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Emerging from the Latin ingenium, which means ‘talent’, and ingeniare, meaning ‘to devise’, the very word ‘engineerin’ conjures up ideas of brilliant schemes to solve the world’s problems. Throughout history, humanity has embarked on many massive and spectacular engineering projects that test the limits of what is possible.
Engineering can be found in every kind of structure, from the roads we travel on to the buildings we live in, but particularly spectacular projects can sometimes inspire people and change their lives for the better. This book contains just some of the greatest engineering projects in the world.
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Beneath the suburbs of Geneva on the border of France and Switzerland is the headquarters of CERN, the world’s largest and most complicated research facility, which is home to the world’s largest machine. The Large Hadron Collider is the world’s largest particle accelerator, a type of machine that shoots tiny objects called particles against each other at speeds close to the speed of light.
A gigantic underground tunnel stretching 27 kilometres (17 miles) in length, the collider is filled with superconducting magnets and accelerating devices that speed up a kind of particles called ‘hadrons’, as they are shot through this tunnel towards each other. When these particles collide, they form new particles, which are recorded and analysed using four detectors and a massive system of computers called The Grid. By studying the way the particles collide and form new particles, scientists can learn more about the forces that created the universe billions of years ago.
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		BAILONG LIFT
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Zhangjiajie National Forest Park, in Central China’s Hunan Province, contains beautiful landscapes of forests and limestone rock formations, which are best viewed from a great height. One unique way to take in this incredible sight is the Bailong Lift. At 326 metres (1,070 feet) it holds the Guinness World Record for the world’s tallest lift.
Built between 1999 and 2002, the lift is designed to transport up to 50 people in each of its multi-storey glass cars, taking them to the top in less than two minutes. The lift is built into the side of a cliff specially chosen among thousands, with parts of the structure carved into the cliff face. While this does involve damaging the cliff, the engineers have argued that by giving tourists the ability to go up the cliff in minutes, they will be less likely to damage the mountain trails while hiking or staying in on-site hotels, minimising the damage tourism does to the park’s incredible but fragile environment.
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		PALM ISLANDS
United Arab Emirates



		
			
				
					
				
			

		

		
Lying 5 kilometres (3 miles) into the Arabian Gulf off the coast of the city of Dubai, the Palm Islands are an archipelago or island chain large enough to see from space, packed with villas, hotels and sandy beaches. They are also entirely artificial, having been constructed using a process called rainbowing, where sand is dredged from the ocean bottom and sprayed onto the site to form islands, with rocks used to secure the coastline.
There are three main islands, the Palms Jumeirah, Jebel Ali and Diera. Each one takes on a stylised palm tree shape, which gives the islands their name, while the nearby World Islands are shaped like a giant map of the globe. Just off the shores of each island is a crescent shaped mass of mountain rock known as a breakwater, which is designed to prevent the islands from being damaged by storms and flooding, while still allowing water to move through past the shores.
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		The only current space station, the International Space Station is the biggest human-made object in space and is bright enough for people to see at night without a telescope. While individual countries with space programmes had built or planned space stations in the past, it was decided that they should work together to build a single space station that combined all of their plans.
The station is made up of 159 sections built mainly from titanium, stainless steel, aluminium and copper, which were made all over the world. These sections were transported into space on Russian rockets and the American space shuttle and assembled by astronauts, with the first sections being built in 1998 and construction continuing to this day.



		The International Space Station is normally inhabited by 6 astronauts, who go on spacewalks and conduct scientific experiments in a zero gravity environment, as well as work out howv to live in space in preparation for future exploration of the solar system.
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		VENICE MOSEFLOOD BARRIERSItaly



		
			
				
					
				
			

		

