... -.'L.21-6p.-.862..1.7).. f ___LJ ____ J..&_8Slf ..__,. _ f--·J.6_.l.19_ f ___.ll _6:t6.f --1.64...639f-- ..-.1.. 2J.511..+----J..J..1.8J..-

'°'' """"'' ·-··-- .2-.2 , , _§!ig_ _____§__J_i&+- • _262____,!il, - 2 _______ ____ ,,_____ r ___ _?__ZhO_' ___ i.~ __ __ .1,,:. _ ___• ,--1.?.lw. ______ 5J, _ 
203~ 1

FISH,PACKAGED _.Q..&2 c~--- 82_~6.2. ---~ __100_ __ 2.UU4 1 - --10- -·-·_ll·.1-~-~---····~--·-··;- .. ··- 32.2.~ --· - + 112 Ll.5~- . ., .... ~- .a 
2037 ~:in~tte~ITS OR 0.3 ~_!:-1 --~jJ7k_ 774_ -- ~76: 1lt_ ID _l56 J.43...i- _!_~ _4.84..~~l _ 547 r--- ~:i. isQ.;____.._J56--f--_129_.631J_ __ ~ 17 281.,_ 

M1xeo SHtPMEsn oF r ~ 1 1 1 , : i:<
2039 1 1 4''""" 0000, o,Jl '.':1 1 686 6lL_.J&_5JQ( __.8.8 l..Jill.378 ,- _6.40:1 -----156~---- .186., ...30 6oJ_, ________,_ .1,J6_l<)0.'.____4Q.J7i __.,J,Q__ 

GSA'"""' e,oocc.:,:s___ 6.2 .::LL_lli lOL~§, + _9S 359.J J.llL13l 65.6.Jll9_ 1--116.Q'Zh _-- l.3..S11~- -34.iJOL. __4~_5:s1 _ _3 ?~2)__ 228_).l,3 j__ 5l-~@I. _ fl:l_SJ,L'" 1 

https://f--�J.6_.l.19
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:1 ,"'°' '"""•"""'° 1.1 c:':·~J~.1,.___l!L2.2Pt----~ - ___ ~-- ____ /_O~UC __1_~!!.I _,!<lll..Ml,1_ ••4-lil.l.~ _..J_117L 
.:"":'. •~''--- _________ ...L.l,:.:':·~-2. h9Jda.6. _......61_9J.~.L --268 ___ 1,_l,$1._ .....M.J"[J_ __ l.. 7Q6_~ L7 I§~ .......2_3'14 _ _g,__mf j,§J,_D__;______l.§-21!> 

1 1 
2':!! w1Ncs, eRANor 0_~ c L .,,. ... 161 1,2 n2l. ___ • ~11....L- ___ .1.. __ ~- I 19 100 659 1 32 856 20 82:6 I _..lmL 
·- - I I 

2oa~_ ~HISKEY ____ ~l!~-+---1....ni ......... ..,_,.._.1~ 3 , ......... 1, .,_, ... - _ 1_w ___.2.3 __ ... --t _n_J!ie ____ ] .u11. 1 ... u ......, --L753. .,...- !.±~ _ 
2086 SOFT DRINKS __ _J) 102 c.L ~- 7~8 ___...l.. 76..Jj_ _____29 ___$2_..65..2_+---- ______ 2C I _ ____,..___ --1- _ __!t _J?~ L _':° _ _ ___ _ ~ ~----

20? * MISC .F'OOD PREPAl<~~.o~s. -~-.h.,.~ ~-~..-ll..P...?~r-_.-21L'l...S7!w-.-g~filS a 288 181 ..u ...... 
1 ---105~ ____ B-265._1··--µ-~--8f~1-~_- --~19_ J,..Q.9-1..21~+- ....6.!L&l2. : 38 zs:a._ 

21 TOSAcco PRooucn : 0.1 C.L.1 1 626 79e ~ 51 600 I 1. ........ ~ ......... -.. ~ ...... _ _ , 2~__§_Ju.1-!---1_rn.. 131 6S1 ; - I 1.,.,., 

14 .,1TOHLOF24 ... 0 C.t. 8 8"'· f'lr!~ II ,,...,.. 16,i ' 7? t!IU,:. ,.,,:.,., --- --- __ _. - 11 '>l'.'6• ' 24 196 I 42 693 1932 8.52 447 .,~a 6:§_ni_, 
1 

2m PLvwooD DR vE111:r::i. --ll.. h_ c.LI 1 2h5...10.9.+--...l4_664J__ 2 6JJ i' i,JQ i,56 ...2lc~L.........o. ..-L..1 !,l§.~l....132:J 

1 

______l.95-.l____g.56_..o.21 _.110....a.B.7._j 

I 

_____l_fil_ 
25 ~ FURNITURE AND FIXTVl<E5 j 2.1 lc.L. 11 8Q8 6'\'7 ..... 'M? ! '"" .,,-,.J 1., ' -- --- _.., __ ,, _ ' ll6 __ 4S ?.46 ! 82) 929 ~-JP° 2' ~ .::n "'•n.t-~---
26 • TOTAL OF 26 I 5.._1_):..L.I 1'3 gai:: c'm '?O nf\l. _,, ..,__ L_ --- - - lh9 3111. .. I I, 6t;"1 - 31 790 .fQ.....n2 lJ_JS.2-.... ,. ,.,,., ........ I 6i ..Ql2.__ 

!.'!" ""'"'"' ·-. _i 1,2 c.,.; 2 6.!,i___l,M.L _! J_i\1.~~Ll7]_iL§3Q.3.§£ ____l,2_li6_ I • i ·----"-·--·l----111.)__u>'ll , _J.;';l_Pfil, .3.lJl2J..j__.J22.__ 
* CHE MICA LS OR ALLIED t-=" I , , , 

~- PRoDucTs _____ 1 5.0 c.L! n a49 394 ____2,0 .... 8 ... .::c ,.,, .. !" ,.n.,.. ... L ,,_ ..... i w2 I 10 cm":! , 69 1.82 8 1.26 .3 32$ 987 113 008 I 122 65l 

29 ~ ~~~~2i~M OR COAL T~ 0 ::.L.1 ?JJ.a L97 i 22 685 ~~ J:1.1. !.. ..,_,, ..... ,, -- ,......, 

119 

- I - ... i 9 242 I 4 037 40h 12c: ~ I 16 766 
~ RUBBER ANO MiSC. =t-- - . . ' -. I •- I • - ,..,..... I ...... -. - .. ' ...

30 PLASTICS 0_.'1 C.L.I l t'.'l'I. tu•.-. ~ n1.1. """ -.i:; .. ...., ,.,,.,,r_ ,._,.., C 1 ,r-,. 18'1 ... 2-~3 _ ...;.. 4 8 ~'.)M 120 37 j .. 

32 • TOTAL OF 32 I ) .. 2 C.L: 7 ~16 c'-:ic' q 2-:i.:; us 1-"'"I le: 88t:' .,,,.,_ .. -r.....n'I - I - J.2_hg§___L.1.JJ.h. _,.; i --· _ _,_ ' - -• I ,.,,. ,,.,c' 

I I I i 1 . _,., I 

• '""~ • -cc , .."' ,,,, ' ' :1:::- - •. ".... =· . =··----
m GLASSWARE 0.2 c.L: S49 906 __]p~~~-L 7 -~1 ___ _jg__213___~_ _ _ ~ 6 102 -~----.!~ 16h~3 Ol't ,.,.. 2- , ou: 

~ ~RIcK -·-. _o ..4_ ~ ___.9-93 280 +-_____.1__51,i5.l__...l1...fil __8_56_.21,2_ L__.._ __21._.---=---- ____ .. 208 __!____g__].Eb __1,_1_~-- ______.. _ .. 
MISC, STRUCTUR.<L CLAY ! • ' 

3259_ _F'..£lQ!>~- 0.1 C.L.l 199 _5'21,t 220 j __~4_ !71,_lli_,_______l_..JQl. _ ~- :J~_8_:____1J;;:r_.lli_l!!)_6_~_JJ!15_______ _26ll__.t ..-
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,0 METALLIC ORES +·· ' C.L. , ..., ':I r'L."' n R n. 
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59 EAST VAN BUREN STREET • CHICAGO, ILL/NO/S 60605 

R. R. MANION 
Vice~President 

File 300-9 

TO THE MEMBERS: 

May 13, 1971 

CIRCULAR NO. FCD-2198 

Freight Loss and Damage 1970 

OFFICERS UF DIVISION 

W.D.SELMAN 
Chairmen 

W. 8. WILEY 
First VJce-Ch~lrman 

L. H. HUGHES 
Second Vice-Chairman 

W. F. PADEN 
Executive Director 

J.C. HINDMAN 
Secretary 

R. A. GROVER 
Director 

Freight Loss &Damage Prevention Seel/on 

B. WILLIAMS 
Chief Engineer 

Freight Loading & Container Section 

Submitted herein is a tabulation, by principal causes and commodity groups, 
of freight loss and damage reported by member carriers (U.S., Canadian & 
Mexican) for the year 1970. 

It will be observed that the total loss and damage was $228,316, 389,an increase 
of $18,216,226 or 8. 7% over $210,100,163 reported in 1969. 

The ratio of loss and damage charges to gross freight revenue of U. S. Rail
roads was 1. 97% compared with 1. 92% in 1969, 

A total of $26,840, 905 was carried in the suspense accounts of the carriers 
at the close of 1970, pending charges to other involved lines. This was an increase 
of 13. 1 % compared with the amount reported at close of 1969. 

New claims presented to the member railroads during 1970 (which represent 
potential charges to the Freight Loss and Damage Account of the future) totaled 
2, 633, 146, an increase of 160,406 claims, or 6. 5% over 1969. 

Respectfully, 

J. C. Hindman, 

Secretary 



III CARGO SECURITY EQUIPMENT APPLICATIONS 

In response to legislation proposed as an outgrowth of the 

Hearings of the Senate Select Committee on Small Business 

affecting cargo security and promotion of programs to prevent 

cargo theft, loss, and damage, the Department of Transportation 

established the Interagency Committee on Transportation 

Security. 

In a report prepared by the Congressional Library Research 

Service for the Senate Committee on Small Business, the 

rail carrier cargo theft and pilferage losses for the calendar 

year 1970 were estimated at $250,000,000. (The total direct 

loss for all modes of transportation was estimated at $1.47 

billion. The addition of indirect costs, such as administrative 

costs, processing claims costs, lost business and profit costs, 

raised the estimate to $8-10 billion.) 

The cargo in transit moves across jurisdictional boundaries, 

and the problem of determining responsibility for cargo theft 

is difficult. Cargo may originate in one jurisdiction, cross 

another, be transshipped in a third, stored in a fourth, and 

delivered in a fifth. When the cargo is stolen, the determination 

of the responsible transportation agency and legal authority 

having jurisdiction may be difficult, especially when the 

first notification of the theft may be the non-arrival of 

the cargo at its intended destination. 
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The theft of cargo in transit may be accomplished by the 

forcible take-over of vehicles (hijacking), but it is 

more commonly accomplished by taking or entering a 

transport vehicle or container while temporarily stationary. 

Those railroad cars on sidings or in switch yards, and the 

containers at intermodal transfer points, are vulnerable to 

theft. And because these vehicles are temporarily stationary, 

permanent security barriers or alarm systems are usually non

applicable. 

Modern freight cars and standard shipping containers are of 

substantial construction but are commonly secured only by a 

metal strip car-seal. This seal indicates whether the 

vehicle has been opened prior to delivery, but provides no 

physical protection. Heavy duty security locks could be 

used, and in some cases are, but the problem of assuring that 

the proper key for opening the lock will be available on 

arrival at the final destination has inhibited the use of such 

locks for common carrier vehicles. 

Mechanical fastening devices which require heavy tools, and 

non-available to the general public, are under investigation. 

Three types of such devices suitable f9r securing freight car 

doors are being tested. The devices are a heavy braided wire 

to secure the door hasp, a special c-clamp to secure the 

freight car roller track, and the use of a pin stud to secure 

the roller track. These devices require special purpose 
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tools for their removal. With the proper use of these 

devices , it is expected that pilferage and thefts from 

temporarily exposed rail cars and containers could be 

reduced. The damage that follows the opening of cars or 

containers, such as spoil.age and breakage, should also be 

reduced. 

With the majority of cargo thefts occurring when the cars 

are temporarily halted, such electric protection devices 

as simple vibration switches, accelerometers, pressure 

switches, magnetic coil devices and capacitance sensors which 

have been used successfully to protect high value items in 

storage, may be adapted for the protection of vehicles or 

containers when temporarily halted. Mechanical and magnetic 

door swit~hes may be modified for use with doors so that the 

unauthorized entry can be reported to a monitor station. 

Such remote observation devices as regular or low-light level 

TV, audio monitors and Doppler radar may be used to monitor 

the switch yards and terminals. 

Railroad cars and containers have been diverted by the 

simple means of having their l egitimate identification 

painted over and false identification substituted. The 

freight vehicles and containers are commonly identified by 

the name and identity code of the owning company , and a 
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serial number. More permanent vehicle identification schemes, 

such as an embossed metal panel, should prevent or make more 

difficult, such alterations. The railroad cars and containers 

are also commonly identified with ACI (Automatic Car Identifier) 

code panels, which are scanned and read by electronic equipment. 

Since the primary function of transportation is to move cargo 

economically and expeditiously, it is necessary to maintain 

the freedom of movement and access to personnel and vehicles 

involved with legitimate cargo movement. The security measures 

should be such as not to impede legitimate movement and 

access. 

The use of such physical protective devices as fences, walls, 

gates, doors, lights, and locks do not provide total protection. 

Physical protective devices are a means to control access to 

cargo handling and storage areas, and thereby making proper 

supervision more manageable. The advantage of electrical 

protective devices is that they can control or monitor activities 

without restricting legitimate activity. 

The intent of specific physical protection devices for a 

transportation facility is to impede and prohibit diverse 

forms of criminal activity. Where the act of theft is not 

deterred, the intent is to make the act more difficult, 

more time consuming, obviously illegal, and to discourage the 

successful completion. 
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One of the basic safeguards in protecting installations, 

personnel and property is the lock. However, locks, 

regardless of quality or cost, should be considered delay 

devices only, and not positive bars to entry. The locks 

can be overwhelmed by force and the proper tools. 

The types of locks to be described are the following: 

(a) Key Locks 

(b) Conventional Combination Locks 

(c) Manipulation-Resistant Combination Locks 

(d) Relocking Devices 

(e) Interchangeable Cores 

The key lock can be picked by an expert in a few minutes. 

The possibility of the loss of a key and the ease with which 

an impression may be made should be considered in the security 

evaluation of a key-type lock. 

The conventional combination lock may also be opened by a 

skilled operator, who through touch and hearing may be able 

to determine the settings of the tumblers and construction 

of a common three-position dial-type combination lock. 

Although the manipulation of some combination locks may require 

several hours, the skilled operator can open an average 

conventional combination lock in a few minutes. 
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The manipulation-resistant combination lock is so designed 

that the opening lever does not come in contact with the 

tumblers until the combination has been set. This type lock 

furnishes a high degree of protection. 

The relocking devices furnish an added degree of security 

against forcible entry. Such a device appreciably increases 

the difficulty of opening a combination lock container by 

punching, drilling or blocking the lock or its parts. A 

relocking device is recommended for safes and vaults. 

The interchangeable core system utilizes a type of lock with 

a core that can be removed and replaced by another core 

using a different key. Its main features includes: cores 

may be quickly replaced, instantly changing the matching of 

locks and keys if their security is comprised; all locks can 

be keyed into an overall complete miaster-keyed locking 

system; the maintenance costs are low; and the record keeping is 

simplified. 

The use of physical barriers may be supplemented, made more 

effective or even replaced by the proper application of 

electric intrusion detection and alarm systems. The surveillance 

of activity in a security area may be performed by remote 

monitoring equipment. 



The intrusion detection and alarm devices must be simple, 

reliable, reasonable in cost and, above all, suitable to 

the application. The electric protection devices can make 

the existing security forces, and the physical protection 

barriers, more effective. They can be used to reduce the 

number of security personnel or the degree of physical 

protection required, thereby minimizing the overall cost 

of a security program. The use of electrical protective 

devices, used to contrOl activities within terminals and 

storage areas or to monitor the access to sensitive areas, 

have the advantage in not restricting the legitimate 

activity of authorized personnel and vehicles. 

The electrical protection system for the detection of theft 

or intrusion consists of sensors, alarm lines, monitor 

stations and a reaction force for the prompt and effective 

response. The selection, application and use of the 

electrical protective devices for intrusion detection and 

remote monitoring are described in this section, 

Perimeter sensors are intrusion detection devices that detect 

and report the crossing of a boundary line by persons or 

vehicles. It converts the detection to an electrical signal 

and transmits an alarm whenever the signal exhibits the 

characteristics of an intrusion. The sensors are generally 
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placed near the most likely points of break-in. The earliest 

detection is achieved by locating the sensors on or near 

the fences and gates surrounding a protected area. Other 

sensors may be located in the storage room or cage, or on 

the protected cargo itself. The use of radar or light 

beams to sense intruders approaching the fence line are 

also known to be effective. 

The sensor, by providing continuous monitoring, maintains 

the fence as an effective barrier at night, in nonworking 

hours and in the absence of visual surveillance by guards. 

The use of effective perimeter sensors with a central monitor 

may reduce the manpower requirement by reducing the requirement 

for expensive observation posts and roving patrols. 

Perimeter sensors are commonly used, with or without fences, 

to isolate areas used for the delivery or storage of cargo 

from those areas used for the removal of cargo. Many of these 

sensors impose no physical barrier when used alone, and 

therefore are well adapted for situations where free access 

is required during working hours. 

The photo~electric beam sensor consists of a beam of visible 

light or infrared radiation projected toward a photocell 

receiver. When the beam is blocked momentarily, as it might 

be when an intruder crosses between the projector and receiver, 
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an alarm is generated. The photo-electric beam sensor is 

a narrow-beam line-of-sight device, and this means that the 

receiver must always be located on the axis of the projected 

beam and the intrusion can only be detected if it crosses 

that axis. It generally is used parallel and adjacent to 

fence lines, but it can be used to protect open spaces and 

wide entrances where fences and gates cannot be used, such 

as at railroad tracks, multi-track railroad entrances and 

the like. With some devices the maximum range of detection 

is up to 1000 feet of total beam length. As with any optical 

device, t.he photo-electric beam sensor is affected by the 

environment. Its effective range can be reduced by rain, 

fog and smoke, or frost on the lens. The lenses and 

mirrors must be cleaned fr.equently. 

The microwave/radar sensor is a broad-beam line-of-sight 

device, which means that off-axis detection is possible, 

but that the line of detection must be clear of obstruction. 

Any fixed object in the field of vision can shield an intruder 

and thus by-pass the sensor. This type of sensor is generally 

used to cover short perimeters, selected open spaces or wide 

entrances or gates. 

This sensor consists of a radio _wave transmitter/receiver 

pointed along the perimeter line. When an intruder enters 

the protected field a portion of the wave is reflected to 

the reciever. The motion of the intruder causes the frequency 

of the reflected wave to differ from the frequency of the back-
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ground reflection, and an alarm is generated. 

The microwave/radar sensor is relatively insensitive to the 

environment, but is highly sensitive to blowing trash and 

moving foliage. It would false alarm adversely unless the 

sensor were carefully sited and cleared. 

The balanced pressure sensor is used for detecting intruders 

by sensing the slight changes in differential pressure under 

the soil. This sensor_ consists of two liquid filled hoses 

about four feet apart and connected at one end to a differential 

pressure .sensor. When a momentary pressure differential is 

sensed, the alarm is generated. The hoses generally are in 

lengths to 300 feet and can be buried along fence lines or 

across open spaces. 

The balanced pressure sensor is similar to a narrow-beam 

device in being sensitive along a narrow lane centered on 

the hose line. It is generally buried about 12-15 inches, 

and is dependent on the elasticity of the soil to transmit 

the detection pressure. A reduction in this elasticity by 

rocky·soil or freezing temperatures, reduces the sensitivity 

of the device and limits its ability to detect intruders. 

