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INTRODUCTION

This paper is an approach to the modernizing pessesf the great railway workshops during more thas
hundred and fifty year’'s life time. The subject @viously, too extensive and complex. What doescti
“modernizing” mean? The need of modernization camlle to several reasons, and it can cause diffefiacts,
from growth to reorganization or closure. At thengatime the phrase “railway workshop” can refeatwide
range of facilities.

We will explore the most important modernizing pFsses of the great workshops built by railway carigsa
for their own use, although there are a varietysitifations among workshops, depending on the datbedr
construction, the character or quantity of the wtwkbe done, finances, size and strategies of thengiing
railway company or prevalent ideas of economy. Mweg, the company does not usually build what ihtsdout

what it can.

«It may be said that the general layout of a skajot always representative of an arrangement deresi
the most satisfactory for the work to be accomplishbut rather the most practical under the cir¢antes
governing at the time the shop was buiits.Railway Shop Up to Datg907)

However, there were many points in common for thegomity of railway workshops, so we can broadly
approach to their modernizing processes becauseahtteem were affected, although some were moteeétore
than the others. Nevertheless, it is conveniertetar in mind that the analysis of every particaiase requires
going into a lot of details.

Nearly all the railway companies had a little numbglarge facilities to undertake the heavy repaf their
own locomotives and rolling stock.

Daily maintenance and light repairs were undertaesmall service workshops near the engine hobsgs,
because of use steam locomotive gradually becassed#icient, and every few years it needed to lb®ost
totally dismantled. This operation is known as \heeaepair’, and it is, in fact, the engine rebuilgi In addition
to required maintenance, at workshops the engirege wpgraded and improved, being their equipmesiaced
and new accessories added.

Large railway workshops, known as main, generalenitral workshops, were facilities equipped to utade

heavy repairs and improvement, even with experiaieatuipment, of locomotives and rolling stock. $&o
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facilities were also the suppliers of replacemeattp for the whole railway company, especially $onaller
workshops.

Besides, «constructing a new locomotive came withim capability of a railway company, who had the
advantage over external suppliers in knowing therafonal characteristics of particular designdawid
Boughey, 1999). In fact, a few companies built sdowmmotives and cars in their workshops, althoagha
general rule, most of this work was performed biemal firms. There were a number of exceptionthi® rule

however, and the most remarkable one was the Bgtakperience:

«By the early 1870s the majority of Britain’s largailway companies were building locomotives irith
own workshops, only occasionally turning to extémugppliers. Such a policy stands in stark contraghat
followed by foreign lines, with the exception ofettPennsylvania Railroad which met much of its own
locomotive requeriments internally from 187%. David Boughey (1999Business and Economic History

Railway own workshops are aimed to a specific woekair of railway material, especially locomotiveasd
rolling stock. Their facilities and equipment atenigar to those of an external manufacturer, budr¢his an
essential difference: railway workshops are indalstestablishments managed by companies whose main
business is the transport of passengers and gatsr than construction. The companies are battiymers and
consumers of their wares, and so they can affoichtmse their own way of manufacturing them. InrgHike
manufacturers, railway own workshops are industian larger establishments to work over locomstiaed
rolling stock, but with no identical objectives.

Christian Chevandier (1993) wrote ®heminots en usinthat railway workshop workers are a «Classe
ouvriére étrange, hybride, s'affirmant cheminotarajssant métallos». The same assertion is apfeicab
facilities as they are industrial as well as raijwestablishments. In this paper, we want to explo@n

modernizing processes at railway workshops, beanimgind their “hybrid” character.

TECHNICAL AND ORGANIZATIONAL INDUSTRIAL MODERNIZATI ON IN THE EARLY
YEARS OF THE TWENTIETH CENTURY

Even though during the XIXth and the first halftbé XXth century the product, that is the steanotoative,
had no significant variation, railway workshops @eiffected by the great industrial changes in #r/ gears of
the XXth century. Two of those changes should havbe underlined: one of technical nature, occuméeén
electricity stopped being a scientific experimemtbecome an industry, and the other of organizatioature,
when the new scientific management principles viem@ulated by Taylor and his disciples.

However, as a general rule railway workshops adbptevelties very slowly. A 1907 publication by Realy
Master Mechanics observed that railroad shops wertremely conservative in the matter or takingnapv
ideas, and probably working to less advantage #mnother manufacturing establishment, for theaeabat
railroad repair is practically devoid of competitio (Seely, 1977The Construction of the Eire Railway System
On the other side of Atlantic Ocean, Alfred Willigmn hisLife in a Railway Factor§1915), asserted: «many of
the methods employed, both in manufacture and adiration, are extremely old-fashioned and antigdatn

idea has to be old and hoary before it stands acehaf being admitted and adopted here».
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Modernization would reach railway workshops, asriany other cases, at the moment and the manner it
became possible. That is, only when the worksh@besy became inefficient and too expensive, the emyp
would undertake modernization. Maybe this was a@ubusiness growth, since workshops needed to gritw w
railways, or to any other reasons such as fireewah or reconstruction of the buildings. And modeation
would just go as far as finances, available landimumstances allowed it. Moreover, given the ceduinumber
of workshops and their essential role within raywexploitation, modernization had to be undertaigtmout
stopping the industrial activity and so workshopgewpdated mainly by additions, rather than nemstaction,
and generally later than other industrial groups.