		
The city of Venice is considered to be one of the most beautiful in the world, but a combination of rising sea levels, shifting tectonic plates and decaying foundations on marshy ground is threatening to sink the city. Fortunately, engineers have developed a system which can buy Venice some time.
The MOSE system, which is scheduled for completion in 2021, is made up of 78 yellow gates beneath the border of the lagoon Venice was built on. At high tide, these gates fill with air and float to the surface, sealing the lagoon and preventing floodwaters from entering the city. The systems are designed to accommodate flood waters of up to 3 metres (10 feet) in height, higher than water has ever been before.
However, there are worries that if they stay up too long, then water will stay in the lagoon too long and can lead to problems with bacteria and pollution. Even if this system isn’t perfect, MOSE will delay the sinking of the city and protect this beautiful place for future generations.
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The Panama Canal cuts through the Isthmus of Panama, a relatively narrow stretch of land between North and South America, creating a passage that over 14,000 ships pass through every year. Before the canal was built, ships had to sail all the way around South America through dangerous waters, or through the icy Arctic Circle to travel between the Atlantic and the Pacific Oceans.
One of the toughest engineering projects in history, it took over 30 years to dig through the isthmus, with 25,000 workers dying from diseases, floods, rockslides and snakebites, before the canal finally opened in 1914. To get across the uneven landscape of the isthmus, the builders had to construct an elaborate system of locks, chambers with big gates that fill with water to allow ships to pass through, and had to create an immense artificial lake or reservoir, Gatun Lake, to make passage through central Panama easier.
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		HOOVER DAMUnited States of America



		
			
				
					
				
			

		

		
Built in the Black Canyon of the Colorado River that flows between the borders of Arizona and Nevada, the Hoover Dam is one of the most visually stunning dams ever built. Built at a time when it was believed massive structures needed an impressive design, the dam’s decorations were inspired by the Art Deco style and the handicrafts of the local Navajo and Pueblo people.
The Hoover Dam’s walls were constructed in an arched shape, which lets the dam be strengthened by the push of the water behind it. This means that its walls do not need to be as thick as those of straight-walled dams. The body of water created by the dam, Lake Mead, is the largest man-made reservoir in the United States, and provides Las Vegas with much of its water supply. The dam also contains 17 main turbines which generate electricity for 20 million homes in Arizona, Nevada and California.



	


		
			[image: ]
		

		GOLDEN GATE BRIDGE
United States of America



		
			
				
					
				
			

		

		
Spanning 3 kilometres (2 miles) across the Golden Gate, the region where San Francisco Bay meets the Pacific Ocean, the Golden Gate Bridge is probably the world’s most famous suspension bridge. The bridge was built during the Great Depression, an economic disaster that left millions without jobs, and its construction saw people from all kinds of backgrounds coming to work on the project, as it was one of the few steady jobs available.
The bridge was painted in a colour called International Orange, which helped the bridge look nicer against the surrounding area and made it easier for boats to see, especially in the bay’s thick fogs. The completed bridge reached 1,280 metres (4,200 feet) in length and 227 metres (746 feet) in height, which at the time made it the world’s tallest and longest bridge. Even though it has since lost those positions to newer bridges, the Golden Gate Bridge has survived subsequent earthquakes and is considered to be one of the most beautiful bridges ever built.
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		EUROTUNNEL
France/United Kingdom



		
			
				
					
				
			

		

		
Also known as the Channel Tunnel or ‘Chunnel’, the Eurotunnel is a massive railway tunnel stretching 50 kilometres (31 miles) under the English Channel, between the United Kingdom and France. People had been discussing building a tunnel under the channel for hundreds of years, but wars and rivalries between the 2 nations meant it took years for construction to finally begin.

It took 11 massive tunnel-boring machines or ‘moles to dig through the rock under the ocean, although the rock that made up the seabed turned out to be fairly easy to drill through without the tunnel flooding. The tunnel is formed out of 3 large tubes, 2 being for railway lines running between the 2 countries, while a third provides the other 2 tunnels with air and is used for maintenance access. The tunnel, which reduces the journey between the cities of London and Paris to just 2 hours, has been a massive success since it united the 2 former enemies, and sees millions of travellers every year.
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		ORESUND BRIDGE
Denmark/Sweden



		
			
				
					
				
			

		

		
The Øresund Bridge curves elegantly across the Øresund Strait, the body of water that separates the countries of Sweden and Denmark. It links the Danish capital of Copenhagen with the Swedish city of Malmö by both road and railway lines.
The bridge’s location near two major ports and an airport posed problems for the engineers. They had to make sure that ships could still get through to both harbours, the bridge was not in the way of aircraft taking off and landing, and that water could continue moving through in icy winter conditions.



