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There is the unfathomable fascination of romance connected with the construction of great railways, though little is known of the beginning and the growth of the great trunk roads of the world; of the heavy tax which their construction imposed upon the ingenuity, skill and resource of their builders. Speeding along swiftly in a luxurious Pullman car over a road-bed as smooth as an asphalt pavement conveys no impression of the perils and dangers faced or of the infinite labour expended in the making of that steel highway. To-day the earth is girdled with some 700,000 miles of railways, and there are few countries in which the locomotive has not made its appearance.

This volume has been written with the express purpose of telling in a popular manner this story of romance. It is obviously impossible to deal with every great railway undertaking in the compass of a single volume; but those described may safely be considered representative, and they are the largest and most interesting enterprises between the two poles.

In the writing of this volume I have been assisted by innumerable friends who have been identified closely with the introduction of Stephenson’s invention into fresh fields of conquest. I am indebted especially to the following gentlemen: Messrs. Norman B. Dickson, M.INST.C.E.; A.M. Cleland, the Northern Pacific Railway Company; the late J.C. Meredith, chief engineer, the Florida East Coast Railway; A.L. Lawley; R.R. Gales, M.INST.C.E.; H.E. Gwyther, chief engineer, the Leopoldina Railway Company, Ltd.; Francis B. Clarke, president of the Spokane, Portland and Seattle Railway; William Hood, chief engineer, the Southern Pacific Company; F.A. Miller, the Chicago, Milwaukee and Puget Sound Railway; the I.R. Austrian Railway Ministry; W. Weston, the Denver, North-western and Pacific Railway Company; the Pennsylvania Steel Company; W.T. Robson, the Canadian Pacific Railway Company; the Cleveland Bridge and Engineering Company, and Frederic Coleman of Darlington; the Swiss Federal Railways; H.R. Charlton, the Grand Trunk Railway Company of Canada; the chief engineer, the New Zealand Government Railways; the Peruvian Corporation; the chief engineers of the New South Wales, South Australia and West Australia Government Railways; the Minister of Ways of Communication of the Russian Empire; the Trans-Andine Railway Company; the chief engineer, the Imperial Japanese Government Railways; J.J. Gywn, chief engineer, and S.K. Hooper, the Denver and Rio Grande Railway; G.J. Ray, chief engineer, the Delaware, Lackawanna and Western Railroad; Virgil G. Bogue, vice-president and chief engineer, the Western Pacific Railway Company; and S.J. Ellison of the Great Northern Railway, U.S.A.

Frederick A. Talbot.

Hove,

September 29, 1911.
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THE RAILWAY SURVEYOR’S ADVENTUROUS LIFE
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“One’s experience is varied from camping out in tents at fifty degrees below zero, to spending a large amount of time in the wilderness, when provisions are very short and one has to depend upon fish for food.”

This was the description of the task of discovering a path for the iron road through a new country, as related to me by the late John E. Schwitzer, one of the most brilliant railway engineers that Canada has produced, and one who had climbed the ladder of success from the humble capacity of rodman at a few shillings per week, to the position of chief engineer of the Canadian Pacific Railway, within the short space of twenty-two years. From his unique experience he was fitted to speak with authority, and his statement sums up the life of a surveyor in a nutshell.

So far as the loneliness and the need to fish for food are concerned I can speak from experience. This article of diet is plentiful, but its monotony palls very quickly, while at times one longs for the excitement of the city. But once this feeling has been lived down one would not exchange the virgin country, with its invigorating air and life of exciting adventure, for a smoke-begrimed stifling centre of activity for any consideration.

In Great Britain, owing to its completely settled condition, the difficulties incidental to this class of work do not exist. The wrestles with heat, sun-baked desert, ice-bound forest and extreme cold have never been experienced in connection with the driving forward of the ribbon of steel in these islands. There is an utter lack of that thrilling romantic interest and adventure associated with similar work in an unknown country, where the surveyor is not merely a surveyor, but an explorer as well. In any of the four continents beyond Europe he fulfils an important mission. He is the advance-guard of civilisation. He spies out the country for the greatest settling force that has yet been devised, and although the work more often than not is extremely perilous, he revels in the dangers. One must be prepared to face any emergency: be ready to fulfil any duty. One may be buried for months amidst the strongholds of ice-capped mountains, isolated upon the sweltering desolate expanses of broiling deserts, imprisoned in the hearts of yawning ravines, or immersed amid reeking dismal swamps, cut off by hundreds of miles from the nearest town or settlement. Then Nature is the surveyor’s sole companion, and in her silent company herculean and heroic tasks often have to be fulfilled, of which the world at large never gleans an inkling.

The surveyor is the personification of happy-go-luckiness. He pursues his path doggedly, laughs at obstacles, no matter how forbidding they may be, and accomplishes glorious deeds unsung. Often his sudden death through accident, disease or misadventure goes unmourned beyond the limits of his own camp. Yet an everlasting and omnipotent monument to his memory is raised—the thin thread of steel which annihilates time and space.

These men show a devotion to their calling which it is impossible to fathom. They brave perils beyond conception and face death in a hundred different forms. It may be a slip on a treacherous foothold at the brink of a yawning gulch, the upset of a frail bark in a swiftly rushing rapid, a land- or rock-slide, an avalanche, or a tree snapping under the fury of the storm which hurries them to their doom. In silence they suffer the torments of thirst, the pangs of hunger, physical exhaustion, frostbite, snow-blindness, disease, the hostility of mankind and a thousand other dangers. When they have emerged from the ordeal they laugh at their experiences, and consider them no more fearsome than those confronting the ordinary city dweller as he walks along a crowded thoroughfare.

As one travels over the railway through Mexico, interest is aroused by four primitive little wooden crosses beside the track. It is a small God’s acre in an undulating expanse. The probability is that it would miss the eye unless one were bent on its discovery. Yet those four monuments tell a silent story of grim adventure. The Mexican Central was being driven through a hostile country, and the Indians were being forced back relentlessly by its influence. They were sullen but not subdued.

A little squad of four surveyors were busily engaged in pegging out the path for the line. They were deep in the intricacies of their task. Suddenly there was a savage blood-curdling whoop. A horde of Indians, in the full panoply of war-paint and feathers, were bearing down upon them on mischief bent. The engineers discarded their instruments hurriedly and grabbed their rifles. They were outnumbered hopelessly, but undaunted, they kept blazing away, picking off their foes with that stubbornness born of despair. There were no thoughts of surrender to the implacable enemy. Nor could they hope for aid; they were too far distant from their base. One by one they fell, and when at last their comrades came up, their mutilated corpses were the sole evidences of that forlorn struggle. To-day those four wooden crosses serve to recall that grim episode. Such dramatic incidents unfortunately were only too frequent in the early days of railway building upon the American continent, though they were far from being peculiar to the New World. They have been, and still are, repeated occasionally in connection with such enterprises in other parts of the globe.