The example of Piermont Shops (Eire Railway), dbedr by Seely is valid for almost every railway

workshop in almost every country and time:

«The [workshops] building represented a potpourritane of types, materials and sizes, added on an ad
hoc basis whenever the railroad found some newlgmoho meet... The Erie was not the only railroad to
facilitate maintenance in such an unplanned fashid® railroads were learning as they went ands mgaki
changes and additions as needed. But the impgmaffinances obviously limited how the Erie coutdke
those additions. m: Seely (1977)The Construction of the Eire Railway System

Great changes normally will happen at completely fegilities, designed according to modern concépts
take advantage of available technical resourcdsntpractise old facilities were mostly used, wherodern and
old-fashioned elements coexisted. As a result, mozkgion will not be the best as possible, as ipresty
pointed out, but the most suitable according tomeend requirements of the company. One exampgjeén by

Carolyn Dougherty:

«With plenty of room to expand, the shops built rfawilities... rather than demolishing older onesw
processes were also accommodated in newer shopthén locations. Buildings were built for particula
purposes, and then either torn down or reusedadsiérebuilt or redesignedin: Dougherty (2002)Southern
Pacific Company, Sacramento Shops

In essence, it is not the kind of work itself witiitanged, but the resources and methods to do the wo
Nevertheless, there were some technical changesdheelled railway companies to modernize theiilitées;
as an example, the increasing size of steam lodeesptthat rendered progressively inefficient sammiévay

facilities, although this circumstance had muchengffect on engine houses or turn-tables than aokshops.

TECHNICAL MODERNIZATION: THE APPEARANCE OF ELECTRIC ITY, A NEW SOURCE OF
POWER

The first technical problem to be solved was tcaoige a maintenance system, with two main optieitser
many small facilities involving shorter movementdaromotives and rolling stock, or few large editfiments
with greater operational capability. Most publicat about railway engineering, both American antpgean,

consider the centralized maintenance system, wige well equipped workshop as the most viabtéop

«ll n'existe généralement, méme dans les lignesplas importantes, qu'un seul atelier de grande
réparation. Cet atelier est une véritable fabrigor construire les machines aussi bien que psuélearer; car
réparer une machine locomotive usée par un longitra'est souvent la reconstruiréns Perdonnet (1860),
Traité élémentaire des chemins de fer
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«Puede, pues, haber sobre una linea muchos tallecaadarios para el entretenimiento conveniemte; p
las grandes reparaciones se hacen en uno soloomesétuye un verdadero establecimiento industriil:
Vallespin (1875)Lecciones provisionales sobre ferro-carriles

«lt is much more economical for any road to have grand machine shop, at which all the principalkwo
of construction and of heavy repairs shall be dtime, several small ones. The best and cheapestisvddne
by costly special machinery, which ought to be jtes for any great establishment, but can not frddd for
several shops; such machines are generally capfttEng all the work that could be required ofrthéor the
largest road, an need no be duplicated if the itapbrepairs are concentrated at one plaire.Paine (1884),
Elements of Railroading

«No matter how large and complete the main shop begythe outlying points can advantageously and
profitably use a moderate tool equipment for takdage of running and light accidental repairs, ieg\heavy
repairs and manufacturing to be done at the mapsshVith such an equipment and organization, vieuse
that relatively small shops are undesirable, experand unprofitable, and that the larger, compfezquipped
main shops will handle the repairs in the mostséatiory manner.in: Convention of the American Railway
Master Mechanics' Associatigh905)

The first modernization process, in some railwayas the concentration of resources in a small nurabe
facilities. Some American and most of European camgs early had specialized establishments for yheav
repairs, whereas for other companies it was as&pooblem which would never be completely solved.

In the end of the XIXth and early years of the XXt@ntury, several technical advances having amemaos
importance for industrial processes appeared, asctvelding, the use of air driven small tools a tieavier
machine tools with high speed steel. But the maogiortant technical advance was, undoubtedly, ttrednction
of electricity as a source of power. Thanks to teleal transmission of energy, industrial plantalldobecome
safer, and more efficient, reliable rational.

Concerning railway workshops, electric power maagreat step forward mainly in three aspects:iciglf
lighting, overhead travelling cranes for liftingtiea locomotives or their heaviest parts, and maehools with
electric independent motors.

However, the adoption of those advances did nat thk same time in every case. While electricigiaif
lighting rapidly spread out, overhead travellinqarees, that required high and strong buildings veitiid
foundations, would take longer, and the introduciud electric independent motors for machine tawds very
slow. In fact, the machine shop with hundred of hagdcal transmissions and belts often survivedaiiway
workshops until the 1970's. In the meantime, thegee intermediate phases: the installation of gegenerators
associated to steam engines, the use of old ma¢baie which had their steam boilers replaced lBctelc
motors but their mechanical transmissions presendedtually, few railway workshops took readily the
advantages of the new source of power.

Electric power had an effect not only on procesbasalso on workshop layouts, since the new pditisb
offered by technical advances required a diffespaice arrangement.

We can use as an example to approach this sulsttoo extensive and complex- the main buildirajs
locomotive works, that is, the erecting, boiler amgchine shops.

Typical arrangement of the XIXth century locomotiwerks, whenever the size and the shape of availabl
land made it possible, was a main building for betlecting and boiler shops, and great courtyards th
guaranteed light enough and allowed to make outghdzs. The main building contained a transfer taileich

permitted the central bay to be divided into roWemcting pits perpendicular to the building lcergs. We can
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see a typical example of this kind of building fmecting and boiler shop at Batignolles Works (nearis),
designed by Eugéne Flachat for bempagnie des chemins de fer de I'Oure4i856.

CHEMING DE FEA OE LOUEST. ATELIERS DE BATIGHOLLES -
g....? PR T — |

A

Image 1: Batignolles Works (France): Erecting anitebshop in 1862

The building, usually wooden, was cheap and simpith light foundations. The lifting of locomotivesas
made by mechanical means, and the heaviest pketshé boiler, were moved by the transfer table.

