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Introduction 
 

Welcome and Purpose  

Hello and welcome to the first of the Breakaway eBook series. I would like to start by 

saying thank you for using a Breakaway training plan and contributing to our mission. We 

are aiming to show you how to navigate your training while balancing a busy life and 

getting fitter without experiencing burnout or injures. This means with Breakaway you can 

hit the local group workouts or the mountains when you’re out exploring and feel great in 

the process (unless you’re doing intervals!). We want to support your athletic adventure 

every step of the way.  

 

To ensure this we offer unlimited email support with all are services and even a free video 

chat with every training plan your buy with us. In addition to this you are provided with 

this eBook series which also includes a nutrition, strength training and heat 

acclimatisation eBook. Following the Breakaway process we have found are athletes 

notice progress in 87% of the weeks they train with Breakaway and feel fresh (not 

fatigued) in 77% of the weeks with us, with an injury and illness rate of less than 10% (far 

lower than typical rates – which can be over 50%).  

 

 

How to Use This eBook 

This eBook is designed so it is easy to read and follow with lots of bullet points, so you 

don’t need to spend hours searching through paragraphs to find what you need. At the 

end of each section, you will also see a key points and take-home messages. Meaning if 

you just want the summary or highlights you can scroll to the end of the section. You also 

do not need to read this eBook in the order it has been written, although that would be 

idea, you can jump to the Chapter that interests you most and start there.  

 

 



About the Founder: 
 

Endurance sports can be analysed from three main perspectives: the athlete, the coach, 

and the researcher. I have experience in all three of these domains. I began my journey 

in endurance sports as a cyclist, aspiring to become a professional rider. My training was 

demanding, and while it led me to national races and a semi-professional race team, it 

also burned me out. 

 

As a result, I decided to study sports science at university, where I delved into the 

principles of endurance sports. After four years of education, I obtained my BSc in Sports 

and Exercise Science and a master’s degree in Sports and Health Sciences from the 

University of Exeter. 

 

Eager to apply what I had learned as both an athlete and a student, I founded BCA. My 

goal in starting BCA was to ensure that athletes continually improve without burning out 

or sustaining injuries, as I did. However, I wanted to further develop my knowledge and 

skill set, so I embarked on a Ph.D., researching recreational marathon runners. During 

my Ph.D., I have written articles for The Conversation, presented at workshops and 

conferences, and been done interviews for the BBC. 

 

These combined experiences allow me to view your training through the eyes of an 

athlete, a coach, and a researcher. This comprehensive perspective enables me to 

thoroughly analyse your training needs and optimise your performance. 

 
 
 
 
 
 
 
 
 
 
 



Chapter 1: Physiological Principles of 
Endurance Sports 
 

Structure and Function of the Cardiovascular System 

The cardiovascular system is the engine that powers your endurance performance. It 
consists of the heart, blood vessels, and blood, working together to deliver oxygen and 
nutrients to your muscles and remove waste products. Let's dive into the intricate 
workings of this system and how it supports your endurance activities. 

 

The Heart:  

The heart is a muscular organ about the size of your fist, located slightly to the left of the 
centre of your chest. It has four chambers: two atria (upper chambers) and two ventricles 
(lower chambers). The right side of the heart pumps deoxygenated blood to the lungs, 
where it picks up oxygen (pulmonary circulation), while the left side pumps oxygen-rich 
blood to the rest of the body (systemic circulation). 

Key Points: 

• The heart's primary function is to pump blood throughout the body. 
• The right side handles deoxygenated blood; the left side handles oxygenated 

blood. 



• Efficient heart function is critical for sustained endurance performance. 
• Endurance training mainly effects the right ventricle in terms of adaptions.  

Blood Vessels: The Highways 

Blood vessels are the network of highways through which blood travels. There are three 
main types of blood vessels: arteries, veins, and capillaries. 

1. Arteries: These carry oxygen-rich blood away from the heart to the muscles and 
organs. The largest artery is the aorta, which branches into smaller arteries and 
arterioles. 

