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Section One


THE GREATEST CHALLENGE





THE GREATEST CHALLENGE


Travelling by train is unique. In a car, you take the strain of driving yourself, and even if you are lucky enough to have someone to do that for you, you are still jolted around by potholes, twisting roads and traffic lights. Not to mention the ubiquitous traffic jam. In a plane, you are sealed in a tube, packed tightly with fellow passengers, perhaps with the tiniest porthole to view a distant world. On the open seas, there is simply nothing to see. Yet board a train, and you can sit back, relax and enjoy a close-up view of the world as you pass it by. Only on a train does the journey truly become the raison d’être to travel. Indeed, across Britain and the world, many people do travel by train just for the sake of it. From heritage railways to long-distance land cruises, sometimes never leaving a station, the train is the experience.


Of course not all journeys by train are created equal. Open fields and urban architecture can have their own beauty but peruse any curated list of the most beautiful railway journeys (there are many) and they will all share one thing in common: a spectacular view of some of the world’s most breathtaking landscapes. From mountains, hills and glaciers, to valleys, rivers and deserts, the most popular railway journeys frequently traverse the most varied and magnificent environments.


However, the landscapes that elevate the beauty of these railways also presented the greatest challenges to the engineers and builders tasked with constructing them. Railways do not like hills. A steel wheel on a steel rail has many advantages compared to a rubber tyre on a road, but adhesion (the friction that prevents the wheel from slipping) is not one of them. That means that railways must be as flat and straight as possible, hence why mountains and valleys present such a tall challenge. Yet, thankfully, railway engineers were more than prepared to conquer them.


The Forth Bridge


As the railways came to Scotland in the nineteenth century, the broad estuaries of the Forth and Tay rivers posed a huge obstacle to engineers trying to link Edinburgh to north-east Scotland. Initially, they simply went around them but the diversion around the Firth of Forth added around 50 miles and more than an hour to the journey. A train ferry across the Forth helped to cut journey times a little, but ultimately bridges across the estuaries proved a far better solution. In the 1870s, engineer Thomas Bouch therefore designed two bridges for the crossings. The first to be completed was the Tay Bridge in 1878, but in late 1879 the bridge collapsed in a storm, plunging a train and around seventy-five people to their deaths. Bouch carried the blame for the disaster and construction of his Forth Bridge was halted.


In response, the new engineers appointed to build the bridge devised one of the world’s most iconic engineering wonders. Opened on 4 March 1890, Sir John Fowler and Sir Benjamin Baker’s cantilever bridge is a classic of Victorian over-engineering. Modern-day understanding of material sciences allows twenty-first-century engineers to work within fine tolerances to produce sleek and elegant designs that save on materials. However, prior to this technical knowledge, the solution to ensuring no repeat of the Tay Bridge disaster was to spare no expense in building the strongest structure possible. The Forth Bridge was therefore the first major structure in Britain to be built entirely from steel. It used 53,000 tons of the metal, plus 92,000 cubic metres of concrete and some six and a half million rivets to bridge the 2.5 kilometre distance over the Forth. Engineers now believe the bridge is so strong it will survive well beyond the next century.


The navvies of the Settle to Carlisle Railway


Despite famous engineers usually taking the credit for the construction of railways, they were not actually the men who built them. In Britain, that job fell to the navvies, whose name derived from the navigators that dug the canals of the eighteenth century. Their job was tough. They dug and built tunnels, cuttings, embankments and bridges by hand. Their lives were constantly on the move as they followed the construction on the railway across the landscape. They only settled into longer-term camps when the advance of railway slowed at the sites of tunnels and viaducts.


While navvies had a reputation for drunkenness, violence and crime, the reality was more nuanced. For example, missionaries and church ministers held open-air services on Sundays, attended by the workers and their families who camped with them. Many of the navvies were also Irish immigrants and were victim to racism and prejudice. The communities developed their own culture in which folk songs (and drinking) played an important part. Death and injury were also an everyday part of life, as were diseases like smallpox and cholera in the poor conditions of the camps. They were also frequently underpaid when the costs of projects overran. So, while their behaviour was sometimes questionable, their actions were being made within some dire circumstances.