The machine shop was near, but normally in an ieddent building. This layout was imposed by the
necessity of a long and complicated system of m@chhtransmissions operated by a steam engineeiMents
were transmitted to machine tools through belt$rell Williams described one of those characteristiops at

Swindon Works as it follows:

«The fitting sheds are large buildings and are phekiéh machinery of every conceivable shape and.kin
Within them are lathes large and small, machineslfatting, shaping and drilling, drills for boringund and
square holes, punches and shears, hydraulic teenkéeyarious other curious appliances almost inuapaf
description. There are hundreds of yards of sthafting, pulleys ands wheels innumerable, and miles
beltage [...] To view the interior is like peerimgto a dense forest where all is tangled and ceafuend
everything is in a state of perpetual motioim:»Williams (1915) Life in a Railway Factory
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Image 2: Transmissions and belts diagram in alsmathine shop.
East Broad Top Railroad & Coal CompaniAER PA-127-A

Image 3: Old machine shop in Valladolid Works (Bpa1950's

In the layout of locomotive workshops the importut the transfer table remained undiminished W&o,
despite difficulty and long time needed for opergtinside and frequent breakdowns as a result.aftieal of
electricity gradually imposed a new more compagbla (natural light is no longer essential). Thanmauilding,
now including erecting, boiler and machine shopsiseto a longitudinal layout, with long erectingdks parallel
to the building long axis. Transfer of elementmade by overhead electric travelling cranes worliitig groups
or isolated, at several levels. In this way, thecting, the boiler and the machine tool shops ame arranged
following the productive process phases.

Although there are a lot of examples to illustrties layout, German Braunschweig Works, built foe t

reparation ofReichbahnstandardized locomotives is a particularly inténgs one. These workshops were

6



I lRHA INTERNATIONAL CONFERENCE| RAILWAY MODERNIZATION: AN HISTORICAL PERSPECTIVE

described in a 1929 journey report of a group oriigh engineers. The layout allowed the introductid
streamlined work, with the suitable arrangemengpEcialized machines and workers to undertake hespajirs

in eleven one working day phases.

«In earlier shops the use of the transfer table thagrincipal factor in determining the most picadtlay
out in providing communication among the buildin@&e introduction of the powerful overhead travelli
crane, capable of lifting the heaviest locomotigeshown to have modified the arrangement of bogdi »in:
Railway Shop Up to Datg907)

But this little example is useful as well to undargl that analysis of every particular facilitywery complex.
There were longitudinal erecting buildings equippeth overhead travelling cranes before electriaitsival, but
only in the greatest world workshops like Altoorefinsylvania Railrogdor Crewe Worksl{ondon & North
Western Railway Those travelling cranes, however, were ineffici®ecause they were not powerful enough and
they frequently broke down. In addition, in manges, old transversal buildings coexisted with nemgitudinal

ones.
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Image 4: Emplacement of new erecting shop in \dalid Works, 1912.

It is also remarkable the different viewpoints stimes found depending on whether the informaticurs®
is American or European. Regarding the longituddesign of erecting shops, J. Davis Barnett wrgtéhle end
of the XIXth century:

«The European practice of making the erecting shoppwacompared with its length, using three (or at
most four) longitudinal tracks, and spanning themtheir whole length with overhead power travelaongnes,
has not often been adopted in America, althoughhawe specimens at the Canadian Pacific Ry., Mdntrea
Altoona, West Burlington, Indianapolis, Roanoked @ Hamilton, Ont. #n: Barnett (1889), «The Design and
Construction of Railway Shops»

Nevertheless, this layout was called the “Ameritge” by Galine Exploitation technique des chemins de
fer, 1901) and other contemporary European engineespitdeAmerican practice, even after electricity,swa

plenty of transversal buildings for the erectinghalthough equipped with electric overhead tilanvgkcranes.
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As a matter of fact, it was electric power that méahgitudinal layout buildings to be preferred aadwidely
adopted.

In short, railway workshop engineers were consciouthe main problems of their old facilities arttet
modernization of technical elements was generallgentaken by railway companies, if not quickly |edst as
soon as particular circumstances made it possible.

It did not happen the same way with the other gme@distrial change of the XXth century: the scigati
management.

ORGANIZATIONAL MODERNIZATION: THE SCIENTIFIC MANAGE  MENT AND RAILWAY
WORKSHOPS

Like technical advances, the new organizationalhows were widely known but, contrarily, railway
companies did not adopt them equally, becauserdre}y believed in scientific management as thd ey to
do the work with the available resources.

Spreading ways of knowledge about new methods wbaldbasically the same as for technical advances:
visits to foreign facilities and technical journalsd magazines, some of them worldwide knoRevue Générale
des chemins de feRailway Gazettand others). Far-reaching articles like «Notel'suganisation du travail dans
les grands ateliers de locomotives de la Compaduiehemin de fer d'Orléans», by Marcel Bloch, mitdd in
1925 in theRevue Générale des Chemins de, Eaused a great stir originating quite a lot ahogents and new
articles. So did engineer’s travel reports, usumalany railway company and sometimes having a great
repercussion.

We will not analyze in this paper such a deeply kangely debated subject, and we will only point some
particular aspects concerning scientific management

First of all, "scientific management" involves adeirange of processes and actions which should be
individually studied, although they are often gheaelated, such as scientific accounts, the spaicEngement,
the bonus system of pay, time and task analysssijgervising.

On the other hand, to study the application ofrddie management principles in railway workshopssi
necessary to consider at least:

- The financial situation and labour relations atrhibvay company at that time.

- Technical characteristics of tracks and lines,tyipe of exploitation and business strategies
of the company.

- Technical knowledge of working process in everypsfio which parts of the process and to
what extent could it be applied taking into accotlet great variety of tasks involved). Sometimes
work is similar to mass production, but some taslesalmost handicraft.

- Real data that allow to analyze the impact of neethwds on the final results, beyond
official sources. At this point we find a generablplem of historic studies: partiality of the
information. In this regard, we cannot forget thablications or visits show just what they want to.

They relate us all about success, but nothing gaitiems without solution; they would never say
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for instance that a long, complex, expensive ratmgdion did not produce the expected results.

