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ECONOMIC RESULTS OF DIESEL ELECTRIC MOTIVE POWER
ON THE RAILWAYS OF THE UNITED STATES OF AMERICA*

By H. F. Brown, Ph.B., Fellow A.LLE.E.t

Part I: Economic Conditions and General Statistical Data

INTRODUCTION
THIs sTUDY OF THE ECONOMICS of diesel motive power is
based mainly on data coneained in the ‘Statistics of Rail-
ways of the United States’ published annually by the
Interstate Commerce Commission, hereinafter referred to
as LC.C.

The decisions by the various railways to make the change
from steam to diesel power were based largely on the
operating economies made by the relatively few units placed
in vard and in road service during the period 1935-46.
These economies appeared so large in comparison with the
costs of existing steam operation at that time, that the
question of steam wersus diesel has been regarded as a
closed issue, and of but academic interest in the United
States of America since 1950,

However, by 1955 it was becoming evident that a
number of factors pertaining to the economics of diesel
operation had not been fully known as early as 1945-50.
Teday, with nearly twenty vears of dicsel operation, these
factors can be more clearly defined. During these years, and
for at least two decades prior to these years, other important
factors have been shaping railway economics in the United
States.

The problem, in this study, has been not only to isolate
the motive power statistics, which are quite complete for
both steam and diesel motive power, but also to show
encugh of the general operating and traffic data to enable
the identification and evaluation of these other important
economic factors, the results of which have been often
attributed to diesel operation.

In the final analysis made in this study, the costs of the
actual diesel operations for the vear 1957—the latest
available at the time this study was made—are compared
with the similar costs of hypothetical operations with
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equivalent steam power, of modern design and of the same
average age, sufficient in numbers and capacity to handle
the same amount of traffic. Such steam power, of necessity,
would have been installed, had the diesel not been available,
By such a comparison, many of the other contemporaneous
factors which have confused the truc picture of diesel
operating economies are eliminared.

This study is not to be construed as advocating a return
to steamn operation. Itz sole purpose is to determine the
economic position of diesel motive power with respect to
other types whose economics are known, or vet to be
determined.

TRAEFFIC

The railways of the United States of America grew
steadily and contributed largely to the devclopment of the
country, up to about 1920, Then the increasing growth of
autemotive highway traffic began to divert the short-haul
passenger traffic to the highways. As highways were rapidly
improved, more of the passenger traffic, and then the
short-haul freight traffic was diverted.

With the loss of most of the short-haul wraffic, the railways
began to abandon service on branch lines and to reduce the
‘local’ train service on the main lines by eliminating stops
at the smaller communities. This eliminated many of the
short, slower trains, both passenger and freight, leaving the
remaining long-haul traffic on fewer, heavier trains,

These trends started as far back as 1920, but have been
increasing more rapidly since 1945,

Between 1930 and 1940 the counory went through a
serious business depression which affected not only the
railways, but all business and employment generally. All
traffic on the railways, both passenger and freight, dropped
o levels lower than those attained in 1910,

The depression was immediately followed by the 1939-
45 war. Dwuring 194146, traffic returned to the railways,
and rose to volumes never achieved before, or since. Much
of this traffic was due to the restricted vse of automotive
fuel for highway traffic, as a war emergency measure.
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Fig. 1. Traffic. Al casses T and I ratkoays

Since the war, railway passenger traffic declined further
owing to increasing diversion of the short-haul traffic to the
highways, and of the long-haul traffic to the airways, Rail-
way freight revenue-tons are still declining (Fig. la}, but
revenue ton-miles remain at a high level owing to the
increasing length of haul (Fig. 18).

Since 1920, the miles of road operated by the class 1
railways has declined more than 10 per cent. The number
of passenger cars has declined more than 40 per cent, and
the number of passenger traing has declined approximately
50 per cent.

The traffic pattern i{s shown graphically in Fig. L
Traffic has been the most influential factor in motive power
requirements and eperation, as well as in railway operating
expenses and earnings.

MOTIVE POWER REDUCTION

The number of locomotives on the United Seates railways
increased steadily ontil 1924, in which year there were
69 456 locomotives in service on all the classes I, IT, and IIT
railways. Their average tractive capacity has steadily in-
creased up to the present time (Fig, 2). Except for the war
years, the number has steadily declined since 1924, and is
still declining.

The necessity for longer and fewer trains to reduce
operating expenses created the demand for motive power
of greater horsepower, Motive power, by itself, did net
create the longer trains.
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The advances in engineering, technology, and manu- steam locomotive capacity has been further inereased to
faﬂtl.}!‘lﬂg between 1915 and 1935 were able to increase the nearly T000 hop. for special operations (Fig. 3).
maximum horsepower capacity of steam locomotives from The acquisitions and retirements of locomotives on the

1500 h.p. to single units of 5000 h.p. Since 1933, maximum class I railways over the past 50 years are shown in Fig. 4.
Ever since 1922, long before the advent of diesel power,
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locomotive capacity doubled during the life of the old units
retired, and fewer locomeotives were required for the
declining rraffic. This trend has continued unaffected by,
and certainly not initdated by, the change in type of motive
POWET.

Nearly 50 per cent of the motive power was cither un-
serviceable or stored during the depression, Very little new
power, therefore, was acquired during those years, and
little new power could be acquired during the war years.

At the end of the 1939-45 war, mare than 40 per cent of
all the motive power still in service consisted of locomotives
bailt prior to 1915, and well over 31 years old. This equip-
ment was small in capacity, completely worn out, and long
overdue for replacement. Never before in the history of
American railroading had the motive power been pet-
mitted to become so old and so inadequate in such large
numbers.

ROAD, ORK LINE-HAUL MOTIVE POWER

The decrease in total number of locomotives in road, or
line-haul service on the class I railways since 1920 is shown
in Fig. 5. The change in numbers of the three principal
types, steam, electric, and diesel, and the change in average
age for the diesels and for the whole group are also shown.
The relatively small amount of electric motive power is
quite apparent.

The change in total number reflects the changes in
traffic parterns and in operating methods, together with the
gradual change to motive power of greater capacity.

Partcular attention 15 called to the change in the average
age.

YARD AND SWITCHING (SHUNTING)
MOTIVE POWER
Similar data are shown for yard and switching locomotives
in Fig. 6.
A large reduction in number is shown hetween 1923 and
1540 due to the same causes thae influenced road power.
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Fig. 6. Yard and switching (shanring) locomotives on
all class I ratfevays

There were not sufficient electric or diesel locomotives in
yard service priot to 1940 to cause this reduction in number.
The reduction made dating the depression was restored
during the war, mainly with diesel units.

A substantial increase in number is indicated from 1947
to 1953, due to the inclusion with vard power of a large
nuamber of diesel units known originally as ‘road switchers'.
By 1956 most of these had been properly reclassified as road
locometives.

The change from steam to diesel power has not reduced
the number of yard locomaotives required, which remained
in 1957 at about 5800 units, approximately the same as in
1935, 1943, and 1948,

OFPERATION

Motive power performance during the period under review
is indicated by the train-miles, shown in Fig. 7.
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Locomotive-miles per train-mile [average locomotives
per train}, car-miles per train-mile {average cars per train),
and ton-miles per train-mile (average tons per train} are
shown in Fig. B,
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a2 Locomotive-miles per frelghe oraln-mile {average locomotives
per freight train).

b Car-miles per freight train-mike (average cars per freight crain).