		To solve this, the bridge only covers 8 kilometres (5 miles) of the total strait, reaching over to the artificial island of Peberholm before both roads and rails go underwater in a 4-kilometre (2.5-mile) passage called the Drogden Tunnel. Opened in 2000, the finished project sees 19,000 vehicles make the crossing every day, while the artificial island and the underwater passage have become habitats for local wildlife, with birds flocking to Peberholm and an artificial reef growing on top of the tunnel.
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OEBPS/pt/toggle.js
(function () {
  var ACTIVE = '-epub-media-overlay-active', NS = 'http://www.w3.org/1999/xhtml';
  var T = 420, HIT = 64, TW = 52, TH = 40;
  function el(tag, cls) { var e = document.createElementNS(NS, tag); if (cls) e.setAttribute('class', cls); return e; }
  function css() {
    var st = el('style');
    st.textContent =
      '@keyframes pt-out{0%{transform:scale(1,1);opacity:1;animation-timing-function:cubic-bezier(.55,0,.8,.3)}' +
      '48%{transform:scale(1,.05);opacity:1;animation-timing-function:cubic-bezier(.55,0,.8,.3)}' +
      '100%{transform:scale(.03,.05);opacity:0}}' +
      '@keyframes pt-in{0%{transform:scale(.03,.05);opacity:0;animation-timing-function:cubic-bezier(.2,.7,.35,1)}' +
      '52%{transform:scale(1,.05);opacity:1;animation-timing-function:cubic-bezier(.2,.7,.35,1.04)}' +
      '100%{transform:scale(1,1);opacity:1}}' +
      '@keyframes pt-pop{0%{transform:scale(.2);opacity:0}65%{transform:scale(1.12);opacity:1}100%{transform:scale(1);opacity:1}}' +
      '@keyframes pt-unpop{0%{transform:scale(1);opacity:1}100%{transform:scale(.2);opacity:0}}' +
      '.pt-fold{position:absolute;left:0;top:0;width:100%;height:100%}' +
      '.pt-fold.pt-closing{animation:pt-out ' + T + 'ms both}' +
      '.pt-fold.pt-opening{animation:pt-in ' + T + 'ms both}' +
      '.pt-fold.pt-collapsed,.pt-fold.pt-collapsed *{visibility:hidden!important;opacity:0!important;pointer-events:none!important}' +
      '.pt-shade{position:absolute;left:0;top:0;width:100%;height:100%;pointer-events:none;' +
      'filter:drop-shadow(0 2px 3px rgba(0,0,0,.16))}' +
      '.pt-shade>.pt-panel{box-shadow:none}' +
      '.pt-panel.pt-dogear{-webkit-clip-path:polygon(0 0,100% 0,100% calc(100% - var(--pt-s)),calc(100% - var(--pt-s)) 100%,0 100%);' +
      'clip-path:polygon(0 0,100% 0,100% calc(100% - var(--pt-s)),calc(100% - var(--pt-s)) 100%,0 100%)}' +
      '.pt-flap{position:absolute;pointer-events:none;filter:drop-shadow(-1px -1px 1.5px rgba(0,0,0,.35))}' +
      '.pt-hit,.pt-tab{position:absolute;z-index:6;padding:0;margin:0;cursor:pointer;-webkit-tap-highlight-color:transparent;' +
      'touch-action:manipulation;background:none;border:0}' +
      '.pt-hit{width:' + HIT + 'px;height:' + HIT + 'px}' +
      '.pt-tab{width:' + TW + 'px;height:' + TH + 'px;box-sizing:border-box;border-radius:14px;background:var(--pt-fill);' +
      'border:2.5px solid var(--pt-edge);display:flex;align-items:center;justify-content:center;gap:4px;visibility:hidden;' +
      'box-shadow:0 2px 6px rgba(0,0,0,.3)}' +
      '.pt-tab::before{content:"";position:absolute;left:10px;bottom:-9px;width:12px;height:12px;background:var(--pt-fill);' +
      'border-right:2.5px solid var(--pt-edge);border-bottom:2.5px solid var(--pt-edge);border-bottom-right-radius:3px;' +
      'transform:rotate(45deg) skew(8deg,8deg)}' +
      '.pt-tab i{display:block;width:6px;height:6px;border-radius:50%;background:var(--pt-edge);pointer-events:none}' +
      '@keyframes pt-dot{0%,60%,100%{transform:translateY(0)}30%{transform:translateY(-4px)}}' +
      '.pt-tab.pt-on i{animation:pt-dot 1.2s ease-in-out infinite}' +
