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1. [bookmark: _Toc4169460]
Abstract
Over the years there have been a few materials innovations in canoeing and kayaking. These have had a large impact on the sport as a whole. This report will research these innovations and how they have impacted the sport along with the advantages and disadvantages of each. The research will contain interviews, historical articles, documentaries and sporting records.
2. [bookmark: _Toc4169461]
Introduction
White water canoeing and kayaking are extreme sports. Kayaking involves sitting in a kayak and using a double bladed paddle to propel the boat through the water. Canoeing, however, involves kneeling in a canoe and using a single bladed paddle to propel the boat through the water. (ICF, 2019)
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[bookmark: _Toc4347291][bookmark: _Toc4347375]Figure 2 whitewater kayaker (Podmore, 2016)
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White water kayaking is when a paddler navigates their kayak through river rapids. These can range from very easy rapids that most beginners could navigate with some instruction to extremely difficult and continuous rapids that should only be attempted by expert kayakers. In order to make it easier for participants to know what they are attempting a universal classification system was devised. (feletti, 2016)
· Class A: Lake water. Still. No perceptible movement.
· Class I.- Easy. Smooth water; light riffles; clear passages, occasional sand banks and gentle curves. The most difficult problems might arise when paddling around bridges and other obvious obstructions. 
· Class II.- Moderate. Medium-quick water; rapids with regular waves; clear and open passages between rocks and ledges. Manoeuvring required. Best handled by intermediates who can manoeuvre canoes and read water.
· Class III.- Moderately difficult. Numerous high and irregular waves; rocks and eddies with passages clear but narrow and requiring experience to run. Visual inspection required if rapids are unknown. Open canoes without flotation bags will have difficulty. These rapids are best left to canoeists with expert skills.

· Class IV- Difficult. Long and powerful rapids and standing waves; souse holes and boiling eddies. Powerful and precise manoeuvring required. Visual inspection mandatory. Cannot be run in canoes unless the craft is decked or properly equipped with flotation bags. Advance preparations for possible rescue work important.
· Class V- Extremely difficult. Long and violent rapids that follow each other almost without interruption. River filled with obstructions. Big drops and violent currents. Extremely steep gradient. Even scouting may be difficult. Rescue preparations mandatory. Can be run only by top experts in specially equipped whitewater canoes, decked craft, and kayaks. Risk of death to unwary paddlers.
· Class VI.- Extraordinarily difficult. Paddlers face constant threat of death because of extreme danger. Navigable only when water levels and conditions are favourable. This violent whitewater should be left to paddlers of Olympic ability. Every safety precaution must be taken. (feletti, 2016)
Since the mid 1980’s kayaks have been rotomolded from polyethylene plastic in a matter of hours, this is a far cry from the dugout canoes and animal skin and whale bone kayaks, that was the base for the sport over six thousand years ago. This report will look at the materials and manufacturing processes throughout history and how they have had an impact on the sport. (Robertson, 2019)


3. [bookmark: _Toc4169462]Timeline 
3.1. [bookmark: _Toc4169463]6000-8000 years ago
Remains of early “canoes” found in multiple areas of the world have been dated to between six and eight thousand years old. The canoes were constructed from dug out tree trunks. It is believed that they were used for the transport of people and goods over large distances by river.
Around the same time the Inuit people were building the first kayaks from wooden or whale bone frames with animal skin fabric stretched over them sealed with whale fat. These were mainly used to hunt and fish from. (British Canoeing, 2019) (Winkler, 2019)
3.2. [bookmark: _Toc4169464]Early to mid-1800’s 
Canoes and kayaks arrive in Europe and begin to be widely used for recreation. (British Canoeing, 2019)
3.3. [bookmark: _Toc4169465]1905
Folding kayak re-invented by Alfred Heurich and formed into a commercial success by Johannes Klepper. This allowed greater participation in the sport because the kayak would be smaller and easier to both store and transport. Heurich’s design could be folded down into three bags each weighing less than ten pounds (13.6kg), that’s lighter than some of the kayaks being used today.