2. Veins: These return deoxygenated blood back to the heart. They contain valves 
that prevent the backflow of blood, ensuring it moves in the right direction. 

3. Capillaries: These are tiny blood vessels where the exchange of oxygen, carbon 
dioxide, and nutrients occurs between blood and tissues. Their thin walls 
facilitate this crucial exchange. 

Key Points: 

• Arteries carry oxygenated blood away from the heart. 
• Veins return deoxygenated blood to the heart. 
• Capillaries are the sites of nutrient and gas exchange. 

Blood:  

Blood is the transport medium that carries oxygen, nutrients, hormones, and waste 
products. It consists of red blood cells (which carry oxygen), white blood cells (which 
fight infection), platelets (which help with clotting), and plasma (the liquid component). 

Key Points: 

• Red blood cells are crucial for oxygen transport. 
• White blood cells defend against infections. 
• Plasma carries nutrients, hormones, and waste products. 

Cardiovascular Function in Endurance Sports 

During endurance exercise, your cardiovascular system undergoes several adjustments 
to meet the increased demands for oxygen and nutrients by your muscles: 

1. Increased Cardiac Output: The amount of blood the heart pumps per minute 
(cardiac output) increases significantly during exercise. This is achieved by a 
higher heart rate (number of beats per minute) and increased stroke volume 
(amount of blood pumped per beat). 

2. Enhanced Oxygen Delivery: Blood vessels dilate (widen) to increase blood flow 
to active muscles, enhancing oxygen delivery and nutrient supply. 



3. Improved Blood Distribution: Blood flow is redirected from less active areas (like 
the digestive system) to the muscles that need it the most. 

4. Increased Capillary Density: With regular endurance training, the number of 
capillaries in your muscle’s increases, improving the efficiency of oxygen and 
nutrient exchange. 

Key Points: 

• Cardiac output increases to supply muscles with more blood. 
• Blood vessels dilate to enhance oxygen delivery. 
• Blood is redistributed to prioritize active muscles. 
• Endurance training increases capillary density in muscles. 

Diagram: The Cardiovascular System 

 

A detailed diagram illustrating the heart, major arteries and veins, and capillary networks 
can help visualize the flow of blood and its essential role in endurance performance. The 
diagram is provided URGO Medical.  

Take Home Messages 

• The cardiovascular system, including the heart, blood vessels, and blood, is 
essential for delivering oxygen and nutrients to muscles during endurance 
exercise. 

• The heart's efficiency, blood vessel function, and blood's ability to transport 
oxygen are crucial for sustaining prolonged physical activity. 



• Regular endurance training enhances the cardiovascular system's capacity to 
meet increased physical demands, improving overall performance. 

Understanding the cardiovascular system's structure and function is the first step in 
optimizing your endurance training. With this foundation, you can better appreciate the 
complex interactions that drive your performance and apply this knowledge to your 
training regimen. 

 
 

Structure and Function of the Respiratory System 

The respiratory system is a crucial component of endurance performance, working 
closely with the cardiovascular system to deliver oxygen to the muscles and remove 
carbon dioxide.  

 

Anatomy of the Respiratory System 

The respiratory system consists of the upper and lower respiratory tracts, which include 
the nasal cavity, pharynx, larynx, trachea, bronchi, and lungs. Here's a breakdown of 
these components and their functions: 

1. Nasal Cavity and Mouth: Air enters the respiratory system through the nose or 
mouth. The nasal cavity warms, moistens, and filters the air, while the mouth 
serves as an additional airway, especially during intense exercise. 

2. Pharynx: Also known as the throat, the pharynx serves as a passageway for air 
from the nose and mouth to the larynx. 



3. Larynx: The larynx, or voice box, contains the vocal cords and protects the 
trachea by preventing food and drink from entering the airways. 

