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FOREWORD

The work of this technical report was performed under Contract No.
DOT-FR-20069 by the Systems Research Department of Calspan Corporation for the..
u.s. Depéftment of Transportation, Federal Railroad Administration, This
special report deals with only a portion of a more comprehensive cost/benefit
analysis of head shields for 112A/114A tank cars conducted by Calspan
Corporation which is reported in '"Rail Hazardous Material Tank Car Design
Study, Interim Report', May 1973. This work was monitored by Mr. Donald

Levine of ‘the Rail Systems Division of the Federal Railroad Administration.
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I. SUMMARY

;;i‘A‘coSt/bengfit analysis of head shields installed on new and existing

112A/114A series pressure tank cars was performed based-on a redistribution of
accident dollar losses. llead shields are designed to prevent puncture of a
tank car head during an accident with resulting 16ss of lading and possibly
extensive fire damage. The design of the head shields and data for the
analysis were obtained from Railway Progress Institute (RPI) - Association of
American Railroads (AAR) cooperative research program reports. The RPI/AAR
considered, accident data for the years 1965-1970 and assigned accident dollar
losses during that perlod -according to the tank elemeﬁt that failed. ; That .is,
if during an acc1dent, a tank head was punctured with a resultlng logs of
lading and subsequent fire, the damage caused by the lost lading was "assigned
to the category of head puncture. Simllarly, if the tank shell was' punctured,
the losses were a551gned to the category of shell punctures _ Us1ng tnls
ratlonale w1th the relat1ve1y small ameunt of historical data ava1lab1e
RPI/AAR determlned that shell punctures Wthh ‘accounted for only 18 of the
ladlng spills were respon51ble for 68% of the dollar losses The h1stor1cal
data are too limited to provide the correct distribution of losses between
head and éhell punctures, If enough tank car accidents were investigated over
a long perlod of time, the dollar loss distribution would be expected to match
the puncture dlstrlbutlon, inasmuch as shell punétures do not inherently
produce more costly losses than head punctures.-,Supporting evidence is-
_presented in—bheﬁmain:body“ofﬂthisareparfJEndicéting that dollar losses are
strongly related to puncture distribution for a more extensive set of data
includiﬁg all classes of tank cars.
b
The following table shows the results of statistically distributing
dollar losses. Aléo shown are the results of the two original RPI/AAR studies,
In the first RPT/AAR study;'the efficiency of head shields in preventine head
punctures was determined to be 77%. In the second study the efficiency was
downgraded to 50% and the cost of a head shield installation and accident
losses were updated. Other than the distribution of losses, the Calspan data

utilize the same data and analytical techniques as the second RPI/AAR report.



HEAD SHIELD COST/BENEFIT STUDIES

: , SHIELD SHIELD | ECONOMIC
STUDY - .. |- "INSTALLATION EFFICIENCY | COST" |  BENFFIT
RPTI/AAR-DOT HEAD .| NEW 112A/114A's 77% - | $280 | +$105 ‘
SHIELD STUDY, = | EXISTING 112A/114A's 775 $335. | +850. - o
AUG. 71, REF.1
RPI/AAR REPT. NEW 112A/114A's 50% | $272° | -88
RA-00-1-22, c_ L ' I R
OCT. 72, REF.2 | EXISTING 112A/114A's 50%. . | ga74 | -¢210. |
CALSPAN DISTRI- | NEW 112A/114A's 50% $272 | +$407
BUTION OF LOSSES. , -
EXTSTING 112A/114A's 50% %474 | +$205

Vote that, if the economic benefit 15 pos1t1ve for a glven change,l
it will be profitable to make that change over the long term. It can be seen
in the table ‘that head shields produce a substantial economic beneflt when
evaluated w1th the proper distribution of losses between head and shell punc-'f'

tures.

Lonc1u51on ' Installatioﬁ of prOperIy designed head shiélds‘oﬁ,néy

and existing 112A/114A pressure type tank cars would be cost henef1c1a1

g
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I1. INTRODUCTION

About Zd,OOO railroad tank cars of the 112A and 114A éeries'are‘
presently in service. The 112A/114A cars are used in pressurized service
mainly f£or transporting compressed liquefied gases. A number of the tanks have
been punctured during derailments or other accidents, resﬁlting in substantial
dollar iosses and casualties in large part due to fires of spilled lading.

