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Carbon Fibre Composites in Bicycle Construction 

It is the end of the paralympic tandem cycling event, and one couple is in the 

lead. In this event, a visually impaired cyclist pedals while a sighted pilot steers ahead in 

the oddly shaped velodrome. The men in first are gaining a considerable advantage, 

and all signs point to their victory. As they turn the bend of the steep track, the pilot 

looks below at the end of the bike’s carbon fibre wheel; something looks wrong, but the 

blind pedalist sees nothing, continuing to tread at an unrelenting speed. Suddenly, the 

front wheel of the track bike shatters into pieces, and the men, whose bike is built 

without brakes, have no choice but to slide to the bottom of the velodrome in 

embarrassing defeat. 

This phenomena of “exploding” bikes has surprisingly been observed 

intermittently in the recent history of modern cycling, beginning around two decades 

ago. Most bikes seen shattering in popular YouTube videos have frames and 

sometimes other elements composed of carbon fibre composites. This controversial 

material is known for its incredibly light weight and pliability, but it also has a reputation 

of being far too costly for the average consumer and far too fragile for professionals 

competing in a wide range of extreme biking events. Many wonder if carbon composite 
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bicycles are worth their supposed flaws or if it is better to continue purchasing 

tried-and-tested metal bike frames. 

 As years have passed since this strange material’s inception, engineers and 

scientists interested in the unique properties of carbon fibre have placed more focus on 

improving the quality and application of carbon fibre composites. This increased 

attention has led to development of a building material superior to titanium, aluminum, 

and steel alloys that formerly dominated the world of biking. Carbon fibre composites 

are extremely light, have a high strength to weight ratio, and can be molded into shapes 

that make a bicycle more aerodynamic, which is why they should replace metal 

road,mountain, and track bikes in the future. Any claims made against the strength and 

cost of the material are either outdated or exaggerated to ridiculous proportions. 

To understand what sets carbon fibre apart from metal alloys,  it is imperative to 

understand how each is material is synthesized.  A carbon fibre reinforced polymer, 

CFRP for short, is a composite made of carbon fibre and epoxy resin. Carbon fibres 

were first made in 1956 by an American physicist named Roger Bacon (Gorss 1).  The 

process begins with a plastic called polyacrylonitrile, PAN. The fibres are first heated 

and oxidized, which turns them black and makes them resistant to high heat. They are 

then heated to a higher temperature with the absence of oxygen in the surrounding 

atmosphere; the heat forces all elements except carbon out of the material, resulting in 

long and tightly interlocked carbon chains.  The fibres are pulled through an electrically 

charged bath that etches the surface of the carbon chains. Resin is then poured onto 

the sheets and easily bonds with the fibres due to their rough surfaces. This resin 
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protects the carbon fibre; another type of resin called epoxy will be added when the 

carbon fibre has been molded into its desired shape, giving it protection and rigidity 

(“How is it made”). 

Making alloys, specifically using aluminum, is a much simpler process that has 

been done in the U.S. since 1911 (“History of Aluminum”).  The process involves 

melting and cooling a number of metals together until they have homogenized, which is 

often done to make a material stronger. A widely used alloy used in bicycle construction 

is called AA6061, composed of at least ninety-six percent aluminum and the majority of 

the remaining composition is mainly magnesium and silicon (Smurthwaite). 

Several months ago, I went on a fall mountain biking excursion with my father. 

We brought two bikes. The first was my own, sporting a titanium frame, and the second, 

which belonged to my dad, had a brand new carbon fibre frame. When it came time put 

the bikes onto the back of the car, my dad haphazardly tossed my bike to the back 

before carefully placing his new beauty to rest on the rack. It took him minutes to strap 

everything into place. When I asked him what was taking so long, he replied, saying, 

“Our bikes can’t touch during the car ride. If they do, the my frame could get bent out of 

shape.” 

For me at that time, my father’s words seemed like a blatant confession that 

titanium is stronger than carbon fibre, thus it would damage the plastic composite and 

not  the other way around.  I now believe  that my father’s words were perhaps a bit 

careless, stemming from his general overprotective nature of owning a new —and 

expensive— toy and also drawing from the knowledge of his older friends who’ve had 
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some experience with rudimentary, more experimental versions of carbon fibre bikes in 

past years.  

Carbon fibre bikes do have a history of being unpredictable. In an article 

published in 2014,  the possible dangers of carbon fibre bikes are summarized by the 

personal experience of road racers: 

Riders described landing on the top, horizontal tube of the bikes during crashes 

and ending up on the road after their frames splintered and collapsed. Small 

spills that used to mean, at best, straightening handlebars often require a bike 

change. Mechanics say they sometimes return the shattered remains of frames 

to manufacturers in bags intended to hold a single bicycle wheel. (Austen) 

These accidents happen because many low-quality carbon fibre composites will shatter 

when they have passed their load-bearing thresholds. In contrast, most metal alloys will 

bend rather than break when they’ve reached their load bearing capacity (Austen). 