It is best used in temperate climates, in homogeneous soil, 

along open fence lines free of nearby trees. The trees that 

wave in the wind can increase the false alarm rate and reduce 

its effectiveness. 
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There are devices available that can detect the breaking 

through of walls, roofs and floors. Simple vibration 

switches can detect the breaking through of a wall with 

hammers, chisels, drills.and the like; sensitive seismic 

geophones can detect less obvious vibrations from cutting 

or burning through a wall or door; along with grid wires 

buried in or attached to the wall. The grid wire sensor 

has the advantage of being usable under noisy conditions 

as it only reacts to an actual breaking of the wire. 

Simple vibration detectors may be attached to a wall at 

regular intervals; noisy activity or heavy vibration in 

adjacent areas may alarm the vibration sensors. Seismic 

sensors are more sensitive and cover a larger area but are 

more sensitive to vibration. They are best adapted for 

remote areas or after-hours application. 

Audio microphones and passive ultrasonic sensors have the 

advantage that they can be installed away from the wall. 

Their positions must be properly chosen so that they can 

effectively monitor the entire threatened area. 

The great majority (92%) of reported break-ins of buildings 

are not through the walls, but through the normal access 

opeings - doors and windows. Electrical devices are the 

most commonly used alarm means. The types of devices 



available are contact switches either mechanical or magnetic, 

vibration sensors, metal foil, photo electric light or IR 

sensors. Remote monitoring TV coupled with remotely activated 

door locks may be used to identify and provide access for 

authorized personnel to remotely located entrances. 

High value cargo items may be placed in secure storage areas 

protected by the electrical devices described previously, or 

they may be protected by additional individual sensors. The 

individual sensors may be placed under, attached to, or in 

the vicinity of the high value items. 

Pressure mats may be placed under the item so that its 

removal will be reported. Vibration sensors may be attached 

to the cargo. Also, capacitance type sensors may be attached; 

they will alarm when it is touched or closely approached. 

Items that are protected in this way must be insulated from 

the floor. Electromagnetic devices may also be placed on 

or in the vicinity of the cargo to be protected. 

The use of physical barriers and electrical sensors as protective 

barriers will be ineffective unless provision is made for a 

rapid and adequate response to all reported incidents by the 

transportation security forces. A cost-effective alarm or 

monitoring system must be compatible with the electrical 



protection devices used and suitable for the response force 

available. 

Most security systems utilize wires to connect the various 

detecting devices with the alarm receiving equipment. A 

short circuit, a broken wire, or other serious malfunctions 

would render the security system inoperative if not immediately 

detected. Therefore, a well-designed system will provide 

for automatically checking the circuits and actuating an 

emergency signal in the event of a failure. In addition, 

a well-designed security system must be tamper-proof in order 

to guard against someone compromising the wiring without 

causing an actual short circuit or broken connection. Security 

systems minus this feature can be jeopardized by expert 

intruders. 

An alarm system should be modularly designed to provide the 

flexibility to accommodate the numbers and sizes of zones, 

the need for expansion, provide auxiliary monitor-display 

locations, and integrate the readout data from subsidiary 

systems into a common display . The design should be 

conservative to ensure that the system is stable, durable, 

reliable for long-lasting and continuous operation, and will 

require a minimum of maintenance and adjustment. 
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The Interagency Committee on Transportation Security 

developed an inventory of Government sponsored programs 

that could be useful for the physical security of cargo. 

The following summary is based upon the descriptions 

submitted by the Government Agencies involved with physical 

security programs. 

The Defense Special Products Group is developing a Joint 

Services Interior Intrusion Detection System (J-SIIDS), 

which consists of a sensor system and control unit, a data 

transmission system, a local audible alarm, a monitor unit 

and a telephone dialer. The system is designed to detect 

the semi-skilled intruder who can be expected to attempt 

entry without detailed planning or sophisticated equipment. 

The Group is also developing a Modular Intrusion Detection 

System (BIDS) for military bases and installations. The 

system will interface with the J-SIIDS, and many commercial 

devices. The three major subsystems are the sensor family; 

transmission link; and monitor display. 

The U.S. Army Land Warfare Laboratory (LWL), Aberdeen 

Proving Ground, Maryland, is testing a lightweight (20 lbs.) 

radar with an automatic alarm and with the capability of 

remote operation. This radar intrusion detector is 

applicable for the detection of intruders in terminal areas. 
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Similarly, the U.S. Air Force Systems Command is testing and 

evaluating a short-range, personnel detection radar to be used 

for search of airfields, railroad yards and terminal areas. 

The U.S. Air Force Systems Command is also testing and 

evaluating a fence disturbance sensor for railroad yards 

use. 

The U.S. Army Mobility Equipment R&D Center (MERDC), Fort 

Belvoir, Virginia, has developed intrusion detection equipment 

for the protection of installations and interiors, including 

night obs.ervation devices. MERDC has developed an active 

infrared beam-breaker intrusion detector; an active beam

breaker infrared fence; a small, hand-emplaced, rapid assembly 

infrared intrusion detector for use in detecting infiltration 

across paths, perimeters, and other sites used in storage 

and other security applications. The system consists of an 

IR source module, an IR receiver/RF transmitter module, 

and a remote annunciator. MERDC has also developed an 

intrusion alarm annunciator as a small self-contained unit 

which renders audible tone and lock-up visual (lamp bulb) 

alarm indications upon receipt of signals along a telephone 

line, up to three miles from the line sensor intrusion 

detectors. Several thousand annunciators are in operation 

and have been successful. This organization has also 

developed an improved means of combining output signals 

from two intrusion detectors to reduce false alarm rates. 
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The specifications have been completed, and prototype action 

has been initiated, by MERDC for the following devices: (1) 

vibration sensor, (2) grid wire sensor, (3) balanced magnetic 

switch, (4) ultrasonic motion sensor, (5) passive ultrasonic 

sensor, (6) capacity proximity sensor, (7) magnetic weapon 

sensor, (8) fixed duress sensor, (9) portable duress sensor, 

(10) control unit, (11) local audible alarm, (12) telephone 

dialer, (13) data transmission system, and (14) monitor unit. 

The LEAA Law Enforcement Standards Laboratory, National Bureau 

of Standards, Washington, D.C., has addressed itself to 

develop standards for an Area Security Alarm System. Since 

the optimum sensor array will be unique for a given environment, 

and since the environment cannot be standardized, their 

approach will be to develop a performance standard for each 

category of sensor, which will include a characterization of 

those environments which tend to degrade performance. 

The types of sensors to be addressed have been categorized as: 

(1) electromechanical, which includes switches for doors and 

windows, foil for windows, protective wiring, and manual 

hold-up switches; (2) heat detectors for safes; (3) photoelectric 

devices; (4) vibration detectors; (5) audio detectors; (6) 

capacitance devcies which detect the proximity of a person; 

and (7) motion detection devices which detect motion by the 

Doppler shift technique. Even though the system being addressed 

is for a police department, the types of sensors and annunciator 

panels are the same equipment that could be utilized for cargo 
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terminal areas. 

The LEAA Standards Laboratory is also developing standards 

for area surveillance systems and equipment. The Surveillance 

Systems being addressed are those that assist in providing 

visual observation of an area, remotely or at the site, during 

daylightor night. These include night vision devices, such 

as low light level TV image intensifiers, portable and fixed; 

closed circuit TV; and. the associated cameras and video tape 

recorders required to record evidence. 

The U.S. Maritime Administration is evaluating a system which 

employs computerized controls to monitor and record container 

movements at port tenninals and staging areas. The central 

computer can be programmed so that the containers cannot 

leave the terminal or be moved around the complex without 

warnings being sounded, unless the actual conforms to the 

routing instructions in the computer. The Automatic Container 

Identification method uses coded strips on each container 

passing through the terminal, which are "read" by optical 

scanning devices. The identification strips designate the 

container-type, serial number, and owners name. This container 

identification system is adapted from a similar system developed 

by the Association of American Railroads for controlling 

mail car movement. 



The U.S. Atomic Energy Commission has a facility for testing 

and qualifying security devices. The security devices or 

systems tested are: (1) intrusion equipment: (2) ultrasonics; 

(3) laser; (4) infrared; (5) light threshold detectors, (6) 

closed circuit TV alarm systems; (7) capacitor alarms; and 

(8) magnetic swithces. 
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IV. PRODUCT PROTECTION FOR THE RAILCAR ENVIRONMENT 

Although extensive data is available on the transportation 

environment, the information is generally scattered and 

fragmented. Detailed environmental information is required 

in order to minimize cargo damage in the hostile railcar 

environment. The following sections will assess the 

significant data currently available of the effects of the 

railcar environment on packaging. 

The effects of impacts on packages are complex and misunder-

stood. Impact is defined in the "Shock and Vibration Handbook" 

as a single collision of one mass in motion with a second 

mass which may be either in motion or at res~ (Reference 1 ) . 

Impacts to packages occur in a number of ways and cause a 

tremendous amount of damage to the contents. 

Although most packages are designed to protect the product 

from dropping hazards, other types of impacts also occur in 

the distribution system. In the railcar environment, railcar 

switching produces impacts on packaging. These impacts vary 

in amplitude, waveshape, and duration, depending on the type 

of railcar cushioning device. The shock levels that result 

from the coupling impacts are primarily dependent on the 

car weight, impact velocity, and the shock absorbing system 

(draft gear) on the coupler. (The standard draft gear 
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travels approximately four-and-one-half inches before 

bottoming, and the cushioned underframes or cushioning 

draft gear have a travel allowance up to thirty inches.) 

One important difference between the impacts resulting 

when packages are dropped and the impacts resulting from 

railcar switching, is the duration of the impact. The 

impact from a switching operation may be of longer duration 

than the impacts recei_ved from dropping. At the moment 

when the ratio of the natural frequency of the packaged 

product to the frequency of the input shock is greater than 

0.5, there is an amplification of the peak force. The 

problem that occurs in this situation is actually caused by 

the cushioning material that is used for protecting the 

product from drop impacts. With the drop impact, the 

cushion material reduces the peak acceleration of the impact to 

the product, and with some long duration railcar impacts, the 

cushioning materal amplifies the peak acceleration to the 

product. 

Along with the number of different types of impacts that 

occur to packages, there are different kinds of shipping 

packages. There are those shipping containers that hold 

only one product, and there are those that contain a number 
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of products in the same package, or multiple unit packages. 

The single unit type of package is much easier to analyze 

from an impact standpoint than the multiple unit package, 

because of the forces that develop from the interaction of 

the products inside the multiple packaging during impact. 

The interaction problem is inten·sified at the time the 

shipping containers are placed into a transport vehicle such 

as a railcar. Once in.side a railcar, there is the interaction 

between products and the interaction between packages. The 

single unit package then becomes much more complex to analyze 

because of this interaction of packages. Although one may 

have an understanding of his package outside the railcar, 

one must be aware that the characteristics of the package 

may change once it is placed inside the railcar. The 

packages will react differently when they are stacked upon 

each other because of the number of complex multiple degrees 

of freedom systems that exist. From a packaging viewpoint, 

little is known about the interaction forces between the 

packages inside transport vehicles. 

The problem of protecting products for shipment may be 

approached from a damage sensitivity or fragility viewpoint. 

The damage boundary or damage sensitivity concept has been 

introduced, by a number of people, as the means to describe 

the shock sensitivity or fragility of products. This damage 

boundary concept is presented graphically as a plot of peak 
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acceleration versus velocity change. 

The derivation of a damage boundary is shown in Figure 1. 

The damage boundary was derived using a square wave shock 

pulse. The waveshape does affect the limiting acceleration 

boundary both in level and in shape. What the damage 

boundary concept underlines is that an impact has three 

important characteristics: (1) waveshape; (2) peak 

acceleration; and (3) velocity change. 

The waveshape of the impact is important because of the 

response of a product to the varied waveshapes. That is, 

a square wave impact will cause a product to react differently 

than will a terminal sawtooth impact. Therefore, it is 

important to know the waveshape of the input impact to be 

able to design packages on a more scientific basis. (The 

theory and test procedure for damage boundaries is presented 

by Robert E. Newton in "Fragility Assessment Theory and Test 

Procedure". (.Reference 2 . ) 

The peak acceleration is usually given as the only indicator 

of fragility. Yet, it has long been known that the duration 

of the acceleration is important in determining the severity 

of the shock. Therefore, the damage boundary concept informs 

one that the velocity change, which is the area under the 
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acceleration - time curve, and peak acceleration together 

are a measure of the severity of a shock. From Figure 1, 

it can be seen that there must be sufficient velocity 

change along with sufficient acceleration to cause damage 

to a product. The damage boundaries for various product>; 

are graphed in Figure 2. The damage boundaries graphed 

for all six directions of a portable television are shown 

in Figure 3. 

With the creation of the cushioned railcar, the transportation 

environment inside the vehicle has considerably changed. 

This environmental change is not being interpreted correctly. 

The shippers look to the cushioned car as a means to reduce 

the peak forces on their products without considering the 

ramifications of the cushioned impact, such as the longer 

duration and different waveshape. The impact duration is a 

very important consideration in package design. The short 

duration pulses, like those encouxered in the conventional 

railcar, are usually much less damaging than those impacts 

encountered in the 30-inch sliding sill cars. The short 

pulses are sometimes over before the product has time to 

react to them. The long pulses can be more damaging not 

only because of amplification, but also because of the time 

the forces are acting on the product. 
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There are a number of problems to the package testing 

approach for the railcar environment. Some shippers 

will use such instruments as Impact Registers to measure 

the severity of an impact in a railcar. They then use these 

results to test their packages to the same severity on a 

Conbur Inclined Impact Tester. There are a number of 

problems with this approach to package testing for a rail 

environment. First, the Inclined Impact Tester was never 

designed to be used to simulate railcar switching operations. 

The duration of the input impact from a Conbur is usually 

very short (4 msec and less), and of a higher g-level than 

exists in the actual environment in railcars. Second, Impact 

Registers and other low-frequency measuring devices are 

very sensitive to the duration of an impact. Therefore, if 

one receives a zone 2 reading in a 20-inch sliding sill 

railcar, he cannot expect to reproduce the same severity 

impact on an Inclined Impact Tester when he measures zone 2 

impact there. The problem is that the duration on the 

Inclined Impact Tester is much shorter than that in a 

20-inch sliding sill car. If one is going to reproduce the 

same impact on the Conbur based on Impact Register type 

results, he must use the same duration shock pulse. In most 

cases, this is not done and erroneous results and future damage 

occur. There must be an understanding by the packaging 
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community of the railcar impacts in order to successfully 

package their products for the transportation environment. 

An apparently workable method for the development of a 

product protection system, based on hardware and established 

procedure, was implemented at the IBM Rochester, Minnesota 

facility to solve product damage in transit. The packaging 

program described indicates that the method maximizes the 

packaging engineers chances of deriving the ideal economic 

and protective package, the first time. Since this method 

was adopted, none of several thousand keyboards have been 

damaged in transit. The current cost of the packaging 

material and labor for this unit is significantly less than 

one percent of the unit value. 

The elements of the product protection system consists of: 

(1) Product Design; (2) Fragility Data; (3) Environmental 

Data; (4) Engineering the Package; and (5) Package -

Product Testing. 

1. Product Design: the me::hani::al design concepts 

at this stage provide economic benefits when the 

product is later exposed to transit shock and 

vibration. 
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2. Fragility Data: within the constraints of a 

given mechanical design, it is necessary to 

assess the fragility of the product. Fragility 

is simply defined as the level of dynamic input 

required to cause minimal non-functionality in 

a product. A prior section emphasized the 

method of determining shock fragility based on 

the parameters of deceleration and total change 

in velocity. (Reference 3, 4, 5) The result of 

this empirical analysis is called damage boundary. 

Vibration fragility is specified by the natural 

frequencies of the product, with the emphasis 

on the lowest primary resonance, (Reference 6,7) 

3. Environmental Data: although the general data is 

available, the specific techniques for application 

to product protection are conspicuous by their 

absence. Also, the forms of data reduction and 

presentation vary considerably. In general, the 

packaging engineers are not highly trained in 

dynamics, and thus there is a requirement for a 

straight forward set of environmental data that 

relates well to the empirical fragility data. 

A further constraint is that the environmental 

quantification be fairly easy to perform by 

the engineer. 
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4. Engineering the Package: the information on 

fragility and environment is combined with material 

data, along with packaging methods and processes, 

to engineer the product protection system or package. 

Some types of information necessary for designing 

the package are only now under development, and so 

the user must generate data for each application. 

Some of the most useful forms of data are given 

in Table 1 (References 8-13) 

Table 1: Packaqing Material Performance Data 

Data 
Type 

x..-axis 
Parameter 

Y-axis 
Parameter I 

1 
2 
3 
4 

5 

Percent Creep 
Static Stress 
Static Stress 
Forcin9: Freg;uency 
Natural Frequency 
Strain 

I
Time 
Response Deceleration 
Natural Frequency 
'l'ransmissibility 

Stress 

5. Package-Product Testing: the product and its 

package are subjected to a series of tests to 

assess the ability of the package to protect 

the product during transit. The testing is 

an environmental simulation, with three basic 

types of inputs: (1) vibration, (2) horizontial 

shock inputs, and (3) vertical shock inputs. 
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Shock fragility testing is an equipment- dependent type 

operation. Although the literature suggests several 

alternate methods, the testing for the IBM application 

was performed on the Model 6060 MKII shock machine, 

manufactured by MTS Systems Corporation, Minneapolis, 

Minnesota. The resultant pulse used was a trapezoid wave 

shape (acceleration vs. time). The wave shapes significantly 

affect the test results, and thus the trapezoid wave is 

preferred, since it is· the closest practical approach to 

the ideal rectangular wave (Reference 2 ) . The vibr;ation 

fragility is determined with an electrodynamic vibrator 

with a 500 pound vector force rating . The use of frequency 

sweeps and stroboscopic techniques identifies the lowest 

primary product resonance. The IBM environmental quantifica

tion program is based on the Transportation Environment 

Measuring and Recording System (TEMARS), manufactured by 

Endevco Corporation, Pasadena, California. TEMARS is a 

partable, battery-powered system that records shock inputs 

experienced in the transportation environment. The recordings 

are made on a seven track magnetic tape, using a non-return-to

zero recording mode called NRZI, to provide the compatibility 

with electronic data processing equipment . 
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A study conducted at the Forest Products Laboratory, in 

cooperation with the Fibre Box Association, investigated 

the effects of transportation vibration on the stacking 

loads which can be safely supported by corrugated containers. 

(Reference 14 ) . Corrugated fiberboard containers are 

universally used for the packaging of a wide variety of 

products. 

The Forest Products Laboratory used vibration transmissibility 

theory to analyze a vertical stack of loaded containers 

(a simplified spring-mass system with vibration excitation 

applied to the base of the stack). This experimental test 

program showed that the load - container systems were indeed 

frequency sensitive, and that the load a container could 

sustain was drastically reduced as the exciting frequency 

of vibration approached the cal~ulated resonant frequency of 

the system. ("Unless you can measure what you are talking 

about, you know very little about the problem".) 

The determination of realistic temperature limits that may 

occur in cargo transport, and the probability of the temperature 

extremes occurring, are difficult to decipher. As a result 

of the varying interdependent energy sources, and the great 

variability in the thermal response of the materials transported, 

the use of a computational scheme for predicting cargo temperatures 



would not be feasible. Rather, a simplified technique must 

be used, such as employing the data from various shipping 

and storage modes. 

High temperature data for standing boxcars was collected at 

Yuma, Arizona, for a 119-day period. (Reference 15 .) 

The data from the boxcar storage test is presented in Table 2. 

Table 2 - Boxcar Storage Test Results 
Maximum Temperature, °F Date 

Top Center Carton 119 August 15 

Food 113 August 15 

Free Air Overall Maximum 114 August 17 

Free Air Mean Maximum 102 

Free Air (30-Year) Record 123 

The cargo and air temperatures in an insulated boxcar, for 

a series of trips, are listed in Table 3. (Reference 16 .) 