Tank punctures are caused by striking couplers, trucks, and other objects.
Several methods have'béen-proposed‘fof decreasing the likelihood of tank punc-
tures. Among these are shields covering a portion or all of the tank heads
primarily to prevent couplers from preceding or following cars from puncturing

the tank during an. accident’

This report deals with a cost/bemefit analysis of head shields for'
new and existing 112A/114A series tank cars. ‘A cost/benefit analysis is com- -

poéed'of three key factors, namely:

cee

e

(1) ~ The magnitude of expected dollaf losses.
(2) The cost per car of implementing a proposed modification.

(3) The ﬂefficiencyﬁ of the modification in reducing the

dollar losses.

The amount of expected losses can be estimated from statistical
review of hlstorlcal data on losses. The cost of implementing a proposed
modification c;n be determined from engineering estimates of costs. The
efficiency of the modification can be determined from analysis éombined with
available experimental test data. The term "efficiency' as éxpfessed here is
a dimensionless factor deEermined‘by dividing expected overall losses with
modified cars by‘losses anticipated with unmodifiea cars. The reduction in

losses by adoption of the modification results from a reduced frequency of

* occurrence of head puncture, Reduction in the magn1tude of loss for a given

accident for which a puncture occurs is not implied.



The amount of expected losses times the efficiency determines the
reduction in losses, i.e., savings, that can be expected. These savings can

be utilized to pay for the modification plus interest over a number of years.
The amount at 100% efficiency that could be paid back, including interest,

from the expected savings is termed present value. Any reduction in efficgéncv'w

of the modification reduces the present value proportionately.. The econbmic ‘ v
benefit is the cost of the modification subtracted from the present Value‘at_ 

the efficiency of the modification. If the economic benefit'is positive, it B

is then economically justifiable to make the modification.

The Railway Progress Institute (RPI) and the Association of Ame;iéanl
Railroads (AAR) in a cooperative research program have already investigated
head shields and the losses occurring in tank car accidents,l’z. The RPI/AAR
reports list all tank cars known to have lost lading due to mechanical daﬁage
incurred in accidents during the pericd from 1965 to 1970, Incidehts of_lossl‘
are sorted by class of tank car and cause of loss.  Loss figﬁre; are composed, .
of two parts: (1) cost of lost lading and (2) otherllosses caused by the loss
of this lading, including fire damage to equipment, real property, and loss
of life, The RPI/AAR has reported the accident loss data‘dqe to punctures of

112A/114A tank cars. A review is given in Table I,

TABLE 1 ‘
' *
LOSSES DUE TO PUNCTURES OF 112A/114A TANK CARS

Cause
Head Puncture Shell Puncture
Losses, $ SR f 3,997,633 3,610,791
No. of Cases - | ' 40 S | 9
No.' of Yeafs_ - ‘ 6 I'Q B
Avg. No. of Cars in Service . 12,000 | 12,000 -
Losses, $/Car/Year ‘ ’ 55.52 'A‘ | 119f59 . -

Total Losses - $12,608,424

“Data taken from Ref, 3, p. D-11.



The RPI/AAR has developed designs of head shields for reducing head
punctures on new or existing 112A/114A tank cars. The design chosen as being
the most cost effective consists of a 4 ft. high (above top of sill) by 5 ft.
wide, 1/2 in. thick A-36 steel plate. The costs of this shield were determined

to be $272/car on new 112A/114A cars and $474/car on existing 112A/114A cars.
It was'estimated by RPI/AAR from a review of all known cases of 112A/114A head
punctures that this type of head shield would prevent 50% of the head punctures
of 112A/114A tank cars. (Ref. 2, p. 14-15.)