It was only a year or two ago that one of the most ferocious acts of savage barbarity, such as is difficult to parallel in the annals of railway engineering, was perpetrated in South America. Only the fringe of that vast territory has been opened up by the iron horse. The greater part is more unknown to-day than the land around the North Pole.

A small party of engineers set off up country to map out a projected extension. They plunged boldly into the depths of the primeval forest. But they never returned. What happened when they disappeared within the tangled labyrinth of trees no one knows. The time slipped by, and their comrades outside, fretting at their prolonged absence, grew so alarmed that a relief party was organised. The worst was dreaded, for the hostility of the natives to the locomotive was known only too well. The relief party advanced warily, weapons in hand, ready for the slightest sign of fight. However, they were safe from molestation, but had not ventured far into the tangled jungle before they solved the mystery, and were able to reconstruct a tragic adventure only too realistically.

The steps of the surveying engineers had been dogged silently and relentlessly by the remorseless savages. When the former had gained a point sufficiently remote from the belt of civilisation, they were laid low by poisoned arrows. The relief-party accounted for every engineer, but one and all were beyond human succour. They were found in a gruesome row, poised upside down, with stakes driven lengthwise through their bodies and heads into the ground. They had been pinned down with no more compunction than the school-boy secures his etymological prize to a piece of cardboard.

A few years ago British North Borneo was the scene of a similar disaster. It had been decided to drive a railway from coast to coast, and a party set out on the reconnaissance, as the first step in a new railway undertaking is called. The path lay through the dense forest which had never been penetrated by the white man, and where the dreaded Head Hunters held undisputed sway. The prospect was forbidding in the extreme, but it did not dismay the engineers who plunged fearlessly into the bush. As the crow flies their journey was only one of some 150 miles, but the thick vegetation concealed difficulties innumerable.

That survey was doomed to failure. The party was overwhelmed by the Dyaks and massacred, with the exception of three native porters who succeeded in making good their escape. After experiencing terrible privations, this trio regained civilisation and communicated the sad tidings of the calamity. For years that stretch of forest defied conquest. Finally another attempt was made to traverse the jungle, and on this occasion no interference to progress was offered. The surveyors gained the opposite coast in about six months, being called upon to fight only one enemy—disease. It was a desperate plunge, for the party had to hack and hew its way foot by foot through the matted scrub and trees.

These afford instances of the hostility of mankind which fortunately to-day are encountered but seldom. It is the hostility of Nature which is feared more greatly now. Yet the work possesses a fascinating glamour. The existence of difficulty only spurs the determined to further effort.

Railway surveying in the effort to roll back the map in a new country offers the young man all the adventure in life that can be desired. As one surveyor who had spent more years than he could remember in the wilds between China and Peru remarked to me, “If it is not the natural difficulties or the hostility of the natives which lend variety to the work, the chances are a hundred to one that a revolution will fill the gap, especially in China or the South Americas.”

At times the work is exasperating. Perhaps the surveyor who has been imprisoned for months on end in an inhospitable country has been driven to his wits’ end to find a practicable location which is immune from the many disturbances of Nature. By dint of supreme effort finally he discovers a route which he congratulates himself to be absolutely safe, only to receive a rude awakening. In the survey of a new line through the Rockies, the mountains barring the engineer’s path had achieved an unenviable reputation, owing to the frequency and severity of the avalanches that tore down their steep slopes every spring. The surveyor reconnoitred that mountain chain from end to end, observed every path that the slides had been known to take, searched local records and questioned aged inhabitants to make himself acquainted thoroughly with the conditions.

At last he concluded that he had elaborated a path for the railway which was beyond the destructive efforts of the periodical visitations and work was commenced. Yet in the first spring, while the construction train was crawling along with a load of excavated spoil from the mountain-side, the slipping snow departed from its accustomed path, and in its descent caught the unlucky train, threw it into the gulch some distance below, ripped up the metals, buried the grade beneath thousands of tons of debris, and obliterated every vestige of the work.

The surveyor must be a man not to be daunted very easily in his enterprise, not to be cast down by heart-breaking failures, and who has the capacity to gather tangible assistance from apparently insignificant trifles. The search for a rift through a frowning mountain wall often is galling in its hopelessness. When the first Canadian trans-continental line was being forced towards the Pacific coast, the crossing of the Rocky, Selkirk and Gold ranges puzzled the surveyors acutely. Walter Moberly, a surveyor to the manner born, was deputed to complete the conquest of the Gold or Columbia Range. The obvious path to follow was along the bank of the mighty Columbia River, and this was taken by Moberly. Yet the Gold Range had to be threaded somewhere and somehow, though it appeared to defy penetration. He spent months wandering up and down the river, enduring hardships indescribable, seeking for the slightest breach through that terrible wall, wide enough to carry a pair of metals, but no gateway could he find.
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BUILDING THE LOFTIEST BRIDGE IN THE WORLD

The Fades Viaduct spanning the Sioule River in France, 1,526 feet long. The two masonry towers are each 304 feet in height. The central span, 472 feet in length, was built out from each tower. The railway line in the centre of the bridge is 440 feet above the river.





Weary and sick at heart at the fruitlessness of his endeavours, he was one day returning despondently to camp. He was compelled well-nigh to admit failure. Suddenly he espied an eagle wheeling over his head. He followed its movements somewhat nonchalantly, until he saw it make directly for the Columbia mountains. Then his heart gave a thump! Would the bird rise and clear their lofty summits or would it sweep through a rift? Following its flight through the air, he saw the bird give a majestic dip downwards towards the chain. He turned the head of his jaded horse, and digging his spurs into its flanks, sped in the wake of the bird. Onward it flew as straight as an arrow towards a projecting crest, where it made a sharp turn and was lost to sight.
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DRIVING A CUTTING 100 FEET DEEP BY THE AID OF DYNAMITE AND STEAM SHOVELS THROUGH SLATE ON THE DELAWARE, LACKAWANNA AND WESTERN RAILWAY, U.S.A.





Moberly galloped madly forward with his eyes glued to that crag. He never turned his head, fearing his sight might play him false, and was oblivious to stumbles and lurches as his steed fell over logs and slipped among boulders in its mad career. He swung round the crest, and there before his eyes the peaks were rolled back on either side, leaving a broad canyon, and of such a character that Nature appeared to have fashioned it expressly for the advance of the steel highway. The Columbia range was conquered. It was by pure accident that it had been found, but it was an accident which culminated a prolonged industrious quest. Indebted to his success to the monarch of the air Moberly christened the break in the rocky wall “Eagle Pass,” and it is through that gulch to-day that the Canadian Pacific makes its way to the western sea. As one sweeps between the massive ice-crowned teeth of the mountains one may see the site of the oldest cabin in the mountains, where the indefatigable Moberly passed the winter of 1871–2 completing the preliminary surveys for the line among the fastnesses of the Columbia Mountains.

The task of planning the location through such broken country is attended with the gravest dangers, relieved with exciting adventures. At places among the peaks a foothold on terra firma for the manipulation of the survey instruments is impossible. Then massive tree-logs are lowered into the gulch a few feet above the raging foam of a wicked mountain torrent, and along this slender staging the surveyor has to crawl to carry out his task.