The Settle to Carlisle line, built for the Midland Railway, was the last main-line railway to be built mostly by hand by railway navvies, and it was also one of the most gruelling. Its summit at Ais Gill is the highest in England and the railway included fourteen tunnels and twenty-two viaducts. The line took seven years to construct, and work was often paused due to frozen ground, snowdrifts or flooding. It took 6000 men around seven years to construct the railway. The death toll was not recorded, but as an example, it is known that eighty died in a single smallpox outbreak at one camp.


Although it was threatened with closure in the 1980s, the railway survived thanks to local campaigners. Today, it is among the most popular in Britain. It draws tourists from around the world and the surrounding hills are one of the most popular rambling destinations in England. At the heart of the line is the twenty-four-arch Ribblehead Viaduct. It is an attraction in its own right, and a popular destination for photographers.


Railways in the extreme


Not every engineer can employ every resource available to flatten their railways with tunnels and viaducts though. Engineers sometimes ignored the problem and sought alternative solutions. Nineteenth-century passengers on the Liverpool and Manchester Railway began their journeys from Liverpool on trains hauled not by locomotives but by ropes powered by stationary steam engines that dragged their trains up the hill to Edge Hill. That was not the most practical solution though.


The limit for the steepest possible railway is hard to define, but as the gradient increases, trains slow down. This can be combated with more powerful engines, or by reducing the weight of the train, but that makes the trains more expensive to run and less productive. The two-miles-long Lickey Incline in Worcestershire is the steepest main-line railway in Britain at 1 in 37 (it climbs 1 metre in elevation for every 37 metres distance) and is the only section of British railway to still make frequent use of dedicated banking engines to push freight trains up the hill.


Another solution was simply to reduce the width of the track. Smaller trains on narrower tracks required smaller tunnels, bridges, cuttings and embankments and could negotiate tighter corners, making them far easier and cheaper to build. Such narrow-gauge railways had been used in mines and industry for centuries, using horses to pull the wagons. However, in the 1860s the Ffestiniog Railway Company in north-west Wales proved that steam locomotives could be adapted to the purpose as well, becoming the world’s first steam-hauled narrow-gauge passenger railway. Today it is the world’s oldest working railway company and offers a spectacular journey from the historic slate mining town of Blaenau Ffestiniog to the coastal town of Porthmadog. Following on from Ffestiniog’s success, narrow-gauge railways could be found in mountainous regions around the world, perhaps most notably in the foothills of the Himalayas on the Darjeeling and Shimla railways.


Sometimes, though, no amount of tunnelling and earthworks will solve the problem. However, there is one last solution for railway engineers: the rack railway. These railways still used rails to guide the train, but to allow the engine to pull the train up the hill, the engine uses a pinion (a cogwheel) with teeth that insert into a rack (a slotted rail) between the tracks. The first such mountain railway was built to take tourists to the top of Mount Washington in New Hampshire, USA, but the country that truly took the technology to heart was Switzerland. Among the peaks of the Alps, passengers can enjoy the scenery from more than twenty rack railways that link mountain towns and transport tourists and skiers. Switzerland is also home to the world’s steepest rack railway – the Pilatus Railway with a gradient of 1 in 2.1 and climbs 1.6 kilometres from Lake Lucerne to the peaks of Mount Pilatus. Closer to home, the Snowdon Mountain Railway uses the rack system to take tourists on a journey to the peak of Wales’s tallest mountain to offer them panoramic views of Snowdonia.


1. COGNITIVE


The cogs in the wheel all have SIX letters. Solve the railway-linked clues below. Some answers are written clockwise and some anti-clockwise – it’s up to you to work out which is the correct way. The first letter of Answer 1 is in place.