¢ {3ross ton-miles trailing per {freight tram-mile (average tons per
freight train). :

d Ca:-:l:lni;.cs per passenger frein-mils (Average CArs por passenget
train).

TOTAL RAILWAY OPERATING EXPENSE

Total railway operating expenses and revenues have in
general followed the traffic pamtern. Nothing indicates that
the change in type of motive power since 1940 has bad a
bearing on either of these items, unless unfavourably.
Operating expenses have increased at a greater ratio than
Operating revenues.

This fact is indicated by the opereting ratio, which is the
ratin of toral railway operating expense to total railway
opcrating revenue, shown for ali classes T and IT railways in
Fig, 9. The average operating ratio since 1945 is highey
than for any similar previous period excepr 1918-22, when
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alt railways were under Federal Administration az a war
measure,

All items of railway operating expense are classified in
six major groups by the I.C.C. These are:

1 Maintenance of way snd structures
IT Maintenanee of equipment
IIT Trefiic
IV Transportation
V Miscellaneous
VI Genersl

The sum of all these group expenses is the total railway
opetating expense.

Maintenance of way and structures, maintenance of
equipment and transportation comprise more than 90 per
cent of the total operating expense.

The total reilway operating expenses for all class I rail-
ways as a group from 1916 to 1957 are shown graphically
in Fig. 10 in billions of dollars,
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MOTIVE POWER DPERATING AND
MAINTENANCE COSTS
The 1.C.C. statistics show separately for road locomotives
and vard locomotives the following items of expense
involved with motive power on the class 1 railwa_t,'s:

(1} Locometive repairs

(2} Fuel, including electric power where used
(3} Wages of enginemen

(4) BEngine house expenses

(5) Water

(6} Lubricants

(7} Other locomotive supplies

(8) Depreciation

Repairs and depreciation are items of maintenance of

equipmment expense. All others are items of transportation
e,

All of the above itemized costs for road locomotives, with
the exception of depreciation, are shown in Table 1z in
ouiliions of dollars, for the years 1916, 1920, 1525, 1530,
1935, 1940, and for each year thercafter to 1957, Each item
is also shown as a ‘ratio cost’, or as a proportionate part of




H. F. BROWHN

Table 1a. Cost of operating end maintaining road locomotives (excluding depreciation)
All clase T mailways

Costs as incurred in milliona of dollars

| : - ; : :

Year ;| Tatal Operatitng Repairs | Fuel and power Enamf|Eug.|.me Water| Lubri- | Crther | Total
railway | ratic - — | e e men | houee cants | supplics
OPETALng Steam |Dicsel| Other | Total | Fuel (Power| Total [

EXpEOsE | pence

1914 221l 6533 150:7 0-7 | 1514 | 19246 20 | 1955 | 1290 363 | 128 146 33 5319

1924 SR31 0438 5120 41 | 5161 | 5660 85 | 5745 | 2680 1 1249 | 261 57 10-4 15287

1925 454 | 7410 3BB-5 2.7 | 3012 | 3405 B2 | 3487 | 2294 B3l | 21-7 75 A 108510

193¢ 3931 | 7443 | 2035 3-8 | 2973 | 2378 80 [ 2477 | 2045 851 | 200 ;| T2 4.7 A50-6

1935 2593 | 7511 19 440 | 195 1731 | I1-3 | 1844 | 14498 41-0 | 143 57 28 2878

{

1930 asE | T190 230-1 S0 | 238-1 | 210-8 | 15-2 | 2250 | 1710 46-1 | 162 75 A2 7001

9] 364 ' 68-53 264-4 | - 10-5 | 2040 | 2505 ¢ 162 ¢ 2757 | 2043 525 | 1TH 9-3 39 B58-6

i) 4601 | 6163 3425 1 140 3565 3358 | 183 | 3541 | 2626 a9-8 | 21-3 120 51 | 10B240

1943 85T | G248 411-T | 19:0 | 430-7 | 4324 | Y06 | 4520 | 2051 HE-G | 247 14-6 61 1 13121

19443 6282 BO-57 4742 | 28-% [ 5025 [ 4738 | 213 | 495-1 219 | I11-2 i 273 162 72 14814

1945 | G418 T2-10 441-8 | 344 | 4962 [ 462-8 | 213 | 4941 i7-2 | 1107 I 26-8 168 75 14689-3

19460 6357 B335 451-7 | 409 | 4926 | 452-5 | 214 | 4739 | 3285 | 1158 | 2581 16-0 T2 14601

1947 &9 TR-27 4535 50-0 [ 51354 | 545-7 | 232 | 568-9 | 3343 [ 120-7 | 276 187 B-3 15019

19438 T472 TT-26 414 BG-T | 531-1 | 8438 | 250 | 6688 | 3857 | 129-T | 281 21-3 | B-9 17536

1949 6202 B0-32 3349 126-0 | 4609 | 475-5 | 234 | 5029 | 3207 | 119-4 | 240 | 197 749 14645

1950 7059 7452 | 3164 | 1627 | 4791 | 4724 | 226 | 4950 | 3389 © 1196 | 221 | 192 31 j4g20

1951 8041 T30 3269 | {2156 | 5435 | 4947 | 224 | 507-1 | 3TEE | 196-3 | 222 | 213 @7 161581

1952 8053 76-11 2439 | 265-% | 5094 | 4363 | 225 | 4588 | 3743 | 120-B | 183 215 g2 1521-3

1553 8135 TG 17325 IS | 4770 | M0 | 224 | 4320 5 3658 | LI%B | 147 21-3 E-8 1439-4

15954 7354 T9-80 A6 | 2996 | 1646 | 4026 | 3564 | 228 | 3702 | 462 | 1064 g5 20-9 81 12729

1955 Tod 7566 65-3 | 323-3 | 182 [406-5 ) 363-5 | 231 | 3BT6 | 2653 B TR 31 223 82 129%-4

1956 2104 TGRS S50 [ A65-0 | 198 | 43%-8 | 3745 | 233 | 3976 [ 3859 1 1055 : 20 249 8T 13646

1957 B228 TR-42 30-9 | 3F7-4 ) 207 | 4200 | 366-7 | 232 | FEQ-D | IBE-I | 1OL2 5-3 272 88 13527

I | | |

Table 1b. Cost of operating and maintaiming road locomotiver (exchiding depreciation)
All elase I mibways
Dioltar costs converted inte ‘ratio cosrs®
{Per cent of total milway operating expenac)
Year Total Repalrs Furl Engine Eogihe Water | Lubricants | Other Totzl
railway T house | supplies