Life often hangs upon the veritable thread. It may be that logs cannot be thrown over the cliff face. Then the surveyor has to don a leathern waist-belt fitted with a heavy swivel to which a rope is attached. In this way he is swung over the edge of a cliff to operate his level and transit along the face of a precipice where no foothold exists. Sometimes it becomes imperative to have recourse to dynamite to blast out a ledge along which to advance. Many a promising young engineer has gone to his last account in work of such a desperate character. In the survey of what is now the Denver and Rio Grande through one of Colorado’s yawning canyons, a young assistant had to be lowered in this manner. Half-a-dozen labourers grasped the end of the rope and steadied the surveyor in his descent over the perilous edge. From the brink to the bottom of the canyon was a matter of 200 feet or so straight down. In a few seconds the young fellow was dangling betwixt earth and sky, steadying his descent as best he could down the face of the cliff.

Suddenly there was a cry of alarm! The rope-man nearest the cliff edge noticed that the rope was bearing upon a piece of rock the edge of which was as keen as that of a razor. The rope had been sawn almost in two. Lowering stopped. The two men rushed forward to grasp the rope below the point of pending rupture to ease the strain. But they were too late. There was a slight tremor, the last strand snapped, and before the rope-men realised the situation as the end hung limply in their hands, the cry of the lost engineer as he tumbled through the air was echoed from the depths of the canyon.

Life in the field is indisputably hard and exacting, and the task is often aggravated by the scarcity, or monotony, of the food. This condition of affairs, however, is incomparably better to-day than it was thirty years ago. The surveyors are tended more thoughtfully than they were then, and the perfection of food-preserving science has enabled a camp now to be provisioned with tasty comestibles which formerly were unknown. Pork, beans and bannock—a substitute for bread made from flour and bacon fat with a little baking-powder—constituted the staple articles of diet, varied with fish from the streams, game from the forests and wild fruits. The bread was often musty, for immersion time after time in a torrent and storage upon damp ground did not improve the flavour of the flour by any means. The pork or bacon often was rancid, while the cook was invariably an execrable exponent of the culinary art, and his bannock played sad havoc with the digestive organs of the human body. Little wonder that the men, under such conditions, sought to secure additions to the menu from the rivers by methods decidedly unsportsmanlike, but the “end justified the means”; or delighted in bear steaks and venison.

Extreme altitudes such as have to be attained in order to cross the Andes undermine the strongest constitutions and render the surveyor’s work increasingly difficult. Struggling, crawling and slipping among crags and loose rocks inflicting cuts and bruises is arduous work indeed, but when the human frame is racked by the tortures of sorochté, or mountain sickness, the surveyor’s plight is to be pitied in very truth. In such climes the cold and winds are pitiless, the movements of the thermometer between midnight and noon are enormous, the fluctuation in some cases being as much as a hundred degrees in the course of twelve hours. In the middle of the day the heat is well-nigh unbearable, and the surveyor gladly discards his outer clothing. At night he finds it no simple matter to keep warm, for the mercury descends to a very low level and frost prevails. The winds too are so cutting and penetrating that it requires elaborate and special clothing after dark to keep warm.

Now and again a situation develops which relieves the monotony of the daily round of struggle against the forces of Nature. South America is pre-eminently the home of these humorous incidents. The concession for the construction of a railway through one of the tropical republics had been granted, and no time was lost in pushing forward with the preliminary surveys. But when the men with the transit and level reached a certain city they were surprised to meet with unveiled opposition. The municipal authorities point-blankly refused to permit the surveyors to carry out their work in the precincts of the city. Seeing that the latter was to benefit mostly from the steel link, the attitude was somewhat inexplicable at first sight. A little reflection, however, upon the South American methods of transacting business convinced the surveyor that bribery was the root of the trouble. He reported the interruption to his superiors, whose representatives hurried to the city to fathom the reason for the unexpected opposition. It was as the surveyor had surmised. The civic authorities would permit the iron horse to enter the city if the concessionaries would make a handsome contribution to the municipal improvement fund—explained the mayor. “Well, how much do you want?” remarked the concessionaries, who inwardly had not overlooked this contingency. The mayor could not say off-hand, and accordingly several delays occurred until this vital consideration was arranged. As a result of the prolonged parleys the concessionaries undertook to deliver a certain sum of money to the city.

The bullion was dispatched forthwith and reached the city the night before payment was due, so as to prevent the authorities to withdraw from the bargain on the plea that the concessionaries were dilatory. But law and order were not enforced very strongly, and the surveyor, with his companions, entertained certain qualms. Accordingly they decided to mount guard over the building in which they were passing the night in case of eventualities, at the same time securing a goodly supply of arms and ammunition.

As the first streaks of dawn lighted the scene the guard thought he descried the forms of men creeping along the ground in the gloom. Silently he roused his companions, and with firearms cocked they waited developments. Not a sign of movement was displayed among the inmates, and the robbers silently forced an entrance through the windows and door. Once inside the building they were greeted with a warm fusillade of lead, and in accordance with the characteristics of their ilk, they did not stop to reply, but beat as hurried retreat as they could under the assistance of bullets, leaving some of their number hors de combat. When day broke the besieged party examined the fruits of their marksmanship, and to their intense surprise discovered that the dead included the mayor of the city, and one or two of his companions who had carried out the negotiations for the contribution to the improvement fund, and who had been so remarkably solicitous concerning the city’s welfare!

It will be realised that the surveyor who undertakes the plotting of the line through a new country must be a man of illimitable resource and capacity, and at the same time ready to meet any development. It must be confessed, however, that the work, from its adventurous aspect, appeals strongly to the young engineer anxious to get away from monotonous routine.
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THE ROMANCE OF CONSTRUCTION
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Though the task of deciding the path for the railway teems with excitement, adventure and privation, the battle with Nature commences in grim earnest when the constructional engineer arrives on the scene. On paper it seems a simple task to follow the location as indicated by an unbroken row of wooden stakes, but to carry the surveyors’ work to completion, and to comply with requirements as to grades and curves, often proves a heart-rending undertaking. No matter how formidable any obstruction may appear, it is the work of the builder to beat it down; to overcome it by some means or other with the minimum of expense. He must be baulked by nothing.

Such a task demands a man of illimitable resource and infinite ingenuity, conversant with every phase of civil engineering. At the same time he must possess the happy faculty of being able to organise great armies of men of all nationalities, and in such a manner that he can get the utmost out of them. This is a searching difficulty. The camp of to-day upon a large railway undertaking is a heterogeneous mass of humanity; the confusion of tongues at the Tower of Babel could not have been more embarrassing. I have lived among the camps of Canada and the United States, and among a hundred men it has been no uncommon circumstance to find representatives of a dozen different tongues. The control of such men is rendered all the more complex for the reason that in the majority of cases they have little or no knowledge of any language but their own. It is not until they have been in one another’s company for several weeks that inter-conversation becomes possible. In addition to this drawback there are always the peculiar troubles incidental to racial and religious prejudices confronting the commander-in-chief, and at times he is hard pressed to preserve order and authority.