4. Trachea: The trachea, or windpipe, is a tube that connects the larynx to the 
bronchi. It is supported by cartilaginous rings that keep the airway open. 

5. Bronchi: The trachea divides into two bronchi, each leading to one lung. The 
bronchi further divide into smaller bronchioles within the lungs. 

6. Lungs: The lungs are the primary organs of respiration. They contain millions of 
tiny air sacs called alveoli, where gas exchange occurs. 

7. Diaphragm and Intercostal Muscles: The diaphragm is a dome-shaped muscle 
located below the lungs. It plays a key role in breathing by contracting and relaxing 
to change the pressure within the thoracic cavity. The intercostal muscles, 
located between the ribs, also assist in expanding and contracting the chest 
cavity during respiration. 

Mechanics of Breathing 

Breathing, or ventilation, involves two main processes: inhalation (inspiration) and 
exhalation (expiration). 

1. Inhalation: During inhalation, the diaphragm contracts and moves downward, 
while the intercostal muscles contract to expand the rib cage. This increases the 
volume of the thoracic cavity and reduces the pressure inside the lungs, causing 
air to flow in. 

2. Exhalation: During exhalation, the diaphragm relaxes and moves upward, and the 
intercostal muscles relax, allowing the rib cage to return to its resting position. 
This decreases the volume of the thoracic cavity and increases the pressure 
inside the lungs, forcing air out. 

Gas Exchange: Oxygen and Carbon Dioxide 

Gas exchange occurs in the alveoli of the lungs. Here's how it works: 

1. Oxygen Transport: When you inhale, oxygen-rich air fills the alveoli. Oxygen 
diffuses across the thin walls of the alveoli into the surrounding capillaries, where 
it binds to haemoglobin in red blood cells and is transported to the muscles and 
other tissues. 

2. Carbon Dioxide Removal: Carbon dioxide, a waste product of metabolism, 
diffuses from the capillaries into the alveoli. It is then expelled from the body 
during exhalation. 

Key Points: 

• Inhalation involves the contraction of the diaphragm and intercostal muscles. 
• Exhalation is the relaxation of these muscles. 
• Gas exchange in the alveoli is crucial for oxygen delivery and carbon dioxide 

removal. 



Respiratory Adaptations to Endurance Training 

Endurance training induces several adaptations in the respiratory system, enhancing its 
efficiency and capacity: 

1. Increased Lung Capacity: Regular training can improve lung capacity, allowing 
for greater volumes of air to be inhaled and exhaled. 

2. Improved Alveolar-Capillary Network: The density and efficiency of the 
alveolar-capillary network increase, enhancing the ability to exchange gases. 

3. Stronger Respiratory Muscles: The diaphragm and intercostal muscles become 
stronger, improving the mechanics of breathing. 

4. Enhanced Oxygen Utilization: Training improves the ability of muscles to utilize 
oxygen, reducing the reliance on anaerobic metabolism and delaying the onset of 
fatigue. 

Key Points: 

• Endurance training increases lung capacity and the efficiency of gas exchange. 
• Respiratory muscles strengthen, improving breathing mechanics. 
• Enhanced oxygen utilization supports prolonged physical activity. 

Diagram: The Respiratory System 



 A detailed diagram showing the anatomy of the respiratory system, including the nasal 
cavity, pharynx, larynx, trachea, bronchi, and lungs, can help visualize the flow of air and 
gas exchange processes. The diagram is provided by the Canadian Lunge Association.  

Take Home Messages 

• The respiratory system is essential for delivering oxygen to the muscles and 
removing carbon dioxide. 

• Efficient breathing mechanics and gas exchange are crucial for sustained 
endurance performance. 

• Endurance training enhances the capacity and efficiency of the respiratory 
system. 

Understanding the structure and function of the respiratory system is vital for optimizing 
your breathing strategies during endurance exercise. With this knowledge, you can 
improve your respiratory efficiency and overall performance. 