Unfortunately, in most of the railway workshopsstkind of historical data were missing.

We want to emphasize that the application of sifiemhanagement met a lot of trouble in both Amaric

and European railway workshops. Still in 1975, lee¥Vaters wrote:

«Much progress has been made in rationalizing labtlization. Unfortunately, there are still colegs
ways in which resources are wasted. The odd ruldarn force management to adapt their decisionhéo
incongruities which, in turn, may make both opemgipractices and technological changes less thémalp»

Waters (1975): "Railroads from World War 1l to Datied Beyond".

In this paper we want to approach the main problefngork rationalisation in railway workshops: tkiad
of work to be done, the necessity of a great inmmest whose results were uncertain, the necessigoofanizing
the whole exploitation system of railway compaiing hecessity of solving ancient problems, the @stein work
quality considered as a main principle, rather tfpaantity.

The first element to take into consideration is kired of work entrusted by the company. Almost gver
railway company in the steam age had an enormaiestyaf locomotives, from several manufacturetsprggly
differing one from each other in parts, maintenaame repairing methods. This problem becomes ewererdue
to the fact that most of the large railway compargeesw by mergers or absorption of small railwagsluding
locomotives and rolling stock. Finally, features sitam locomotives were also very different acewdio

characteristics of railway lines or the way of exation of every company. As a result,

«... sometimes the work resembled mass productiout.most shop work was repairing existing rolling
stock. There were many types of locomotives, fremid passenger cars. Although they had many common
parts, there were countless variations in theircétire, which mean that the work was more varietiraquired
more skill than repetitive assembly-line mass pobtidn.» in: Graves (1981), «Applying Scientific
Management Principles to Railroad Repair ShopsJdmda Fe Experience»

«By 1883 the Sacramento Shops was maintaining d86niotives of 48 different types and from 15
different manufacturers. To maintain such a caibectt would have been easier for shop staff taitatbe new
parts than to stock and catalog spare parts falydype of engine...in: Dougherty (2002)Southern Pacific
Company, Sacramento Shops

Secondly, the application of scientific managemmuuired long time, large investment, the resulesev
uncertain, and made much more complicated the aaiion of work. In addition to introduction cosgtterment
in results should be enough to assume increasedrajenperating expenses. Regarding this subjeendar
engineers Asselin and Collin, in a series of atighublished in 1906 in theevue Générale des Chemins de, Fer
after a business trip in United States of Amengandered if application of modern methods of rai@ation
would not mean greater expenses than needed tar@ctew material, enough to slow down the workhie t
workshops.

In third place, streamlining work in workshops itwed the reorganization of the whole exploitatigistem
of railway companies. To the ancient work qualibjeztive there is now a new one to be added: tteateon of

time devoted to heavy repairs.
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In the United States, railway companies tried tckenan intensive use of locomotives by increasirgjrth
services at much as possible which involved reddffifrequent replacements of expensive materiadl sm
reduction of the number of immobilized locomotiasvorkshops became a very important question.

But in most European railways during steam eradihjective was to prolong useful life of locomotivas
much as possible, and so, every locomotive haowits staff (engine driver and stoker) always sengawith it,
as it is explained in almost every treatise onwayls. Consequently, railway companies had a greaiber of
vehicles, different in age or characteristics, Wwhiomplicated the work, but allowed them to easgiyder train
services. In this way, as the main objective ofku@tionalization in workshops, that is, reductmriocomotive
immobilization time for heavy repairs, it was notimportant, thus it was considered as more raktioodo adopt
all the principles of scientific management in wairkps.

In 1933, a group of Spanish railway engineersetsgeveral French and Belgian workshops. In therteyh
this journey, they described in detail the systéwark at Tours Works (where Marcel Bloch had unaleen his
changes), and they concluded that the successlicaon of that system in Spanish workshops watdeast,
doubtful.

«La disposicién general de nuestros Talleres no petenadopcion de este sistema o por lo menosderia
dudoso éxito, y por ello tenemos que apelar parganar nuestra produccion a trabajar simultdneasmiire
mayor namero de locomotoras, aumentando su estaregdéa, para el mejor aprovechamiento de la mano de
obra.»in: Compafiia de los Caminos de Hierro del Norte defiss(iE33)

The following data are an extract from the samemegProbably, this information is a somehow ditsdr

view of the situation, but it shows that the reéutof average stay required larger facilities amate workers.

Capacity Monthl_y Average stay
. Workers production
(locomotives) . (days)
(locomotives)
Epernay (France) 15-16 1.600 6-7 28
Hellemmes (France 12-13 1.600 5-7 27
Tours (France) 13 1.300 8-10 20
Valladolid (Spain) 10 1.280 12-13 60

There is still another essential matter: to be assful in adopting scientific management, it was
indispensable to solve ancient difficult problemspecially those concerning interchangeabilityeplacing parts
and material, by means of a reliable supply andveligl system or a new space arrangement. In geterak,
these are basic principles of Taylor's system,buailway workshops they were present before Tiagtad were
not easy to solve.

Regarding space arrangement, as already seen tedhmical section, it was always an essential Iprop
present from early activity in railway workshopsof the Auguste PerdonneTsaité élémentaire des chemins
de fer(1860) to any technical railway magazine , thishbem was examined with great detail, as showrhby t
two following examples:

10
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«The relative positions of the several shops tovearch other should be studied, with a view to make t
journeys of the things which go from one to theeotbhop as short as possible; and also to workigiwr@ny
shop from one end toward the other, where sucaesgigrations are required on the same material. Baine
(1884),Elements of Railroading

«Le varie sezioni dell'officina [...] debbono pursere disposte con nesso logico al fine di renahémano
il trasporto dei materiali che da una lavorazioeblbno passare ad un'altrény Opizzi (1913),Ferrovie e
Tramvie

However, better arrangement inside railway workshopanged as time went by and always depending on

available technical resources or work organization.