IIT. COST/BENEFIT ANALYSIS

The RPI/AAR, in their review of tank car accidents, deferhinéd‘what
the immediate cause of a fire was and4then éssigned accident dnllér lossés
according to the tank element which failed. For instance, if duriﬁg an acci-
dent, a tank head was punctured with a resulting loss of lading and/of fire,
the damage caused by the lost lading was assigned to the category of head
puncture, Similarly, if a tank shell was punctured, causing damage, these
costs were assigned to the category of shell puncture. (''Shell" is considered
to include only the cylindrical poriion of the tank and "head" only the ends éf
the tank.) 1In this way, the losses were assigned to a particular tank element
and an estimate was made of the potential savings which could be realized if
the frequency of occurrence for that type of failure could be rédﬁced. The

RPI/AAR results for all head and shell puﬁctufe accidents involving tank cars
are summarized in Table I (Introduction).

liistorically, there were 40 head punctures and 9 shell punctures
which caused damage during the six-year period of 1965-1970. Intuitively,
this is the type of distribution which would be expected., The tank head is

exposed to the coupler of the adjoining car during the early phase of a derail-

ment when the cars are still relatively well in line. During this period the
high compressive forces existing between cars, in conjunction with the vertical
motion between cars, allows the coupler of an adjoining car to contact the tank

head.

Later in the derailment sequence, once the cars are no longer in
line, contact between cars can occﬁr, but there is a substantially smaller !
chance of a concentrated force being applied to the shell. Coupler-shell and
truck-shell contacts occur, but so do the more acceptable shell-shell contacts,
As a result, the distribution of shell punctures presented in Table I is as |
expected., The distribution of dollar losses presented in Table I 1is not,

however, ctonsistent with the puncture data.
6
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The historical data imply that only 18% of the punctures are respon-
sible for 68% of the dollar losses, while the other 82% of the punctures are |
respbnsible for only 32% of the losses, Caispanris of the opinion that simply
relying on the relatively small amount of historical data introduced a fallacy
into the RPI/AAR‘cdst/Benefit analysis. If‘enough tank car accidents were
investigated over a long period of time, the loss distribution should match
the shell puncture distribution. .Shell punctures do not inherently produce
more costly losses than head punctures. Since head punctures occur five times
as often as shell punctures, in the long run, dollar losses due to head punc-
tures should approach five times the losses due to shell punctures. In fact,
it might be expected fhat head punctures would be more costly than shell punc-
tures because head punctures may tend to occur more frequently during yard
accidents near heavily populated areas. Accident data since 1970 have tended
to agree with the revised distribution, i.e., the East Saint Louis, Illinois,
accident on January 22, 1972, which was caused by a head puncture and resulted
in $7% million property damage plus 19 people injured enough to be hospitalizedd.‘

_ 7 “

In support of the argument that losses should be proportional to
the frequenéy of puncture occurrence, the puncture data for all classes of
cars are summarized in Table II. There are two entries for the 112A type of
car. The first includes the lossés at Laurel, Mississippi, and Crescent City,
Illinois., The second excludes those losses. The effect of deleting tﬁese two
accidents is shown in Table II to reduce the total losses by 60%, indicating
that these two accidents have a large distorting effect. In particular, the
losses due to shell punctures are decreased 85% by eliminating these two acci-
dents. The nature of this distortion can be determined by the last two entries
in Table iI. Using all the accidents, the losses are inversely proportional
to puncture frequency. When the two accidents are not included,'the opposite
results occur and accident losses become more directly proportional to puncture

frequency, as would be expected.

Calspan has recomputed the cost/benefit analysis for head shields,

applied to 112A/114A cars, using the statistically correct losses. lHence,



TABLE I1 3
LOSS DUE TO PUNCTURES OF TANK CARS

Cause
Head Punctures Shell Punctures
‘ $ Loss No. $ Loss - | No. -

Riveted Steel Cars 293,000 | 20 425,860 | 22
103-W Non-Insulated . 50,000 15 78,700 | 11
103-W Insulated 3,100 1 30,665 3
111A-W Fﬁll Frame Non-Ins. 680,530 15 66,300 | .4
111A-W Full Frame Ins. 9,000 | 3 3,400 1
111A-W Stub Sill Non-Ins, 841,650 29 158,500 | 10
111A-¥W Stub Sill Ims. - 292,550 12 30,000 3
105A-¥ Insulated 403,000 [ 8 110,840 | 4
112A-W 3,918,000 | 40 8,439,265 9
112A-W Minus Laurel, Miss. | 2,356,000 | 38 297,265 | 7

and Crescent City, Ill.