opetating P oexpense |

| expense i
1216 2211 LEE L HOBES 0584 o0L64 | Q0057 Q0016 0-00H16 0-2408
1920 5331 00886 [LEL 00460 0214 O-0045 Q-0015 Q-5 0-2624
1925 4540 0-D363 LIL b 03505 00183 {00048 00016 O-00I4 1 02400
1930 3831 0-0757 00630 00521 001768 00051 00018 oIz | 02165
1935 2593 00755 713 Q0555 00158 00055 0-DD2Z LR E 0-2268
1940 ans9 0-0770 0-0724 0-0554 00149 | 00052 OOne4 000140 02283
1041 i 3664 o Q0805 0-0752 Q-0557 00143 | G049 G005 0001 1 02342
1942 4601 00775 00770 | 00570 0-0152 O-00d4 0026 0-0011 02350
1643 5657 GHATHZ |oge0Ed | 0-0521 D157 O O3 00026 0-0011 42321
154 G282 3801 SaTI0 00513 0-m7T7 0033 O-00260 . Q-0011 (2302
1945 6414 0077 0770 00494 0-0173 00042 0-0026 : Q0012 0-2291
1940 6357 00775 45 00sl7 00182 D-039 0-(25 03311 0-2204
1047 6707 00755 0838 00452 0175 D-6aat] (K128 0112 02342
10448 7472 0710 0095 Q088 0 01T 0-00Y36 (-R329 Q012 (2347
1049 [it.30r) 0-De69 030 G080 | k01T 00035 1 0029 (K112 02134

|
1950 T i O0DERD | 040701 G080 00170 031 00027 00012 0-2101
1951 2041 | 00eTe | 043l 00472 LIZEY 1) D28 00027 0012 -6
1052 2053 {-0633 00570 00405 00161 023 00027 D-palLl 0-189¢
1953 8135 0-0587 00532 00450 0148 0-00LE 00026 0011 0-1772
1954 7384 00546 {00514 001 00145 00013 O-0028 0-Da1 L 01726
1955 7646 00532 O-0s0T 0-0473 g-0133% | L0004 00028 | 0001 1695
1956 B108 00542 0-04%1 0-0476 Q130 | Q-0002 00331 1 0001t 01683
1957 B228 Q0522 O-0475 0-0472 ¢ 02T | 00008 00333 | 00011 - O-1685
i | 1
P
L —— — e e e —
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Table 2q. Cost of operating and matntaining vard locomatives (excluding depreciation)

Al class T railways

Costs ag incorred in millions of dollars

Year

Total

I Bepairs Fuel Engine ~' Engine Warer Lubricants Oiher | Total
reilway | | men house supplies |

OpCTELing | CXPense |

XN | : i
1916 2211 | £26-33 33-42 A7-52 11-18 2-35 0-62 : 0-72 | 11364
1920 5831 I eB9-1 10932 96-70 4355 4-T 1-6% 205 34914
1925 4540 | cAE0 6723 #23-03 3053 4-40 1-35 1-46 2619
1930 3931 | e5l-% 45-66 #3-55 2518 37 1-1E 116 2124
1935 2583 | 34-35 3061 572 1515 2-97 -85 73 14189
1940 | HBE ! 41-3d 3608 754 175 33 1-31 09 1759
1941 | 3664 | 5363 43-04 91-B6 19-95 3-63 1-67 111 2158
1942 4601 | G022 52-03 1134 25-3 4} 2-15 1:35 25845
1943 5657 ! T35 62-56 124-4 31-2 436 57 156 30015
1944 G282 i H2-d5 iy 32 136:7 37s 45 28 18 [ 33217
1945 6418 | 80 45-85 1354 370 46 29 19 | 3286
19446 6357 [ 41 ab- 77 1477 336 4.4 29 19 | 3463
1aaT 6797 | o1-0 82-37 1578 43 475 35 2.25 3825
1948 T4T2 L1 5] orsT 1800 455 30 30 25 434-7
1940 6842 i 319 Ho-E6 164-7 397 42 34 2.2 3e6-0
1950 7056 | 844 695 1792 | 30 39 33 21 379-65
1951 | 1041 | 93-2 &705 2164 | 429 40 39 24 420-65
1952 | B033 | o0-5 5588 | T | 39] 33 37 23 420-40
1953 i 8135 862 5035 2140 [ 303 29 38 22 | 421-25
1954 T84 | T35 4307 | 208¢ | 310 240 34 I-9 | 364l
1955 | 7et6 | mas 4276 | 2195 | 203 I'6 37 1-95 3733
1956 | B8 | 8B | 4531 | 2372 | 303 144 40 216 4032
1957 f H228 ! 41 | 4342 | 2427 | 2800 114 444 2-18 4079

¢ Estimated. Costz were included with road locomotives,
Table 2b. Cost of operating and maintaining yard locomotives (excluding depreciation)
All class T railways
Doilar costs converted itito “ratie costs'
(Per cent of total railway operating expense)
Year Total | Repairs Fuel Engine Ettgrine Water Lubricants Other Total
rajlway men houge supplies

operating SEPCNSE

expense i
1916 211 0-0120 00156 0-0171 00051 000107 | 000028 | 000033 | 00514
1920 5831 00153 001875 | 00166 000781 | O-DOOAL ;000029 | 00035 | 00590
1925 4540 00150 (0148 0-01% 000673 | ODXWT | GO00E0 | 000033 | 00577
1930 3031 00132 0-0116 0-02425 | 000641 | 000101 | 000030 [ 000026 | D-0541
1935 | 2593 0-01325 | 00118 0-0221 000584 | OD0ILS | 000054 | 000028 0-0548
1940 | 3089 0-0134 001168 | 00244 000567 | 000107 | 000043 | 00029 00572
1941 | 3664 001463 | 00120 0-0251 000545 | 000099 | 000046 | 000030 00589
1942 | 3601 00131 0-0113 0-0247 00055 00087 | 000047 | 000029 0:0563
1943 | 5657 0-0130 001106 | 00220 000552 | 0400063 | 00045 | Q00028 0-0530
94 e 001313 | 001055 | 00206 | 000598 | 000073 | 000045 | 00002¢ | 0-0530
1945 | 6418 00126 | ©01025 | 0211 | 000576 | 000072 | 000045 | 000030 0:0513
1946 | 6357 00132 | Q015 | 00232 | 000508 | 040060 | 000046 | 00030 00545
1947 | 6707 0-0134 | 00121 | 00232 | 000600 | €00070 | 000052 | Q-00033 0-0563
1948 7472 DO1335 | 0306 | G024t | 000608 | 000067 | 000052 | 000033 0-0581
1949 6HG2 0-0119 001013 | 00230 | 000376 | 000081 | 000049 | 000032 0-0532
1950 | 7059 ¢01195 | 00095 00255 | 000555 | 000055 | 000047 | 000030 0-0538
1951 8041 00116 QB35 | 00269 | 000534 | 000050 | 000046 | 000030 0-0535
1952 8053 001122 | 000694 | 00261 | 000485 | (00041 | 000046 | 000020 0-0534
1953 B135 00106 00062 0-0264 | 000447 | 000033 | 0400044 | 000027 | 00518
1954 7384 0-0100 000583 | 00284 | 0-00421 | (00027 | 000046 | 0-00026 0-0404

1

1955 Ta48 TS 0056 0-(288 ; 000383 | 0-00022 045 O-(KKI26 Q0420
1956 BIOE G-a102 0-055% U029z 1 000374 | Q00018 Q045 KT O-0407
1957 A28 Q1022 0-CHIS2E 00295 | 000363 | 03014 LR MEL L iei Q06
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the total railway operating expense for the year in which
it iz incorred, in Table I&.