	Nails or bolts for securing metal plates


	Reach your destination


	They assist the stopping of the locomotive


	Travel voucher


	Competing at speed


	Sets off, begins
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2. STATIONGRAM


Rearrange the letters to spell out the name of a station.
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3. A LONG DAY


The work of a navvy was physically demanding. The hours could be long and he could be moved around a number of different jobs.




	On one day a worker started at 7.00 a.m.


	He spent a quarter of his working day using a pickaxe.


	He spent 35 per cent of his time loading wagons.


	He spent five hours digging.


	The traditional call of ‘Yo-ho, Yo-ho!’ signalled the end of the shift.


	What time was that?





4. A TO Z


This puzzle looks like an ordinary crossword. However, there are no clues. The letters A to Z are each represented by a number instead. We have given you the numbers that represent the letters in the word SPEED to start you off. All the answers in the crossword grid have a railway link.


The checklist below will help you to keep track of the letters you have found.


1 = S, 2 = P, 3 = E, 4 = D,


5 = , 6 = , 7 = , 8 = , 9 = , 10 = , 11 = , 12 = , 13 = , 14 = , 15 = , 16 = , 17 = , 18 = , 19 = , 20 = , 21 = , 22 = , 23 = , 24, = , 25 = , 26 = .
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5. CHANGING STATIONS


Each wheel contains six individual letters. Two letters are shared with the other wheels. One question mark sign, which indicates a letter common to all three words, appears in the centre. Decide on the mystery letter, then use the letters to make three railway stations with NINE letters in each.


Set the wheels in motion and begin the journey, which will take you to the North West of England.


1 _ _ _ _ _ _ _ _ _


2 _ _ _ _ _ _ _ _ _


3 _ _ _ _ _ _ _ _ _
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6. PASS TIMES


A single track, narrow gauge rack railway runs up into the Alps in Switzerland.


There are five stations on the line with a loop section of track allowing the train to turn around at each station. It is exactly 8 miles from the lowest station to reach the highest station and have the train in position for the downward return.


The gradient is very steep and there are strict speed limits in place. The train travels at 10 miles per hour when climbing up the mountain. It travels at 15 miles per hour when making the downward trip.


The first trip goes to the top of the line. The train then makes the descent down the line. On the next trip the train ascends half the length of the previous journey and then returns. This pattern of halving the length of the previous journey is repeated with each following trip.


How far has the train travelled in total?


For how long has the train been moving along the track?
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Brunel’s Birthday


If you catch a train from Bath to London, one of the first landmarks you encounter is Box Tunnel. Part of Isambard Kingdom Brunel’s Great Western Railway, it was the longest railway tunnel in the world when it opened in 1841. One often rumoured peculiarity is that on Brunel’s birthday (9 April) the sun would shine straight down the length of the tunnel. It is certainly a compelling story. It speaks to the grandeur and excess that we associate with Victorian engineers and our own sense of playfulness. Surely, we would do the same if we were in Brunel’s position? Unfortunately, it is not true. The sun does shine through the tunnel, but only on 6 April, three days before Brunel’s birthday. When the railway was closed on a sunny 9 April morning in 2017, engineers checked and although the wet tunnel walls did reflect the sun some distance into the tunnel (perhaps how the rumours began) it did not shine down its length. Should Brunel truly have wanted to make the alignment, he would both have had access to the necessary astronomical information in the 1830s and the means to adjust the alignment accordingly. So, it seems unlikely that the story is anything more than a coincidence.





7. PUZZLE TRIP


Who could have guessed in the early days of rail travel how this means of transport would change people’s lives and enrich them? Taking the train gives you the option of simply drinking in the fabulous scenery or exercising the brain by reading, writing or doing puzzles. What could be better?


The successful challenge of bringing the railways to Scotland really opened up this beautiful landscape with the building of the Tay Bridge and the Forth Bridge. Each of our five twenty-first-century travellers is enjoying a trip by train north of Edinburgh. Each person travels to a different destination and has solved a different number of puzzles on the journey. Each one has a favourite puzzle type.
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