113 50,240 S 34,060 8
Total 6,541,070 | 148 | 9,674,855} 75
Total Minus Laurel, Miss. 4,979,070 | 146 | 1,532,855} 73

and Crescent City, Ill. ' -

Data

*

Values are slightly different from those in Table I because in
Table I losses due to unknown causes were proport1onate1y dlS-
tributed among the known causes.

head punctures were assigned 82% of the losses due to punctures, while shell
punctures were assigned 18%. The redistributed losses are shown in Table III

using the same format as in Table I.

Applying the correct loss distribution, the cost Behefitvof head
shields is recomputed as shown in Table IV. Note that the cost of capital, == ¢
head shield life, and the shield efficiency‘are unchanggd from those used by
RPI/AAR. Head shields are now found beneficial by +$407 on new caré.and by
+$205 on existing cars., Therefore, there is a net economic benefit to be
derived from installing head shields on both new and existingVIIZA/114A tank

cars.
8



TABLE III

REDISTRIBUTED LOSSES DUE TC PUNCTURES OF 112A/114A TANK CARS

Cause

' 'Head Puncture  Shell Puncture

Losses, § .~ . . .10,338,908 4,791,201
No. of Cases = . . . - 40 9
No. of Years = S 6 -0
Avg. No. of Cars in Service 12,000 , 12,000
Losses, $/Car/Year 142.95 32.16
Total Losses - §12,608,424

TABLE IV

HEAD‘SHIELD_COST/BENEFIT ANALYSIS - REDISTRIBUTED LOSSES-

-~ Cost of Capital: 10%
Assumed Life: 30 yrs.
112A/114A Tank Cars

. . . . _ -
Losses/Car/Year x Present Value Factor,
$142.95 x 9.5 =

Present Value

Shield Efficiency‘(RPI/AAR estimate)

Present Value at Stated Efficiency = Present Value x Efficien¢y»
= $1358 X .50 =

Cost of Shield (RPI/AAR estimate)
New Cars v
Existing Car

Economic Benefit = Present Value at Stated-Efficiency‘

' - Cost of Shield

New Cars: $679 - $272 =
Existing Cars: $679 - $474 =

$ 272
$ 474

$ 407
$ 205

—————
Present value of a stream of payments of $1/year for 30 years discounted

continuously at an annual rate of 10%.
9



The results of this cost/benefit analysis are c0mpared‘with.tho§e of
RPI/AAR in Table V, In the first RPI/AAR study, the efficiency of the head
shields in preventing head punctures was determined to be 77%. In the second
study, the efficiency was downgraded to 50% and the cost of a head shield )
installation and accident losses were updated. Other than the redistribution '
of losses, the Calspan data utilize the same data and analytical téchniques I
as the second RPI/AAR réport. "Analysis similar to that in Table IV wohlduShow
that head shields would be cost beneficial at efficiencies as low as ‘20% on new

cars and 35% on existing cars.

TABLE V

HEAD SHIELD COST/BENEFIT STUDIES

- SHIELD SHITLD | ECONOMIC
STUDY INSTALLATION EFFICIENCY | COST | BENEFIT
RP1/AAR-DOT HEAD NEW 112A/114A's 77% $280 | +$105
SHIELD STUDY, EXTSTING 112A/114A"s 775 $335 [ +550
AUG. 71, REF.1
RPI/AAR REPT. NEW 112A/114A's - 50% - | $272. .| -88:
RA-00-1-22, ‘ B .
OCT. 72, REF.2 | EXISTING 112A/114A's 50% $474 | -8210
CALSPAN DISTRI- NEW 112A/114A's 50% $272 | +8407
BUTION OF LOSSES , _ - _
EXTISTING 112A/114A's 50% 8474 | +$205

The above necessarily brief cost'benefit aﬁalyéis deéls'chiefly with
distribution of losses resulting from head and shell punctures and the effect | 8
on the cost benefit analysis. Greater detail with regard to cost benefit
analyses and other related factors can be found in the Calspan Report 'Rail SR 4

Hazardous Material Design Study, Interim Report'' (Reference 5).

10
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