While the data are incomplete, being the minimum temperatures 

are only recorded, the data does show a wide difference 

between the outside and inside air temperatures. 

From the study of high temperatures in standing boxcars, in 

which the highest mearured temperature was 119°F, the 

recommended maximum temperature duration for rail transportation 

is 120°F for two hours. The minimum temperature recommended 

is - 10°F for 36 hours. (Reference 15 . ) 
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Table 3 - Air and Cargo Temperatures in 
Insulated Boxcar 

Lowest temperature recorded, OF 

Destination Outside Inside Inside Inside 
of car of car full Carton Emety Carton 

No. Kansas City -2 32 
Kansas City 25 44 43 
Duluth 26 40 52 
No. Kansas City 10 40 57 31 
Seattle 12 40 52 
Seattle -10 29 52 
No. Kansas City 19 43 56 
Seattle -7 30 66 
New Orleans No Thermometers used 
Seattle -8 failed 51 
Rapid City 8 31 56 

The Naval Weapons Center, in 1969, measured the temperatures 

experienced by truck transported ordnance during severe hot 

and cold weather conditions. (Reference 17 .) The conclusion 

derived from the tests was that the cargo reaches greater 

temperature extremes while the vehicle is stationary than 

while moving. This measurement series has shown that no 

piece of ordnance will be subjectro to the extreme temperatures 

of the surrounding environment while being transported by truck. 



During the cold-weather run, the lowest outside air 

temperature measured was - 20°F; however, the lowest 

ordnance temperature measured was - 3°F. During the 

hot-weather runs, the highest outside air temperature 

measured was 128°F; however, the highest ordnance 

temperature measured was 116°F. 

In a recent study requested by the Whirlpool Corporation, 

the Association of American Railroads gathered information 

required to determine the causes for rail damage to housefold 

appliances, and to isolate the contributing conditions. The 

causes of the rail shipment damage to household appliances 

were identified as follows: 

1. Lateral shift. .27% of all damage incidents 

2. Pre-load handling. .18% of all damage incidents 

3. Protruding nails . .17% of all damage incidents 

4. Bracing not properly 
secured. .11% of all damage incidents 

5. Narrow gates 7% of all damage incidents 

6. No doorway protection. 3% of all damage incidents 

7. Unloading. 3% of all damage incidents 

8. Bracing not protected. 5% of all damage incidents 

9. Bowed end walls. 1% of all damage incidents 

10. Unknown. 8% of all damage incidents 
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There are five outstanding features which ultimately cause 

or create damage hazards. They are, as shown above, preload 

damage, material handling equipment, nails, bracing not 

properly applied, and side shift. 

The contributing factors by the railroad industry to the 

appliance damage include the following: (1) poorly conditioned 

rail equipment; (2) rough car handling; and (3) lack of 

proper inspection and communication. It was noted that the 

carrier representatives or inspectors made only limited 

dockside inspections; and, for the most part, they were 

only car-door inspections. (Reference 18) 

The amount of perishables moving through the retail grocery 

and institutional channels is about $60 billion at wholesale, 

which would indicate a retail value of over $80 billion. 

The annual perishables distribution bill is estimated at 

$16 billion. Transportation is the largest element, 

amounting to about 55 percent of the total distribution 

bill - around $8.5 to $9 billion. (Reference 19) 

The U.S.D.A. has conducted research for many years on the 

transit requirements of perishable commodities. Their 

investigations are related to preserving the harvest - fresh 

quality of perishable agricultural commodities in this era 

of ever-increasing costs of production, distribution and 

marketing. Since time in transit may represent the largest 

part of the postharvest life of many perishable commodities, 

-52-



the railcar becomes a vital link in the distribution 

chain. 

Considerable research has been conducted to develop better 

containers. The containers must protect the perishables, 

permit such heat exchange as required, serve as an appro

priate merchandising unit, and have sufficient strength to 

withstand normal handling. The material, dimensions, and 

construction of containers shipped by rail, and the manner 

in which they may be loaded, are governed by the various 

freight container tariffs authorized by the Uniform 

Classification Committee, Despite these rules, heavy transit 

losses occur through careless packing, loading and unloading, 

improper load pattern, and rough car handling. 

The weakening of fiberboard materials by moisture absorption, 

at the high humidities in refrigerated cars, is a serious 

problem. Many commodities are packed, almost exclusively, 

in fiberboard or corrugated cartons. The damage to contents 

may result from the collapse of such containers, particularly 

in the lower layers. This action also tends to block the 

channels required for proper air circulation. Further 

studies are being conducted by container manufacturers and 

the AAR Freight Loading and Container Section. 

Mechanical cars equipped to handle the full range of both 

fresh and frozen commodities are designed to provide heat 

for the cold weather as well as refrigeration. A major 
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feature of the mechanical car is in-transit thermostatic 

temperature control. The shipper has only to specify the 

temperature for his commodity. The change from cooling to 

heating, by means of electric heating elements or by reverse

cycle operation of the refrigerating unit, is done automatically 

by thermostatic controls. 

The growth of the refrigerated piggyback or trailer-on-flatcar 

(TOFC) service has been even more spectacular than the 

mechanically refrigerated car. The TOFC fleet has already 

assumed a noteworthy share of the total perishable rail 

freight. The trailers may be loaded at any packing shed 

or storage place, and thus extend rail service to many shippers 

not located on a rail siding. To those receivers not located 

on rail sidings, the TOFC flexibility of providing door-to-

door delivery at destination is an added advantage. 

The primary job of the shipping container is to protect the 

product during the transit cycle-warehousing, transportation, 

and storage. The suitability and adequacy of the package 

are p,escribkd by the shippers' packaging engineers and the 

Uniform Classification Committee. 

The condition of the package is a readily apparent fact. 

The damaged packages are in some way distorted from their 

original shape. The packaging conditions that describe 

these distortions are as follows: 
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(a) Wet: A package which is damp or moist, or 
is stained by contact with some type of liquid. 

(b) Dirty: A package which is soiled or dusty. 
This condition has importance with food 
shipments. 

(c) Dented, Bent, and Bulged: A dent is a hollow 
in surface made by a blow or by pressure. The 
bent shipping container is described as having 
been distored from a straight line. The bulge 
is a swell on one or more surfaces of the 
package. 

(d) Creased: A crease is a fold or wrinkle in the 
package, with the appearance of a narrow line. 

(e) Crushed, Racked: A package distorted by 
pressure (squeezed, crumpled or compressed). 
A racked package is distorted at the joints. 

(f) Punctured, Gouged: A punctured package has 
been pierced by a sharp point. A gouge is a 
break in the surface, as if made by a 
scooping or chiseling action. 

(g) Torn: A package which has been pulled apart 
or divided by force. This generally applies 
to fibre, paper, or flexible shipping containers. 

(h) Deteriorated or Fatigued: A shipping container 
with loss of strength as indicated by bowed or 
creased surfaces, worn appearance, etc. 

The packaging types, with their common failures, are listed 

in the following section: 

1. Fibreboard Box: A package made of corrugated or solid 

fibreboard. Their common failures are: (a) the flaps do 

not meet squarely, (b) the flaps are open or loose (unsealed), 

(c) the package is too large or too small for the product, 

particularly the "head" space in the top of the package , (d) 

the package deteriorated dre to prior handlings and lack of 

moisture control in storage areas. 
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2. Crate: A shipping container made principally of wood; 

may be wire bound; the closure may be with nails, straps, 

wire, or staples. Their common failures are: (a) failure 

to use diagonals, (b) failure to apply diagonals properly, 

and (c) failure to obtain an adequate closure (loose nails, 

staples, etc.). 

3. Drums, Barrels, and Pails - Metal, Plastic, Fibre, and Wood: 

A shipping container that is eylindrical in shape. Their common 

failures are: 

Metal: (a) improper sealing at the body seal 
or where the top is applied to 
the body. 

(b) failure to obtain complete, 
lid closure. 

even

(c) leakage due to chines (bottom lip) 
being worn from repeated use. 

Plastic:(a) brittleness in extreme cold. 

(b) failure to obtain complete, even
lid closure (in general, the 
application of a metal lid to a 
plastic body). 

Fibre: (a) seam failure where metal 
joins fibre body. 

rim 

(b) failure to obtain complete, 
lid closure. 

even

Wood: (a) bung stave broken. 

(b) metal hoops 
spread. 

loose, allowing staves to 

(c) leaking from seams 
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4. Bags - Textile, Paper, and Plastic: A flexible 

container, seamed lengthwise and sealed at both ends. 

Their common failures are: 

Textile: stitch:ing uneven, insufficient, applied 
to close to the end, resulting in 
poor closure. 

Paper: Gluing or stitching uneven, insufficent, 
applied to close to the end, resulting 
in poor closure. 

Plastic: Dirt particles (lack of cleanliness) 
in the heat seal, resulting in poor 
closure-. 

5. Wrapped: flexible packaging material, generally paper, 

applied around a product and secured with cord, wire, banding, 

adhesive, etc. The common failures are: (a) loose wrapping 

resulting in poor closure, and (b) loose ties, rope, bands, 

wire, etc., resulting in poor closure. 

6. Bundles: several pieces of lading bound together by straps, 

wire, cord, etc. The common failures are: (a) settling of 

the product to cause the ties to loosen, and (b) application 

of insufficient bundling material. 

Loading is the physical act of placing and positioning freight 

inside the railcar or trailer. Many loading methods and 

patterns have been designed and implemented. The aim of 

any loading method is: (a) to best utilize the space available; 

(b) to arrange and position the cargo so as to avoid damage 

where pieces contact one another, the vehicle, or the bracing; 

and (c) to arrange and position the cargo in a manner which 
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will best absorb or spread the forces encountered during 

transit. 

Nearly all loading patterns or methods are subject to three 

very common failures: (a) lengthwise and/or crosswise 

voids, (b) loose loading, and (c) no divider sheets. 

1. Voids: the loading pattern or method should strive to 

make use of all possible space in the rail vehicle, leaving 

little or no void areas. (When it is not possible to devise 

a pattern or method which will eliminate voids, bracing is 

applied to restrain the load away from the void area.) 

Void areas next to the cargo permit load movement; and load 

movement, more often than not results in damaging contacts 

among cargo items, and between the cargo and vehicle. 

2. Loose Loading: the failure to load tightly, one piece 

of cargo snugly against the other, lengthwise and crosswise, 

can ultimately result in void spaces appearing in the load. 

3. Divider Sheets: the failure to use divider sheets at 

appropriate points in the load can permit damaging contacts 

between cargo and bracing, and among cargo items. The need 

for divider sheets should be provided at points of contact 

between different size packages or units, between upper 

and lower layers in some loads, between bracing and cargo 

at hazardous contact points, and between cargo and equipment 

in certain situations. 
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The Association of American Railroads Circular No. 42-D, 

"General Rules Covering Loading of Carload Shipments of 

Commodities in Closed Cars" provides the "general rules" 

which must be observed for all closed carloading. These 

general rules take precedence over the rules and 

recommendations in specific commodity Loading Pamphlets. 

They are prescribed for the safe operation of the railroad, 

and compliance is mandatory for rail vehicles interchanged 

between rail carriers. 

Circular 42-D details six basis rules which were formulated 

for the purpose of providing safe methods of loading in 

closed cars and which must be observed: 

Rule 1 - Inspection and Selection of Cars 

Rule 2 - Cleara.nce - Side Bearing - Loading Cars 

Rule 3 - Maximum Load Weight - Crosswise of Car 

Rule 4 - Distribution of Weight - Crosswise of Car 

Rule 5 - Loading, Blocking,and Bracing 

Rule 6 - Doorway Protection 

Bracing is simply a means of restraining, retaining, and/or 

containing the cargo in its original loaded position to 

prevent unintentional cargo movement during transit. The 

purpose of the bracing is, then, the following: (a) restrains 

unintentional cargo movement, (b) retains the cargo in place 

and away from unfilled void areas, and (c) contains the 

cargo in the units dictated by the loading pattern. 



The E:tacing may be divided into the following functions: 

1. Floor Bracing: to prevent movement of cargo 
lengthwise and/or crosswise on the car floor. 

2. Cross Car Bracing: to prevent lengthwise 
movement of the cargo in all layers, stacks, and 
rows. 

3. Center of Side Bracing: to prevent crosswise 
movement of the cargo in all layers, stacks, 
and rows. 

4. Doorway Bracing: to prevent cargo from moving 
against the doors of the vehicle. 

5. Dividers: to prevent portions of the cargo 
from moving into one another; particularly 
to divide stacks of different types or 
sizes of product, or to divide layers. 

6. Bulkheads: to separate or compartmentalize 
separate portions of the cargo in order 
to reduce the flow of force through the load, 
as well as to separate product by size, 
type, etc. Bulkheads may also be used as 
dividers. 

7. Incomplete Layer Brac.irrg ! to prevent movement 
of incomplete layers lengthwise or crosswise 
in the vehicle. 

Load movement is not a cause of damage, it is rather an 

indication of a failure in the transportation environment. 

information about load movement will often help 

diagnose or expose transportation and handling failures. (Ref. 20-27) 

The forces necessary to move a load from its original 

position within the rail vehicle may be divided into three 

categories: 
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1. Longitudinal forces - are created primarily 
during acceleration and deceleration, and 
particularly during the coupling operation. 

2. Lateral fOrces - are created by the sideways 
rocking motion of the railcar and its movement 
on curves. 

3. Vertical forces - are created basically by the 
motion of the car over the roadbed and by the 
design of the car, particularly the springs. 

The effects of longitudinal forces can be seen when the 

lading has moved lengthwise in the rail vehicle. The 

effects of the lateral forces can be seen when the cargo 

has shifted sideways in the vehicle. Vertical forces 

alone do not generally create effects which can be readily 

seen, but in conjunction with longitudinal or lateral 

forces, the cargo indicates a 11 walking 11 or 11 spreading" 

movement. The unleashing of these forces creates the 

damaging load movement. 
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V. CONCEPTS IN FREIGHT CAR CUSIONING AND LADING PROTECTION 

In the early days of railroading, the primary concern of the 

railroad was the effect of shocks on the car structure. The 

scope of this concern gradually grew as the freight became 

more sophisticated and the damage to the lading became more 

costly. 

The concepts in freight car cushioning emphasize the 

protection given to the lading and car structure when the 

longitudinal impact forces are applied. These cushioning 

devices are designed to control the longitudinal forces 

developed from the impacts occurring when railcars are 

classified or coupled, and from the high forces developed 

through slack action in the cars. 

Many considerations involving engineering, railroad operation, 

and economics govern the design of the shock absorber devices. 

Draft gears and cushion underframes are shock absorbing 

devices designed to receive coupler forces and to dissipate 

them without damage to the car structure and lading. With 

the increase in car weights, and with switching and train 

impacts becoming more severe, the need to enhance the 

lading protection, both in transit and in-yard operations, 

led to the development and use of friction-rubber, all-rubber, 

and hydraulic draft gears. Concurrent with the development 
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of higher capacity draft gears was the introduction of 

hydraulic devices for use in cushioned underframes, and 

end-of-car cushioning. These special cushioning units 

dissipate considerable energy through a combination of 

travel and hydraulic and frictional resistance. 

For many years the Association for American Railroads (AAR) 

standard for draft gear was 18,000 ft-lb. capacity measured 

at a point just before the draft gear closed. Many gears, 

approved under this sp.ecification, remain in service. But 

with the present day requirements for railcars of seventy

seven tons capacity and larger, the new standards for 

draft gear require a minimum capcity of 36,000 ft-lb., with 

a reaction force not to exceed 500,000-lb. as measured under 

the AAR 27,000-lb. drop hammer. The relationship of capacity 

to reaction force is a realistic requirement since the car 

structure and the lading must absorb the energy inputs 

through the build-up of reaction forces as the impact forces 

are applied to the car. The capacity of draft gear is defined 

as the foot-pounds of energy input or kinetic energy input 

required to close the gear or produce the rated or recommended 

travel of the gear. This capacity is usually taken as the 

ability of the gear to absorb impact shocks with a minimum 

reaction force, so as to pro1Ect the railcar structure and 
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its cargo. Extensive evaluations have been performed on 

these devices to study the relationship between the force 

of impact and the transmission of force to the car body 

and the lading. 

With the development of cushioned underframes and end-of 

car cushioning for freight cars, the need for detailed 

information on the performance of these units, when 

subjected to longi tudi,nal impact forces, was apparent. 

The first comprehensive tests were conducted jointly in 

1962-63, by the Pennsylvania Railroad (PRR) and the AAR 

Research Department. The studies were designed to 

determine the relative characteristics of special cushioning 

devices relating to travel, energy absorption, and the 

protection provided to the car and lading. 

The boxcar, with the varied cushioning devices, was 

loaded with either canned goods to represent a resilent 

type of loading or with steel boxes filled with cropped 

rail to represent a rigid type of load. (Blocking and 

bracing were used as required.) Accelerometers, both 

mechanical and electronic, were secured to the lading. 

The accelerometers were to provide information on the force 

frequency inputs to the loads. The boxcar underframe was 

also equipped with accelerometers. The standing car was 

provided with dynamometer couplers to measure the coupler 

force. 
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The joint AAR-PRR impact study highlighted the fact that 

the sliding sill-type cars provided the most protection 

to the lading through the redu:::tion of forces transmitted 

to the car lading. The study also determined that the 

hydraulic type end-of-car cushioning device provided 

superior protection to the underframe structure when the 

test car was impacted in the dynamic squeeze condition. 

(The impacting or moving car produced a dynamic squeeze 

action on the boxcar equipped with the cushioning device.) 

The results from the joint study was the basis for the 

specification covering special cushioning devices. The 

specification requires that a railcar equipped with a 

cushioning device be subjected to free-to-roll impact tests 

and dynamic squeeze tests, in addition to a test to investigate 

the strength of the underframe componen~s at the end of 

the car. With the free-to-roll test, the railcar is 

impacted in small speed increments until a coupler reaction 

force of 5f0,000-lb. is measured or an impact speed of 

fourteen mph is reached (whichever occurs first). The 

rating capacity of the car is that speed where the 500,000-lb. 

reactbn force is developed. The dynamic squeeze test is 

utilized to study the underframe and cushioning structural 

strength; the tests are performed at speeds to fourteen mph 
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or to a coupler force of 1250 K-lb. The test car is 

loaded with concrete blocks to the load limit of a 77-ton 

car, providing a rigid and reproducable load. 

From the results of these studies at the AAR Research 

Center, fifteen special cusioning devices have been AAR

certified. The evolution of new cushioning systems to 

provide for a railcar and its lading is continuing. The 

higher capacity cushi~ning systems are receiving increased 

attention in an attempt to reduce the lading damage costs 

and to improve the car protection. 

In this decade, the railroads are experiencing a continuing 

increase in the average weight of cars in freight trains 

due to the large number of high-capacity cars which have 

entered the freight-car fleet. There are over 500,000 

cars, approximately 28 percent of the fleet, that weigh 

more than 100 tons dt capacity load. And, concurrently, 

there is the mounting pressure to increase train speeds, as 

well as to speed-up ~he handling of cars at the marshalling 

yards. This tendency to increase the overall productivity 

of the railroad plant has increased the probability of 

railcars receiving high-speed impacts, with the resultant 

rise in claims and customer dissatisfaction; As a consequence, 

the use of freight-car cushioning equipment has been enlarged 

over the years. The reduction in the railroad's loss and 
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and damage bill is an absolute necessity if the railroads are 

to improve their economic postion, their service, and their 

customers' satisfaCtion. 

Freight-car cushioning equipment has been exhaustively 

tested in yards, in special impact testing facilities by 

such agencies as the AAR, the railroads and the railroad 

supply industry. These tests always confirm the fact that 

these devices do reduc.e the impact forces to the lading 

carried in the railcar. With the lading protected by 

these devices, why does the railroad industry loss and 

damage bill continue to climb, even with the wide application 

of the well-proven cushioning units? And, as the damage 

bill continues to climb, of what value are these expensive 

cushioning units to the railroad and shipping constituency? 