      '.pt-tab.pt-on i:nth-child(2){animation-delay:.15s}.pt-tab.pt-on i:nth-child(3){animation-delay:.3s}' +
      '.pt-tab::after{content:"";position:absolute;inset:-12px}' +
      '.pt-tab.pt-on{visibility:visible;animation:pt-pop 320ms cubic-bezier(.3,.7,.4,1) both}' +
      '.pt-tab.pt-off{visibility:visible;animation:pt-unpop 140ms ease-in both}' +
      '@media (prefers-reduced-motion: reduce){.pt-tab.pt-on i{animation:none}}' +
      '.pt-hit:focus-visible,.pt-tab:focus-visible{outline:3px solid #fcc128;outline-offset:2px}';
    (document.head || document.documentElement).appendChild(st);
  }
  function guard(e) {  // taps on our controls must not turn the page or reach the picture's word areas
    ['mousedown', 'mouseup', 'pointerdown', 'pointerup', 'touchstart', 'touchend'].forEach(function (t) {
      e.addEventListener(t, function (ev) { ev.stopPropagation(); }, false);
    });
  }
  function control(cls, label) {
    var b = el('button', cls);
    b.setAttribute('type', 'button');
    b.setAttribute('aria-label', label);
    guard(b);
    return b;
  }
  function after(e, cls, fn) {  // run fn when e's animation ends (or after T ms if animations are off)
    var done = false;
    function end() { if (done) return; done = true; e.classList.remove(cls); fn && fn(); }
    e.addEventListener('animationend', end, { once: true });
    setTimeout(end, T + 120);
  }
  function colours(panel) {  // the panel's colour, opaque, and a contrasting edge (a see-through panel: white)
    var m = (getComputedStyle(panel).backgroundColor.match(/[\d.]+/g) || [255, 255, 255]).map(Number);
    if (m[3] === 0) m = [255, 255, 255];
    var fill = 'rgb(' + m[0] + ',' + m[1] + ',' + m[2] + ')';
    var dark = 0.2126 * m[0] + 0.7152 * m[1] + 0.0722 * m[2] < 140;
    return { fill: fill, edge: dark ? '#f2f2f2' : '#5b6470' };
  }
  function wrap(box) {
    var fold = el('div', 'pt-fold');
    while (box.firstChild) fold.appendChild(box.firstChild);
    box.appendChild(fold);
    return fold;
  }
  function setup(box, panel) {
    // blocks sharing this panel (merged: stacked close together) fold with it, towards the same point
    var sid = panel.getAttribute('data-pt-sid'), more = [], at = [];
    var marks = sid ? document.querySelectorAll('.pt-member[data-pt-lead="' + sid + '"]') : [];
    for (var j = 0; j < marks.length; j++) at.push(marks[j].parentNode.getBoundingClientRect());
    var lead = box.getBoundingClientRect();
    for (j = 0; j < marks.length; j++) more.push(wrap(marks[j].parentNode));
    var fold = wrap(box);
    var extra = [];  // a merged group's other panels: one shadow around the whole shape
    for (var e = panel.parentNode.firstChild; e; e = e.nextSibling)
      if (e.nodeType === 1 && e.classList.contains('pt-extra')) extra.push(e);
    if (!panel.classList.contains('drawn')) {  // the shadow moves onto a layer so the cut corner keeps it
      var shade = el('div', 'pt-shade');
      panel.parentNode.insertBefore(shade, extra[0] || panel);
      for (j = 0; j < extra.length; j++) shade.appendChild(extra[j]);
      shade.appendChild(panel);
    }
    var L = panel.offsetLeft, Tp = panel.offsetTop, W = panel.offsetWidth, H = panel.offsetHeight;
    var S = Math.round(Math.min(13, H / 4));  // small: inside the padding, never over the text
    function paint() {
      var c = colours(panel);
      box.style.setProperty('--pt-fill', c.fill);
      box.style.setProperty('--pt-edge', c.edge);
    }
    paint();
    document.addEventListener('pt-theme', paint);  // the reader picked another text background (switch menu)
    panel.style.setProperty('--pt-s', S + 'px');
    panel.classList.add('pt-dogear');
    fold.style.transformOrigin = (L + W / 2) + 'px ' + (Tp + H / 2) + 'px';