 

Structure and Function of the Muscular System 

The muscular system is the powerhouse of endurance performance, enabling movement 
and sustaining prolonged physical activity. Understanding the structure and function of 
this system can help you optimize your training and improve your endurance capabilities. 

 
Diagram by: Blausen Human Atlas 



Muscle Anatomy 

Muscles are composed of specialized cells called muscle fibres, which are bundled 
together to form the muscle tissue. Each muscle fibre contains numerous myofibrils, 
which are the contractile elements of the muscle. 

1. Skeletal Muscle Fibers: These fibres are responsible for voluntary movements 
and are categorized into three main types based on their contraction speed and 
fatigue resistance: 

o Type I (Slow-Twitch) Fibers: These fibres contract slowly and are highly 
resistant to fatigue, making them ideal for endurance activities. They have 
a high density of mitochondria, which allows them to generate energy 
efficiently through aerobic metabolism. 

o Type IIa (Fast-Twitch Oxidative) Fibers: These fibres contract more 
quickly than Type I fibres and have a moderate resistance to fatigue. They 
can generate energy both aerobically and anaerobically. 

o Type IIb (Fast-Twitch Glycolytic) Fibers: These fibres contract rapidly and 
generate high force but fatigue quickly. They primarily rely on anaerobic 
metabolism for energy. 

Key Points: 

• Muscle fibres are the building blocks of muscles and are categorized into Type I, 
Type IIa, and Type IIb. 

• Type I fibres are crucial for endurance due to their fatigue resistance and aerobic 
capacity. 

Muscle Contraction 

Muscle contraction is the process that enables movement and is governed by the 
interaction of actin and myosin, the contractile proteins within myofibrils. The sliding 
filament theory explains this process: 

1. Excitation: A nerve impulse triggers the release of calcium ions from the 
sarcoplasmic reticulum into the muscle fibre. 

2. Coupling: Calcium binds to troponin, causing a conformational change in 
tropomyosin, exposing the binding sites on actin for myosin. 

3. Contraction: Myosin heads attach to actin forming cross-bridges, then pivot to 
pull the actin filaments closer together, shortening the muscle. 

4. Relaxation: Calcium ions are pumped back into the sarcoplasmic reticulum, 
causing the myosin heads to detach from actin, and the muscle relaxes. 

Key Points: 

• Muscle contraction involves the interaction of actin and myosin proteins. 
• The sliding filament theory describes the process of muscle shortening during 

contraction. 



Energy Systems in Muscle 

Muscles require energy to contract, which is supplied by three primary energy systems: 

1. Phosphagen System: Provides immediate energy through the breakdown of 
creatine phosphate. It supports high-intensity activities but is quickly depleted, 
lasting approximately 10 seconds.  

2. Glycolytic System: Generates energy through the anaerobic breakdown of 
glucose, producing lactate as a byproduct. It supports moderate to high-intensity 
activities for short durations. 

3. Oxidative System: Utilizes oxygen to produce energy through the aerobic 
metabolism of carbohydrates, fats, and proteins. It is the primary energy system 
for endurance activities. 

 

Key Points: 

• The phosphagen system provides immediate but short-lived energy. 
• The glycolytic system generates energy anaerobically and produces lactate. 
• The oxidative system is the main source of energy for prolonged endurance 

activities. These three energy systems are discussed in more detail in the next 
section.  

Adaptations to Endurance Training 

Endurance training induces several adaptations in the muscular system that enhance 
performance: 

1. Increased Mitochondrial Density: More mitochondria in muscle fibres improve 
the efficiency of aerobic metabolism, allowing for sustained energy production. 

2. Enhanced Capillary Density: Increased capillary networks improve oxygen and 
nutrient delivery to muscle fibres. 

3. Improved Myoglobin Content: Higher levels of myoglobin, a protein that stores 
and transports oxygen within muscle cells, enhance oxygen availability during 
exercise. 