This type of questioning provokes the more detailed 

evaluation of freight-car cushioning effectiveness as 

measured by service experience. The Baltimore and Ohio 

Railraod initiated such a study, with a basic objective to 

develop comparative loss and damage performance data between 

cushioned and uncushioned railcars, and to discover the 

differential performance of the various types of cushionirg 

equipment. In order for the evaluation results to be 

reliable, evaluated criteria were used to eliminate or greatly 
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reduce the data bias, and it may be concluded that the 

evaluation of the cushion underframe performance was 

not distorted nor unduly affected by differences in 

such major factors as car utilization, commodity value, 

commodity susceptibility to damage, shipper handling and 

packaging practices, yard terminal switching and car handling 

practices, track conditions or the terrain. 

Based on the B & 0 findings, the following conclusions may 

be made: 

(a) Cushioned cars account for lower claim 
costs than cars with standard draft 
gear and interior equipment. 

(b) The maximum reductions occur with cars 
having 30-inch travel cushioning. The 
reduction averaged about $84 per car 
per year lower than the non-cushioned 
cars. 

(c) This reduction is insufficient to 
justify the application of cushioni.ng 
units to all cars. 

(d) The cushioning equipment performance 
begins to deteriorate after the fourth 
or fifth year of service. 

(e) The cushioned cars have their place in 
the freight-car fleet for special services 
especially with fragile commodities. The 
railroads, shippers and suppliers must 
cooperate in selecting their application 
for a maximum reduction in loss and damage. 
(Reference la) . 
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The character and makeu!? o:I; the freight car fleet has 

undergone change in the past decade. These changes 

include an increase in normal car capacity from 50 to 70 tons, 

the availability of various primary spring rates, variable-rate 

or "constant frequency 11 springs, and new freight-car ~truck 

suspension systems, which depart significantly from the 

present AAR standard designs. In order to accurately define 

the freight car vibration environment with present day 

boxcar equipment, the Federal Railroad Administration and 

the C & 0 Railway entered into a joint project, in 1969, 

to develop the detailed data. (Reference 1) 

The evaluation program consisted of the effects of load, 

speed and track input; friction damping levels; primary 

spring rates; variable rate springs; truck design; and 

flat wheels on the vibration environment within the test 

boxcar and the trucks. The most important factor to 

be considered in evaluating the vibration environment is 

the vibrational power that the track transfers to the 

truck and hence to the car body. 

The test boxcar was a SO-foot, 70-ton boxcar, as was the 

"control car". To develop the effect of load on the 

environment, the load in the test boxcar was varied from 
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empty, to half-load, and to full-load. The load in the 

car 11"control was constant at 35-tons. The instrumentation 

used to define the vibration environment were vertical and 

lateral accelerometers mounted on the truck side frame over 

the roller bearing adapter and on the test boxcar floor 

over the center plate. 

The conclusions derived from the C & 0 study were as 

follows: 

(a) The vibration environment within a freight 
car body is comprised of vibrational energy 
at all frequencies between 1.5 and 520 Hz 
(the maximum frequency evaluated). This 
vibrational energy is concentrated in the 
forcing frequency range of 1 to 10 Hz and 
in the 2 wave bending mode of the car 
body, which in this case was centered at 
80 Hz. O.ther car designs would yield other 
car body bending mode frequencies. 

(b) The vibration energy within the freight car 
truck is concentrated at the natural frequencies 
of the wheel-on-rail and of the track 
structure, and at the wheel forcing frequency 
for other than round wheels. 

(c) An increase in load decreases the vibration 
levels in the car body and increases the 
vibration level in the trucks. 

(d) An increase in speed causes an exponential 
increase in the vibration levels in both 
the car body and the trucks. 

(el An increase in track irregularity causes an 
exponential increase in the vibration levels 
in both the car body and the trucks. 
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(f) Flat wheels cause an increase in the 
vibration levels in the car body and 
an extreme increase in truck 
vibration levels. 

(g) A decrease in damping level from normal 
increases the '1 rigid 1' car body vibration 
level, decreases the car body bending 
mode and truck vibration levels. 

(h) An increase in the damping level from 
normal causes little change in the 
"rigid" car body vibration level except 
at resonance, but increases the car 
body bending mode and truck vibration 
levels. 

(i) An increase in primary spring travel 
(i.e., a reduction in spring rate) 
reduces the ''rigid'' car body, car 
body bmding mode, and truck vibration 
levels . 

(j) Variable rate springs provide a constant 
"rigid" car body natural frequency regardless 
of load, but may cause a small increas~ in 
the 11 rigid 11 car body vibration power levels. 

(k) Springs over the journal bearings, rubber 
bonded double bolsters, long travel springs, 
and rubber bearing adapters significantly 
reduce the car body vibration levels. 

The dyanmic environment encountered by cargo during rail 

transportation has been measured, estimated, and discussed 

for many years. There has been general agreement on the 

severity of the humping or coupling shock event. 

The gravity type of switching used in most large terminals 

is called hump switching. A hump is built up so that the 



yard slopes upward from each end toward the center. The 

hump is built on a one percent grade up which the cars 

are pushed to the top of the hump. The cars then roll under 

the influence of gravity downgrade to the classification 

tracks, being guided to the proper track by remote control 

switching operated from the central control tower. A 

number of major gravity type (hump) yards have been completely 

or partially automated in an effort to better control and 

limit the coupling impact speeds during switching and 

classifying procedures. 

The results of the most recent AAR survey on impact speeds 

indicates the average impact coupling speed at six mph. The 

railroad axiom is that impacts of four mph or lower are 

"safe" (little or no lading damage), whereas impacts 

above this speed cause considerable damage. The damage 

increases, approximately, as the square of the impact speed. 

(A 7 mph impact is almost twice as damaging as an impact 

at 5 mph.) This means that more than 80 percent of all 

the impacts are potentially damage-causing. Figure 1 provides 

an insight to the problem. 
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Fig.l A.A.R- field observations 

Association of American Railroads; Mechanical 
Division, Report of Committee on Couplers and 
Draft Gear, Circular No. DV1594, May 24, 1965. 

With the damage claims nearing catastrophic amounts and a 

major portion resulting from high switching speeds, it 

appears highly desirable that there be a more enlightened 

understanding of railcar impacts - the factors involved 

and the clarification of such terms as force, velocity, 

acceleration, kinetic energy, work, capacity, absorption 

and recoil. There should also be additional understanding of 

how a hydraulic unit cushions the impact, or even the 

desirability of the hydraulic unit. 
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The functions of a cushioning unit are not complex, but 

their requirements are exacting. The cushioning device is 

designed for the storing and transforming of energy, and it 

must do its work over a reasonably long period between 

inspections and adjustments, with limits of time and 

distance through which it may act, and the space it may 

occupy. There are numberous parameters that must be 

fulfilled before any cushioning device can be classified 

as meeting current reqllirements for railcar service. The 

cushioning device must have adequate absorption capacity; 

excessive peak forces must not be transmitted to the car 

structure and ladin~; recoil action must be minimized or 

eliminated so that the energy stored in the absorption 

system is not reversed in the form of a violent aftershock; 

uncontrolled slack must be avoided so as not to complicate 

train handling; the device must withstand abuses common 

to freight-car service, with easily installed interchangeable 

components; the cost must not be prohibitive; and the shock 

absorbing characteristics of the cushioning device must be 

predictable and consistent (if possible, the response 

mechanism should be adjustable to accommodate the service 

conditions.) 

The development of a device which will reduce the forces 

generated by the impact of large masses at high velocities 
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is needed. This could take the form of a hydraulic unit 

with special operating capabilities and design simplicity. 

The cushion underframe bearing no similarity to the 

draft gear which it would replace, and eliminating the 

restrictions that rigid standards have imposed,should be 

pursued. 

The designation TOFC and COFC refer to trailers-on-flat-cars 

and containers-on-flat-cars. As the shipment of trailers 

and containers by rail continues to increase, the cushion 

arrangements for lading protection during impact increases 

in importance. With the initiation of "piggyback" operations, 

such cars were given special handling and were not subjected 

to the normal switchyard humping. However, as the shipments 

of trailers and containers continues to increase, the 

tendency is growing not to provide that special handling, 

and eventually to attain a complete "mixed car 11 service 

through hump yards. For these reasons, the cushion 

arrangements to provide lading protection during severe 

impacts are of growing importance. The industry should 

resolve these questims soon, since there are several TOFC 

and COFC systems being used and many more being developed. 



The Pullman-Standard tests for TOFC - COFC arrangements 

in yard-type impact tests has not progressed enough to 

be conclusive. At present, it appears that the on-deck 

cushioning is more effective for a given travel than the 

car-body cushioning. With present day considerations of 

TOFC and COFC operations, TOFC is the primary consideration 

and can best be served by on-deck cushioned stands, such 

as the 12-inch travel, shear rubber, pull-up stand. Until 

the ultimate TOFC - COFC arrangement is established, the 

standard draft gear car should provide the base for today's 

equipment. This same car with vastly improved on-deck 

cushioning arrangements may provide adequate lading protection 

for the future. (Reference 2). 

An appvaEal of responsible rail officials indicates an 

awareness and justification for major design changes in 

freight-car equipment to counteract the high costs presently 

resulting from the lading damaged in transit. In return for 

the freedom to equate rates with service and some monetary 

encouragement, the railroads would conduct research for a 

better car with new braking and coupling systems; faster 

switching with less labor; and a longer reliable car life. 

The railroads would also initiate work on a new control 

system for routing cars. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

Additional information is required to more accurately define 

the environmental conditions encountered by the cargo during 

transportation. The accumulation of new data is required 

especially for such new equipment as trailers-on-flatcars 

(TOFC} and containers-on-flatcars (COFC}; the high speed 

railcars; and the 40-foot containers. This information could 

significantly alter the description of the environmental con

ditions encountered by the cargo, and should therefore be 

incorporated into the previously developed concepts. Signifi

cant cost savings should be realized through the generation 

and utilization of this new data. 

There is the additional need for newly-developed laboratory 

simulation tests for the transportation and handling environ

ments. For example, an inproved test is required to simulate 

the railroad humping shocks. 

There is minimal knowledge about the interaction forces 

between packages inside the transport vehicle. Techniques 

are required to measure the shock and vibration environment 

encountered by unrestrained or loose cargo, and then to 

translate this new environmental data into improved laboratory 

tests. 

-77-



There are organizations and agencies already equipped to 

gather specific information for the various modes of trans

portation. Specifically, the U.S. Army Natick Laboratories, 

the AEC/Sandia Laboratories, the Packaging School of Michigan 

State University, the Association of American Railroads, and 

the Naval Ordnance Laboratory at China Lake, California. 

Many of the data gaps could be more readily identified by the 

initiation of a national symposium. A Freight Loss and 

Damage symposium should be concerned with current definitions 

to include the following: 

1. The Rail Transport Environment 

2. The Application of Transportation Shock and 
Vibration Data to Package Design 

3. The Measurement and Protective Systems for 
the Transportation Environment 

4. Up-dated Specifications for Freight Car Design 

5. Current Energy Absorbing and Impact Attenuation 
Systems 

6. Normal and Abnormal Dynamic Environments Encountered 
in Truck Transportation 

7. The Development of a Product Protection System to 
Prevent Shock Damage 

8. Containerization 

9. Environmental Protection for Climatic Extremes 

10. Cargo Loss 
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RECOMMENDED ENGINEERING PROGRAMS 

1. Product Protection System 

Packaging design for the purpose of limiting shipping damage 

has long been an engineering problem of economic importance. 

The new methodology being generated for the development of a 

Product Protection System for the damaged goods problem appears 

promising and should be actively pursued. The Product Protec

tion System maximizes the designer's ability to produce the 

ideal economic and protective package to cope with the trans

portation environment. For the development of a Product Pro

tection System it becomes necessary to assess the fragility of 

the product. Recent literature has emphasized a method of 

determine shock fragility specifications based on deceleration 

and total change in velocity. The result of this empirical 

analysis is called a damage boundary; a damage boundary for a 

particular product is a two-dimensional plot of shock against 

velocity change. A damage boundary procedure has been developed 

and applied to diverse products. This procedure has produced, 

on a repeatable basis, the precise reproduction of transporta

tion damage. The damage boundary, when available, provides the 

packaging engineer with the method for submitting the ideal 

economic and protective package for limiting shipping damage. 
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Cargo-Handling Environment 

The severest shock environment encountered by cargo occurs 

during the handling operations. Data are insufficient at 

present to accurately describe the handling shock environ

ment for any given package and distribution system. The 

engineering personnel in packaging and testing require 

the detailed information describing these effects. The 

current instrument development programs should provide an 

excellent source for cargo-handling measurement programs. 

The development of a Product Protection System, for the in

transit and handling environments, appears to have the 

greatest immediate potential for dramatically controlling 

the railcar damaged goods problem. 

2. Freight Car Cushioning Systems 

There is an apparent need for more exact methods to evaluate 

the various cushioning systems. The testing effort has 

provided limited data in terms of the effect of the cushioning 

equipment on cargo transported in railcars. 

In order to reduce the lading damage costs and improve railcar 

protection, higher capacity cushioning systems should receive 

increased attention. The further evaluation of railcar cushion

ing systems requires the examination of the recoil and energy 

absorbing characteristics uf draft gear; the design concepts 
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for draft gear; and the detailed examination of the perform

ance tests of hydraulic devices in long travel cushion under

frames and end-of-car cushioning; and the test techniques for 

special cushioning devices. The characteristics and influence 

of the cushioning on railcar action, along with the data to 

more accurately define the railcar vibration environment, 

should be further investigated. 

Impact Studies 

New criteria are required for judging the performance of 

freight cars during impact. The work completed on special 

cushioning devices, load restraint, car forces, and accel

erations developed in loads serves only as background for 

the information ideally required to evaluate the impact 

environment of a freight car and its lading. 

Such new impact criteria as the design data for overspeed 

impacts; the relationship between peak coupler force and 

peak end-wall lading force; the instrumentation required to 

measure impact speed, coupler and bulkhead forces; and yard

impact simulation models for various types of lading should 

be forthcoming. 

TOFC-COFC Cushioning systems 

The cushion arrangements to provide protection for the TOFC

COFC lading during impact are of growing importance. The 
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variety of TOFC-COFC cushioning arrangements available 

for handling piggyback and container cars indicates the 

need to evaluate the comparative test data for determining 

the cushion effectiveness or limitations of the various 

cushioning systems. The evaluation of the various cushion-

ing systems would also contribute to the design standards 

required for the rail flatcar that interchangeably transport 

cargo containers and highway trailers. 

3. Railroad Cargo Security Programs 

With the tremendous number and variety of intrusion detection 

equipment and physical barriers available for cargo security 

purposes, it is recommended that a cargo security system 

design be identified from the equipment utilized by Government 

agencies or the equipment tested under Government auspices. 

The actual system design of the intrusion detection equipment 

must be detailed for the individual installation, since the 

physical protection barriers and the electrical detection 

system must be compatible. 



GIDSSARY 

Forcing Frequencies---The rang,, of vibration frequencies caused by 
track or wheel roughness. These are generally between 0 and 10 Hz 
and are Speed dependent. 

Spring Travel---The distance through which a freight car truck spring 
will conpress between enpty car weight and fully loaded weight. 

"Rigid" car Vibrations--The vibration of an infinitely stiff car 
body on the suspension system springs. 

1-Wave car body Bending---The flexure of the car body as a single 
wave. 

2-Wave car Body Bending---The second Jaarnonic of the l"""'8ve car body 
bending node. 

"Rock Off" test track---A section of track 20 rail lengths long with 
every joint having a depression of 3/4 inches from level. It is 
used to develop a harnonic roll input to cars having high centers 
of gravity. 

"Rock and Roll"---The resonant roll characteristics of high center 
of gravity cars which make them susoeptible to derailment. 

Snubbing--The friction danping mechanisms installed infreight car 
trucks. 

Variable Rate Spring---A spring with a nonlinear load deflection 
curve which naintains a cmstant natural frequency regardless of 
the lo ad in the car. 

Natiural Frequency---The frequency at which the car body will vibrate 
on the suspension system springs after the body has been displaced 
from its equilbrium posd.tion. 

Resonanoe---The condition whe,re in the forcing frequency input to 
the suspension system a:iuals the natural frequency of the system. 
At resonance, the suspension system anplification of the forcing 
input reaches a maximum. 

Critical Speed---The speed at which suspension system resonance 
occurs with track induced inputs. 

Danping---Means to absorb vibration energy in the system. 

Critical Damping---Anount of danping at which no vibration oc=s 
after the spring mass has been displaced from equilibrium position. 
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Vertical Vibration---Pure up and down notion often described 
as 1::ounce. 

Lateral Vibration---Pure side to side rroverrent in the horizontal 
plane. 

Pitch---Angular notion in the vertical plane about the axle per
pendicular to the direction of the track. 

Yaw---Angular rrotion in the horizontal plane about a vertical axis. 

Nosing-----A special case of Yaw usually describing a rrotion of 
a locorrotive which applies lateral forces alternately on the 
right and left rails of the track. 

Fishtailing---- Another special case of Yaw describing the rrotion 
of the rear-end lateral rrotion of the vehicle about the front 
truck as a center. 

Hunting--Oscillation alternately to each side of central point,of 
to run faster and slower instead of steadily because of insuff
icient stability controls. ('!his term is often used to describe 
the rroverrent of an axle set on the track as caused by connicity 
of the wheels) . 

Hanronius Roll---Angular displacerrent of the vehicle body about 
its longitt:.tdinal axis . '!his has been referred to as Rock & Roll. 

SwivMing--Angular Oscillation about an axis;o.symretry, usually 
applred to truck action when the bolster oscillates around the 
center-pin. 

Shirrm,,---A self exciting vibration of the truck, producing 
swiveling of the truck and resulting in hunting of the 
truck on the track and Yaw rroverrent of the car-body. 
This refers to 2.5-3.Scps. vibration frequency. 

Rail OVerturning--While this is not a car or truck notion term, 
it should be applied only when there is conclusive evidence of 
excessively high lateral foroes generated by the rail vehicle 
involved. 

Tram---This term applies to the diagonal maasurerrent of axle bearing 
locations. When, in...:Eour wheel truck the two diagonal rreasurerrents 
are equal, the truck is said to be in tram. 

Walking---This term describes the vertical equalization and flexibility 
of a truck. Trucks are required to negotiate rough track conditions 
which demand that each wheel follow the rail head with minimum tend
ency to unload. Proper equalizatdon is inplied and sufficient rrech
anical freedom to permit independent rise and fall is necessary. 
When a truck meets these requirerrents, it is said to "walk" freely 
on rough track without derailing or unloading of any of its wheels. 
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Wheel Climb---This tenn applies to the condition where the lateral 
(axial) force between the wheel flange and rail head is great 
enough so that the resulting friction force causes the wheel 
flange to climb up on the rail. 

Wheel Lift--This tenn applies to the lifting of a lightly loaded 
wheel due to high verit:ica!. force on the opposite bearing 
and the resulting rrrnrent. Such forces are encountered when rail 
vehicles are operated at speeds too great for the existing super-elev 
aticn ouacurve, from high draft (or buff) forces on a curve, 
from harmonius rocking of a car on rough track, or from very slnw speed 
operation on a high super-elevation curve. 