Other important question related to all the aboesmtioned is standardizing locomotives, rolling kicspare
parts, machine tools or supplies. Any official do@nts of railway companies, early referred to thpdrtance of
the standardization. Paine (1884) wrote: «nothsgnore important upon a railroad than interchaniggadbf
parts in every thing which is subject to wear», &un in engines from the same builder interchaitigawas
rare. In the twentieth century it still remainedaseavy problem in most railway workshops, althiosgme
companies, aBennsylvania Railroadyot it solved soon. The Altoona Works «introduseahdard car designs in
1859, standard locomotive classes in 1868 and, thithestablishment of the first railroad test depant in
1874, standard product specifications.» (Petert,Si®90; Pennsylvania Railroad, Altoona Workslistoric
American Engineering Record PA-108)

For those railway companies that solved the proléstandardization, and normally in new facilitias the
above mentioned case of Braunschweig (speciallit buiundertake the heavy repairs of only six typdés
locomotives), the introduction of the scientific magement resulted in great success. But in margr aises
starting from old facilities and a great varietynoéterial, railway companies considered that thetiem itself of
these old problems would be enough to get a spdataicnprovement of workshop efficiency, withoutigg into
more controversial or complicated subjects sudboasis system of pay or analysis of times and tasks.

On the other hand, the objectives of railway congsare different from manufacturers’ Above quandit
rapidity, quality of work, and very specially theliability of the vehicles put in service, was tiain objective

Asselin and Collin (1906, op. cit.), as they exasdiimerican railway workshops, wondered if qualyuld not

feel the effects of the new methods. The followithgee examples, American, French and Spanish ones

respectively, show how important this aspect wasdibway companies:

«When engines are bought from the manufacturers thee sometimes more frequent failures or small
parts than upon the engines which are built instiaps of the railroad company, probably becaude wack is
done by the piece in the manufactories and by #lyeid most company's shopsny Paine (1884)Elements of
Railroading

«Le systéme qui consiste a confier les réparationsmdtériel & l'industrie privée a été longtemps
controversé. Les services de traction, qui trouletrtavail moins bien fait que par leurs propregiers, y son
en général hostilesin: Bricka (1894)Cours de chemin de fer

«Los obreros de los ferrocarriles producen, poreloegal, menos que los de la industria particuletjdb,
por una parte, a la organizacion existente en taspafnias, que impide favorecer de un modo rapitis a
agentes que tienen gran estimulo para el trabajogryotra, & la constante atencién del personal fadoricar
todas las piezas del modo mas perfecto y acabadmatar de encubrir los defectos que presentaagtrial. Si
los trabajos efectuados son mas caros, tiene ebicdm garantia de construccion, y el que, con asen

11
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herramientas, se puedan ejecutar las reparacionesfema y tiempo que mas convenga a las neassdadel
servicio.»in: Rahola (1913)Tratado de ferrocarriles
Application of scientific management involves muubre complexity, with a lot of aspects to be takdn
account such as systems of pay: either individuatallective, by day, by piecework, or bonus syseas
proposed by Hasley, Gantt or Rowan (used in Freaiblvay workshops). Even in a lot of American wdrkps,

railway companies never tried to introduce thostesyis of pay, as shown in the following examples:

«The SP apparently never tried to institute pieckwairthe Sacramento Shops. At various times some
shops [...] had quotas for individual employeesedtshops [...] worked on an assembly line andéhddily
quota. [...] But this was not typical; generallyogotook as long as they took the workers were roerally
pressured to work quicklyin: Dougherty (2002)Southern Pacific Company, Sacramento Shops

«Emerson's work on the Santa Fe was not widelyecbpio my knowledge, he introduced his form of
scientific management to no other railroad. [.heTonly other railroad whose shops were Taylorized the
Canadian Pacific, but this was engineered by H.Gantt. »in: Graves (1981), «Applying Scientific
Management Principles to Railroad Repair ShopsSdrga Fe Experience»

Another aspect contributing to complexity was laboelations. As Carl Graves explained, the labour
movement normally objected to the application desiific management that, in its turn, was the asrsof

companies to the increasing importance of tradensi

«My research suggests that scientific managememidféwo obstacles in railroad shops, one from the
workers and one from the managements. Were itorastiff worker resistance, the system might hgwead
farther. Perhaps equally as important, railroad agaments were often sceptical of major reorgaizadif
their shop operations, for understandable and ootrslerstandable reasons. The bonus system endtw on
Santa Fe in 1918, not because the company dedided tvas no longer useful but because it was uimdense
pressure from shopmenin: Graves (1981), “Applying Scientific Management Bijales to Railroad Repair
Shops-The Santa Fe Experience”

Scientific management was, in addition, a busirsassver against increase of trade unions. Againar C
Graves’ words (1981): «By introducing scientific mgement, the Santa Fe hoped to check rising repais,
increasing union influence over shop work, and gardeterioration in worker-management relations. »

Finally, the achievement evaluation of introducsaentific management in railway workshops can et
possible without taking into account technical elegeristics of both railway material and the faéi@8 built to
repair it. In some works, where repetitive tasksembled mass production, it was quite easy to apply
methods (manufacture of spare parts or rebuildihgresght cars), while in any others it turned te beally
difficult, because they were more varied and reglinighly skilled workers. For example, the finas@mbly of

the locomotive, on which reliability and high quwlof repair works depended essentially.