This trouble is not experienced to any great degree in connection with railway building operations in Great Britain, but abroad the initial difficulties of this character are exasperating to a superlative degree, more especially where reliance has to be made upon native labour. The workmen have to be educated into the use of labour- and time-saving implements. This is no easy matter. The native entertains strong opinions concerning his own ability, and the conversion from the primitive to the up-to-date scientific has to be effected gradually and unconsciously, a task which demands considerable tact and patience. A great amount of time must be expended necessarily in the early days to drill such raw material, but perseverance and an equable temper are the only virtues. In Mexico the railway pioneers found it almost hopeless to impress upon the pæons, as the navvies are called, that to carry ballast in a basket slung upon the back was not to be compared in speed and efficiency with conveyance by small trucks pushed along a tramroad. It was only by carrying out the work themselves in this more modern manner that the engineers could teach them the superior advantage of this method, with its sparing of effort and fatigue. In fact, the only way one can convert the raw native to ideas entirely foreign to his own custom is to show him how he can save himself trouble. Then he will adopt the idea with alacrity.

Now and again, however, the white man, despite his ingenuity in the devising of time-and labour-saving appliances, has to bow to the inevitable. For instance, in India the Hindoos toil at such a low daily wage that in many phases of work the wonders of mechanical invention cannot compare with their crude efforts in cheapness. It comes as a heavy blow to the engineer’s pride to realise that he must abandon his elaborate plant and that the native holds the balance between failure and success.

Again, in the South Americas the laissez-faire attitude of the inhabitants galls him to the quick. In the southern part of the New World the policy is “Never do to-day what can be done to-morrow,” and the native acts up to the very letter of the aphorism. Religious festivals, each of which is regarded as a holiday, occur with the most tantalizing frequency. It is no uncommon circumstance for two or three such orgies—they scarcely can be described as anything else—to occur in a week, and the labourer is a commendable zealot in the observance of the religious feasts. The engineer may fret and fume at the delay, but unless he is in a position to recruit outside labour he must tolerate the frequent interruptions in the work with the best grace he can muster. In the mountainous regions of South America the native knows only too well that he holds an unassailable advantage, for he is accustomed to the rarefied atmosphere encountered in the extreme altitudes, whereas it plays sad havoc with the strongest constitutions of Europeans.

Strange to say, one of the most conscientious workmen in railway building, as in other fields of industrial endeavour, is the Chinaman. From a cursory point of view this appears inexplicable, but it must be borne in mind that a Celestial’s word is his bond. Johnny will haggle and argue for hours over a bargain, but when he finally accepts the terms he will fulfil the contract to the letter, even should he ascertain before he has completed the task that it involves him in a personal loss. I have seen these men pick up their tools as the clock struck the hour for commencing the daily task, plod along quietly and continually until the hour of cessation, and give an indisputably good return for their daily wage. Can the same be said of the workmen of any other nationality? I am afraid not. In fact, the steadiness of the Chinaman has become so famous and has proved so reliable that it is safe to say that many of the biggest railways of the day never would have been completed but for his aid. It enabled the first trans-continental line to be carried across the United States to link New York with San Francisco; through Oriental labour the Canadian Pacific was consummated, and many another great undertaking of a like nature could tell a similar story.

The same spirit prevails when the scene of activity is removed to China itself. The Celestial may entertain quaint ideas concerning the iron road and its scope of utility. He may slave hard to-day laying the track, merely to pull it up again on the morrow on the plea that it is disturbing the spirits of his ancestors. But nevertheless he completes his part of the bargain in the first instance. Strikes are unknown and disputes never arise unless the employer declines to stand by his side of the contract. China is permeated through and through with secret societies or Guilds—Trade Unions, if you like—to one or other of which every Celestial belongs. The white engineer when he first arrives in the country finds it very difficult to make headway, but in reality he is on probation in the eyes of the Orientals. They are watching closely his methods, fathoming his code of honour, his capacity for handling men—in fact, are investigating him just as closely as if he were under a microscope. Once he has established his reputation and has inspired confidence, he need entertain no further apprehensions concerning trouble.

Yet the Celestials have their own peculiar and effective way of settling disputes among themselves. The engineer in need of a few thousand men negotiates for brawn and muscle through a middle-man or labour contractor. The engineer concludes his bargain with this worthy, and the latter makes his own terms with the men. He recruits the navvies at a certain wage, which he takes care to leave him a wide margin of profit. Occasionally he will be too grasping and will resort to sweating tactics. When the labourers find this out trouble looms ahead. The men report the matter to their Guilds, who take the avaricious middle-man in hand and make him disgorge some of his ill-gotten gains. If he refuses, well, one day the contractor is missing, and never is seen again by the engineer. No questions are asked and no explanations for his disappearance are offered. He has settled his account with the Guilds to his own personal disadvantage. The engineer, however, knows nothing about the dissatisfaction until he observes the absence of the contractor, for the work meantime continues its daily round undisturbed.

Although labour is a vital consideration, it is but one cog in the complex machine by means of which the iron road is driven forward through a new country. Without tools the efforts of the navvy would count for naught, and as time has rolled by inventive effort and engineering skill have contrived more and more wonderful devices to enable the epoch-making work to be fulfilled in the shortest space of time. There is the steam shovel, which will remove two and a half cubic yards of miscellaneous rubble with every swing of its ponderous arm; the grader, whereby the soil is ploughed up and displaced by an endless chain of buckets into capacious wagons for removal; the drag shovel, a huge scoop attached to the end of a chain which is pulled along the ground from a stationary point by steam power, becoming charged with material in its progress, and thus fashioning the cutting; the monitor, whereby tons of gravel are washed down the mountain-side under the disintegrating force of a powerful jet of water similar to a fireman’s hose; and a host of other wonderful implements, all devised for the express purpose of expediting the work in hand. Gunpowder and dynamite are invaluable handmaids, and to-day are used with an astonishing prodigality. Indeed, when the advance is through rock their services are indispensable. Crags, cliffs and even whole hills are blown away bodily by their agency, and the cost often runs into thousands of pounds, miniature volcanoes being produced by the upheavals.


[image: ]

A RAILWAY CONSTRUCTION CAMP AMONG THE MOUNTAINS
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BUILDING A HIGH BANK ON THE DELAWARE, LACKAWANNA AND WESTERN RAILWAY, U.S.A., BY MODERN METHODS

An overhead cableway was stretched across the depression, from which a swinging line was suspended, and on which the trucks were backed to be emptied.