4. Muscle Fiber Transformation: Training can induce a shift in muscle fibre 
composition, increasing the proportion of Type I fibres and Type IIa fibres, which 
are more fatigue-resistant and better suited for endurance. 

Key Points: 

• Endurance training increases mitochondrial and capillary density in muscles. 
• Myoglobin content and muscle fibre composition adapt to support prolonged 

activity. 

 



Diagram: Muscle Fiber Types  

 

A diagram provided by Vedantu illustrating the different muscle fibre types (Type I, Type 
IIa, Type IIb) can help visualize their roles in endurance performance. Faster twitch fibres 
tend to be darker while slow twitch fibres tend to be lighter as depicted in the diagram. 

Take Home Messages 

• The muscular system is composed of different types of fibres, each suited for 
specific types of physical activity. 

• Muscle contraction is governed by the sliding filament theory involving actin and 
myosin. 

• Energy for muscle contraction is supplied by the phosphagen, glycolytic, and 
oxidative systems. 

• Endurance training enhances muscle function through increased mitochondrial 
and capillary density, improved myoglobin content, and fibre type transformation. 

Understanding the structure and function of the muscular system is essential for 
optimizing your endurance training. By leveraging this knowledge, you can improve your 
muscle efficiency and overall performance in endurance sports. 

 
 



Metabolic Pathways in Exercise 

Metabolic pathways are the biochemical processes that provide energy to muscles 
during exercise. Understanding these pathways is crucial for optimizing endurance 
performance, as they dictate how efficiently your body can produce and utilize energy 
over prolonged periods. 

 

 

The Three Main Metabolic Pathways 

There are three primary metabolic pathways involved in energy production during 
endurance exercise: the phosphagen system, the glycolytic system, and the oxidative 
system. Each pathway operates differently and is utilized based on the intensity and 
duration of the activity. 

1. Phosphagen System (ATP-PCr System) 
o Function: Provides immediate energy for high-intensity, short-duration 

activities (e.g., sprints, heavy lifting). 
o Mechanism: Uses stored ATP (adenosine triphosphate) and creatine 

phosphate (CP) in the muscles to rapidly regenerate ATP. 
o Duration: Supports activity for up to 10 seconds. 
o Limitation: Quickly depleted, making it unsuitable for sustained exercise. 

2. Glycolytic System (Anaerobic Glycolysis) 
o Function: Generates energy for moderate to high-intensity activities 

lasting from 10 seconds to 2 minutes. 



o Mechanism: Breaks down glucose or glycogen without oxygen 
(anaerobically) to produce ATP, resulting in the formation of lactate. 

o Byproducts: Hydrogen ions, which can lead to muscle fatigue. 
o Limitation: Produces less ATP compared to the oxidative system and can 

cause acidosis due to lactate accumulation. 
3. Oxidative System (Aerobic Metabolism) 

o Function: Provides energy for low to moderate-intensity activities lasting 
longer than 2 minutes. 

o Mechanism: Uses oxygen to completely oxidize carbohydrates, fats, and, 
to a lesser extent, proteins to produce ATP. 

o Substrates: Glucose, glycogen, fatty acids, and amino acids. 
o Efficiency: Produces the most ATP but at a slower rate compared to the 

phosphagen and glycolytic systems. 
o Primary Use: Dominates during endurance activities such as long-

distance running, cycling, and swimming. 

Key Points: 

• The phosphagen system provides immediate energy but is quickly depleted. 
• The glycolytic system supports short to moderate duration efforts but produces 

lactate. 
• The oxidative system is the primary energy source for prolonged endurance 

exercise. 
• Interesting fact, the first kilometre of a marathon is more anaerobic compared to 

the last.  

Carbohydrate Metabolism 

Carbohydrates are a primary fuel source during endurance exercise, particularly at 
higher intensities. They are stored as glycogen in muscles and the liver and are broken 
down to glucose, which enters the bloodstream to be used for energy. 