«The conventional steam locomotive was a robust maatomprising several closely interrelated major
components, such as the boiler, the cylinders argine motion, and the smokebox front end and steam
passages. Their relationship needed to be welhbathto achieve optimum performance and efficiambich
were also significantly dependent on the skill afféctive teamwork of the footplate crewin: Larkin (1992),

An lllustrated History of British Railways' Workshops
Even if scientific management had been put intetira to a large extent of the workshop, and aéféctor
example, 60% of workers, can we assert that it avageamlining organization when the most importaniks

depended on “the skill and effective teamwork” afrisers?
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One more time, it is curious to verify up to suchextent railway engineers were conscious of tbin
problems, and looked for possible solutions atdtier side of the Ocean. Whereas European engimders

visiting American companies had great admiratiartiieir good operation Charles Paine wrote:

«The breaking down of the engine while upon the maxlrs oftener than is creditable to our constmsct

or to our master mechanics. It is proper for thgesimtendent to expect, when a machine is sentootatke a

train, that it will run through, without hindrané®m defects in the machinery. It is said to bare roccurrence

in England or France to have an engine disabled thmmoad, and this is affirmed upon the best aittho It

seems, from the continual break-downs, as if nb $egson was taken to heart upon many Americawags.»

in: Paine (1884)Elements of Railroading

In short, the knowledge of organization new methads quickly spread, but most of railway companies

were reluctant to apply the methods in their owrrksbops because of financial difficulties or beeatiseir
exploitation general strategies would get compéidateven though some elements of scientific managem

already existed at workshops longer before beingdated by Taylor.

«L'effort de rationalisation du travail des dépdtsies ateliers a débuté bien avant que ne se ratmife
l'influence des méthodes tayloriennes. Cet efforicerne tout autant la mécanisation des opératigunes,
l'organisation de l'espace ou la spécialisation tdehes. Son essor s'est trouvé limité par lesraioigs
financiéres et par une vision de la technologieagsociait le travail bien fait et la qualité doguit au savoir-
faire ouvrier. »in: Caron (2003), «A propos de la rationalisation dwail dans les ateliers des compagnies de
chemins de fer en France, 1880-1936»

THE EFFECTS OF RAILW AY MODERNIZATION SINCE WORLD WAR I

The Second Industrial Revolution, especially repiaent of steam with electricity or petroleum praduas
source of power, reaches to rail. In the early yedrthe XX" century railway industry tried out new electriaan
diesel locomotives. After World War 1, old steaailway traction gradually moved into diesel andceie type.
Hegemony of steam would go down in History. Nortme&ica adopted diesel locomotives quickly. The pssc
in Europe was slow, and often electrifying the ¢ingould be chosen instead. Anyway, the number ednst

locomotives decreased year after year. By the $9705t railway companies gave up steam for ever.

«Steam locomotives were scrapped, given to museamtstned over to park were children showed atgrea
capacity to dismantle themir: Waters (1975), «Railroads from World War Il to Dated Beyond»

New engines had many technical advantages. They mach more reliable and had greater autonomyr Thei
maintenance was not so frequent and the faciliteesded to do it were simpler than those for steaes.0As an
example, thanks to double driving cab, changingtmaing direction was very quick and easy, andetlveas no
need of special facilities (turn-tables or tracksiaged in triangle) to do it.

At the same time, new traction systems requirecefemorkers and railway business became less importa
for society and consequently less profitable; raye declined before road or airlines. Nowadaydwagi has
recovered certain importance thanks to urban t@bhsmnd high speed trains, but new trains, normadif-
propelled cars, need a new kind of maintenance) wie replacement of parts at set intervals to irhie

downtime. Facilities are better equipped than thiege in the past, but they are smaller and simpler.
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The end of steam age and the new circumstanceseedirastically the importance of great workshops.
Nowadays, railways do not need huge highly spegdlfacilities, with complex layouts and severalubands of
workers.

In addition, great manufacture firms, affected bgse problems as well, have suffered a wide prooéss
concentration in recent years. Great new trangmaltiirms have extended their business from constm of
new material (not only for railways, but also aipés, ships and others) to repairing and maintenahwmlling
stock.

As a result of those processes railway maintenagsgems need to be reorganised. Concerning great ow
workshops some has been limited or relocated, lost old workshops have been closed or sold to mxtérms,
and their workload transferred to depots or privatetractors. WheBritish Rail was born in 1948, the company
had 49 "Main Works" coming from old railway compesti 18 for locomotives, 14 for carriages and 17 for
wagons, although in some of the railway townslaké activities were undertaken. By 1992 only Eagitl and
parts of the Main Works in Glasgow, Doncaster andlwafton, now under the titlBritish Rail Maintenance
Limited remained as BR ownership. Works in Crewe, Derld/¥ork were sold in 1989, and now they belong to
Bombardier Transportatian

In some cases, great industrial spaces remaintgteiheart of urban areas. Towns will provide thplsees

with different uses, from parkings to apartmenidiogs or shopping arcades and occasionally railmageums.

THE END OF STEAM AGE

After World War I, the largest railway workshopsere gradually reorganized to be adapted to the new

traction material, mainly reusing existing buildéng

«Diesels represented a radical technological dismaity, since they did not share any significant
technology or components with steam locomotives sinde their manufacture demanded vastly different
organizational routines and managerial competenseq: Churella (1998), «Market Imperatives and
Innovation Cycles: The Effects of Technological Didaumties on the Twentieth-Century Locomotive
Industry»

But electrical and diesel locomotives representasl, Albert Churella said, a «radical technological
discontinuity», that required a new system of nemnance and repair, often new facilities, especiaith regard
to depots and daily service workshops, and a neff. §there was no need any more of many old jolu s
blacksmiths or tinkers, and new locomotives need®d skilled workers, like electricians and motogiaeers.

Skill of workers is now less essential. Repair add®rn locomotives is made mainly by replacement of
standardized elements, manufactured in externatiaed firms, which in some cases also designed a
constructed the locomotives as well. Repairs canmbde quickly, and final results depend on the rieeth
resources available rather than workers’ skill.