Those who have travelled over many remarkable railway systems in various parts of the world where striking evidences of the engineer’s skill are apparent upon a liberal scale, have pointed to the absence of any such evidences of activity in these islands—“The Home of the Railway.” But this to a certain degree is inevitable. The engineer was not faced with such physical conditions when he essayed to gridiron this country as confronted him in the Americas or Asia. There are no towering ranges of eternally snow-wreathed mountains to overcome, no wildly boiling wide rivers to span, no yawning canyons to thread or stretches of sterile desert to traverse. Yet when Stephenson and his contemporaries sought to achieve the railway conquest of Great Britain they encountered many obstacles which to them, with their crude appliances, were every whit as stupendous as those which rear up before the engineer to-day, although he is equipped with an extensive assortment of heavy artillery to assist him in his contest against the forces of Nature. Moreover, some of the expedients which Stephenson evolved to overcome a difficult situation are practised to-day merely because the intervening eighty years have not provided any better solution of a problem of a similar character.
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THE HUGE STEAM SHOVEL WHICH TAKES SOME 3 TONS OF SPOIL WITH EVERY BITE






[image: ]

THE DRAG-LINE SHOVEL WHICH SCOOPS UP THE EARTH IN THE CUTTING AS IT IS PULLED ALONG

THE RAILWAY BUILDERS’ HEAVY ARTILLERY





Every one has read how Stephenson was for a time nonplussed by the treacherous bog Chat Moss, across which now speed the expresses of the London & North-Western railway. It is the largest stretch of swamp in the country, and many wiseacres prophesied that there Stephenson would meet his Waterloo when he essayed to carry the Manchester & Liverpool railway over its unstable surface. Yet Stephenson plodded along unconcerned and achieved success in a novel manner. He laid branches of trees and hedge cuttings upon the surface of the bog, and upon the softest patches pressed hurdles intertwined with heather into service. Upon this network he laid a layer of rock and gravel, which caused the foundation to sink somewhat into the morass. This formed the permanent way, and its peculiar character provoked more than one scornful criticism. But its stability confounded the critics.



To-day in foreign countries where huge stretches of swamp bar the progress of the iron road the self-same principle is adopted, and it is known as “corduroying” or “cross-waying.” In the northern States, Canada and Siberia—the latter country and Canada especially—the “muskeg,” or “tundra,” as this treacherous land is called, often stretches for miles. One can sound it sedulously to a great depth, and then will fail to touch the bottom. The soddened decayed vegetable matter merely fills a large depression which cannot be drained. The builders waste no time attempting to build up a solid earthen embankment resting on the submerged solid floor of the bog. They fashion a huge mattress of trees. Large trunks are laid horizontally and longitudinally to the track. Upon these are laid transversely two or three layers of shorter logs, the whole being secured together firmly. A topmost layer of branches forming a kind of thatching completes the structure.

At times these mattresses assume respectable proportions. I have stood beside some almost as thick as a man is tall, and they constituted quite formidable pieces of work. When the corduroy is completed a layer of rock is applied, and upon this is dumped the gravel and other material forming the embankment. Under the weight thus superimposed the mattress sinks deeply into the morass and rests firmly. The earthen ridge is continued to the requisite height; the whole of the embankment for the track rests upon the fabrication of tree-trunks. Yet the whole is just as solid as if resting upon granite. One might remark that it appears an indifferent foundation upon which to pile up a mass of earth weighing several hundred tons, and that in a short time the wood, under decomposition and collapse, would precipitate a subsidence. But as a matter of fact, the corduroy grows stronger with every passing day. The wood immersed in the viscous liquid and preserved from all contact with the atmosphere becomes waterlogged, until at last it assumes the character of bog-oak and is practically indestructible.



Stephenson was called upon to cope with another critical situation upon the same railway. The great tunnel at Kilsby was in course of construction, but work had not proceeded very far when the contractors struck a large pocket of water and quicksand. They combated this adversary for several months, and then, unable to make any appreciable headway, threw up the contract. Efforts were made to induce other firms to accept the task, but in vain. At last Stephenson was called upon to rescue the undertaking from failure. The outlook was far from promising, for the shaft was being sunk through material which the engineer always regards askance—a shale—while the fault in which reposed a large volume of water and sand was of large proportions. Stephenson concluded that the best way to cope with the problem was to pump out the water first, and accordingly he rigged up an elaborate plant capable of handling 1,800 gallons per minute, and this was kept going day and night. Even then, however, it was only by superhuman effort that the water was kept down. One day after Stephenson had been on the scene about six months, the water got the upper hand and flooded the tunnel to such a depth that the men and materials had to be floated in on rafts.

This undertaking, however, served to demonstrate to those anxious to participate in railway-building speculations how estimated expenses for definite work might be sent astray seriously, and how formidable and ubiquitous was the unexpected factor in such work. The original contractor offered to complete the burrow, 7,169 feet in length, under the Kilsby Ridge for some £90,000. By the time the last brick of the lining had been laid and the tunnel was ready for use over £300,000 had been expended.

The attempt to pierce this tunnel at that time, however, was a far more difficult enterprise than it would be to-day. The engineers had not the powerful marvellous appliances such as serve the contractor’s purposes now. Electric energy was unknown, the hydraulic shield for driving tunnels had yet to be invented, the steam shovel had not been thought of—in short, the contractor was handicapped on every side by the crude character of his tools. Some of these appliances which the modern railway-builder uses are little short of wonderful, both in time- and labour-saving qualities, and the majority have been born of necessity.

For instance, in the early railway days on the American continent too much time would have been occupied in building lofty earthen embankments among the mountains. Accordingly the rifts and gullies were spanned by timber trestles. But the woodwork was perishable, and there was always the risk of fire demolishing the structure and precipitating disaster to a passing train. The obvious remedy was to replace the wood by metal, but the expense was a deterrent factor.

One day a workman on one of the mountain sections suggested that the woodwork should be left intact, but buried beneath a mass of earth. The suggestion was received with ridicule because, as the divisional engineer pointed out, several thousand men and several hundred trucks and dozens of locomotives would be required to handle the material, while the time the task would occupy was incalculable. The workman listened to the criticisms, and then interposed with the quiet comment that he did not suggest using any trains and trucks, and that a few dozen men would be ample to complete the work. The divisional engineer was somewhat astonished, and at first thought the man had taken leave of his senses. Then the workman revealed his intentions. He would not resort to steam shovels or any other device of that character. He had observed minutely and tested the power of a jet of water, and consequently had conceived an idea to wash down masses of gravel by means of very powerful jets of water. There was no need even to rig up a steam engine and pump to supply the requisite force to the water flying from the nozzle. High up on the mountain-side was a creek. A dam could be thrown across this torrent at little cost, and the pent-up water could be led down to the working site below through piping, and the pressure thus secured by gravitation would be more than ample for the purpose. The gravel as washed out of the hillside would be directed into wooden conduits and led to points around the trestles, where it would be discharged to build up the embankment.

It was a simple means of overcoming a perplexing difficulty. The divisional engineer was so impressed with its feasibility that he secured the requisite permission for the workman to put his suggestion into practical form. The creek was dammed by throwing trees from bank to bank, and from the little pond thus formed the water was led several hundred feet down the mountain-side through pipes to the large nozzles. A small network of timber conduits were fashioned to convey the displaced gravel to the feet of the timber trestle.