' 
Swing M::,tion---This tennis applied to vehicle suspension systems 

where lateral notion is aocormodated by the use of mechanical 
linkage means. Example: Swing hangers, 
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	FREIGHT LOSS AND DAMAGE CLAIMS 
	Although precise statistical data do not yet exist, the office of Policy Review of the U.S. Department of Transportation estimates that the yearly losses due to damage in shipment total three billion dollars.* This figure includes the indirect factors such as the cost of process
	ing claims. It does not include such intangibles as added inventory costs and the loss of customer goodwill. 
	In 1970 the direct cost to railroads for loss and damage was $228 million, according to the released figures by the Association of American Railroads. The yearly loss and damage bill for 1969 was about 50 percent l).igher than the 1961 level. And for 1969, this economic confrontation amounted to approximately one-t'.1ird of the railroads in
	Is net income.** 
	dustry 

	During the past many years, major innovations have occurred in the damage prevention area. Today many freight cars have cushioned underframes and end-of-car cushioning devices; equipment with interior stowing devices; specially equipped cars' for specialized cargo are available; impact recorders are installed; and packaging and loading studies are performed for the shippers confronted with severe damage problems 
	-

	*Office of Policy Review, "Freight Loss and Damage", 1971. 
	** "Railroad Freight Losss and Damage Prevention.'.! Railway Systems and Management Association, Chicago, Illinois, 1969. 
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	in the distribution environment. Yet, in spite of these varied measures and techniques, the railroad freight damage costs are not headed downward nor are there apparent inroads into the loss problem. 
	For the decade 1958 -1967, when the revenue ton miles" advanced by 30 percent, the freight loss and damage claims increased by almost 55 percent. The $108 million paid out in 1958 advanced to $167 million in 1967, and on to over $228 for 1970. Although most railroads have damage reducing programs, the claims costs continue to escalate. The railroad industry has lost billions of dollars through freight loss and damage. The category of improper handling accounts for 60 percent of the total freight claim payo
	In a prepared talk to the Railway Systems and Management Association, the Manager of Claims and Insurance for Burlington Industries underlined the fact that at present the carrier freight classification committees cannot provide package specifications that will insure the damagefree arrival of the packaged product. The classification specifications have been found to be unsatisfactory; yet, the carriers rely heavily on the classification committee 
	specifications.* 
	*"The Shipper Views the Carriers Approach to Loss and Damage", 
	C.E. Barnes, Railway Systems and Management Association, 
	Illinois, 1969. -2
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	As "common carriers", the transportation companies must 
	accept any shipment of any product offered to them (with some few exceptions). By law, the transportation companies are required to publish freight tariffs. The freight tariffs describe the services, name the conditions under which the services will be performed, and state the price_ for the services in terms of a freight rate in cents per 100 pounds or other unit of weight or volume. The carriers publish the freight tariffs in classifications, in which articles that have similar transportation characterist
	Each "Classification" has one or more rules to designate 
	the type of packaging required. The basic regulation of the railroads governing fiberboard boxes is Rule 41. The Department of Transportation establishes packaging standards under Rule DOT-12B. 
	Although there are many new types of packaging that may provide superior product protection, many of these new packaging materials do not conform to the carriers' regulations. The shipper may propose that his new packaging be recognized in the rail classifications. For this 
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	purpose, as outlined in the railroads ' Rule 49 , printed proposal forms are supplied by the railroads' Uniform Classification Committee. Upon approval by the Classi
	fication Board, the new package is included in the appropriate classification, and then becomes available to any 
	interested shipper. 
	The available facts and figures for cargo loss and damage claims are somewhat less than helpful in assessing the magnitude and complexity of those areas of loss and damage which can be prevented or minimized. In response to the 
	lack of a comprehensive and uniform loss and damage in
	formation system, the Federal Transportation Regulatory Agencies have initiated, in 1972 , a system of Quarterly Loss and Damage Re ports wh~ch will require common carriers to submit information defining cargo loss and claim data. 
	The Association of American Railroads (AAR) has also recognized the requirement for more precise national statistics for freight loss and damage. The AAR plans to implement, in 1973, a National Freight Loss and Damage Prevention Data System for the detailed study of commodity, shipper or carrier-oriented problems. 
	The development of a damage prevention information system has some special problems, such as the built-in time lag in which to file a claim (nine months f rom delivery). 
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	In addition to this time lag, approximately 50 percent of the individual railroad's claim data does not originate within its organization, but originates from another carrier. There is also the incomplete or inaccurate information collected. It appears that an information system for the productive analysis of the claims data will be complex. 
	Various federal statutes and court decisions governs the carrier liability for freight lo_ss and damage. The effect of these rules and regulations is that the carrier is fully 
	liable for the damage or loss of transported goods. 
	The railroads annually handle 2.5 million freight claims. The large majority of loss and damage claims are voluntarily settled. It appears that probably 80 to 90 percent of the claims are or can be processed by the carrier with such documentary evidence as the bill of lading, the delivery receipt, the freight bill, the shipper's original invoice or certification of the commodity price , and the carrier record of investigation (OS and D Report). 
	When the shipper seeks loss and damage relief, it then becomes a matter for the court. At present, the Court's function is to determine whether the cargo casualty occurred 
	in transit and to determine the actual value of the loss 
	caused by the carrier.* 
	*Interstate Commerce Commission, "Rules, Regulations, and 
	Practices of Regulated Carriers with Respect to the Process
	ing of Loss and Damage Claim$'~ Ex Parte No. 263, 1972. 
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	Although the existence of a loss and damage problem is established, there is no common agreement on the economic magnitude of the problem. This disparity led the Senate Committee on Small Business, during their investigation of cargo security, to request a report from the CongressioniH Library Research Service on tl'i.e cargo tl'i.eft and pilferage losses. The Congressional Library research group reported that the cargo theft and pilferage losses for the rail carriers for 1970 amounted to $250 million. Thi
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	II THE ECONOMIC METHODOLOGY FOR EVALUATING FREIGHT LOSS AlllD DAMAGE On account of the need to better describe the extent of cargo loss, the Department of Transportation awarded a contract to Braddock., Dunn and McDonald CBDMl to quantify the cargo loss problem.* 
	The informational base for the BDM study was derived 
	from personel interviews, a sampling process assisted 
	by questionnaires, and freight claim data. The study 
	implies that the carrier data, by itself, distorts the 
	measure of cargo loss; and, therefore, this shortcoming 
	must be corrected from the shipper claims data. However, 
	the shippers do not have an agency which collects and 
	analyzes claims data. In spite of thls deficiency, the 
	BDM study states that the method of stratified sampling 
	provides a reasonably accurate method for collecting 
	shipper data. (Stratification is similar to simple 
	random sampling). The insurance underwriters (AIMU) were 
	contacted, but the insurance industry provided no data 
	that defined cargo loss in detail for mode, cause and commodity. The new ICC Quarterly Loss and Damage Reports also provided meager data. 
	A summary of the railroad cargo loss cost, based on the 
	*Department of Transportation, "An Economic Model of Cargo Loss: A Method for Evaluating Cargo Loss Reduction Programs," DOT P 5200.3,1972. 
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	BDM economic model derived from their stratified sampling technique, is shown in Table 1. 
	According to the study, the railroad cargo loss cost in Table 1 is conservative as th.e claim processing costs do not include overhead or burden, and it was also difficult to estimate the cargo liability premiums because the cargo liability insurance is usually included in a total insurance package. Also; the indirect cost estimates are low; various officials estimate the indirect losses as high as 2 to 5 times the clai)l}s paid. Some ot the estimates., according to the Senate Small Business Committee, are
	Carrier Indirect Cost= $2-5/$1 claim paid Shipper Indirect Cost= $5-7/$1 claim received Library of Congress Study= $4.5/$1 claim paid 
	Table 2 itemizes the distribution of claims by commodity for the railroads; the distribution of cargo loss and damage are compiled from the 1970 FCD -1 Report of the 
	Association of American Railroads. 
	The commodity-cause data, presented in Table 2, are further summarized below: Figure 1 summarizes the freight revenue by mode for comparison with the commodity-cause loss data. 
	-

	*U.S. Senate Select Committee on Small Business, "Cargo Theft Joint Conference", Part 4, 1971 
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	Figure 2 describes the distribution of the cargo loss by mode. The cost ratio was calculated as the ratio of total loss to gross revenue. According to the study, this is a better measure of loss than the claims loss ratio 
	commonly used by the industry. 
	Figure 
	Figure 
	Figure 
	3 
	itemizes 
	the distribution of theft-related losses 

	by mode. 
	by mode. 

	Figure 
	Figure 
	4 
	summarizes 
	the 
	cause 
	of 
	loss 
	and 
	itemizes 
	the 


	theft-related portion of loss for each mode. The Association of American Railroads Freight Loss and Damage statement for 1970 is also included,as Figure 5. 
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	Table 1 
	SUMMARY OF RA I LR01\D CARGO LOSS COST 
	Carrier Direct Cost Carrier Indirect Cost 
	Carrier Direct Cost Carrier Indirect Cost 
	Carrier Direct Cost Carrier Indirect Cost 
	= $302,278,865 $ 79,335,965* 

	Total Carrier Cost SIC Direct Cost S/C Indirect Cost Total S/C Cost Total Cost 
	Total Carrier Cost SIC Direct Cost S/C Indirect Cost Total S/C Cost Total Cost 
	$381,614,830 (82%) = $ 4,655,520 $ 79,335,965* = $83,991,485 (18%) $465,606,315 


	*Shipper/Consignee(S/C)indirect costs are asswned to be equal to carrier indirect costs, on a claimby-claim basis. 
	Source: Braddock, Dunn and McDonald DOT P 5200.3, 1972 
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	Table 2 
	GROSS CLAIMS PAID BY CAUSE & COMMODITY-RAILROADS 
	COHMOO ITY GROUP ING 
	COHMOO ITY GROUP ING 
	COHMOO ITY GROUP ING 
	SHORTAGE VALUE ' 
	OF 
	THEFT VALUE 
	' 
	OF 
	DflH' GE VALUE 
	> OF 
	TOTAL VALUE 
	'.I; OF TOTAL 

	I. Food and food products 
	I. Food and food products 
	12,522,827 
	28.5 
	3,295,481 
	12. 6 
	203,849,028 
	45 .o 
	219,667,336 
	42 .0 

	2. Alcoholic beverages 
	2. Alcoholic beverages 
	1,889,409 
	'.J 
	915, 41 l 
	J. 5 
	3,623,983 
	O. 8 
	6,428,803 
	I. 2 

	J. Tobacco products 
	J. Tobacco products 
	659,096 
	I .5 
	1,909,287 
	7. J 
	1,358,994 
	0. J 
	3,927,377 
	.8 

	'. Wood Products & furnature 
	'. Wood Products & furnature 
	-

	2,592,445 
	5., 
	680,020 
	2.6 
	lili,846,78(, 
	9. 9 
	48, l !9,251 
	9. 2 

	s. Chemicals Petroleun rubb'er & plastic 
	s. Chemicals Petroleun rubb'er & plastic 
	5,800,046 
	l 3. 2 
	2,196,987 
	8.' 
	32,162,847 
	). I 
	40,159,880 
	7. 7 

	6. Metal pro~ ducts & hardware 
	6. Metal pro~ ducts & hardware 
	3,734,878 
	8. 5 
	1,987,750 
	7 .6 
	22,196,894 
	'-' 
	27,919,522 
	5. J 

	7. Hachlnery (except electrical 
	7. Hachlnery (except electrical 
	2,372,746 
	5·' 
	732,329 
	2. 8 
	13, 1]6,937 
	2., 
	16,242,012 
	J. I 

	8. Electric machinery Including appl lances 
	8. Electric machinery Including appl lances 
	2,1s1,o:i1 
	'.9 
	3,263,326 
	12, 5 
	22,196,894 
	'.9 
	27,619,267 
	5. J 

	,. Tf"ansportation equipment Including motor vehicles 
	,. Tf"ansportation equipment Including motor vehicles 
	-

	8,304,612 
	18.9 
	10,331,071 
	39. 5 
	45,299,784 
	10.0 
	63,935,467 
	12. 2 

	10. Clothing & textiles 
	10. Clothing & textiles 
	-o
	-

	-o
	-

	-o
	-

	-0
	-

	-o
	-

	-o
	-

	-o
	-

	-o-

	II. Jewelry & coins 
	II. Jewelry & coins 
	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-0
	-


	12. lnstruments 
	12. lnstruments 
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-_o
	-

	-o
	-

	-o
	-

	-0
	-


	I]. Medicines, drugs & cosmetics 
	I]. Medicines, drugs & cosmetics 
	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-

	-o
	-


	". Others 
	". Others 
	3,910,637 
	s., 
	836,948 
	J. 2 
	63,419,698 
	14,0 
	68,167,283 
	I 3 .0 

	Total 
	Total 
	43,939,744 
	l00 
	26,154,610 
	100 
	452,997,840 
	l00 
	523.092, 195 
	100 

	%of Total 
	%of Total 
	loss 
	s., 
	s.o 
	86,6 
	100 
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	+20.8 C.L $ 01121 
	COTTON, IN BALES 
	C.L
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	alc.L. 
	~Ll. 

	~46.5, 
	8.3 C.L.
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	Concealed

	Temporoture 
	of
	Marine and
	of 
	Entire 
	Entire 
	Than Entire 
	Damage Not 

	Unfit 
	Unfit 
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	R. R. MANION Vice~President 
	File 300-9 
	TO THE MEMBERS: 
	May 13, 1971 
	CIRCULAR NO. FCD-2198 
	Freight Loss and Damage 1970 
	OFFICERS UF DIVISION 
	W.D.SELMAN Chairmen 
	W. 8. WILEY First VJce-Ch~lrman 
	L. H. HUGHES Second Vice-Chairman 
	W. F. PADEN Executive Director 
	J.C. 
	J.C. 
	J.C. 
	HINDMAN Secretary 

	R. 
	R. 
	A. GROVER 


	Director Freight Loss &Damage Prevention Seel/on 
	B. WILLIAMS 
	Chief Engineer Freight Loading & Container Section 
	Submitted herein is a tabulation, by principal causes and commodity groups, of freight loss and damage reported by member carriers (U.S., Canadian & Mexican) for the year 1970. 
	It will be observed that the total loss and damage was $228,316, 389,an increase of $18,216,226 or 8. 7% over $210,100,163 reported in 1969. 
	The ratio of loss and damage charges to gross freight revenue of U. S. Railroads was 1. 97% compared with 1. 92% in 1969, 
	A total of $26,840, 905 was carried in the suspense accounts of the carriers at the close of 1970, pending charges to other involved lines. This was an increase of 13. 1 % compared with the amount reported at close of 1969. 
	New claims presented to the member railroads during 1970 (which represent potential charges to the Freight Loss and Damage Account of the future) totaled 2, 633, 146, an increase of 160,406 claims, or 6. 5% over 1969. 
	Respectfully, 
	J. C. Hindman, 
	Secretary 
	III CARGO SECURITY EQUIPMENT APPLICATIONS In response to legislation proposed as an outgrowth of the Hearings of the Senate Select Committee on Small Business affecting cargo security and promotion of programs to prevent cargo theft, loss, and damage, the Department of Transportation established the Interagency Committee on Transportation Security. 
	In a report prepared by the Congressional Library Research Service for the Senate Committee on Small Business, the rail carrier cargo theft and pilferage losses for the calendar year 1970 were estimated at $250,000,000. (The total direct loss for all modes of transportation was estimated at $1.47 billion. The addition of indirect costs, such as administrative costs, processing claims costs, lost business and profit costs, raised the estimate to $8-10 billion.) 
	The cargo in transit moves across jurisdictional boundaries, 
	and the problem of determining responsibility for cargo theft is difficult. Cargo may originate in one jurisdiction, cross another, be transshipped in a third, stored in a fourth, and delivered in a fifth. When the cargo is stolen, the determination of the responsible transportation agency and legal authority having jurisdiction may be difficult, especially when the first notification of the theft may be the non-arrival of the cargo at its intended destination. 
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	The theft of cargo in transit may be accomplished by the forcible take-over of vehicles (hijacking), but it is more commonly accomplished by taking or entering a transport vehicle or container while temporarily stationary. Those railroad cars on sidings or in switch yards, and the containers at intermodal transfer points, are vulnerable to theft. And because these vehicles are temporarily stationary, permanent security barriers or alarm systems are usually nonapplicable. 
	Modern freight cars and standard shipping containers are of substantial construction but are commonly secured only by a metal strip car-seal. This seal indicates whether the vehicle has been opened prior to delivery, but provides no physical protection. Heavy duty security locks could be used, and in some cases are, but the problem of assuring that the proper key for opening the lock will be available on arrival at the final destination has inhibited the use of such locks for common carrier vehicles. 
	Mechanical fastening devices which require heavy tools, and non-available to the general public, are under investigation. Three types of such devices suitable f9r securing freight car doors are being tested. The devices are a heavy braided wire to secure the door hasp, a special c-clamp to secure the freight car roller track, and the use of a pin stud to secure the roller track. These devices require special purpose 
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	tools for their removal. With the proper use of these devices , it is expected that pilferage and thefts from temporarily exposed rail cars and containers could be reduced. The damage that follows the opening of cars or containers, such as spoil.age and breakage, should also be reduced. 
	With the majority of cargo thefts occurring when the cars are temporarily halted, such electric protection devices as simple vibration switches, accelerometers, pressure switches, magnetic coil devices and capacitance sensors which have been used successfully to protect high value items in storage, may be adapted for the protection of vehicles or containers when temporarily halted. Mechanical and magnetic door swit~hes may be modified for use with doors so that the unauthorized entry can be reported to a mo
	Railroad cars and containers have been diverted by the simple means of having their l egitimate identification painted over and false identification substituted. The freight vehicles and containers are commonly identified by the name and identity code of the owning company, and a 
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	serial number. More permanent vehicle identification schemes, such as an embossed metal panel, should prevent or make more difficult, such alterations. The railroad cars and containers are also commonly identified with ACI (Automatic Car Identifier) code panels, which are scanned and read by electronic equipment. 
	Since the primary function of transportation is to move cargo economically and expeditiously, it is necessary to maintain 
	the freedom of movement and access to personnel and vehicles 
	involved with legitimate cargo movement. The security measures 
	should be such as not to impede legitimate movement and 
	access. 
	The use of such physical protective devices as fences, walls, gates, doors, lights, and locks do not provide total protection. Physical protective devices are a means to control access to cargo handling and storage areas, and thereby making proper supervision more manageable. The advantage of electrical protective devices is that they can control or monitor activities without restricting legitimate activity. 
	The intent of specific physical protection devices for a 
	transportation facility is to impede and prohibit diverse 
	forms of criminal activity. Where the act of theft is not 
	deterred, the intent is to make the act more difficult, 
	more time consuming, obviously illegal, and to discourage the 
	successful completion. 
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	One of the basic safeguards in protecting installations, personnel and property is the lock. However, locks, regardless of quality or cost, should be considered delay devices only, and not positive bars to entry. The locks can be overwhelmed by force and the proper tools. 
	The 
	The 
	The 
	types 
	of 
	locks 
	to 
	be described 
	are 
	the 
	following: 