The itemized costs for yard locomotives are shown
similatly in Tables 22 and 25,

TREATMENT OF COST FIGURES
An cconomic factor affecting all expenses and revenues has
been the decline in the purchasing value of the dollar over
the period studied. This ‘inflation factor’ distorts the direct
comparison of costs incurred over a term of vears.
By converting all dollar costs into ‘ratio costs’, that is, 45
propertionate parts of the total railway operating cxpense,
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the ‘inflation factor” appears nearly equally in the numerator
and denominator of the rado, and iz approximately cancelled
out, leaving the basic factors which are comparahble.

Ratic costs of any item may be compared year after year
to determine whether they are rising, falling or stationary,
thereby cnabling their change to be more readily related
to the econommic facters causing the chenge.

The totals of the items of road locomotive operating
expense for each year, presented as ‘ratio costs” in Table 15,
are shown in Fig. 11. The graph of the total nember of road
locomotives in service is also shown for comparison. It is
evident, and logical, that the operating costs have decreased,
in general, as the number of locomotives has decreased.

The three largest items of road lecomotive operating
expense shown in Table 1 arc repairs, fuel, and engine men,
Their ratio costs are shown in Fig. 124, and comprise shout
90 per cent of the totsl shown in Fig. 11. The remaining
four items of engine house expense, water, [ubricants, and
other supplies, are shown to a larger scale in Fig, 125

The rotals of the irems of yard locomotive operating
expense for each year, presented as ratio costs in Table 25,
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are shown in Fig. 13z Also shown are the costs of vard
engine men, the largest single item of vard locomotive
operating expense. The ratio costs of the other six items are
shown to a larger scale in Fig. 135,

FACTORS INVOLYVED IN TRENDS OF
LOCOMOTIVE EXPENSE ITEMS
The trends in the graph of cach item of locomotive expense
are due to some factors commeon to all, combined with
special factors in some items.

All terns vary with the number of locomotives in service,
All items may vary with the type of motive power used.
Special facrors of importance in specific items are:

Repair costs will alse vary with the age of the equip-
ment and at a different rate for each type.

Fuel costs will also vary with trends in the fuel market,

Cost of engine men will vary with the number of
Iocomotives (not units) used per train, separately manned ;
with the total weight on drivers, and with change in wage
rates.

Engine house expense will also vary with traffic, as
short runs and branch line operations have been
eliminated with their engine terminals; also if steamn and
diesel power are being operated simultaneously.

Where several factors are acting simultaneously to shape
the trends, careful analysis must be made to cnsure that
cach factor involved is quantitatively identified. Many of
the claims of economiss attributed to the diesel locomotive
have been made erroneously because this analysis has been
overlooked or ignored.

DEPRECIATION
Diepreciation is an accounting charge for the cost of the
cquipment spread over its service life. It should egqual,
during the life, the original cost less the ultimate scrap
value.

Although by LC.C. ruling an item of operating expense
under maintenance of equipment, depreciation cannot be
properly converted to a ratio cost since it is not a fonction
of operation bur of investment.

A correct depreciation rate is essential to prevent deple-
tion of assets when renewals become necessary. A rate based
o & 3-vear life has been geoerally used for steam and
clectric locomorives, although many of these have been
retained in service longer.

When diesel locomotives were introduced, it was assumed
they would have service life characteristics similar to electric
locomotives, reduced somewhat by the known shorter Iife
of the internal combusticn-type prime mover. A deprecia-
tion rate based on a 20-year life for road power, and a
25-vear life for yard power of this type was approved by
the I.C.C. The I.C.C. does not establish depreciation rates.
It approves such rates established by the railways based on
proper supporting data.

More recently, studies based on accumulated experience
relative to obsolescence and to rise in repair costs with age

of diesel power indicate an economic life of but 12-14 years
for road power and aboue 18 years for yard power. The road
locomotives of this type rebuilt or remanufactured within
the past few years have been between 11 and 16 vears old.
Such rebuilt equipment must appear on the books as new
units, for by a ruling of the I.C.C., when more than 50 per
cent of the otiginal cost is spent in any one year for repairs,
that equipment must be retired and charged to the deprecia-
tion reserve.

It is becoming apparcnt that the depreciation charges
included with the present operating expenscs are not
adequate to propetly maintain the equipment depreciation
reserve, and that in some cases the diesel retirements may
have to be charged to the profit and loss account.

The evidence is now rather well cstablished that the
diesel locomotive has abour one-half the service life of a
stearm ot electric locomotive in the same service.
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Fig. 14, Annual depreciation charge in per cont of
Invesment
A Bream and electric locomotives,

B Yard diesel locomorives.
C Road diescl locomotives,

The annual depreciation charge, on a ‘straight linz' basis
becomes larger as the service life decreases, as shown in
Fig. 14, Depreciarion rates used in this study are 3-16 per
cent for all steam and electric locomotives; 6 per cent for
all road diesels, and 45 per cent for yard diesels.

The advantage of equipment having a long economic life
is apparcnt.

INTEREST CHARGES

Interest on the unamortized cost of eguipment, while not
an irem of operating expense, is & proper item to be con-
gidered in an ecconomic study of motive power. A con-
servative rate of 2 per cent of the investment, per year, over
the service life is used in this study.

Taxes and insurance are additional fived charges to be
considered. These charges are relatively smail, and are not
uniform on all the railways, nor isolated in the statistics.
They have been omitted in this study.,
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INVESTMENT IN MOTIYE POWER

The changes in investment in locomotives on the class 1
raibways from 1941 to 1957 are shown in Fig. 15. This

information iz unavailable in the 1.C.C. statistice prigr 10
1941, Although the total number of Iocomorsves, as dis-
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Fig. 15, Mmvestent in locomotioes, alf class T railways

tinguished from #mis, in 1957 was less than one-third the
number in 1941, the total investment has increased 2-4
tmes. In 1957, the investment in road diesel motive power
was $2760 million, and for yard diesel power, #1120
millien.

A large increase in investment for motive power servicing
facilitiez, shops, engine houses (sheds), water and fiel

staticns, has also been made since 1941, shown in Fig. 14,
amounting to mote than §400 million,

The calculated hypothetical investment for the equivalent
number of modern steam locomotives required to perform
the setvice of diesel locomotives in 1957 is shown by the

)
w0 |
T /_._ BT | TR i
lT{J.‘A‘L ALL FACHITIES
:i =
oo el |
r /
r-
3 x /
o 0o |
£ :
? SHOPFS ARD EMGIME HOLSES
g 4
E m _/ it R
g >
i
1
] ?
WATER STATIONE i
I'""'\ i
P,
100 -
........-v""'"'——/,.,-—"'--..._ s
e FUEL STATIONS
1
1935 1740 1545 1950 1458 9601

YEAR
Fig. 1. Investment in motive power facilities

light broken lines in Fig. 15 as $1925 million for road loco-
motives, and 3555 million for yard locomotives*,

All investment costs have been influenced by the ‘in-
flation factor’ previowsly mentioned.

The walue of long-life investments is cohanced during
periods when the currency is being devaluated,
* Fee the Appendiz for method of calodarion.
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Part II: Economic Results of Diesel Electric Locomotive
Operation

THE CHANGE FROM STEAM TO DIESEL
MOTIVE POWER
The diesel electric locomotive made its inital appearance
on the United States railways in yard service in 1925, but
fewer than 100 such units were acquired during the next
ten years. By the end of 1939, there were about 435 diesels
in vard service and gbout 90 in road service—too few to
have any noticeable effect on the general railway economy.