In a short time work was commenced, and as the jets of water struck against the solid face of the mountain, the soft earth and gravel were washed out at tremendous speed. Heavy streams of mud poured down the conduits. The hill disappeared like magic under the scouring action of the harnessed water, to reappear in a symmetrically-shaped ridge around the woodwork, which grew rapidly in height until the level of the railway was gained. The embankment thus formed was found to be as solid and stable as if built by dumping, and the whole task was accomplished in a few weeks. While the work was in progress the chief engineer and his lieutenant visited the spot and watched the building of the embankment by hydraulic sluicing with intense interest. Its complete success in this initial experiment secured its adoption, and in a short space of time, where the conditions permitted, all the trestles among the mountains were buried beneath a ridge of earth built up by a jet of water.

While I was being shown some of the most impressive pieces of railway engineering among the Cascades, my cicerone, an English engineer and railway-builder, after describing the features whereby the Great Northern railway is taken down to the coast, remarked, “I wonder what Brunel would have done among these mountains? I guess he would have revelled in the difficulties they offered.”

There is no doubt that the great engineer would have found the ascent of the steep slopes and the crossing of the great gulches an extensive field for the exercise of his genius. His work among the vales of Cornwall and along the rugged seashore of Wicklow, Ireland, indicate this fact only too plainly. In these two districts are to be found the nearest approaches to spectacular work that these islands can afford. True there are no wonderful loops and great terraces winding up and down mountain-sides, but there is the daring and lofty spanning of yawning valleys, and the driving of a narrow pathway along steep rocky slopes.

For something like half a century Brunel’s spidery timber viaducts of Cornwall constituted one of the sights of that county. The location, with its grades and curves, as carried through Cornwall, has been assailed by many critics, but it must be remembered that when Brunel penetrated the English Riviera, railway operation was very different from what it is to-day. Engines and train loads were light, while money was by no means plentiful. The engineer was compelled to achieve his object at the most moderate cost, but the very fact that he was hampered in this connection served to influence him in the accomplishment of monumental work. His timber viaducts were remarkable for the novel character of their design and their extent. In the course of sixty miles he had to span no less than thirty-four valleys in this manner, the aggregate length of the wooden structures being about four miles. The engineer adopted timber as a constructional material because it was cheaper than iron, and American oak was used extensively. Some were of great height, the St. Pinnock viaduct, for instance, carrying the train 153 feet above the bottom of the valley, while others attained great lengths, the Landore viaduct measuring 1,760 feet from end to end.



These evidences of Brunel’s work, however, are disappearing under the exigencies of to-day. Timber is being replaced by steel and granite to meet the increased weights and speeds of trains. The location through the county also is undergoing revision, the sharp curves introduced by Brunel being eased or eliminated, while the grades are being flattened. Consequently in a few years the name of Brunel in Cornwall will be naught but a memory. Fortunately other evidences of his handiwork abound on this system notably in the Saltash, Chepstow and Maidenhead bridges, as well as the Box and Foxwood tunnels.

In Ireland, however, a far more daring expression of his skill is offered. This is the stretch of line along the seashore between Bray and Wicklow, which now forms part of the Dublin & South-Eastern railway. This was the first stretch of iron road to be opened in the Emerald Isle, the original one and three-quarter miles being operated in the first instance by the system of atmospheric propulsion, whereby the train was hauled along the metals by suction.

When it was decided to connect Wicklow with Bray, the trying character of the country lying between the two points, and especially of Bray Head, demanded a masterhand to effect the location and to carry the building operations through to success. It was a matter of sixteen miles, but they proved perhaps the most trying sixteen miles of railway construction ever attempted in this country. It was stated that Bray Head would defy conquest, for it was approachable only through very rocky country, and it is quite possible that the gloomy outlook was responsible for tempting Brunel to achieve something bold and striking. There was no need to have carried the line in this direction, a fact which is realised to-day, for by making a detour inland an easier location could have been found, and the present generation would not have been called upon to pour out heavy sums of money to keep their line intact. Brunel’s vanity has cost the railway company several thousands of pounds since the line was opened. It is only by superhuman effort that the railway is not devoured by the sea, over £40,000, or $200,000, having been expended in defence works over this sixteen miles of line during a period of ten years alone.

Apart from this unsatisfactory feature the line is a constant source of anxiety. A little to the south of Bray is Bramstone tunnel and a wild ravine. This gulch attracted the engineer. Instead of avoiding it, he bridged it with a wooden viaduct 300 feet long by 75 feet high. Before it was quite completed it was destroyed in a single night, the demolished timbers being carried out to sea. A few years later, while a train was crossing, the engine left the metals and precipitated a sensational accident. Investigation revealed the fact that it was due to the action of the waves, which, battering against the piers of the viaduct, had so vibrated the structure as to throw the rails out of gauge.

Thereupon it was decided to abandon the viaduct and drive the line directly through the rocky promontory. The traveller still can see traces of the original route in the decaying approaches to the gap formerly conquered by a timber trestle.
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THE PECOS VIADUCT ON THE “SUNSET” RAILWAY, THE HIGHEST STRUCTURE IN THE UNITED STATES, THE TRACK BEING 321 FEET ABOVE THE WATER BELOW





Still it was a grim fight with Nature for every foot of the way. A mere ledge suffices to carry the track, and this gallery is often at a level of seventy feet above the sea beneath. Here and there the line is enclosed by a roof recalling the snow-sheds of the Selkirks or Cascades, to protect the rails from stones bouncing down the cliffs. Curiously enough, the method in which Brunei drove his line along this forbidding wild shore recalls the staggering feats accomplished in the American mountains, and indeed a journey over this railway will provide a thrill in miniature such as results from a toil through the mountain backbone of the New World. The dislodgment of massive boulders and landslides are so frequent that flagmen have to be retained to keep a vigilant eye on the track and to warn passing trains. At places long walls have been erected high on the hillside to arrest the descent of the movements of loose rock on the one hand, while on the other the cliff face has been cut into terraces to break the force of the waves, and together with retaining walls and groynes, seek to counteract the insidious erosion of the sea.
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THE TRACK LAYER, WHEREBY THE METALS ARE LAID AT A SPEED OF 3 OR 4 MILES A DAY, CROSSING A HEAVY TIMBER TRESTLE





When Bray Head has been passed the physical character of the country changes with startling suddenness from jagged rock to clay. Here the engineer was brought to fierce grips with his adversary. The clay is honeycombed on all sides with springs, and there is a constant war between the engineer and Nature for supremacy. Building the line was exacting indeed, but the puzzles which had to be unravelled then are equalled by those attending the preservation of the road. The battle was waged relentlessly for some years, but the sea won; the engineers were compelled to re-lay their track some distance inland.