	TR
	(a) 
	Key 
	Locks 

	(b) 
	(b) 
	Conventional Combination Loc
	ks 

	(c) 
	(c) 
	Manipulation-Resistant C
	ombination Locks 

	(d) 
	(d) 
	Relocking Devices 

	(e) 
	(e) 
	Interchangeable Cores 


	The key lock can be picked by an expert in a few minutes. The possibility of the loss of a key and the ease with which an impression may be made should be considered in the security evaluation of a key-type lock. 
	The conventional combination lock may also be opened by a skilled operator, who through touch and hearing may be able to determine the settings of the tumblers and construction of a common three-position dial-type combination lock. Although the manipulation of some combination locks may require several hours, the skilled operator can open an average 
	conventional combination lock in a few minutes. 
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	The manipulation-resistant combination lock is so designed that the opening lever does not come in contact with the tumblers until the combination has been set. This type lock furnishes a high degree of protection. 
	The relocking devices furnish an added degree of security against forcible entry. Such a device appreciably increases the difficulty of opening a combination lock container by punching, drilling or blocking the lock or its parts. A relocking device is recommended for safes and vaults. 
	The interchangeable core system utilizes a type of lock with a core that can be removed and replaced by another core using a different key. Its main features includes: cores may be quickly replaced, instantly changing the matching of locks and keys if their security is comprised; all locks can be keyed into an overall complete miaster-keyed locking system; the maintenance costs are low; and the record keeping is simplified. 
	The use of physical barriers may be supplemented, made more effective or even replaced by the proper application of electric intrusion detection and alarm systems. The surveillance of activity in a security area may be performed by remote monitoring equipment. 
	The intrusion detection and alarm devices must be simple, 
	reliable, reasonable in cost and, above all, suitable to the application. The electric protection devices can make the existing security forces, and the physical protection barriers, more effective. They can be used to reduce the number of security personnel or the degree of physical protection required, thereby minimizing the overall cost of a security program. The use of electrical protective 
	devices, used to contrOl activities within terminals and storage areas or to monitor the access to sensitive areas, 
	have the advantage in not restricting the legitimate activity of authorized personnel and vehicles. 
	The electrical protection system for the detection of theft 
	or intrusion consists of sensors, alarm lines, monitor 
	stations and a reaction force for the prompt and effective 
	response. The selection, application and use of the 
	electrical protective devices for intrusion detection and 
	remote monitoring are described in this section, 
	Perimeter sensors are intrusion detection devices that detect and report the crossing of a boundary line by persons or vehicles. It converts the detection to an electrical signal and transmits an alarm whenever the signal exhibits the characteristics of an intrusion. The sensors are generally 
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	placed near the most likely points of break-in. The earliest detection is achieved by locating the sensors on or near the fences and gates surrounding a protected area. Other 
	sensors may be located in the storage room or cage, or on 
	the protected cargo itself. The use of radar or light beams to sense intruders approaching the fence line are also known to be effective. 
	The sensor, by providing continuous monitoring, maintains 
	the fence as an effective barrier at night, in nonworking hours and in the absence of visual surveillance by guards. The use of effective perimeter sensors with a central monitor may reduce the manpower requirement by reducing the requirement for expensive observation posts and roving patrols. 
	Perimeter sensors are commonly used, with or without fences, 
	to isolate areas used for the delivery or storage of cargo from those areas used for the removal of cargo. Many of these 
	sensors impose no physical barrier when used alone, and 
	therefore are well adapted for situations where free access is required during working hours. 
	The photo~electric beam sensor consists of a beam of visible light or infrared radiation projected toward a photocell receiver. When the beam is blocked momentarily, as it might be when an intruder crosses between the projector and receiver, 
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	an alarm is generated. The photo-electric beam sensor is a narrow-beam line-of-sight device, and this means that the receiver must always be located on the axis of the projected beam and the intrusion can only be detected if it crosses that axis. It generally is used parallel and adjacent to fence lines, but it can be used to protect open spaces and 
	wide entrances where fences and gates cannot be used, such 
	as at railroad tracks, multi-track railroad entrances and the like. With some devices the maximum range of detection is up to 1000 feet of total beam length. As with any optical device, t.he photo-electric beam sensor is affected by the environment. Its effective range can be reduced by rain, fog and smoke, or frost on the lens. The lenses and mirrors must be cleaned fr.equently. 
	The microwave/radar sensor is a broad-beam line-of-sight device, which means that off-axis detection is possible, but that the line of detection must be clear of obstruction. Any fixed object in the field of vision can shield an intruder and thus by-pass the sensor. This type of sensor is generally used to cover short perimeters, selected open spaces or wide 
	entrances or gates. 
	This sensor consists of a radio _wave transmitter/receiver 
	pointed along the perimeter line. When an intruder enters the protected field a portion of the wave is reflected to the reciever. The motion of the intruder causes the frequency of the reflected wave to differ from the frequency of the back
	-

	-25
	-

	ground reflection, and an alarm is generated. 
	The microwave/radar sensor is relatively insensitive to the 
	environment, but is highly sensitive to blowing trash and moving foliage. It would false alarm adversely unless the sensor were carefully sited and cleared. 
	The balanced pressure sensor is used for detecting intruders by sensing the slight changes in differential pressure under the soil. This sensor_ consists of two liquid filled hoses about four feet apart and connected at one end to a differential 
	pressure .sensor. When a momentary pressure differential is 
	sensed, the alarm is generated. The hoses generally are in lengths to 300 feet and can be buried along fence lines or 
	across open spaces. 
	The balanced pressure sensor is similar to a narrow-beam device in being sensitive along a narrow lane centered on 
	the hose line. It is generally buried about 12-15 inches, and is dependent on the elasticity of the soil to transmit the detection pressure. A reduction in this elasticity by rocky·soil or freezing temperatures, reduces the sensitivity of the device and limits its ability to detect intruders. It is best used in temperate climates, in homogeneous soil, along open fence lines free of nearby trees. The trees that wave in the wind can increase the false alarm rate and reduce 
	its effectiveness. 
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	There are devices available that can detect the breaking through of walls, roofs and floors. Simple vibration switches can detect the breaking through of a wall with 
	hammers, chisels, drills.and the like; sensitive seismic 
	geophones can detect less obvious vibrations from cutting or burning through a wall or door; along with grid wires buried in or attached to the wall. The grid wire sensor has the advantage of being usable under noisy conditions as it only reacts to an actual breaking of the wire. 
	Simple vibration detectors may be attached to a wall at regular intervals; noisy activity or heavy vibration in adjacent areas may alarm the vibration sensors. Seismic sensors are more sensitive and cover a larger area but are 
	more sensitive to vibration. They are best adapted for remote areas or after-hours application. 
	Audio microphones and passive ultrasonic sensors have the 
	advantage that they can be installed away from the wall. 
	Their positions must be properly chosen so that they can 
	effectively monitor the entire threatened area. 
	The great majority (92%) of reported break-ins of buildings are not through the walls, but through the normal access opeings -doors and windows. Electrical devices are the most commonly used alarm means. The types of devices 
	available are contact switches either mechanical or magnetic, 
	vibration sensors, metal foil, photo electric light or IR sensors. Remote monitoring TV coupled with remotely activated door locks may be used to identify and provide access for authorized personnel to remotely located entrances. 
	High value cargo items may be placed in secure storage areas protected by the electrical devices described previously, or they may be protected by additional individual sensors. The individual sensors may be placed under, attached to, or in the vicinity of the high value items. 
	Pressure mats may be placed under the item so that its removal will be reported. Vibration sensors may be attached to the cargo. Also, capacitance type sensors may be attached; they will alarm when it is touched or closely approached. Items that are protected in this way must be insulated from the floor. Electromagnetic devices may also be placed on or in the vicinity of the cargo to be protected. 
	The use of physical barriers and electrical sensors as protective barriers will be ineffective unless provision is made for a rapid and adequate response to all reported incidents by the transportation security forces. A cost-effective alarm or monitoring system must be compatible with the electrical 
	protection devices used and suitable for the response force available. 
	Most security systems utilize wires to connect the various 
	detecting devices with the alarm receiving equipment. A 
	short circuit, a broken wire, or other serious malfunctions 
	would render the security system inoperative if not immediately detected. Therefore, a well-designed system will provide for automatically checking the circuits and actuating an emergency signal in the event of a failure. In addition, a well-designed security system must be tamper-proof in order to guard against someone compromising the wiring without causing an actual short circuit or broken connection. Security systems minus this feature can be jeopardized by expert 
	intruders. 
	An alarm system should be modularly designed to provide the 
	flexibility to accommodate the numbers and sizes of zones, 
	the need for expansion, provide auxiliary monitor-display 
	locations, and integrate the readout data from subsidiary 
	systems into a common display . The design should be 
	conservative to ensure that the system is stable, durable, 
	reliable for long-lasting and continuous operation, and will 
	require a minimum of maintenance and adjustment. 
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	The Interagency Committee on Transportation Security developed an inventory of Government sponsored programs 
	that could be useful for the physical security of cargo. The following summary is based upon the descriptions 
	submitted by the Government Agencies involved with physical 
	security programs. 
	The Defense Special Products Group is developing a Joint Services Interior Intrusion Detection System (J-SIIDS), which consists of a sensor system and control unit, a data 
	transmission system, a local audible alarm, a monitor unit and a telephone dialer. The system is designed to detect 
	the semi-skilled intruder who can be expected to attempt entry without detailed planning or sophisticated equipment. The Group is also developing a Modular Intrusion Detection System (BIDS) for military bases and installations. The system will interface with the J-SIIDS, and many commercial devices. The three major subsystems are the sensor family; transmission link; and monitor display. 
	The U.S. Army Land Warfare Laboratory (LWL), Aberdeen Proving Ground, Maryland, is testing a lightweight (20 lbs.) radar with an automatic alarm and with the capability of remote operation. This radar intrusion detector is applicable for the detection of intruders in terminal areas. 
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	Similarly, the U.S. Air Force Systems Command is testing and evaluating a short-range, personnel detection radar to be used for search of airfields, railroad yards and terminal areas. The U.S. Air Force Systems Command is also testing and evaluating a fence disturbance sensor for railroad yards 
	use. 
	The U.S. Army Mobility Equipment R&D Center (MERDC), Fort Belvoir, Virginia, has developed intrusion detection equipment for the protection of installations and interiors, including night obs.ervation devices. MERDC has developed an active 
	infrared beam-breaker intrusion detector; an active beam
	breaker infrared fence; a small, hand-emplaced, rapid assembly infrared intrusion detector for use in detecting infiltration across paths, perimeters, and other sites used in storage and other security applications. The system consists of an IR source module, an IR receiver/RF transmitter module, and a remote annunciator. MERDC has also developed an intrusion alarm annunciator as a small self-contained unit which renders audible tone and lock-up visual (lamp bulb) alarm indications upon receipt of signals a
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	The specifications have been completed, and prototype action has been initiated, by MERDC for the following devices: (1) vibration sensor, (2) grid wire sensor, (3) balanced magnetic 
	switch, 
	switch, 
	switch, 
	(4) 
	ultrasonic 
	motion 
	sensor, 
	(5) 
	passive ultrasonic 

	sensor, 
	sensor, 
	(6) 
	capacity proximity 
	sensor, 
	(7) 
	magnetic weapon 

	sensor, 
	sensor, 
	(8) 
	fixed 
	duress 
	sensor, 
	(9) 
	portable duress 
	sensor, 


	(10) control unit, (11) local audible alarm, (12) telephone dialer, (13) data transmission system, and (14) monitor unit. 
	The LEAA Law Enforcement Standards Laboratory, National Bureau of Standards, Washington, D.C., has addressed itself to develop standards for an Area Security Alarm System. Since the optimum sensor array will be unique for a given environment, and since the environment cannot be standardized, their approach will be to develop a performance standard for each category of sensor, which will include a characterization of those environments which tend to degrade performance. 
	The types of sensors to be addressed have been categorized as: 
	(1) electromechanical, which includes switches for doors and 
	windows, foil for windows, protective wiring, and manual 
	hold-up switches; (2) heat detectors for safes; (3) photoelectric devices; (4) vibration detectors; (5) audio detectors; (6) capacitance devcies which detect the proximity of a person; and (7) motion detection devices which detect motion by the Doppler shift technique. Even though the system being addressed is for a police department, the types of sensors and annunciator panels are the same equipment that could be utilized for cargo 
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	terminal areas. 
	The LEAA Standards Laboratory is also developing standards for area surveillance systems and equipment. The Surveillance Systems being addressed are those that assist in providing 
	visual observation of an area, remotely or at the site, during 
	daylightor night. These include night vision devices, such as low light level TV image intensifiers, portable and fixed; 
	closed circuit TV; and. the associated cameras and video tape recorders required to record evidence. 
	The U.S. Maritime Administration is evaluating a system which employs computerized controls to monitor and record container movements at port tenninals and staging areas. The central computer can be programmed so that the containers cannot leave the terminal or be moved around the complex without warnings being sounded, unless the actual conforms to the routing instructions in the computer. The Automatic Container Identification method uses coded strips on each container passing through the terminal, which 
	container-type, serial number, and owners name. This container 
	identification system is adapted from a similar system developed by the Association of American Railroads for controlling 
	mail car movement. 
	The U.S. Atomic Energy Commission has a facility for testing and qualifying security devices. The security devices or systems tested are: (1) intrusion equipment: (2) ultrasonics; 
	(3) 
	(3) 
	(3) 
	laser; (4) infrared; (5) light threshold detectors, (6) closed circuit TV alarm systems; (7) capacitor alarms; and 

	(8) 
	(8) 
	magnetic swithces. 
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	IV. PRODUCT PROTECTION FOR THE RAILCAR ENVIRONMENT Although extensive data is available on the transportation environment, the information is generally scattered and fragmented. Detailed environmental information is required in order to minimize cargo damage in the hostile railcar environment. The following sections will assess the significant data currently available of the effects of the 
	railcar environment on packaging. 
	The effects of impacts on packages are complex and misunderstood. Impact is defined in the "Shock and Vibration Handbook" 
	-

	as a single collision of one mass in motion with a second 
	mass which may be either in motion or at res~ (Reference 1 ) . Impacts to packages occur in a number of ways and cause a tremendous amount of damage to the contents. 
	Although most packages are designed to protect the product 
	from dropping hazards, other types of impacts also occur in 
	the distribution system. In the railcar environment, railcar 
	switching produces impacts on packaging. These impacts vary 
	in amplitude, waveshape, and duration, depending on the type 
	of railcar cushioning device. The shock levels that result 
	from the coupling impacts are primarily dependent on the 
	car weight, impact velocity, and the shock absorbing system 
	(draft gear) on the coupler. (The standard draft gear 
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	travels approximately four-and-one-half inches before bottoming, and the cushioned underframes or cushioning draft gear have a travel allowance up to thirty inches.) 
	One important difference between the impacts resulting when packages are dropped and the impacts resulting from railcar switching, is the duration of the impact. The impact from a switching operation may be of longer duration than the impacts recei_ved from dropping. At the moment when the ratio of the natural frequency of the packaged 
	product to the frequency of the input shock is greater than 0.5, there is an amplification of the peak force. The problem that occurs in this situation is actually caused by the cushioning material that is used for protecting the product from drop impacts. With the drop impact, the cushion material reduces the peak acceleration of the impact to the product, and with some long duration railcar impacts, the cushioning materal amplifies the peak acceleration to the product. 
	Along with the number of different types of impacts that occur to packages, there are different kinds of shipping packages. There are those shipping containers that hold only one product, and there are those that contain a number 
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	of products in the same package, or multiple unit packages. The single unit type of package is much easier to analyze from an impact standpoint than the multiple unit package, because of the forces that develop from the interaction of the products inside the multiple packaging during impact. 
	The interaction problem is inten·sified at the time the shipping containers are placed into a transport vehicle such as a railcar. Once in.side a railcar, there is the interaction between products and the interaction between packages. The single unit package then becomes much more complex to analyze because of this interaction of packages. Although one may have an understanding of his package outside the railcar, one must be aware that the characteristics of the package may change once it is placed inside t
	The problem of protecting products for shipment may be approached from a damage sensitivity or fragility viewpoint. The damage boundary or damage sensitivity concept has been introduced, by a number of people, as the means to describe the shock sensitivity or fragility of products. This damage boundary concept is presented graphically as a plot of peak 
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	acceleration versus velocity change. 
	The derivation of a damage boundary is shown in Figure 1. The damage boundary was derived using a square wave shock pulse. The waveshape does affect the limiting acceleration boundary both in level and in shape. What the damage boundary concept underlines is that an impact has three important characteristics: (1) waveshape; (2) peak acceleration; and (3) velocity change. 
	The waveshape of the impact is important because of the response of a product to the varied waveshapes. That is, a square wave impact will cause a product to react differently than will a terminal sawtooth impact. Therefore, it is important to know the waveshape of the input impact to be able to design packages on a more scientific basis. (The theory and test procedure for damage boundaries is presented by Robert E. Newton in "Fragility Assessment Theory and Test Procedure". (.Reference 2 . ) 
	The peak acceleration is usually given as the only indicator of fragility. Yet, it has long been known that the duration of the acceleration is important in determining the severity of the shock. Therefore, the damage boundary concept informs one that the velocity change, which is the area under the 
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	acceleration -time curve, and peak acceleration together 
	are a measure of the severity of a shock. From Figure 1, 
	it can be seen that there must be sufficient velocity 
	change along with sufficient acceleration to cause damage 
	to a product. The damage boundaries for various product>; 
	are graphed in Figure 2. The damage boundaries graphed 
	for all six directions of a portable television are shown 
	in Figure 3. 
	With the creation of the cushioned railcar, the transportation 
	environment inside the vehicle has considerably changed. This environmental change is not being interpreted correctly. The shippers look to the cushioned car as a means to reduce 
	the peak forces on their products without considering the 
	ramifications of the cushioned impact, such as the longer duration and different waveshape. The impact duration is a very important consideration in package design. The short duration pulses, like those encouxered in the conventional railcar, are usually much less damaging than those impacts encountered in the 30-inch sliding sill cars. The short pulses are sometimes over before the product has time to react to them. The long pulses can be more damaging not only because of amplification, but also because of
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	Fig,3 Damage boundaries for each direction of a portable television set 
	There are a number of problems to the package testing approach for the railcar environment. Some shippers will use such instruments as Impact Registers to measure the severity of an impact in a railcar. They then use these results to test their packages to the same severity on a Conbur Inclined Impact Tester. There are a number of problems with this approach to package testing for a rail 
	environment. First, the Inclined Impact Tester was never 
	designed to be used to simulate railcar switching operations. The duration of the input impact from a Conbur is usually very short (4 msec and less), and of a higher g-level than exists in the actual environment in railcars. Second, Impact Registers and other low-frequency measuring devices are very sensitive to the duration of an impact. Therefore, if one receives a zone 2 reading in a 20-inch sliding sill railcar, he cannot expect to reproduce the same severity impact on an Inclined Impact Tester when he 
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	community of the railcar impacts in order to successfully package their products for the transportation environment. 
	An apparently workable method for the development of a product protection system, based on hardware and established procedure, was implemented at the IBM Rochester, Minnesota facility to solve product damage in transit. The packaging program described indicates that the method maximizes the packaging engineers chances of deriving the ideal economic and protective package, the first time. Since this method was adopted, none of several thousand keyboards have been damaged in transit. The current cost of the p
	The elements of the product protection system consists of: 
	(1) Product Design; (2) Fragility Data; (3) Environmental Data; (4) Engineering the Package; and (5) Package Product Testing. 
	-

	1. 
	1. 
	1. 
	Product Design: the me::hani::al design concepts at this stage provide economic benefits when the product is later exposed to transit shock and vibration. 

	2. 
	2. 
	Fragility Data: within the constraints of a 
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	given mechanical design, it is necessary to 
	assess the fragility of the product. Fragility is simply defined as the level of dynamic input 
	required to cause minimal non-functionality in 
	a product. A prior section emphasized the method of determining shock fragility based on the parameters of deceleration and total change in velocity. (Reference 3, 4, 5) The result of this empirical analysis is called damage boundary. Vibration fragility is specified by the natural frequencies of the product, with the emphasis on the lowest primary resonance, (Reference 6,7) 
	3. Environmental Data: although the general data is available, the specific techniques for application to product protection are conspicuous by their absence. Also, the forms of data reduction and presentation vary considerably. In general, the packaging engineers are not highly trained in dynamics, and thus there is a requirement for a straight forward set of environmental data that relates well to the empirical fragility data. A further constraint is that the environmental quantification be fairly easy to
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	4. 
	4. 
	4. 
	Engineering the Package: the information on fragility and environment is combined with material data, along with packaging methods and processes, to engineer the product protection system or package. Some types of information necessary for designing the package are only now under development, and so the user must generate data for each application. Some of the most useful forms of data are given in Table 1 (References 8-13) Table 1: Packaqing Material Performance Data 

	5. 
	5. 
	Package-Product Testing: the product and its package are subjected to a series of tests to assess the ability of the package to protect the product during transit. The testing is an environmental simulation, with three basic types of inputs: (1) vibration, (2) horizontial shock inputs, and (3) vertical shock inputs. 