After the 193945 war, the automotive industry started
gn active camprign to sell the diesel locomotive to the
American railways. The time was most opportune because
of the age and general worn-out condition of the steam
motive povwer,

The first read diesels were used in preferred passenpger
service on long runs, and on lines having stiff gradients, It
was quickly found thar in such service this new motive
power could be used to the limit of its availability, which
was quite high.,

High annual milages per unit were being made. Grades
could be negotiated without the former ‘helper’ service
required. Fuel costs were low, with diesel cil then at 4 cents
per gellon. Thermal efficiencies were about four times better
than steam in road service, and up to ten times better in
vard service. Maintenance costs of this new power com-
pared with the old stzam power were quite low.

The steam locomotive almost immediately became out-
moded by the testimony of its former manufacturers, then
all competitively engaged with the automotive industry in
the manufacture of diesel power, About 8000 diesel loco-
motives had been acquired prior to 1949, During the years
1949-52, more than 12 500 units were acquired; and sinee
1952, about 7000 more have been acquired up to the end of
1957. Mo steam locometives have been built in the Unired
States since 1952, One of the largest manufacturers stopped
building steam locomorives in 1948,

The class 1 railways are all operating today with most of
its motive power relatively new, compared with that in
service prior to 1945,

BASIC DIFFERENCES: STEAM AND DIESEL
ELECTRIC MOTIYE POWER

Diesel locomotives have operating characteristics funda-
mentally different from those of steam locomotives. These
must be understood before the operating economies can be
appraiseed. Diesels are more nearly like clectric locomotives,
limited, however, by the capacity of their own power plant.

The steam locomotive develops its maximum horsepower
at near its full speed. At starting, the boiler can generate
steam faster than the cylinders can use it. The cylinder
pressure and wheel diameter determine the maxibum
starting tractive force, within the limits of adhesion. At

high speed, the boiler horsepower determines the tractive
force,

The diesel engine is a constant-horsepower machine,
With its electric drive, which is simply a “torque converter’,
the engine can be operated at full speed at starting, and
nearly its full horsepower can be converted into tractive
force, also within the limits of adhesion,

Tractive force and horsepower are related o each other
through the spead, by the well-known equation

h.p. > 375

¥
{whete T is the tractive force, Ib., and ¥ is the speed,
mile/h).
_ The tractive force therefore falls off rapidly as the speed
increases,
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Fig. I7. Comparative horsepower and rractive force,
steam and diesel locomorfoes of same maxinmm horsepomer

e — — — Steam,
Diesel.

The relative horsepower and tractive force curves of a
diesel, and of a steam locomotive having the same maximum
horsepower are shown in Fig. 17. The diesel has greater
tractive force up to about 25 mile/h. Above this speed both
locomotives have equal tractive force. This would be,
however, a relatively small steam locomorve,

The comparative horsepower and tractive force carves
for a diesel and a steam locomotive having equal weight on
drivers are shown in Fig. 18, In this case more horsepower
can be built into the steam locomotive than into the diesel.
The diesel still has 2 higher starting tractive force up to
about 6 mile/h, but above 20 milef/h the steam locomotive
has double the tractive force of the diesel.
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American manufactorers have not been able to build a
single diesel unit having much more than 2000 h.p.,
delivered to the rim of the driving wheels. The average
diesel locomotive will produce about 14 h.p. per ton of its
weight,
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The superior performance of the diesel at slow speeds is
one reason why it was adopted so rapidly in switching and
yard service, where speeds average but 6 mile/h, The diesel
becarne popular also on the railways having heavy mountain
grades, because by slowing down, the diese] can increase its
tractive force to a greater extent than ¢an a steamn locomotive,

Starting tractive force, however important, is but a short
part of the time of the total toad performance, Horsepower
is required for speed, and single diesel units cannot produce
the horsepower that madern steam or electric locomotives
can supply in single units.

The tractive foree rating usually given for any locometive
is that for starting. This can be quite misleading in the
comparison of types, for it overrates the ability of the single
diesel unit, The important tractive force required in road
service is that for accelerating and moving the train load
at the schedule speed. This requirement is independent of
type of motive power. Any locomotive can usually keep
moving any train it can start. The criterion is, “Can it bring
that train up o the desired speed, and in the desired time ¥

THE TRUE NUMBER OF LOCOMOTIVES

The I.C.C. statistics for 1957 show that it required 208
diesel units per average passenger train, and 2:59 diesel
units per average freight train. The average for all trains
in road service was 2-41 units, The tractive force of any of
these combinations az the rumming speed is well within the
capacity of most of the modern steam power remaining in
either passenger or freight service in 1957,

This leads to the interesting conclusion that it has
required more motive power units of the diesel type to per-
form the present transportation service on the class I

railways than would have been required had modern steam
locomotives been purchased in their stead. The actual
number of diesel Jocomorves in road service in 1957 was
not the 18 959 dicsel units given in the statistics, but was
this numbrer divided by 2-41, which is 7870 locomotives.
The true reduction in number of locomotives caused by
the traffic losses, and the changes in operating patterns and
methods made to meet these losses is shown in Fig. 5 by
the dotted graph, which departs from the solid graph for
nurabers in 1941 and drops to 10 330. This is the theoretical
total number of all read locomotives in service in 1957,

AVAILAEBILITY: DIESEL AND STEAM
LOCOMOTIVES

New diesel locomotives have an availability as high as
90 per cent. Modern steam power has an availability of at
least 60 per cent when new. The availability of all motive
power is reduced as it becomes older.

Availability is of no great value beyond the utilization
that can be made of the motive power. The high utilization
made of the diesel power in sclected service during its earlier
vears has been reduced, as diesels increased in numbers,

This is indicated in Tahle 3 by the approximate snnual
milage shown for diesel locomotives, which dropped from
101 000 in 1953 vo 86 500 in 1957,

To establish a basis for comparison of operating costs and
investment, it may be assumed that the number of modern
steam locometives equivalent to the road diesel locomosimes
is inversely proportional te their availabilities. This assump-
tion is favourable to the diesel.

Then 7870 times 1-5 or 11 800 steam locomotives would
be the hypothetical equivalent of the 18 939 diesel units in
road service in 1957.

EFFECT OF DIESEL OPERATION ON
NUMBER OF TRAINS AND TRAIN-MILES

It is claimed that the latge reducton in the pumber of
trains as indicated by the reducton in train-miles since 1944
in Fig. 7 has been due to the multiple-unit operation of
diesel units, which has enabled the operation of longer and
faster trains in both freight and passenger service. This in
turn has allowed a large reduction in the number of trains,
thereby making large savings in operating labour. This
claim is given great emphasis by the diesel manufacturers,
and considerable credence by the ganeral public,

It docs seem plausible to relate the large drop in train-
miles after 1946 to the known substitution of diesels for
steam, as shown in Fig, 5, during this same period, Never-
theless, a little analysis will show chat these twe facts are
not at all related to each other,

Consideration of Fig. 3 shows that at least two diesel
umits are required to perform the service of the largest steam
power installed between 1920 and 1930, and up to 5 units
to equal the largest steam locomotives built after 1930,
Ever since the introduction of dissel motive power in road
service, the multdple-unit operation of two or more units
has been a necessity to equal the horsepower of the steam
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Table 3. Diesel operating starsstics 1933-57