1. Glycogenolysis: The breakdown of glycogen to glucose, providing a rapid supply 
of energy. 

2. Glycolysis: The anaerobic breakdown of glucose to pyruvate, which can enter the 
mitochondria for further oxidation or be converted to lactate in the absence of 
oxygen. 

3. Oxidative Phosphorylation: The aerobic process occurring in the mitochondria, 
where pyruvate enters the Krebs cycle and electron transport chain, producing 
large amounts of ATP. 

Fat Metabolism 

Fats are a significant energy source during prolonged, lower-intensity endurance 
exercise. They provide more energy per gram than carbohydrates but require more 
oxygen for oxidation. 



1. Lipolysis: The breakdown of triglycerides into glycerol and free fatty acids (FFAs). 
2. Beta-Oxidation: The process where FFAs are converted into acetyl-CoA, which 

enters the Krebs cycle for ATP production. 
3. Role in Endurance: As exercise duration increases, the reliance on fat as a fuel 

source grows, sparing glycogen stores. 

Protein Metabolism 

Proteins play a minor role in energy production during endurance exercise, primarily 
when glycogen stores are depleted. They are broken down into amino acids, which can 
be converted into glucose or enter the Krebs cycle for ATP production. 

1. Amino Acid Catabolism: The breakdown of amino acids for energy, producing 
ammonia as a byproduct. 

2. Gluconeogenesis: The conversion of amino acids into glucose in the liver, 
helping maintain blood glucose levels during prolonged exercise. 

 

Diagram: Metabolic Pathways 

 

A diagram illustrating the phosphagen system (ATP-PCr), glycolytic system, and oxidative 
system can help visualize how energy is produced and utilized during different phases of 
endurance exercise. The x-axis (along the bottom) represents exercise duration, the y-
axis represents the percent of contribution to total energy supply. Gastin, P.B., 2001. 
Energy system interaction and relative contribution during maximal exercise. Sports 
medicine, 31, pp.725-741. 

 



Take Home Messages 

• Energy for endurance exercise is provided by the phosphagen, glycolytic, and 
oxidative systems, each playing a role depending on exercise intensity and 
duration. 

• Carbohydrates are a primary fuel source, especially at higher intensities, through 
glycogenolysis and glycolysis. 

• Fats become increasingly important during prolonged, lower-intensity exercise 
through lipolysis and beta-oxidation. 

• Proteins serve as a minor energy source, primarily when glycogen is depleted, 
through amino acid catabolism and gluconeogenesis. 

Understanding these metabolic pathways allows athletes to optimize their training and 
nutrition strategies, enhancing their endurance performance and delaying fatigue. 

 
 

Neuromuscular Coordination and Efficiency 

Neuromuscular coordination and efficiency are essential for optimal performance in 
endurance sports. These components influence how effectively muscles work together 
and how efficiently they use energy. By understanding and improving neuromuscular 
coordination and efficiency, athletes can enhance their performance and delay fatigue. 

 
Diagram by: Lumen Learning 



Neuromuscular Coordination 

Neuromuscular coordination refers to the harmonious functioning of the nervous system 
and muscles to produce smooth and efficient movements. This involves the integration 
of sensory input, motor output, and feedback mechanisms to control muscle actions. 

1. Motor Units and Muscle Fibers 
o A motor unit consists of a motor neuron and the muscle fibres it 

innervates. The activation of motor units is essential for muscle 
contraction. 

o Smaller motor units, which control fewer muscle fibres, are recruited first 
during low-intensity activities. Larger motor units, which control more 
muscle fibres, are recruited as the intensity increases. 

2. Proprioception 
o Proprioception is the body's ability to sense its position and movement in 

space. It involves receptors in the muscles, tendons, and joints that 
provide feedback to the central nervous system. 

o Good proprioception is crucial for balance, coordination, and the fine-
tuning of movements during endurance activities. 