3.4. [bookmark: _Toc4169466]1924 Paris Olympics 
Flat water canoeing and kayaking make their Olympic exhibition debut. This involved head to head racing on flat water (no flow) this became known as sprint racing. (Calverly, 2019)
3.5. [bookmark: _Toc4169467]1936 Berlin Olympics 
Flatwater canoeing and kayaking make their full Olympic debut at the infamous 1936 Berlin games and have been included in the programme ever since. (Calverly, 2019)
3.6. [bookmark: _Toc4169468]1950’s
Rigid fibreglass kayaks were invented. (Calverly, 2019)
3.7. [bookmark: _Toc4169469]1972 Munich Olympics
White water slalom makes its Olympic exhibition debut. (Calverly, 2019)
3.8. [bookmark: _Toc4169470]1980’s
The polyethylene (plastic) kayaks were introduced. (Robertson, 2019)
3.9. [bookmark: _Toc4169471]1992 Barcelona Olympics
White water slalom becomes a full Olympic sport (Calverly, 2019)
3.10. [bookmark: _Toc4169472]2003 Jackson kayak is formed
Jackson kayak one of the most popular, successful and widely recognised kayak manufacturers s founded. (Buchanan, 2018)
3.11. [bookmark: _Toc4169473]2020 Tokyo Olympics 
Slalom canoeing achieves gender equality with the introduction of women’s C1 in exchange for the removal of the men’s C2. Sprint will be equal in medal opportunities however women will compete over a much shorter distance. (Japanese Olympic comittee, 2019)

4. [bookmark: _Toc4169474]Analysis of materials 
4.1. [bookmark: _Toc4169475]Dug out wooden canoes 
Canoes for a long time were created from dugout tree trunks and used to transport goods such as fish and spices in the Far East to furs in North America and Canada on rivers all over the world. Even after the invention of the railroad canoes were used to supply smaller rural riverside towns not served by the railway. These primitive canoes allowed for far easier and cheaper transport over large distances due to not having to carry possessions allowing the water to take the weight. (Winkler, 2019)
Dug out wooden canoes served a very important purpose for a long time allowing trade and travel between two or more otherwise inaccessible locations. There are still enthusiasts making and using dugout canoes, however, these tend to be more for aesthetic and traditional reasons rather than performance. (British Canoeing, 2019)
These canoes were initially very primitive in design and although these designs became more efficient through the years the boats were still extremely heavy in comparison with the other materials later used in kayak construction. (British Canoeing, 2019)
These canoes were constructed usually but using a rock or other hard material combined with fire to hollow out the interior of a tree trunk. This process would take several weeks to complete and therefore a canoe was highly prized possession and necessary for transport. (Winkler, 2019)
4.2. [bookmark: _Toc4169476]Wood or whalebone frames with animal skin fabric 
The first kayaks created by the Inuit people of polar North America (now Canada and Alaska), were created from whalebone or wooden frames with animal skins stretched over them and coated with whale fat to waterproof them. This was a relatively simple construction compared with modern techniques. This was used locally due to the availability of materials. They were primarily used for hunting the word kayak translates to hunting boat, however, larger versions were constructed for the purpose of moving entire families and their possessions around when resources dried up.
Like dugout wooden canoes these primitive kayaks were very important to the Inuit people as both a source of food and transport. The sport of kayaking has its roots in these early craft.
These kayaks had their disadvantages as well for example they were not sturdily constructed using natural fibres to tie the frame together therefore in bad weather conditions the kayak could break leading to a potential loss of life. 