Steam locomotives were robust engines that couldpéete the journey, unless a really major failure
occurred. But they were very susceptible to thepemaments both of their own machinery and the ciziesel
and electrical locomotives are much more reliablewever, these engines can become completely infisedi
by the malfunction of some components. To finddlement which causes this malfunction can takedotige.
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«The story goes that if a steam locomotive failedequired fifteen minutes to find the problem amight
hours to repair, while with a diesel, a failure teceight hours of work finding the difficulty aiftten minutes

of repairs»in: Seely (1977)The Construction of the Eire Railway System

In addition, final quality of the works is alwaysrmst the same, and modern locomotives do not seed
many heavy repairs. Locomotive maintenance carchedsiled, and it is not necessary to send it dfiegreat
workshops. Between two heavy repairs of a stearmeni could run about 200.000 kilometres, but erodself-

propelled cars run about 1.500.000 km.
Concerning maintenance system, the new locomotinesde decentralized workshop organization

economically desirable. Largest workshops tend geciglize in a few types of works (certain types of
locomotives, rebuilding or remodelling freight aagsenger cars) and gradually the size of thesé woelshops
declined. Self-sufficiency, typical way or productiin railway workshops, is given up. At the sainget small
service workshops grow and improve their equipm&he result is that differences between minor argjom

workshops are not the great gulf any more. Wheanstiwcomotive disappeared, railway workshops lodked

less spectacular and more commonplaces.
In recent years, new maintenance models have spidatse new models follow the same tendency to

increase equipment and decrease staff. The traditarrective maintenance pursued to solve braakdpwhen
there was a failure. Now, new methods look for dwm appearance of the breakdowns (preventive
maintenance), and try to determine, by a detailelyais of incidents, the weak points of enginegdctive

maintenance). Now, railway maintenance is moving systems which include all these types.
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Image 5: Development objectives in maintenanceiagtifrom presentation document of
Matenimiento Integral de TrengSpanish railways Business Unit for maintenanakrapair
locomotives and rolling stock), 1997.

Anyway, even though diesel and electrical locomesivnade railway workshops lose their dominant role,
they will remain as an important element of raisimess for the rest of the twentieth century.
Railway workshops have increased their workloadijpgfating old-fashioned cars or self-propelled cansl,

in some cases, expanding their works to foreigentsi.

15



I lRHA INTERNATIONAL CONFERENCE| RAILWAY MODERNIZATION: AN HISTORICAL PERSPECTIVE

At the same time of technical changes, there drer@spects to be taken into account, especialyétline

of the railway as a way of transport and the eatrfargest manufacturers firms into repair work.

RAILWAYS: A DECLINING BUSINESS

As the twentieth century went by, rail lost itser@s almost universal way of transport in cometitivith
roads or airlines. This subject may not be newrtgoae. After World War Il railways went trough at lof
problems, profitability of business strongly deae@d and became, in the case of private companidsnkrupt,
compelling governments to get involved into revation programs, the same as for government. Iatmails,
the abandonment of loss-making lines has beenal fesi.

The decrease of financial capacity still made wangesituation of railways own workshops.

The last decades of the twentieth century rail iess has known, however, a small resurgence, thanks
urban intermodal transports and the high speedstr&@ut this resurgence has had limited effect orkehops.

Particularly important is the recent irruption afde manufacture firms in the area of maintenaBceing
last third of the twentieth century, a lot of wdnkgs were closed, while others were privatizedabd;sn the
workshops still owned by railway companies thewitgtibecame more and more at outside arms.

First, the most important manufacturer firms hawewn a spectacular and fast process of concemiratio
Concentration is not unknown for industry nor fail business. All great railway companies have grdwy
mergers or absorptions of smaller lines. Obviousye manufacturers of rail material have sufferbdse
processes as well. But in recent years, this adpeextreached so far. A good example is the trajeabthe
largest rail equipment manufacturer in the woBdmbardier Transportation

Rail Division of Bombardier was created in 1974d amas gradually grown. In 1984, Bombardier acquired
Alco Power Inc, in 1989 it was the turn for ANFethecond French manufacturer or rail equipmeniiidig its
facilities in Crespin, and so did Bombardier withtBh, Canadian, Austrian, Mexican (Constructorcidnal de
Carros de Ferrocarril), German (Waggonfabrik Tgllastd other companies. Since 1997 Bombardier has be
investing in China. Finally, in 2001 Bombardier argd ADTranz and became the first worldwide firm of rail
industry. ADTranz (ABB Daimler Benz Transportatipiad been creating in 1996 as a result of the enavf
ABB Henschednd AEG Transportationin 1999, shareholder DaimlerChrysler bought ABRres and renamed
the company a#dtranz DaimlerChrysler Rail Systen#t the moment it was the second great manufactire
rail equipment, but the first onBombardier finally acquired the firm, as we have relatedvjoesly, in 2001.
Now, Bombardierhas 41 productive establishments in 21 countties/ar the world.

In the last third of the twentieth century, railwagmpanies have closed plenty of old workshops, taed
repair has been more and more entrusted to prigatgractors, that have widened their business from
construction to maintenance and repair of tracsiod rolling stock.

We will briefly review the British case. In 1923 Blritish railway companies were merged in four Maine
CompaniesGreat Western Railway.ondon, Midland & Scottish Railwalzondon & North Eastern Railwagnd
Southern Railwg. Previously, two old workshops had been closemhdNEIms Works and Longhedge Works,

both in London area). After this reorganizationesttire rail system, several old workshops were exlo®o
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(Gateshead, Stoke Works, West Yard Works), but mbtem went on with their activity until 1948, e the
nationalization of British railways took place. Thew railway companyBritish Rail, had a total amount of 49
Main Works: 18 locomotive works and 31 rolling dtagorks (14 for passenger vehicles and 17 for wagyand
a lot of subsidiary works. In 1962, BR transferaahtrol of all main workshops to a new body, calBrtish
Railways Workshops Divisipand 11 over their 17 locomotive main works wdosed in the 1960's (in addition
to Kilmarnock, already closed in 1959).