ATl lncamoative- and train-miles in millions

i
1853 ! 1954 1955 1955 ! 1857 | 1953 against 1957
i : Increase, | Decrease,
. i [ JHEr oont | por Qent
Freight i e | i
Drigsel locomotive-miles 375 | A9l 428 446 438 17
Driesel wnic-miles 921 964 1054 1113 1134 23
Units per locomotive 246 2-46 2-46 230 2:59 53
Drieael train-miles 355 k] 0D 424 | 417 1n
Toral freipht train-miles . 492 i 7 47h Ta : 447 13
Cars per train, ad-0 ES-6 66-2 T o0 -3
{3ross [oNs Por train 2870 2800 3000 I 3220 123
Train-miles per train-hours 142 187 | 186 136 185 35
Pussenger 3
Diesel locomotive-miles 244 251 244 | 243 233 | 3
Drese] unic-miles 493 506 497 AR 1 /- 423 2
Units per [ocomorive 202 202 ' 204 | 2.07 208 3
Dresel orin-miles 239 246 [ 239 l 230 229 ! 4
Total truin-miles, locomotive pmpcllcd 302 288 a7 261 245 23
Total passenger train-miles 333 317 209 200 275 21
[Cars per train 10 97 10-1 10-3 98 | 2
Train-miles per train-hours 9.1 393 308 400 402 35
Toral : = | :
Thesel locornotve-miles 69 g2 | 671 GH2 671 b
DHesel unit-miles 1413 1470 i 185l 1415 1617 145
Units per locomotive 2-20 2-20 231 235 | 241 5
Train-miles, all 826 | 764 776 Pl e TR |15
Diagel : | I 4 _-! | ' |
Avcrage miles per Iocotnative, thousands i 101 | 50 935 .! BR-5 | 17

a1-5 |

lecomotive replaced, Multiple-unit operation is 1ot a virtue,
except where ‘double-heading’ or “helper service’ can be
tliminated, or reduced. It does provide also for some
fexibility for maintenance.

Thete are two possible explanations for the large drop
in train-miles singe 1946;

(1} The increase in cars-per-train and in tons-per-
train shown in Fig. § could be caused by the consolidation
of two or more trains into one much longer train, with a
reduction in the number of train-miles. This would call
for an increase in the number of dicsel units per locomo-
tive nearly proportional to the reduction in the number
of train-miles, in arder to justify the above claim.

{2) The sarne incresse in cars-per-train and in tons-
per-train, with the same reduction in tain-miles could
be due to the withdrawal of the many short trains on
Lranch lines and to loss of the shore-haul craffic on the
temaining trackage, The remaining traffic would be
handled by trains of no greater mavimum length than
before, yet the total cars-per-train and tons-per-train

would show a rise in Fig. § due to the eliminaticn of the
shorter trains which made up the average. In this hypo-
thesis, the number of diesel units per lacomotive would
show only a slight increase,

Diata on diesel unit-miles are not available prior to 1953,
In Table 3 are shown the diese]l operated train-miles, loco-
motive-miles, and diesel unit-miles in freight and in
passenger service for the years 1953-57 inclusive. Freight
train-miles decreased 10 per cent during this period, gross
tons per train increased 12-3 per cent, and cars per {rain
9-3 per cent. Units per locomative, however, increased only
53 per cent. These statistics indicate improved operating
skill in the loading of cars and trains, but this is independent
of the type of motive power.

In passenger service, train-miles (locomotive-propelled)
decreased 23 per cent, cars per train decreased 2 per cent,
but units per locomative decreased only 3 per cent.

Ir 35 quire obviows from Table 3 chat the data fits prlana—
tion {2 rather than explanation (1), and thar this entire
claim for the diesel is invalid.
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The average of 10 cars per teain in passenger service, and
70 cars or 3200 gross tons per train in freight service are no
greater than could have been handled by any average steam
or electric locomotive remaining in service in 1957,

Table 3 also indicates that the diesel, per 52, has not been
responsible for the slight increase in average speed shown.
it 15 probable that this increase is due to the elimination of
slower trains and intermediate stops, together with im-
proved dispatching and signal systems. Also, the elimination
of passenger trains allows faster average freight train speeds.

ANALYSIS OF LOCOMOTIVE OPERATING
EXPENSE ITEMS

Repairs

Road locomotives

The graph of repair costs shown in Fig, 122 is a funcron of
numbers, age, and type of motive power.

The ordinates of the ‘number’ curve and the corre-
spending ordinates of the “age’ curve in Fig, 5 were multi-
plied together to make a composite curve of both these
factars. This composite curve and the repair cost graph are
compared in Fig. 19, which leave little doubt that these two
factors dominate in repair costs.

The rise in repair costs with ape for steam locomotives
has been recognized for many vears. In Fig. 20 is shown
the result of 4 study of steam locomotive repair costs which
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Fig, 19, Road Jocometive repady costs, all class T raifsoays
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Fig. 20, Cost of steam Iocomotive repairs in dollars per

3G 000 ke.p.-mile unit

From report of Federal Co-ordinaror of Trmqonatiun, June 1934,
Coasts are zppooximately 1920 level,

appeared in a statement of the Federal Co-crdinator of
Transportation in 1934. This graph is based on a repair
cost survey covering about 60 per cent of all the steam
locomotives of all sizes and types in wse on the class I
railways during 1927-25,

The rise in repair costs with age for diesel locomotives is
often debated snd denied on the basis that after ‘heavy
repairs” the running repair costs drop te former Iow levels.
When the costs of these “heavy repairs’ are spread pro rata
over the intervening period between such heavy overhauls,
the total costs of repairs will be found to rise continuously
with age,

+5

CENTS PER 1000 EAILHORSEFOWERMILE LINIT

AGE—rears

Fig. 21, Compariton of szean, diesel, and electric loco-
motive repair casts o basis of 1953 price leve!

In Fig, 21 are shown comparative repair costs in cents
per 1000 rail-h.p.-miles, related to age, for steam, diesel,
and electric locomotives, The steam curve is the ‘Co-
ordinatet’s Curve’ from Fig. 20, adjusted from 1929 to
1953 price levels. The electric graph is from costs on two
class 1 railways operating similar electric motive power
designed around 1938, The diesel graphs are from studics
made in 1955 of repair costs related to age of more than
3000 diesel units of afl ages up to 12 years (on seven class [
railways). All costs are shown in 1953 price levels,
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The graph marked A is based on calculated diesel repair
costs for an economic life of 15 years. Point P is the cal-
culated repair cost in cents per 1G00 rail-h.p.-mile incurred
by all the road diesel power on the class I railways in 1957,
adjusted to the 1953 price level. The average age of this
dicsel power was 66 years in 1957. The point P falls
almost exactly on the graph A, at 17-8 cents,

Steam repair costs at age 66 years are 78 per cent of
diesel repair costs shown in graph A. Road diesel repair
costs in 1957 were $377-4 million. Equivalent steam power
of the same age, to petform the same number of horsepower-
miles, would cost 3377-4 % 0-78 or $293 million.