    for (j = 0; j < more.length; j++)
      more[j].style.transformOrigin = (lead.left - at[j].left + L + W / 2) + 'px ' + (lead.top - at[j].top + Tp + H / 2) + 'px';
    var folds = [fold].concat(more);
    function each(fn) { for (var q = 0; q < folds.length; q++) fn(folds[q]); }
    var flap = el('span', 'pt-flap');  // the folded-over corner: paper underside, a little darker
    flap.setAttribute('aria-hidden', 'true');
    flap.style.width = flap.style.height = S + 'px';
    flap.style.left = (L + W - S) + 'px';
    flap.style.top = (Tp + H - S) + 'px';
    flap.style.background = 'linear-gradient(to bottom right, rgba(255,255,255,.95) 0%, var(--pt-fill) 30%, ' +
      'color-mix(in srgb, var(--pt-fill) 82%, #6b5a45) 49.5%, transparent 50%)';
    panel.parentNode.insertBefore(flap, panel.nextSibling);
    var hit = control('pt-hit', 'Hide text');
    var tab = control('pt-tab', 'Show text');
    for (var k = 0; k < 3; k++) tab.appendChild(el('i'));
    hit.style.left = (L + W - S / 2 - HIT / 2) + 'px';
    hit.style.top = (Tp + H - S / 2 - HIT / 2) + 'px';
    tab.style.left = (L + W / 2 - TW / 2) + 'px';
    tab.style.top = (Tp + H / 2 - TH / 2) + 'px';
    box.appendChild(hit);
    box.appendChild(tab);
    var busy = false;
    function collapse() {
      if (busy || fold.classList.contains('pt-collapsed')) return;
      busy = true;
      hit.style.visibility = 'hidden';
      each(function (f) { f.classList.add('pt-closing'); });
      setTimeout(function () { tab.classList.add('pt-on'); }, T * 0.7);
      each(function (f) { after(f, 'pt-closing', function () { f.classList.add('pt-collapsed'); }); });
      setTimeout(function () { busy = false; }, T + 130);
    }
    function expand() {
      if (busy || !fold.classList.contains('pt-collapsed')) return;
      busy = true;
      tab.classList.remove('pt-on');
      tab.classList.add('pt-off');
      setTimeout(function () { tab.classList.remove('pt-off'); }, 160);
      each(function (f) { f.classList.remove('pt-collapsed'); f.classList.add('pt-opening'); after(f, 'pt-opening'); });
      setTimeout(function () { busy = false; hit.style.visibility = ''; }, T + 130);
    }
    hit.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); collapse(); });
    tab.addEventListener('click', function (ev) { ev.preventDefault(); ev.stopPropagation(); expand(); });
    // read-aloud: a box collapsed before the reading reached it opens when its first word is read;
    // a box the reader closes while it is being read stays closed (they chose to look at the picture)
    var reading = false, keepClosed = false;
    hit.addEventListener('click', function () { if (reading) keepClosed = true; });
    tab.addEventListener('click', function () { keepClosed = false; });
    if (window.MutationObserver) {
      var mo = new MutationObserver(function () {
        var now = false;
        each(function (f) { if (f.getElementsByClassName(ACTIVE).length) now = true; });
        if (now && !reading && !keepClosed && fold.classList.contains('pt-collapsed')) expand();
        if (!now && reading) keepClosed = false;
        reading = now;
      });
      each(function (f) { mo.observe(f, { subtree: true, attributes: true, attributeFilter: ['class'] }); });
    }
  }
  function run() {
    var panels = document.querySelectorAll('.pt-panel:not(.pt-extra)');
    if (!panels.length || document.querySelector('.pt-hit')) return;
    css();
    for (var i = 0; i < panels.length; i++) setup(panels[i].parentNode, panels[i]);
  }
  if (document.readyState === 'loading') document.addEventListener('DOMContentLoaded', run); else run();
})();
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