	Data Type 
	Data Type 
	Data Type 
	x..-axis Parameter 
	Y-axis Parameter I 

	1 2 3 4 5 
	1 2 3 4 5 
	Percent Creep Static Stress Static Stress Forcin9: Freg;uency Natural Frequency Strain 
	ITime Response Deceleration Natural Frequency 'l'ransmissibility Stress 
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	Shock fragility testing is an equipment-dependent type operation. Although the literature suggests several alternate methods, the testing for the IBM application was performed on the Model 6060 MKII shock machine, manufactured by MTS Systems Corporation, Minneapolis, Minnesota. The resultant pulse used was a trapezoid wave shape (acceleration vs. time). The wave shapes significantly affect the test results, and thus the trapezoid wave is preferred, since it is· the closest practical approach to the ideal re
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	A study conducted at the Forest Products Laboratory, in cooperation with the Fibre Box Association, investigated the effects of transportation vibration on the stacking loads which can be safely supported by corrugated containers. 
	(Reference 14 ) . Corrugated fiberboard containers are universally used for the packaging of a wide variety of products. 
	The Forest Products Laboratory used vibration transmissibility theory to analyze a vertical stack of loaded containers 
	(a simplified spring-mass system with vibration excitation applied to the base of the stack). This experimental test program showed that the load -container systems were indeed frequency sensitive, and that the load a container could sustain was drastically reduced as the exciting frequency of vibration approached the cal~ulated resonant frequency of the system. ("Unless you can measure what you are talking about, you know very little about the problem".) 
	The determination of realistic temperature limits that may occur in cargo transport, and the probability of the temperature extremes occurring, are difficult to decipher. As a result of the varying interdependent energy sources, and the great variability in the thermal response of the materials transported, 
	the use of a computational scheme for predicting cargo temperatures 
	would not be feasible. Rather, a simplified technique must be used, such as employing the data from various shipping and storage modes. 
	High temperature data for standing boxcars was collected at Yuma, Arizona, for a 119-day period. (Reference 15 .) The data from the boxcar storage test is presented in Table 2. 
	Table 2 -Boxcar Storage Test Results Maximum Temperature, °F Date 
	Top 
	Top 
	Top 
	Center Carton 
	119 
	August 15 

	Food 
	Food 
	113 
	August 15 

	Free 
	Free 
	Air Overall Maximum 
	114 
	August 17 

	Free 
	Free 
	Air Mean Maximum 
	102 

	Free 
	Free 
	Air 
	(30-Year) 
	Record 
	123 

	The 
	The 
	cargo and 
	air 
	temperatures 
	in 
	an 
	insulated boxcar, 
	for 


	a series of trips, are listed in Table 3. (Reference 16 .) While the data are incomplete, being the minimum temperatures are only recorded, the data does show a wide difference between the outside and inside air temperatures. 
	From the study of high temperatures in standing boxcars, in which the highest mearured temperature was 119°F, the recommended maximum temperature duration for rail transportation is 120°F for two hours. The minimum temperature recommended is -10°F for 36 hours. (Reference 15 . ) 
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	Table 3 -Air and Cargo Temperatures in Insulated Boxcar 
	Lowest temperature recorded, OF 
	Destination Outside Inside Inside Inside of car of car full Carton Emety 
	Carton 

	No. Kansas City -2 32 Kansas City 25 44 43 Duluth 26 40 52 No. Kansas City 10 40 57 31 Seattle 12 40 52 Seattle -10 29 52 No. Kansas City 19 43 56 Seattle -7 30 66 New Orleans No Thermometers used Seattle -8 failed 51 Rapid City 8 31 56 
	The Naval Weapons Center, in 1969, measured the temperatures 
	experienced by truck transported ordnance during severe hot 
	and cold weather conditions. (Reference 17 .) The conclusion 
	derived from the tests was that the cargo reaches greater 
	temperature extremes while the vehicle is stationary than 
	while moving. This measurement series has shown that no 
	piece of ordnance will be subjectro to the extreme temperatures 
	of the surrounding environment while being transported by truck. 
	During the cold-weather run, the lowest outside air 
	temperature measured was -20°F; however, the lowest ordnance temperature measured was -3°F. During the 
	hot-weather runs, the highest outside air temperature measured was 128°F; however, the highest ordnance temperature measured was 116°F. 
	In a recent study requested by the Whirlpool Corporation, the Association of American Railroads gathered information required to determine the causes for rail damage to housefold appliances, and to isolate the contributing conditions. The causes of the rail shipment damage to household appliances were identified as follows: 
	1. 
	1. 
	1. 
	Lateral shift. .27% of all damage incidents 

	2. 
	2. 
	Pre-load handling. .18% of all damage incidents 

	3. 
	3. 
	Protruding nails . .17% of all damage incidents 

	4. 
	4. 
	Bracing not properly secured. .11% of all damage incidents 

	5. 
	5. 
	Narrow gates 7% of all damage incidents 

	6. 
	6. 
	No doorway protection. 3% of all damage incidents 

	7. 
	7. 
	Unloading. 3% of all damage incidents 

	8. 
	8. 
	Bracing not protected. 5% of all damage incidents 

	9. 
	9. 
	Bowed end walls. 1% of all damage incidents 

	10. 
	10. 
	Unknown. 8% of all damage incidents 
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	There are five outstanding features which ultimately cause or create damage hazards. They are, as shown above, preload damage, material handling equipment, nails, bracing not properly applied, and side shift. 
	The contributing factors by the railroad industry to the appliance damage include the following: (1) poorly conditioned rail equipment; (2) rough car handling; and (3) lack of proper inspection and communication. It was noted that the carrier representatives or inspectors made only limited dockside inspections; and, for the most part, they were only car-door inspections. (Reference 18) 
	The amount of perishables moving through the retail grocery and institutional channels is about $60 billion at wholesale, which would indicate a retail value of over $80 billion. The annual perishables distribution bill is estimated at $16 billion. Transportation is the largest element, amounting to about 55 percent of the total distribution bill -around $8.5 to $9 billion. (Reference 19) 
	The U.S.D.A. has conducted research for many years on the transit requirements of perishable commodities. Their investigations are related to preserving the harvest -fresh quality of perishable agricultural commodities in this era of ever-increasing costs of production, distribution and marketing. Since time in transit may represent the largest part of the postharvest life of many perishable commodities, 
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	the railcar becomes a vital link in the distribution 
	chain. 
	Considerable research has been conducted to develop better containers. The containers must protect the perishables, 
	permit such heat exchange as required, serve as an appro
	priate merchandising unit, and have sufficient strength to withstand normal handling. The material, dimensions, and construction of containers shipped by rail, and the manner in which they may be loaded, are governed by the various freight container tariffs authorized by the Uniform Classification Committee, Despite these rules, heavy transit losses occur through careless packing, loading and unloading, improper load pattern, and rough car handling. 
	The weakening of fiberboard materials by moisture absorption, at the high humidities in refrigerated cars, is a serious problem. Many commodities are packed, almost exclusively, in fiberboard or corrugated cartons. The damage to contents may result from the collapse of such containers, particularly in the lower layers. This action also tends to block the channels required for proper air circulation. Further studies are being conducted by container manufacturers and the AAR Freight Loading and Container Sect
	Mechanical cars equipped to handle the full range of both fresh and frozen commodities are designed to provide heat for the cold weather as well as refrigeration. A major 
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	feature of the mechanical car is in-transit thermostatic 
	temperature control. The shipper has only to specify the 
	temperature for his commodity. The change from cooling to 
	heating, by means of electric heating elements or by reverse
	cycle operation of the refrigerating unit, is done automatically 
	by thermostatic controls. 
	The growth of the refrigerated piggyback or trailer-on-flatcar 
	(TOFC) service has been even more spectacular than the mechanically refrigerated car. The TOFC fleet has already assumed a noteworthy share of the total perishable rail freight. The trailers may be loaded at any packing shed or storage place, and thus extend rail service to many shippers not located on a rail siding. To those receivers not located on rail sidings, the TOFC flexibility of providing door-todoor delivery at destination is an added advantage. 
	-

	The primary job of the shipping container is to protect the product during the transit cycle-warehousing, transportation, and storage. The suitability and adequacy of the package are p,escribkd by the shippers' packaging engineers and the Uniform Classification Committee. 
	The condition of the package is a readily apparent fact. The damaged packages are in some way distorted from their original shape. The packaging conditions that describe these distortions are as follows: 
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	(a) 
	(a) 
	(a) 
	Wet: A package which is damp or moist, or is stained by contact with some type of liquid. 

	(b) 
	(b) 
	Dirty: A package which is soiled or dusty. This condition has importance with food shipments. 

	(c) 
	(c) 
	Dented, Bent, and Bulged: A dent is a hollow in surface made by a blow or by pressure. The bent shipping container is described as having been distored from a straight line. The bulge 


	is a swell on one or more surfaces of the 
	package. 
	(d) 
	(d) 
	(d) 
	Creased: A crease is a fold or wrinkle in the package, with the appearance of a narrow line. 

	(e) 
	(e) 
	Crushed, Racked: A package distorted by pressure (squeezed, crumpled or compressed). A racked package is distorted at the joints. 

	(f) 
	(f) 
	Punctured, Gouged: A punctured package has been pierced by a sharp point. A gouge is a break in the surface, as if made by a scooping or chiseling action. 

	(g) 
	(g) 
	Torn: A package which has been pulled apart or divided by force. This generally applies to fibre, paper, or flexible shipping containers. 

	(h) 
	(h) 
	Deteriorated or Fatigued: A shipping container with loss of strength as indicated by bowed or 


	creased surfaces, worn appearance, etc. 
	The packaging types, with their common failures, are listed in the following section: 
	1. Fibreboard Box: A package made of corrugated or solid fibreboard. Their common failures are: (a) the flaps do not meet squarely, (b) the flaps are open or loose (unsealed), 
	(c) the package is too large or too small for the product, particularly the "head" space in the top of the package , (d) the package deteriorated dre to prior handlings and lack of moisture control in storage areas. 
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	2. 
	2. 
	2. 
	Crate: A shipping container made principally of wood; may be wire bound; the closure may be with nails, straps, wire, or staples. Their common failures are: (a) failure to use diagonals, (b) failure to apply diagonals properly, and (c) failure to obtain an adequate closure (loose nails, staples, etc.). 

	3. 
	3. 
	Drums, Barrels, and Pails -Metal, Plastic, Fibre, and Wood: A shipping container that is eylindrical in shape. Their common failures are: 


	Metal: 
	Metal: 
	Metal: 
	(a) 
	improper sealing at the body seal or where the top is applied to the body. 

	(b) 
	(b) 
	failure to obtain complete, lid closure. 
	even

	(c) 
	(c) 
	leakage due to chines (bottom lip) being worn from repeated use. 

	Plastic:(a) 
	Plastic:(a) 
	brittleness in extreme 
	cold. 

	(b) 
	(b) 
	failure to obtain complete, evenlid closure (in general, the application of a metal lid to a plastic body). 

	Fibre: 
	Fibre: 
	(a) 
	seam failure where metal joins fibre body. 
	rim 

	(b) 
	(b) 
	failure to obtain complete, lid closure. 
	even

	Wood: 
	Wood: 
	(a) 
	bung 
	stave broken. 

	(b) 
	(b) 
	metal hoops spread. 
	loose, 
	allowing 
	staves 
	to 

	(c) 
	(c) 
	leaking from 
	seams 
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	4. Bags -Textile, Paper, and Plastic: A flexible container, seamed lengthwise and sealed at both ends. 
	Their common failures are: 
	Textile: 
	Textile: 
	Textile: 
	stitch:ing uneven, insufficient, applied to close to the end, resulting in poor closure. 

	Paper: 
	Paper: 
	Gluing or stitching uneven, insufficent, applied to close to the end, resulting in poor closure. 

	Plastic: 
	Plastic: 
	Dirt particles (lack of cleanliness) in the heat seal, resulting in poor closure-. 

	5. 
	5. 
	Wrapped: 
	flexible packaging material, generally paper, 


	applied around a product and secured with cord, wire, banding, adhesive, etc. The common failures are: (a) loose wrapping resulting in poor closure, and (b) loose ties, rope, bands, 
	wire, etc., resulting in poor closure. 
	6. Bundles: several pieces of lading bound together by straps, wire, cord, etc. The common failures are: (a) settling of the product to cause the ties to loosen, and (b) application of insufficient bundling material. 
	Loading is the physical act of placing and positioning freight inside the railcar or trailer. Many loading methods and patterns have been designed and implemented. The aim of any loading method is: (a) to best utilize the space available; 
	(b) to arrange and position the cargo so as to avoid damage where pieces contact one another, the vehicle, or the bracing; and (c) to arrange and position the cargo in a manner which 
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	will best absorb or spread the forces encountered during 

	transit. 
	Nearly all loading patterns or methods are subject to three very common failures: (a) lengthwise and/or crosswise voids, (b) loose loading, and (c) no divider sheets. 
	1. Voids: the loading pattern or method should strive to make use of all possible space in the rail vehicle, leaving little or no void areas. (When it is not possible to devise a pattern or method which will eliminate voids, bracing is applied to restrain the load away from the void area.) Void areas next to the cargo permit load movement; and load 
	movement, more often than not results in damaging contacts 
	among cargo items, and between the cargo and vehicle. 
	2. 
	2. 
	2. 
	Loose Loading: the failure to load tightly, one piece of cargo snugly against the other, lengthwise and crosswise, can ultimately result in void spaces appearing in the load. 

	3. 
	3. 
	Divider Sheets: the failure to use divider sheets at appropriate points in the load can permit damaging contacts between cargo and bracing, and among cargo items. The need for divider sheets should be provided at points of contact between different size packages or units, between upper and lower layers in some loads, between bracing and cargo at hazardous contact points, and between cargo and equipment 


	in certain situations. 
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	The Association of American Railroads Circular No. 42-D, "General Rules Covering Loading of Carload Shipments of 
	Commodities in Closed Cars" provides the "general rules" 
	which must be observed for all closed carloading. These general rules take precedence over the rules and recommendations in specific commodity Loading Pamphlets. They are prescribed for the safe operation of the railroad, and compliance is mandatory for rail vehicles interchanged 
	between rail carriers. 
	Circular 42-D details six basis rules which were formulated for the purpose of providing safe methods of loading in closed cars and which must be observed: 
	Rule 1 -Inspection and Selection of Cars Rule 2 -Cleara.nce -Side Bearing -Loading Cars Rule 3 -Maximum Load Weight -Crosswise of Car Rule 4 -Distribution of Weight -Crosswise of Car Rule 5 -Loading, Blocking,and Bracing Rule 6 -Doorway Protection 
	Bracing is simply a means of restraining, retaining, and/or containing the cargo in its original loaded position to prevent unintentional cargo movement during transit. The purpose of the bracing is, then, the following: (a) restrains unintentional cargo movement, (b) retains the cargo in place and away from unfilled void areas, and (c) contains the cargo in the units dictated by the loading pattern. 
	The E:tacing may be divided into the following functions: 
	1. 
	1. 
	1. 
	Floor Bracing: to prevent movement of cargo lengthwise and/or crosswise on the car floor. 

	2. 
	2. 
	Cross Car Bracing: to prevent lengthwise movement of the cargo in all layers, stacks, and 


	rows. 
	3. Center of Side Bracing: to prevent crosswise 
	movement of the cargo in all layers, stacks, and rows. 
	4. 
	4. 
	4. 
	Doorway Bracing: to prevent cargo from moving against the doors of the vehicle. 

	5. 
	5. 
	Dividers: to prevent portions of the cargo from moving into one another; particularly to divide stacks of different types or sizes of product, or to divide layers. 

	6. 
	6. 
	Bulkheads: to separate or compartmentalize separate portions of the cargo in order to reduce the flow of force through the load, as well as to separate product by size, type, etc. Bulkheads may also be used as dividers. 

	7. 
	7. 
	Incomplete Layer Brac.irrg ! to prevent movement of incomplete layers lengthwise or crosswise in the vehicle. 


	Load movement is not a cause of damage, it is rather an 
	indication of a failure in the transportation environment. 
	information about load movement will often help 
	Figure

	diagnose or expose transportation and handling failures. (Ref. 20-27) 
	The forces necessary to move a load from its original 
	position within the rail vehicle may be divided into three 
	categories: 
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	1. Longitudinal forces -are created primarily 
	during acceleration and deceleration, and 
	particularly during the coupling operation. 
	2. Lateral fOrces -are created by the sideways rocking motion of the railcar and its movement 
	on curves. 
	3. Vertical forces -are created basically by the motion of the car over the roadbed and by the design of the car, particularly the springs. 
	The effects of longitudinal forces can be seen when the 
	lading has moved lengthwise in the rail vehicle. The effects of the lateral forces can be seen when the cargo has shifted sideways in the vehicle. Vertical forces 
	alone do not generally create effects which can be readily seen, but in conjunction with longitudinal or lateral 
	walkingor spreading" movement. The unleashing of these forces creates the damaging load movement. 
	forces, the cargo indicates a 
	11
	11 
	11 
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	V. CONCEPTS IN FREIGHT CAR CUSIONING AND LADING PROTECTION In the early days of railroading, the primary concern of the railroad was the effect of shocks on the car structure. The scope of this concern gradually grew as the freight became more sophisticated and the damage to the lading became more costly. 
	The concepts in freight car cushioning emphasize the protection given to the lading and car structure when the longitudinal impact forces are applied. These cushioning devices are designed to control the longitudinal forces developed from the impacts occurring when railcars are classified or coupled, and from the high forces developed through slack action in the cars. 
	Many considerations involving engineering, railroad operation, 
	and economics govern the design of the shock absorber devices. Draft gears and cushion underframes are shock absorbing devices designed to receive coupler forces and to dissipate them without damage to the car structure and lading. With the increase in car weights, and with switching and train impacts becoming more severe, the need to enhance the lading protection, both in transit and in-yard operations, led to the development and use of friction-rubber, all-rubber, and hydraulic draft gears. Concurrent wit
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	of higher capacity draft gears was the introduction of hydraulic devices for use in cushioned underframes, and end-of-car cushioning. These special cushioning units dissipate considerable energy through a combination of travel and hydraulic and frictional resistance. 
	For many years the Association for American Railroads (AAR) standard for draft gear was 18,000 ft-lb. capacity measured at a point just before the draft gear closed. Many gears, 
	approved under this sp.ecification, remain in service. But 
	with the present day requirements for railcars of seventyseven tons capacity and larger, the new standards for draft gear require a minimum capcity of 36,000 ft-lb., with a reaction force not to exceed 500,000-lb. as measured under the AAR 27,000-lb. drop hammer. The relationship of capacity 
	to reaction force is a realistic requirement since the car 
	structure and the lading must absorb the energy inputs through the build-up of reaction forces as the impact forces are applied to the car. The capacity of draft gear is defined as the foot-pounds of energy input or kinetic energy input required to close the gear or produce the rated or recommended travel of the gear. This capacity is usually taken as the ability of the gear to absorb impact shocks with a minimum reaction force, so as to pro1Ect the railcar structure and 
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	its cargo. Extensive evaluations have been performed on 
	these devices to study the relationship between the force of impact and the transmission of force to the car body and the lading. 
	With the development of cushioned underframes and end-of car cushioning for freight cars, the need for detailed 
	information on the performance of these units, when 
	subjected to longitudi,nal impact forces, was apparent. The first comprehensive tests were conducted jointly in 1962-63, by the Pennsylvania Railroad (PRR) and the AAR Research Department. The studies were designed to determine the relative characteristics of special cushioning devices relating to travel, energy absorption, and the protection provided to the car and lading. 
	The boxcar, with the varied cushioning devices, was 
	loaded with either canned goods to represent a resilent 
	type of loading or with steel boxes filled with cropped 
	rail to represent a rigid type of load. (Blocking and 
	bracing were used as required.) Accelerometers, both 
	mechanical and electronic, were secured to the lading. 
	The accelerometers were to provide information on the force 
	frequency inputs to the loads. The boxcar underframe was 
	also equipped with accelerometers. The standing car was 
	provided with dynamometer couplers to measure the coupler 
	force. 
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	The joint AAR-PRR impact study highlighted the fact that the sliding sill-type cars provided the most protection to the lading through the redu:::tion of forces transmitted to the car lading. The study also determined that the hydraulic type end-of-car cushioning device provided superior protection to the underframe structure when the test car was impacted in the dynamic squeeze condition. 
	(The impacting or moving car produced a dynamic squeeze action on the boxcar equipped with the cushioning device.) 
	The results from the joint study was the basis for the specification covering special cushioning devices. The specification requires that a railcar equipped with a cushioning device be subjected to free-to-roll impact tests and dynamic squeeze tests, in addition to a test to investigate the strength of the underframe componen~s at the end of the car. With the free-to-roll test, the railcar is impacted in small speed increments until a coupler reaction force of 5f0,000-lb. is measured or an impact speed of f
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	or to a coupler force of 1250 K-lb. The test car is 
	loaded with concrete blocks to the load limit of a 77-ton car, providing a rigid and reproducable load. 
	From the results of these studies at the AAR Research Center, fifteen special cusioning devices have been AARcertified. The evolution of new cushioning systems to provide for a railcar and its lading is continuing. The 
	higher capacity cushi~ning systems are receiving increased 
	attention in an attempt to reduce the lading damage costs and to improve the car protection. 
	In this decade, the railroads are experiencing a continuing increase in the average weight of cars in freight trains due to the large number of high-capacity cars which have entered the freight-car fleet. There are over 500,000 cars, approximately 28 percent of the fleet, that weigh more than 100 tons dt capacity load. And, concurrently, 
	there is the mounting pressure to increase train speeds, as 
	well as to speed-up ~he handling of cars at the marshalling yards. This tendency to increase the overall productivity of the railroad plant has increased the probability of railcars receiving high-speed impacts, with the resultant 
	rise in claims and customer dissatisfaction; As a consequence, 
	the use of freight-car cushioning equipment has been enlarged over the years. The reduction in the railroad's loss and 
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	and damage bill is an absolute necessity if the railroads are 
	to improve their economic postion, their service, and their customers' satisfaCtion. 
	Freight-car cushioning equipment has been exhaustively tested in yards, in special impact testing facilities by such agencies as the AAR, the railroads and the railroad supply industry. These tests always confirm the fact that these devices do reduc.e the impact forces to the lading carried in the railcar. With the lading protected by these devices, why does the railroad industry loss and damage bill continue to climb, even with the wide application of the well-proven cushioning units? And, as the damage bi
	This type of questioning provokes the more detailed evaluation of freight-car cushioning effectiveness as measured by service experience. The Baltimore and Ohio Railraod initiated such a study, with a basic objective to develop comparative loss and damage performance data between 
	cushioned and uncushioned railcars, and to discover the 
	differential performance of the various types of cushionirg equipment. In order for the evaluation results to be reliable, evaluated criteria were used to eliminate or greatly 
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	reduce the data bias, and it may be concluded that the 
	evaluation of the cushion underframe performance was 
	not distorted nor unduly affected by differences in 
	such major factors as car utilization, commodity value, 
	commodity susceptibility to damage, shipper handling and 
	packaging practices, yard terminal switching and car handling 
	practices, track conditions or the terrain. 
	Based on the B & 0 findings, the following conclusions may 
	be made: 
	(a) 
	(a) 
	(a) 
	Cushioned cars account for lower claim costs than cars with standard draft gear and interior equipment. 