These types of metal will absorb excess amounts of energy by deforming because their 

intermolecular arrangements allow for the metal to be malleable, which isn’t possible in 

carbon fibre composites.  

Despite its inability to deform under intense stress, carbon fibre bikes shouldn’t 

be breaking as long as the consumer is making purchases from a reputable source. In a 

study done in 2009, a carbon composite company found that its standard carbon fibre 

fabric had an ultimate tensile strength of 600 millipascals (“Mechanical Properties”), 

compared to 310 MPa of aluminum-6061 (“ASM Material”). Ultimate tensile strength is a 

measure of how much pressure a materiial can  Fast forward to today, and mostly all 
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components of a carbon fibre bicycle have a tensile strength of anywhere from 2,500 to 

3,500 MPa or higher (Broudy), withstanding at least eight times more pressure than 

AA6061, meaning it’s also much stronger than steel.  

Not only is carbon fibre the strongest material on the market, its molecular 

structure gives it even more advantageous properties in the world of biking. Because 

the material is arranged in single atom lines of carbon, it behaves like clothing fabric in 

large scale; it can be molded into place and set with epoxy rather than hammered into 

rough tubes and welded together in the case of metal frames. This new latitude gives 

engineers the freedom to come up with new designs with curvatures that allow the bike 

frame to be more ergonomic and aerodynamic (Tucker and Dixon), thus resulting in a 

faster and more comfortable race or ride.  

Whereas metal is malleable by nature, carbon fibre has a more useful feature in 

relation to biking, known as anisotropism. In this application, the word anisotropism 

means that the carbon fibre has different structural properties depending on the 

direction it's aligned. For example, the extreme stiffness that carbon fibre composites 

exhibit is present along the long axis of the fibres but decreases as the angle of the fibre 

alignment changes (Lindsey). This property is very useful in mountain biking, as the 

direction the fibre aligned in the frame can increase the amount of comfort for the rider. 

The stiffness of a material is called its modulus; a lower modulus feels more comfortable 

to the rider, but a higher modulus provides rigidity where it is required. Bicycle 

engineers  are beginning to use this knowledge to the full advantage, as they assemble 

a frame that has fibre aligned in a high modulus that requires high lateral rigidity, such 
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as the downtube, and positioned a low modulus where impact with the rider is high, 

such as the seat tube. The design of the bike frame is so complex that it is first 

theoretically assembled using 3D modeling computer software (Lindsey). All these 

measures are taken to give the bike frame a structural superiority that cannot be 

replicated among metal materials.  

Returning again to my experience with my father, another reason why he coddled 

his bike was because it was relatively expensive. Although the cost of a carbon fibre 

bike has decreased dramatically in the past twenty years, the price of a carbon fibre 

bike frame is still more expensive than that of its metal competitors. This is in part 

because the frames are all hand-cast and the construction process is very strenuous. 

The carbon fibre used in bike construction for all companies also comes from only five 

different companies (Broudy), creating a tight-knit monopoly. On top of that, high-end 

bicycle companies use expensive technology like CT scanners to test for impurities and 

weaknesses in their products.  

The problem regarding the cost of carbon fibre composites does not lie in the 

material itself but rather in the purchasing habits of the consumer. If more people begin 

to buy carbon fibre bicycle frames, the demand will increase, leading to more 

competition and lower prices. This is a relatively new material, and there is still a lot to 

learn about how to better utilize its properties and streamline the construction process; 

as long as there is still interest in improving this product via increased demand, cost will 

lower. If the demand is high enough, new companies will form, diminishing the 

monopoly of carbon fibre businesses and providing more variety in products. The cost 
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of carbon fibre is already dropping, directly proportional to demand. When carbon fibre 

nanotubes were first invented in 1956, the estimated cost to make one pound was $10 

million dollars (Gorss). Today, the price of carbon fibre is ten dollars per pound, a 

decrease in price by a factor of one million. Cost versus demand curves predict that the 

cost of carbon fibre will be equal to that of AA6061 within the next decade (University of 

Tennessee). 

Because the benefits of carbon fibre composites in bicycle construction are 

limited by the consumer, it’s important that all cyclists are aware of the truths and 

misunderstandings behind carbon fibre. Beliefs that this new material is fragile and 

inexpensive are both overblown and overshadowed by the incredible benefits, such as 

its strength and aerodynamic features. There is still much to be learned about this 

amazing material, and in a world where technological advances are driven by demand, 

the positive capabilities of carbon fibre in regards to bicycle construction continue to 

expand. 
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