The shareholders in the railway are paying dearly for Brunel’s colossal error. Indeed, it is a poor return for an outlay of over £400,000, or $2,000,000, which were sunk in this sixteen miles of line. It may be wonderful engineering, but it is not business. The railway company are anxious to abandon this location and to rebuild the line along the route it should have followed in the first instance. At the present such a result is not financially possible, but its realisation is merely a question of time.

One inspiriting phase of the railway-builder’s work is the race against time, and in the fulfilment of such a task many an astonishing performance has been achieved. When one of the great American railways was pushing its way to the Pacific coast, it required a tunnel to be driven for two miles through the Cascades. It was a daring piece of work, and the railway company, after considering the scheme, decided that it could be accomplished cheaper and more quickly under contract than by direct labour. Upon the advice of their surveyors they set the time for its completion at twenty-eight months. Considering the remote situation of the work the feat was considered absolutely impracticable, and no recognised contractor could be prevailed upon to incur the risk.



The company, however, was convinced that some daring spirit existed who could, and would, fulfil their requirements, so they advertised for tenders. When these were perused it was found that one man was willing to meet the time-limit and at a price far below competitors. His bid was accepted. That man was Bennett, and he lost no time in setting his carefully-laid plans in motion.

He was over three thousand miles from the country in which the tunnel was to be driven, yet before the ink on the contract was dry he had wired to his assistant on the Pacific coast to hurry forward all requisite appliances, while he himself purchased an elaborate plant of the most modern type to be shipped to the railway point nearest the site. From this station he had to transport every ounce of material for a distance of eighty-two miles through the roughest and most broken mountainous country it is possible to conceive.

There was no road, so he had to blaze one through the deadfall and littered rock, fording creeks and streams and toiling through viscous mud. The wagons sank above the axles, and had to be hauled through the muskeg by block and tackle. In this way, by sheer physical effort, he gained the mountain which was to be pierced. It took him a solid six months to get his forces and artillery to the spot, leaving him scarcely twenty-two months in which to hew the passage through the solid rock.

So pressing was time that he never permitted an hour’s cessation day or night. An agent on the coast recruited men by the score and dispatched them up country in large corps. As they arrived they were divided into six-hour shifts on either side of the mountain, and in this way toil was continued unbrokenly throughout the whole twenty-four hours. When he had settled down to work in grim earnest wages were absorbing money at the rate of nearly £2,000, or $10,000, per week.

Preliminary to embarking upon the contract he had prepared careful calculations showing him how much rock it was requisite to remove every day to effect completion in time, and he made up his mind to hold to this table by hook or by crook. A tunnel face is not a spot where much leeway can be made up, for only a certain number of men can be crowded upon its limited area. But he met this disadvantage by spurring the drillers to superhuman effort by the offer of an attractive bonus. In this way he was able to maintain the advance he had calculated per day until the heart of the mountain was gained, when owing to the extreme hardness of the rock the men could not help falling behind the scheduled progress. Now and again, however, when they encountered a softer stretch of material they were able to make up lost time.

The months sped by; the contracted time for completion loomed nearer and nearer. Determined not to be beaten, Bennett urged his drillers harder and harder, offering fancy wages for additional effort. The strain wore him almost to a skeleton; he scarcely slept, so haunted was he by the determination to fulfil his side of the bargain. Checking and rechecking of the finished work convinced him that the opposing parties could not be far apart in the heart of the Cascades.

One morning the men on one side paused momentarily in their drilling. They could hear the faint muffled chink, chink of drills. It was the party advancing from the west. With a loud cheer, answered by a ghostly sepulchral hurrah, both parties bent to their tasks with redoubled energy. Before long a gaping hole was revealed in the heading. The two forces had met—the tunnel was pierced. Without hesitation they set to widening the breach out to its appointed dimensions, and at last, with a sigh of relief, threw down their tools. The tunnel was finished practically, and there were seven days or so to spare.

In another instance a railway company required a bridge to be opened within a certain period. Its accomplishment on time meant the accretion of a large sum of money to the treasury, and accordingly a bounty of some £5,000, or $25,000, was offered to the firm building the bridge. The latter in turn offered a portion to the men responsible for the actual work. Under the incentive of this offer the riveters and erectors strove might and main. The odds were against them hopelessly, but general co-operation enabled the work to go forward with great speed. By maintaining this high pressure the huge fabric assumed its definite shape in quick time, and the last rivet was driven home with a resounding cheer a few minutes before the expiration of the stipulated time.

Yet railway construction has its farcical side, especially in America. Conflicting interests often clash, and then lively times ensue. In Canada it has been no unusual sight to see an existing railway rush a large gang of workmen to a point threatened with invasion by a rival. Their presence ostensibly is to improve the line in possession, but in reality the men are drafted there to thwart the competitive enterprise. This is the “fighting gang,” and it is rightly named, because the opposing forces often meet and a free fight results.

When these tactics are waged by opposing railway magnates the struggle is often bitter and long drawn out. It was so when J.J. Hill and Harriman came to close grips in Oregon. The former great railway-builder decided to carry a line down to the coast along the bank of the Columbia River. Harriman construed this act as an invasion of his preserves, and spared no effort to defeat the “Grand Old Railway-Builder of the West,” as J.J. Hill is called popularly. Directly Hill’s proposals became known, Harriman, to secure his legal status, revived a defunct project known as the “Wallula Pacific railway,” which had been incorporated so many years before, and yet had accomplished so little, as to be forgotten. Hill was coming down the north bank of the Columbia, and suddenly Harriman discovered that his moribund project was to follow the same course. The result was that two rival constructional forces appeared on the scene, one bent on building a line, and the other determined to prevent its realisation. A hail of rock rained from one camp to the other, and the grade was demolished as rapidly as fashioned. One day the Hill navvies were in possession, the next, through being outnumbered, they were driven out and the Harriman army held the position, only to evacuate it when the former reappeared with reinforcements. No blood was spilt, but it came perilously near it when a navvy on one side threw a piece of rock harder against an opposing workman than the latter appreciated. Injuries were numerous, and one day the aspect became so threatening that a pitched battle appeared certain. At times, however, the battle became Gilbertian. The rivals merely played catchball with pieces of rock, tossing the missiles at one another with considerable banter and amid a rain of jokes.

For eighteen months this state of affairs prevailed, and then the courts deciding against Harriman, he was forced to retire from the scene. Directly he did so, his gangs of navvies walked over to the opposite camp, because from their point of view Hill’s money was just as good as that of Harriman. It was immaterial to them for which side they worked, so long as they were paid for it. The result was that the two gangs which had been engaged in more or less deadly strife, now worked harmoniously side by side to carry the Hill line into Portland. Such tactics as these, however, come somewhat as an interlude to the grim tussle with Nature which is the railway-builder’s invariable lot.