4.3. [bookmark: _Toc4169477]Fibreglass
Fibreglass was the first real material innovation in canoeing and kayaking since their creation. The lightweight rigidity and strength of fibreglass lead to large increases in competition performance in all aspects of kayaking. Although fibreglass canoes were produced most users chose to stick with the traditional wooden canoes due to the fragility and expensiveness of the fibreglass composite product. (Calverly, 2019)
Fibreglass allowed kayaking to expand into areas not previously possible such as the 1976 expedition to kayak down the Dudh Kosi river that runs off Mount Everest. Also, a vast improvement in competition fibreglass kayaks were a contributing factor in the inclusion of canoe slalom in the 1972 Munich Olympics. It has also let to a large decrease in World Record times for sprint kayaking. (Calverly, 2019) (BBC FOUR, 2014)
Fibreglass although it allowed expansion into new areas it still had some of the disadvantages of previously used materials such as its poor resistance to impact when compared to more modern materials. This caused issues on the Dudh Kosi expedition when onsite repairs to the kayaks were required, a very difficult procedure especially considering the location. They were also very expensive compared with previous materials due to the labour skill and intensity of the manufacturing process. (BBC FOUR, 2014)
4.4. [bookmark: _Toc4169478]Carbon fibre 
Carbon fibre and epoxy resin is the current material of choice for high-performance racing canoes and kayaks. This is because the material when cured into a matrix is very stiff and strong whilst being very lightweight a slalom kayak weighs as little as nine kilograms (previously eight kilograms due to changing regulations on minimum weight). Most top tier athletes will also request that the manufacturer make their boat lighter so that they can add lead weights to their boats in the area they want to change the performance characteristics of the boat (e.g. in slalom the weight should be focussed under the seat to allow the boat to spin faster). (Calverly, 2019)
Carbon fibre as a material has led to an increase in performance most noticeable in sprint racing with the breaking of previous world record times and in freestyle kayaking allowing the athletes to achieve “bigger air” and allowing the development of new tricks such as the “pistol flip” and “helix” (Jackson, 2019)
Carbon fibre does have its disadvantages the main two are the impact strength of the kayaks and the cost modern slalom kayaks can cost in excess of two thousand pounds and most athletes in the top divisions in their countries will get a new boat at least once per season. When this is combined with the fragility of the kayak it can be off-putting to people participating or considering participation. (Calverly, 2019)
4.5. [bookmark: _Toc4169479]Polyethylene 
Polyethylene kayaks were initially created in the 1980’s they improved upon the existing fibreglass products by trading off a small increase in weight for a large increase in both the impact and abrasion resistance. This meant that the kayaks were able to withstand more punishment before they broke. (Robertson, 2019)
This meant the kayaks would last longer and be able to be used on harder harsher white-water without breaking. This leads to another large increase performance this time outside of competition, allowing feats that would not have been possible to do in kayaks made from previous materials due to the large forces acting upon them. These include descending Cherry Creek, California, USA or the current world record of the highest waterfall run in a kayak of an estimated 198 feet (60 meters). (Robertson, 2019)
Although polyethylene plastic has allowed many achievements not previously possible consumers are now looking for kayaks to be just as strong but lighter and faster. This has been improved in part by changes to designs and the use of slightly different manufacturing processes and thicknesses.   (Robertson, 2019)
The introduction of this material into the kayaking industry benefitted greatly from the rebellious nature of the younger population at that time enabling them to push the boundaries of what was possible in terms of white-water kayaking. This was enhanced by the mainstream media attention that events such as the X Games and Teva mountain games (now GoPro mountain games) brought to not only kayaking but all extreme sports. Many of the top kayakers in the past 20 years grew up and started paddling in that time period Tyler Bradt current world record holder (highest waterfall run in a kayak), Tao Berman current world record holder (biggest wave surfed in a kayak) and Dane Jackson (multiple time world champion). (Calverly, 2019) (Robertson, 2019)

5. [bookmark: _Toc4169480]Conclusion
In conclusion the sport of canoeing and kayaking has changed massively over the years and things that were not even conceivable as little as seventy years ago are now being done on a regular basis. The current drive for faster designs and lighter boats has pushed some manufactures to start making composite whitewater kayaks, however, these were widely rejected at the Adidas sickline world championships in 2017, when voted on whether they should be allowed in competition. Many of the voters cited that it would create a divide between those that could afford a boat just to race in and another to use day to day. In the future it is likely that another material will replace polyethylene and carbon fibre as the best materials for the production and use of kayaks.
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