The Transport Actof 1968 allowed the railway to seek external cacts and in 1970 the Workshops
Division was renameBritish Rail Engineering Limite¢BREL).

As a result of implementing thBritish Rail Manufacturing and Maintenance Poliégr locomotives and
rolling stock (May 1986), Swindon Works were cloged, and only five of the old Main Works remainied
activity: Crewe, Derby, Doncaster, Eastleigh andRstlox (renamed as Glasgow Works).

British Rail opted for retaining control over its maintenan@pats, because their work was intimately
connected with running the railway. The activitieb heavy repair, however, would be done by private
contractors. In this way, during 1986 and 198htlignd intermediate repair work was transferrechfBREL to
British Rail depots, although British Rail retainedstleigh Works, and, on a very much reduced sGifsgow,
Doncaster and the rolling stock workshops of Wdlwer Finally in 1988 BREL was split intBritish Rail
Maintenance Limitedwhich included its own depots and workshops neibyBritish Rail, andBritish Rail
Engineering Limitedvhose workshops still in activity (Crewe, Derbydafor the rolling stock, York) were about
privatisation. The large mechanised foundry at HonwVorks was sold separately in 1988. In April 29BREL
was purchased by a consortium made up by the SSeisgdish conglomerate ABB (ASEA-Brown Boveri) and
other investors, creating BREL Ltd. A little lat&BB bought all shares to create ABB Transportatitth As we
have previously related, ABB Transportations Lidbsequently merged with Daimler-Benz to form AD#an
and as a result, since 2001 the workshops at CaemieDerby and the rest of Bristish Railway workshbplong
to Bombardier Transportatian

One more example of recent history of railway owarkghops is the Portuguese experience. In 1992 khe
(Caminos de Ferro Portugueses E, FowComboios de Portugptreated a subsidiary firm (EMEEmpresa de
Manutencdo de Equipamento Ferroviario, $.#ith the workshops at Porto, Barreiro, Entroncatoeand
Figuera da Foz. Later, in 1994, the maintenancé&simps were integrated in EMEF too.

In other countries, like Spain, after having closedne old workshops in the 1980's, the railway camyp
keeps on being the owner of workshops, as a separtainess unit, although there are several mikeus f
between the railway company and private contrac®os manufacturers like CAEOnstrucciones y Auxiliar de
Ferrocarriles are more and present in repair and maintenanctvites. In its web page

(http://www.caf.net/ingles/compania/index.phjt is said: «CAF not only manufactures and siggpéquipment;

it also offers maintenance, upgrading and overbéwehicles and components, after sales techngsib@nce,
operation of administrative concessions, and fiirape
Only a few old large rail workshops remain in aityivAfter the end of steam age, great railway vatidps

lost their fundamental role as a result of the nmidation of the rail business.

17



I lRHA INTERNATIONAL CONFERENCE| RAILWAY MODERNIZATION: AN HISTORICAL PERSPECTIVE

CONCLUSIONS

Nearly all the railway companies had a little numbglarge facilities to undertake the heavy repaif their
own locomotives and rolling stock. The great rayjwaorkshops have always partaken of industrial alf as
railway worlds, and both of them have been undagdieep modernizing processes.

Even though during the XIXth and the first halftbé XXth century the product, that is the steanotoative,
had no significant variation, railway workshops @eiffected by the great industrial changes in #ré/ gears of
the XXth century. Two of those changes should havbe underlined: one of technical nature, occuméeén
electricity stopped being a scientific experimemtbecome an industry, and the other of organizatioature,
when the new scientific management principles vi@m@ulated by Taylor and his disciples.

Concerning railway workshops, electric power hadeffect not only on processes, but also on workshop
layouts, since the new possibilities offered byhtécal advances required a different space arraagerRailway
companies were conscious of the main problemseif thd facilities and the modernization of tectatielements
was generally undertaken, if not quickly, at lesssoon as particular circumstances made it pessibl

But railway companies did not adopt the new orgational methods equally, because they rarely betién
scientific management as the best way to do théwuith the available resources. Applying Taylorcgestific
management was very difficult, because of a lataafses. So, although new methods of organizatiowleage
spread quickly, most of railway companies wereat@at to applying in their own workshops.

After World War I, old steam traction was gradyaleplaced by diesel and electrical locomotives thg

same time, motor vehicles progressively replacédag as universal means of transport.

At the end of steam age, new smaller facilitiehvats of new equipments and fewer working peopésen
required. As a consequence, many ancient workshkiopgly disappeared or, through liberalization peses,
were take over by great railway production Transmal Corporations irrupted in maintenance by meahs
strategic alliances with railway companies.

The property vacated by the closure of workshops p@sed different sorts of problems. In Continental
Europe larger workshops were normally located inemisting urban area, but in the United States GiaiB,
some larger workshops were located in a ruralrgetir isolated, and they have generated a new towhe
surrounding area. Anyway, railway workshops, witlousands of workers in their staff, have often bdéen
largest employer in the city. So, these establistiemeave an enormous significance in the historhefcity and
for an important number of townspeople. In additioould be a heritage worthy of be preserved.

On the other hand, workshops take up a lot of spam& in a privileged location, in the heart of tmvrheir
closure means a great opportunity in town's urbaveldpment. As a result, performances in thesesaaea
always polemics and often unleash passionate cmrgigs. There are many reusing examples of thesees in
Europe: cars parking, industrial states, civic mf)tmuseums, shopping centres and more. Evenjrie sases,

there are such a lot of urban pressures thatstille workshops are surged to move to outwardg.site
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In short, railway workshops have been special itréhisestablishments of exceptional importance in
industrial as well as railway worlds. Today, desits decreasing role into railway running, arelitées to bear

in mind, not only by his technical function, butwban or heritage value too.
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