Yard locomnotive repair costs

It can be showm that the graph of repair costs in Fig, 136
also follows a compositie ‘number-age’ curve made from
data in Fig. 6. In 1957, diesels in yard service had an
average age of 9 years, The ratio of steam to diesel costs
{graph A)in Fig. 21, in the 9th year is 0695, Yard diesel
Tepalr costs in 1957 were 376 millivn. Steam locomotives
of same number and age would cost §76x 0605 or $52-8
million,

Fuel costs

The graph for fuel costs in Fig, 122 is a function of numbers,
type of motive power, and trends in the fuel market. It
shows & greater drop in the final 5 years than shown in the
repair cost graph. Without question this is due to the change
in type of motive power.

Diesels in road service have an average thermal efficiency
of about 26 per cent, compared with 6 per cent for steam.
In Fig. 22 are shown comparative costs, on a B.t.u, basis,
of fuel used by the class I railways between 1939 and 1957.
Although diesel oil is a high-cost fuel, the higher thermal
efficiency of the diesel engine makes it lower in cost than
coal for the same work performed. The cost of diese] fuel
used in road service, adjusted for ratic of efficiencies has
averaged 79-2 per cent of coal costs on a B.tou. basis during
the past 10 vears.

The cost of fuel for all road locomotives was $366-7
million in 1957, exclusive of %23-2 million for electric
power. Diesels were 88 per cent of total road power, using
this proportion of the fucl cost, which is §323 million. This
is 79-2 per cent of the cost of coal for equivalent service,
which would have been $408 million, making the total fucl
bill $451-7 for equivalent steam operation.

In yard service, with lower load factors and higher
stand-by losses, the ratio of efficiencies is approximatcly
15 per cent for diesel and 1-5 per cent for steam, or ten to
one. Diesed fuel costs, adjusted for ratio of efficiencies in
vard service, have averzged 34-3 per cent of the cost of
equivalent coal on g B.t.u. basis during the past 10 years.

Diesel fuel cost #40-3 million for vard operadion in 1957,
This iz 34-3 per cent of the cost of $118 million for coal for
the same service with steam locomotives, Diesel operation
was 95 per cent of the total vard operation, The total fuel

and power bill was $43-4 millien in 1957. With equivalent
steam operation, this would have been $121-4 million.
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Fig. 22, Comparative cost of fuels wsed on dass T rathways,
on Bt basts

Assumed Bt content: coal 12 500 per Ib; fael oil 149 K] per gol;
diesel oil 132 00D per gal,

Engine men

The graph for engine men in Fig. 124 is a function of the
reduction in number of locomotives, the weight on drivers,
and increase in wage rates.

In Fig. 8, locomotive-miles per train-mile shows a
teduction from 1-07 in 1940 to 1-02 in 1957. This 5 per
cent reduction is probably in ‘double-heading’ and ‘helper
service’, and can be credited to diesel operation. This can
also mean a 3 per cent reduction in engine men.

Engine men in road serviceetost $388-3 million in 1957,
On the above basis, they would have cost 5 per cent more
with steamn operation, or 54077 million. No statistical data
arc available for the additonal cost of engine men with
diesel operation due to increased weight on drivers.

No savings in the cost of engine men {$242-7 million) is
indicared in yard service. This is one example where
savings which mipght be made with diesel or electric motive
power cannot be made because of working agreements. The
second engine man {fireman) performs no essential function
on switching locomaotives of these types. Neatly $100 million
could be saved anoually by their elimination,
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Engine house expenses

The graph for engine house expenses in Fig, 12F reflects
largely the reduction in number of locomotives, branch line
terminals, and craffic and, to a lesser extent, the change in
type of motive power. The rise berween 1941 and 1954
reflects war traffic and operation of duoal types of power.

In the graph for this item in yard service, shown in
Fig. 13k, the downward trend since 1950 must be assipned
to the chanpe in type of motive power. Costs in 1950 are
the same as in 1941, at 3-0055 as a ratio cost. In 1957 this
ratio cost was 0-0036, a reduction of 0-0019, which amounts
to £156 million.

The ratio of road diesel units to yard vnits in 1957 was
2-3 and the ratio of hypothetical steam road locomotives to
roed dieszl units is 0-623. It may be assumed that the savings
in engine house expenses in road service for diesels over
steam would be §15-6%2-3 % 0-623, or $22:3 million. This
iz about $4 million greater than would be estimated by
taking the drop shown in Fig. 12% for the period 1940-57,

Water

There can be no guestion that the diesel is saving almost
the entire cost of water. Assuming the cost of $5-3 million
in 1957 was for the 1942 steam locomotives still in road
service, the cost of water for 11 800 steam locomorives
would be 5.3 times the ratio of 11 800 o 1942 or §32-2
million.

In yard service, there were 455 steam locomotives still
in service in 1957 and the water cost was 51-1 million. Had
all the 8227 yard diesels been replaced with steam, the water
eost would have been $1-1 times the rado of 8227 w0 455,
or $19-2 million.

Lubricants

In the diesel locometive, some of the lobricants are con-
sumed with fuel, The costs of lubricants are higher than
for other types of motive power.

Most lubricants are products of petroleum, which has
increased in cost 2-4 times since 19490 (see Fig. 22). Lubri-
cants cogt $7-5 milliem for 33 700 steamn and electric road
Iocomotives in 1940, The equivalent steam and electric
locomotives in 1957 wounld be 14 300, or 425 per cent of
the 1540 number. The costs of lubricants in 1957 on the
basis of above assumptions would be 87-5x2-4x 0425 or
§7-7 miilion, a very slight increase compared with the actual
cost 1o 1957 of $27-2 million,

Lubricants for yard service locometives cost $1-3 million
in 1940, Multiplied by the assumed rise in cost, this would
be $31 in 1957, compared with the actual cost of 344
million.

Other locomotive supplies

The cost of ether supplies has not been materially affected
by the change in type of motive power. These costs were
$8-8 million in 1957, for road locomotves, and 52-2 million
for yard power.

Summary of savings with diesel eleciric motive
puwer

The summary of savings for all the items of locometive
operating expense is given in Table 4, together with the
comparative total investment and the fixed charges. This
shows that the diesel lecomotives, in roro, made operating
savings of §137-0 million compared with the assumed
equivalent steam operation, on the basis of 1957 costs, For
each year in retrograde prior to 1957, the savings would be
correspondingly less.

The total investment is $1-8 biliion greater for the diesels,
and the fixed charges are 3165-5 million greater than for the
equivalent steam locomeotive investment, esceeding the
operating savings by $28-5 million.

In road service alone, the investment in diesels and pro-
rated facilities is $1135 million more than for the equivalent
modern steam power. Diesel operation is $49-7 million
chegper than steam operaton, but fixed charges amount to
$71-6 million more than the operating savings.

In yard service alone, the investment in diesels and pro-
rated facilities is $665 million more than with equivalent
steam power, Diesel operation is $87-3 million cheaper than
with steam operation, and fixed charges are only $44:2
millient greater than for steam, making a net overall saving
of §43-1 million. This is &6 per cent return on the $665
million increase in investment.

Quite obviously, the savings realized by diesel operation
in yard service have not been realired in road operation.
It is clear in the development of the analysis just why this
has not been possible. Nothing can be found in this analysis
to justify the claim so often made that the diesels are pro-
ducing a 30 per cent return on their investment. If this were
true, such large savings would become apparent in lower
operaring ratios, and in increased earmings.

EARNINGS

Each one of the class I railways is a private enterprise
operated primarily for a profit. In Fig. 23 are shown the total
capital stock outstanding, commen and preference, to-
gether with the amount of stock paying dividends, and the
total amount of dividends paid, for all the classes I and 11
railways. It is clear by comparing with Fig. 1 that earnings
are closely related to traffic.