	(b) 
	(b) 
	The maximum reductions occur with cars having 30-inch travel cushioning. The reduction averaged about $84 per car per year lower than the non-cushioned 


	cars. 
	(c) 
	(c) 
	(c) 
	This reduction is insufficient to justify the application of units to all cars. 
	cushioni.ng 


	(d) 
	(d) 
	The cushioning equipment performance begins to deteriorate after the fourth or fifth year of service. 

	(e) 
	(e) 
	The cushioned cars have their place in the freight-car fleet for special services especially with fragile commodities. The railroads, shippers and suppliers must cooperate in selecting their application for a maximum reduction in loss and damage. 


	(Reference la) . 
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	The character and makeu!? o:I; the freight car fleet has undergone change in the past decade. These changes include an increase in normal car capacity from 50 to 70 tons, the availability of various primary spring rates, variable-rate 
	springs, and new freight-car ~truck 
	or "constant frequency 
	11 

	suspension systems, which depart significantly from the present AAR standard designs. In order to accurately define the freight car vibration environment with present day boxcar equipment, the Federal Railroad Administration and the C & 0 Railway entered into a joint project, in 1969, to develop the detailed data. (Reference 1) 
	The evaluation program consisted of the effects of load, speed and track input; friction damping levels; primary 
	spring rates; variable rate springs; truck design; and 
	flat wheels on the vibration environment within the test boxcar and the trucks. The most important factor to be considered in evaluating the vibration environment is the vibrational power that the track transfers to the truck and hence to the car body. 
	The test boxcar was a SO-foot, 70-ton boxcar, as was the "control car". To develop the effect of load on the environment, the load in the test boxcar was varied from 
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	empty, to half-load, and to full-load. The load in the 
	11
	11
	car

	"control was constant at 35-tons. The instrumentation 

	used to define the vibration environment were vertical and 
	lateral accelerometers mounted on the truck side frame over 
	the roller bearing adapter and on the test boxcar floor 
	over the center plate. 
	The conclusions derived from the C & 0 study were as 
	follows: 
	(a) 
	(a) 
	(a) 
	(a) 
	The vibration environment within a freight car body is comprised of vibrational energy at all frequencies between 1.5 and 520 Hz 

	(the maximum frequency evaluated). This vibrational energy is concentrated in the forcing frequency range of 1 to 10 Hz and in the 2 wave bending mode of the car body, which in this case was centered at 80 Hz. O.ther car designs would yield other car body bending mode frequencies. 

	(b) 
	(b) 
	The vibration energy within the freight car truck is concentrated at the natural frequencies of the wheel-on-rail and of the track structure, and at the wheel forcing frequency for other than round wheels. 

	(c) 
	(c) 
	An increase in load decreases the vibration levels in the car body and increases the vibration level in the trucks. 

	(d) 
	(d) 
	An increase in speed causes an exponential increase in the vibration levels in both the car body and the trucks. 


	(el An increase in track irregularity causes an exponential increase in the vibration levels in both the car body and the trucks. 
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	(f) Flat wheels cause an increase in the vibration levels in the car body and 
	an extreme increase in truck 
	vibration levels. 
	(g) A decrease in damping level from normal 
	rigid ' car body vibration 
	increases the '
	1
	1

	level, decreases the car body bending mode and truck vibration levels. 
	(h) An increase in the damping level from normal causes little change in the 
	"rigid" car body vibration level except at resonance, but increases the car 
	body bending mode and truck vibration levels. 
	(i) An increase in primary spring travel (i.e., a reduction in spring rate) 
	reduces the ''rigid'' car body, car 
	body bmding mode, and truck vibration levels . 
	(j) Variable rate springs provide a constant "rigid" car body natural frequency regardless 
	of load, but may cause a small increas~ in rigidcar body vibration power levels. 
	the 
	11 
	11 

	(k) Springs over the journal bearings, rubber bonded double bolsters, long travel springs, and rubber bearing adapters significantly reduce the car body vibration levels. 
	The dyanmic environment encountered by cargo during rail 
	transportation has been measured, estimated, and discussed 
	for many years. There has been general agreement on the 
	severity of the humping or coupling shock event. 
	The gravity type of switching used in most large terminals 
	is called hump switching. A hump is built up so that the 
	yard slopes upward from each end toward the center. The hump is built on a one percent grade up which the cars are pushed to the top of the hump. The cars then roll under the influence of gravity downgrade to the classification tracks, being guided to the proper track by remote control switching operated from the central control tower. A number of major gravity type (hump) yards have been completely or partially automated in an effort to better control and limit the coupling impact speeds during switching a
	The results of the most recent AAR survey on impact speeds indicates the average impact coupling speed at six mph. The railroad axiom is that impacts of four mph or lower are "safe" (little or no lading damage), whereas impacts above this speed cause considerable damage. The damage increases, approximately, as the square of the impact speed. 
	(A 7 mph impact is almost twice as damaging as an impact at 5 mph.) This means that more than 80 percent of all the impacts are potentially damage-causing. Figure 1 provides an insight to the problem. 
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	Fig.l A.A.R-field observations 
	Association of American Railroads; Mechanical 
	Division, Report of Committee on Couplers and Draft Gear, Circular No. DV1594, May 24, 1965. 
	With the damage claims nearing catastrophic amounts and a major portion resulting from high switching speeds, it appears highly desirable that there be a more enlightened understanding of railcar impacts -the factors involved and the clarification of such terms as force, velocity, acceleration, kinetic energy, work, capacity, absorption and recoil. There should also be additional understanding of how a hydraulic unit cushions the impact, or even the desirability of the hydraulic unit. 
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	The functions of a cushioning unit are not complex, but 
	their requirements are exacting. The cushioning device is 
	designed for the storing and transforming of energy, and it must do its work over a reasonably long period between 
	inspections and adjustments, with limits of time and distance through which it may act, and the space it may occupy. There are numberous parameters that must be 
	fulfilled before any cushioning device can be classified 
	as meeting current reqllirements for railcar service. The 
	cushioning device must have adequate absorption capacity; excessive peak forces must not be transmitted to the car structure and ladin~; recoil action must be minimized or eliminated so that the energy stored in the absorption system is not reversed in the form of a violent aftershock; uncontrolled slack must be avoided so as not to complicate train handling; the device must withstand abuses common to freight-car service, with easily installed interchangeable components; the cost must not be prohibitive; an
	The development of a device which will reduce the forces generated by the impact of large masses at high velocities 
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	is needed. This could take the form of a hydraulic unit with special operating capabilities and design simplicity. The cushion underframe bearing no similarity to the draft gear which it would replace, and eliminating the restrictions that rigid standards have imposed,should be pursued. 
	The designation TOFC and COFC refer to trailers-on-flat-cars and containers-on-flat-cars. As the shipment of trailers 
	and containers by rail continues to increase, the cushion 
	arrangements for lading protection during impact increases in importance. With the initiation of "piggyback" operations, such cars were given special handling and were not subjected to the normal switchyard humping. However, as the shipments 
	of trailers and containers continues to increase, the 
	tendency is growing not to provide that special handling, 
	service 
	and eventually to attain a complete "mixed car
	11 

	through hump yards. For these reasons, the cushion 
	arrangements to provide lading protection during severe 
	impacts are of growing importance. The industry should 
	resolve these questims soon, since there are several TOFC 
	and COFC systems being used and many more being developed. 
	The Pullman-Standard tests for TOFC -COFC arrangements in yard-type impact tests has not progressed enough to be conclusive. At present, it appears that the on-deck cushioning is more effective for a given travel than the car-body cushioning. With present day considerations of TOFC and COFC operations, TOFC is the primary consideration and can best be served by on-deck cushioned stands, such as the 12-inch travel, shear rubber, pull-up stand. Until the ultimate TOFC -COFC arrangement is established, the sta
	An appvaEal of responsible rail officials indicates an awareness and justification for major design changes in freight-car equipment to counteract the high costs presently resulting from the lading damaged in transit. In return for the freedom to equate rates with service and some monetary encouragement, the railroads would conduct research for a better car with new braking and coupling systems; faster switching with less labor; and a longer reliable car life. The railroads would also initiate work on a new
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	VI. CONCLUSIONS AND RECOMMENDATIONS Additional information is required to more accurately define the environmental conditions encountered by the cargo during transportation. The accumulation of new data is required especially for such new equipment as trailers-on-flatcars 
	(TOFC} and containers-on-flatcars (COFC}; the high speed railcars; and the 40-foot containers. This information could significantly alter the description of the environmental conditions encountered by the cargo, and should therefore be incorporated into the previously developed concepts. Significant cost savings should be realized through the generation and utilization of this new data. 
	There is the additional need for newly-developed laboratory simulation tests for the transportation and handling environments. For example, an inproved test is required to simulate the railroad humping shocks. 
	There is minimal knowledge about the interaction forces between packages inside the transport vehicle. Techniques are required to measure the shock and vibration environment encountered by unrestrained or loose cargo, and then to translate this new environmental data into improved laboratory tests. 
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	There are organizations and agencies already equipped to gather specific information for the various modes of transportation. Specifically, the U.S. Army Natick Laboratories, the AEC/Sandia Laboratories, the Packaging School of Michigan State University, the Association of American Railroads, and the Naval Ordnance Laboratory at China Lake, California. 
	Many of the data gaps could be more readily identified by the initiation of a national symposium. A Freight Loss and Damage symposium should be concerned with current definitions to include the following: 
	1. 
	1. 
	1. 
	The Rail Transport Environment 

	2. 
	2. 
	The Application of Transportation Shock and Vibration Data to Package Design 

	3. 
	3. 
	The Measurement and Protective Systems for the Transportation Environment 

	4. 
	4. 
	Up-dated Specifications for Freight Car Design 

	5. 
	5. 
	Current Energy Absorbing and Impact Attenuation Systems 

	6. 
	6. 
	Normal and Abnormal Dynamic Environments Encountered in Truck Transportation 

	7. 
	7. 
	The Development of a Product Protection System to Prevent Shock Damage 

	8. 
	8. 
	Containerization 

	9. 
	9. 
	Environmental Protection for Climatic Extremes 

	10. 
	10. 
	Cargo Loss 
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	RECOMMENDED ENGINEERING PROGRAMS 
	1. Product Protection System Packaging design for the purpose of limiting shipping damage 
	has long been an engineering problem of economic importance. 
	The new methodology being generated for the development of a Product Protection System for the damaged goods problem appears promising and should be actively pursued. The Product Protection System maximizes the designer's ability to produce the ideal economic and protective package to cope with the transportation environment. For the development of a Product Protection System it becomes necessary to assess the fragility of the product. Recent literature has emphasized a method of determine shock fragilit
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	Cargo-Handling Environment 
	The severest shock environment encountered by cargo occurs 
	during the handling operations. Data are insufficient at present to accurately describe the handling shock environment for any given package and distribution system. The engineering personnel in packaging and testing require the detailed information describing these effects. The current instrument development programs should provide an excellent source for cargo-handling measurement programs. 
	The development of a Product Protection System, for the intransit and handling environments, appears to have the greatest immediate potential for dramatically controlling the railcar damaged goods problem. 
	2. Freight Car Cushioning Systems There is an apparent need for more exact methods to evaluate the various cushioning systems. The testing effort has provided limited data in terms of the effect of the cushioning equipment on cargo transported in railcars. 
	In order to reduce the lading damage costs and improve railcar protection, higher capacity cushioning systems should receive increased attention. The further evaluation of railcar cushioning systems requires the examination of the recoil and energy absorbing characteristics uf draft gear; the design concepts 
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	for draft gear; and the detailed examination of the performance tests of hydraulic devices in long travel cushion underframes and end-of-car cushioning; and the test techniques for special cushioning devices. The characteristics and influence of the cushioning on railcar action, along with the data to 
	more accurately define the railcar vibration environment, 
	should be further investigated. 
	Impact Studies New criteria are required for judging the performance of freight cars during impact. The work completed on special 
	cushioning devices, load restraint, car forces, and accel
	erations developed in loads serves only as background for the information ideally required to evaluate the impact environment of a freight car and its lading. 
	Such new impact criteria as the design data for overspeed impacts; the relationship between peak coupler force and peak end-wall lading force; the instrumentation required to measure impact speed, coupler and bulkhead forces; and yardimpact simulation models for various types of lading should be forthcoming. 
	TOFC-COFC Cushioning systems The cushion arrangements to provide protection for the TOFCCOFC lading during impact are of growing importance. The 
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	variety of TOFC-COFC cushioning arrangements available 
	for handling piggyback and container cars indicates the 
	need to evaluate the comparative test data for determining 
	the cushion effectiveness or limitations of the various cushioning systems. The evaluation of the various cushion
	-

	ing systems would also contribute to the design standards required for the rail flatcar that interchangeably transport cargo containers and highway trailers. 
	3. Railroad Cargo Security Programs With the tremendous number and variety of intrusion detection equipment and physical barriers available for cargo security purposes, it is recommended that a cargo security system design be identified from the equipment utilized by Government agencies or the equipment tested under Government auspices. The actual system design of the intrusion detection equipment 
	must be detailed for the individual installation, since the physical protection barriers and the electrical detection system must be compatible. 
	GIDSSARY 
	Forcing Frequencies---The rang,, of vibration frequencies caused by track or wheel roughness. These are generally between 0 and 10 Hz and are Speed dependent. 
	Spring Travel---The distance through which a freight car truck spring will conpress between enpty car weight and fully loaded weight. 
	"Rigid" car Vibrations--The vibration of an infinitely stiff car body on the suspension system springs. 
	1-Wave car body Bending---The flexure of the car body as a single wave. 
	2-Wave car Body Bending---The second Jaarnonic of the l"""'8ve car body bending node. 
	"Rock Off" test track---A section of track 20 rail lengths long with every joint having a depression of 3/4 inches from level. It is used to develop a harnonic roll input to cars having high centers of gravity. 
	"Rock and Roll"---The resonant roll characteristics of high center of gravity cars which make them susoeptible to derailment. 
	Snubbing--The friction danping mechanisms installed infreight car trucks. 
	Variable Rate Spring---A spring with a nonlinear load deflection curve which naintains a cmstant natural frequency regardless of the load in the car. 
	Natiural Frequency---The frequency at which the car body will vibrate on the suspension system springs after the body has been displaced from its equilbrium posd.tion. 
	Resonanoe---The condition whe,re in the forcing frequency input to the suspension system a:iuals the natural frequency of the system. At resonance, the suspension system anplification of the forcing input reaches a maximum. 
	Critical Speed---The speed at which suspension system resonance occurs with track induced inputs. 
	Danping---Means to absorb vibration energy in the system. 
	Critical Damping---Anount of danping at which no vibration oc=s after the spring mass has been displaced from equilibrium position. 
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	Vertical Vibration---Pure up and down notion often described 
	as 1::ounce. 
	Lateral Vibration---Pure side to side rroverrent in the horizontal plane. 
	Pitch---Angular notion in the vertical plane about the axle perpendicular to the direction of the track. 
	Yaw---Angular rrotion in the horizontal plane about a vertical axis. 
	Nosing-----A special case of Yaw usually describing a rrotion of a locorrotive which applies lateral forces alternately on the right and left rails of the track. 
	Fishtailing----Another special case of Yaw describing the rrotion of the rear-end lateral rrotion of the vehicle about the front truck as a center. 
	Hunting--Oscillation alternately to each side of central point,of to run faster and slower instead of steadily because of insufficient stability controls. ('!his term is often used to describe the rroverrent of an axle set on the track as caused by connicity of the wheels) . 
	Hanronius Roll---Angular displacerrent of the vehicle body about its longitt:.tdinal axis. '!his has been referred to as Rock & Roll. 
	SwivMing--Angular Oscillation about an axis;o.symretry, usually applred to truck action when the bolster oscillates around the center-pin. 
	Shirrm,,---A self exciting vibration of the truck, producing swiveling of the truck and resulting in hunting of the truck on the track and Yaw rroverrent of the car-body. This refers to 2.5-3.Scps. vibration frequency. 
	Rail OVerturning--While this is not a car or truck notion term, it should be applied only when there is conclusive evidence of excessively high lateral foroes generated by the rail vehicle involved. 
	Tram---This term applies to the diagonal maasurerrent of axle bearing locations. When, in...:Eour wheel truck the two diagonal rreasurerrents are equal, the truck is said to be in tram. 
	Walking---This term describes the vertical equalization and flexibility of a truck. Trucks are required to negotiate rough track conditions which demand that each wheel follow the rail head with minimum tendency to unload. Proper equalizatdon is inplied and sufficient rrechanical freedom to permit independent rise and fall is necessary. When a truck meets these requirerrents, it is said to "walk" freely on rough track without derailing or unloading of any of its wheels. 
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	Wheel Climb---This tenn applies to the condition where the lateral (axial) force between the wheel flange and rail head is great enough so that the resulting friction force causes the wheel flange to climb up on the rail. 
	Wheel Lift--This tenn applies to the lifting of a lightly loaded wheel due to high verit:ica!. force on the opposite bearing and the resulting rrrnrent. Such forces are encountered when rail vehicles are operated at speeds too great for the existing super-elev aticn ouacurve, from high draft (or buff) forces on a curve, from harmonius rocking of a car on rough track, or from very slnw speed operation on a high super-elevation curve. 
	' 
	Swing M::,tion---This tennis applied to vehicle suspension systems where lateral notion is aocormodated by the use of mechanical linkage means. Example: Swing hangers, 
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