CHAPTER III

THE BORING OF THE GOTTHARD TUNNEL
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The little country of Switzerland, as is well known, is a tumbled mass of snow-clad mountain ranges. On the Italian frontier, however, this natural barrier becomes more rugged and defiant, some of the peaks towering 10,000 feet or higher into the clouds. For centuries this frontier chain so successfully walled in the Helvetians that they could not pass into Italy without making a wearisome detour. Travelling from one country to the other before George Stephenson demonstrated the possibilities of the steam engine running on rails, therefore, was a journey not to be lightly undertaken, for it occupied weeks. An effort to ease this situation was made so far back as the thirteenth century by the blazing of a footpath over the St. Gotthard, but it was a mere dangerous and dizzy trail. Little wonder, therefore, that it was not favoured by other than the more adventurous.

It was not until about a century ago that the first vehicle lumbered over this rugged hump. Then the demand for closer communication between the two countries prompted the ambitious Helvetians to embark upon a costly and momentous enterprise—the building of a postroad over the mountain. They cut a roadway 18½ feet wide, with an average grade of 10 per cent. to a height of 6,936 feet up the flanks of this snow-topped giant, with its deep rifts, rushing rivers, and faced the terrors of the avalanche. It is a striking piece of work, for at places the road clings, limpet-like, to perpendicular walls, describes sharp twists and turns sudden corners. Although the people could ill afford the expense of the undertaking, they carried it to completion, confident that untold benefit would accrue from its provision.

They were right in their surmise. That mountain road changed completely the direction of the stream of traffic flowing between Switzerland and Italy. The novelty of the route, the magnificent panoramas unfolded from every foot of its length, appealed to the tourist and traveller and they bravely essayed the “pass.” To-day that mountain road is trodden but seldom. It has fallen into desuetude; the railway has killed its utility.

So soon as the iron horse invaded the little country it was sought to carry it into Italy via the St. Gotthard; not over the mountain crest, but through its base. Every engineer nursed the ambition to overcome that frowning knot with the steel highway. For years brilliant minds lived, dreamt, and died obsessed with this one great idea. Even in 1846, when the first railway was opened from Baden to Zurich, preparations were made to carry the line onward through the mountain chain. To the Swiss people, boring through a mountain for nine miles or so appeared no more difficult than burrowing through a hillock for as many yards. It was only a question of time and expense.

An “Alpine tunnel fever” set in with terrible malignancy, and there was fierce rivalry and jealousy created between the various railway companies, cantons and towns as to who should have the honour of completing this remarkable link. Fortunately the Government itself preserved a cool head, turned a deaf ear to entreaties, refused concessions, and discouraged any possible hope of financial aid. The last-named factor proved the greatest stumbling-block, but there is no doubt that if the money could have been obtained for such an enterprise an attempt to tunnel the Alps would have been made in the ’fifties.

Though the ambition was scotched it was not killed by any means, for a few years later the same scheme was revived and more keenly discussed than ever. The French and Italian nations resuscitated the project by co-operating in the effort to pierce the Col de Fréjus, popularly known as the Mont Cenis tunnel. The first stroke of the pick-axe upon this momentous enterprise was made in August, 1857, and the two chief engineers, Grattoni and Sommeiller, pledged themselves to complete the task with the assistance of the French and Italian governments. In the face of the most terrible difficulties that could be conceived, equipped with tools which appear puny and futile in comparison with those used for such work to-day, they cut, blasted, and excavated their way through 7½ miles of dense rock. Boring from either end, the rock-hogs broke down the last wall of rock on Christmas Day, 1870, and in September of the following year a shorter and more direct route between the two countries was opened to traffic.

The progress of this tunnel was watched with the closest interest by the Helvetians. This piercing of an Alpine mountain was something new in railway engineering. The wiseacres croaked that it would never be completed; that Nature would spring some sudden surprise upon the engineers in the depths of the mountain which would arrest the whole enterprise. But as the two headings slowly but surely approached one another, and the engineers broke down their obstacles as they arose with commendable pluck and determination, the sceptics became silenced.
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THE GÖSCHENEN ENTRANCE TO THE ST. GOTTHARD TUNNEL

Work was commenced at this point on June 4, 1872. The huge task was completed and the line opened for traffic on May 22, 1882.





The pride of the Swiss was wounded. If the French and Italians could accomplish such a herculean and apparently impossible task, why was a similar idea beyond their powers? The “conquest of the Alps” broke out with renewed vigour. It became more than a personal issue; it blossomed into one of economic, political and commercial importance. Consequently, before the Cenis Tunnel was opened for traffic, the preliminary arrangements for burrowing through the St. Gotthard had assumed concrete shape. But it had been a wearisome enterprise. The promoters had to battle against intrigue and jealousies innumerable on the part of private individuals, companies seeking for the same concession, towns and departmental governments. But the project became one of even more than national importance; it became an international question. The provision of such a route would bring northern Europe into closer touch with Italy and her ports on the Mediterranean. That fact was realised, and when the company incorporated to carry out the work announced that the task was far too risky for private resources, the governments of the countries most intimately interested in the fulfilment of the project promised tangible assistance in the form of substantial subventions.
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THE WONDERFUL WASSEN LOOP ON THE ST. GOTTHARD RAILWAY, SHOWING THREE TIERS OF TRACK





The path of the tunnel through the heart of the mountain was plotted by Mr. M.O. Gelpke, C.E., and this in itself was a great achievement. Fifteen stations were scattered over the mountain slopes for the manipulation of the survey instruments, and many of these were situated unavoidably in positions very difficult, and often impossible, of access. Borings were made to ascertain the rock strata which would have to be pierced by Professor Fritsch of Frankfort, and from the result of these essential investigations it was computed that the work, including the necessary railway line on either side of the great tunnel, could be completed for a sum of £7,480,000, or $37,400,000. The money was raised by guarantees of £1,800,000 ($9,000,000) from Italy, £800,000 ($4,000,000) from both Germany and Switzerland, and by the issue of shares and mortgage bonds to the extent of £2,720,000, or $13,600,000. As a further contribution to the task, the Swiss Government undertook to supervise actual construction.

The financial arrangements completed, the company had to search for a man to bore the tunnel. For this purpose tenders were sought for the whole contract. The terms of the latter were severe, as were also the technical conditions. The tunnel was to carry a double track, to have a height of 19.68 feet to the crown of the arch, and a maximum width of 26.24 feet, with a minimum width of 24.93 feet. The tunnel was to be quite straight, with the exception of a slight curve at the southern end, where, for a distance of 474 feet from the entrance, a curve of 984 feet radius was to be introduced to gain Airolo station. The rise from the northern entrance was to be about 1 in 172 to the summit level 3,781 feet above the sea, followed by a drop of 1 in 1000 to the southern end. These gradients falling on either side from the centre were necessary for drainage, and were estimated to be just sufficient to ensure the water flowing to the portals.

Seven tenders were submitted for the enterprise, the lowest being that of L. Favre, a well-known engineer of Geneva, who had completed many notable railway works in Europe. He undertook to complete the tunnel for £2,000,000 ($10,000,000) within eight years. His nearest competitor, an Italian company, wanted twenty-five per cent. more, but would not guarantee completion within less than nine years. Monsieur Favre was supported by a body of influential capitalists, and the contract was awarded to him.
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