The increase in dividends since 1940 does coincide with
the change in type of motive power; but to relate these two
facts is wholly unwarranted. Barnings for this period are
lower, with a greater traffic volume, than in the period
1925-30, when all the motive power was steam and electric.

OTHER CONSIDERATIONS

Ajthough the diesel is & cleaner type of motive power than
the steam locomotive, it still requires expensive ventilating
equipment in long tunnels and is excluded from operating
in large enclosed or built-over urban terminals. Any savings
resulting from the through diesel operation of former short
electrified sectons in tunnels are included in the general
statistical data studied.
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Diesel locomotive design has proved, as electtic loco-
motive design has proved in Europe, that high speeds can
be safely made with locomotives having small-diameter
driving wheels without the necessity of idle leading axies.
Thus gll of the locomotive weight may be used for adhesion.

Small-diameter driving wheels, and lower centre of
gravity do produce greater track and rail stresses. Rail
*burns’ from slipping driving wheels are more prevaient
with diesel operadon than with former steam. It is often
claimed that the change from steam to diesel has reduced

Table 4. Comparative costs diesel operation versus operation with equavalent modern steam on basis of 1957 costs
Ail figures in millions of dollars

Diiescl Steam
Cost | Saving Cost | Saving
RMJ pmr =
Repairs
Diesel and equivalent steam 3774 293 B4
Ciher 2 ’ & 516 516 |
Fuel: |
Diesel and quvslcnt sleam 366:7 a5 4517
Other : 232 e A Toiet i
Engine men 5 388-3 104 077 |
Engine housc mpcnsc . 104-2 223 1265
Watcr 5 53 26-9 322
Lubricants . ! 27-2 77 14-5
Qther 1mnm‘1vc suppl.tes { BB LR |
Taoial rnad 1n-a:.-<mmuve EXPETLSE 13527 | 1536 5 14024 1039 o
Met operuzmg sm-m,gs 4 I 4497
Yard potver i = s
Repairs:
Diegel and equivalent steam Th { 5a-8 232
(ither 3 7 b &1 a1
Fuel:
Desel and equivalent steam 405 775 114
Other , . 5 3.4 34
Engine men s s 2427 2T
Engine house prcnsc : 209 156 455
Water . 1 Lapied 187 194
Lubricants . 4-4 | 31 13
Other locomotive supplles 2-3 pd
Total yard locomotive expense AB-3 1118 AR50 24-5
Met operating savings . | B73
Toral cxpense, road and yard . . . - - : 17610 | | 18980
Total net operating savings . . = 1370
Twtrestment | ; 5 i
Road locomotives, 2760 | 1925 H35
Yard lpcaomotives 1120 | o a33 565
Tatal locomotives 5 3RE0 2450 1400
Facilitics {pro-rated 300 ruad 100 yard} - 40y 400
‘Toral investrnent . 4280 2480
Het soving in m\resrment i 150
Fixed charges
Drepreciation of equlpmum '
Road . Rt LR ; 1656 | 610 104-6
Yard 3 A & 504 175 329
Intecest on mtdepremted equxpment
Roadbia g 55.2 38-5 167
Yard s . . 22-4 111 113
Total fived charges, equipment 2036 | | s 1655
Total, all charges road . 1573-5 1501-8 T1-6
Total, all charges yard 1811 431 524-2
Total, all charges road and yard . ; 5 . o 20545 20361 an.®

Return on differential in invesonent for vard operation, 6-6 per cent.
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the cost of track maintenance. Maintenance of way costs
have heen carefully examined over the petiod studied to
verify this claim. No indication can be found that the change
in type of motive power has produced any savings in this
field. Such costs have increased slightdy.

M e e e ;
COMMON AND FREFZRENCE STOON OUTETANDING |

millians f dallars
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Fig. 23. Capital stoch c-rmf_ dividends paid, all classes |
and {1 ratfays

During the petiod since 1940, railway management has
heen beset with many serious problems, including increased
commpetition with subsidized carriers, loss of trathe, rising
costs, and higher operating ratios. To selve these problems
management has changed operating methods, made large
investments in new motive power, cars, and facilides, in
improved freight terminals and yards, in new sigoals and
dispatching systems, and in general improvements in way,
and in maintengnce methods.

In this period the total investment in the classcs T and 11
railways has been increased 59 billion, or more than one-
third. Of this increase, motive power and facilities have
accounted for 52-3 billion; new cars, §4 billion; with afl
other improvements accounting for the balance of 2.5
billion. The investment in diese]l motive power has been the
most spectacular, and has had the greatest amount of
publicity.

To claim, however, that the diesel is responsible for all
the operating cconomies made since 1935, or even 1945, is
to helittle the skill of management, and to expropriate the
credits due to these other investments.

Such ¢laims cannot be made equitably for any one factor
All have made their contribution.

This study simply statcs that the all-embracing economies
claimed for dicsel motive power do not appear in the
statistical record.

The diesel locomotive has not ‘revolubonized’ American
railway economics. In road service, diesel motive power has
added to the financial burden of the ralways.
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Tables 1a, 2a, 3, and diesel costs in Table 4 are compilad
directly from the LC.C. statistics. Tables 16 and 25 are
calculated fram Tables 1z and 2a respectively.

Figs. 1, 2, 4-10, 15, 16, and 23 are plotted from
LC.C. statistical data.

The average age in Figs. 5 and 6, the ratio costs in Figs. 11,
12q and &, 134 and &, and 19, and fuel costs in Fig, 22, are
calculated from [LOC.C. statistics,

Fig. 3 i3 compiled from locomotive encyclopasdias and
othet published data relativie to steam and dicsel locomotive
characteristics,

Dhesel and electric locomative maintenance costs shown
in Fig. 21 are from studies made in 1953 and 1955 in which
the author coflaborated. _

Depreciation costs given in the LC.C. statistics were not
always itemized for the different types of motive power, and
arc not used for reasons stated in the text.

Figs. 17 and 18 are {rom The Steam Locomorive, by Ralph
P. Johnson, published by Simmons-Boardman in 15945,

APPENDIX

HY POTHETICAL INVESTMENT IN STEAM POWER
EQUIVALENT Ta EXIETING DIESEL FOWER

Foad locomorites
Existing number of diesels (1937), 18 939 units.
At 1300 hop. average, 25 500 &2 LLp.
These units make 18 93972-41 or 7870 locometives,
Assume the number of cquivalent steam locomotives 15 invessely
proportional 1o their availabilicics,
Then TETOxO0/00, or 11800 steam locomotives will be
required.
28 500 D03 T« GOG0 i 45 000 W) h.p,
Aszume 1953 ax average vear of purchase,
In 1939, sream locomotives cost approximately $3Kh.p.
1929 priccs times 1-49 equal 1953 prices,
Sreamn locometives would cost 3437hop. In 1953, assurming
manufacturing wauld have been concinued.
43 000 000 hop. « §43/0.p. iz 81523 mullion,
¥

(]

“ard locomiarives

Exizring number of dicsels in 1937, 8227 units.
At 1500 hop. average, 12 250 000 hp.
Ar £45/h.p., B335 million.

Total inwvestiment road $19325
yard 345

total  E2480 million
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