3. Central Nervous System (CNS) Adaptations 
o Endurance training induces adaptations in the CNS that improve 

neuromuscular coordination. These adaptations include enhanced neural 
drive, increased motor unit recruitment, and improved firing rates of motor 
neurons. 

o CNS adaptations contribute to more efficient muscle contractions and 
better overall performance. 

Neuromuscular Efficiency 

Neuromuscular efficiency refers to the ability of the muscles to perform work with 
minimal energy expenditure. It involves the optimization of muscle force production and 
the minimization of unnecessary muscle activity. 

1. Muscle Fiber Recruitment 
o Efficient muscle fibre recruitment ensures that the right muscle fibres are 

activated at the right time. This minimizes energy wastage and maximizes 
force production. 

o Endurance training enhances the ability to selectively recruit slow-twitch 
(Type I) fibres, which are more fatigue-resistant and energy-efficient. 

2. Energy Utilization 
o Neuromuscular efficiency is closely linked to how muscles use energy. 

Efficient muscles can sustain contractions for longer periods without 
fatigue. 

o Training improves the muscles' oxidative capacity, allowing for better 
utilization of oxygen and energy substrates. 

3. Muscle Synergy 



o Muscle synergy refers to the coordinated activation of multiple muscles to 
produce a specific movement. Efficient muscle synergy reduces the strain 
on individual muscles and distributes the workload. 

o Training enhances muscle synergy, resulting in smoother and more 
efficient movements. 

4. Movement Economy 
o Movement economy is the energy cost of maintaining a specific velocity or 

power output. Improved neuromuscular efficiency leads to a lower energy 
cost for a given performance level. 

o Factors influencing movement economy include muscle coordination, 
technique, and biomechanical efficiency. 

Training for Neuromuscular Coordination and Efficiency 

1. Technique Optimization 
o Regular technique assessments and adjustments can improve movement 

efficiency. Working with a coach to refine technique can lead to significant 
performance gains. 

o Video analysis and biomechanical feedback can help identify and correct 
inefficient movement patterns. 

2. Plyometric Training 
o Plyometric exercises, which involve explosive movements like jumping 

and bounding, enhance neuromuscular efficiency by improving the rate of 
force development and muscle activation patterns. 

3. Endurance Training 
o Consistent endurance training promotes neuromuscular adaptations, 

including improved motor unit recruitment and energy utilization. Varying 
the intensity and duration of training sessions can maximize these 
adaptations. 

Key Points: 

• Balance, agility, and strength drills improve neuromuscular coordination. 
• Technique optimization and plyometric training enhance movement efficiency. 
• Consistent endurance training fosters neuromuscular adaptations. 

Take Home Messages 

• Neuromuscular coordination and efficiency are critical for optimal endurance 
performance. 

• Efficient recruitment of muscle fibres and enhanced proprioception improve 
movement precision. 

• Endurance training and specific drills enhance neuromuscular adaptations, 
leading to better performance and reduced fatigue. 



By understanding and improving neuromuscular coordination and efficiency, athletes 
can achieve smoother, more efficient movements, enhance their endurance 
performance, and delay the onset of fatigue. 

 

Next, we will explore the key determinants of endurance performance, including aerobic 
capacity, lactate threshold, and economy of movement. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2: Key Determinants of 
Endurance Performance 
 

Maximal Oxygen Consumption (VO2 Max) 

Maximal oxygen consumption, commonly referred to as VO2 max, is a critical 
determinant of endurance performance. It represents the maximum volume of oxygen 
that an athlete can utilize (transport to the working muscles) per minute during intense 
exercise and is a key indicator of cardiovascular fitness. VO2 max is influenced by several 
factors, including genetics, training, age, and sex. 

 

Understanding VO2 Max 

VO2 max stands for "volume of oxygen maximum" and is typically measured in millilitres 
of oxygen consumed per kilogram of body weight per minute (ml/kg/min). It reflects the 
efficiency of the body's ability to transport and utilize oxygen during exercise. 

1. Measurement of VO2 Max 
o VO2 max is measured using a graded exercise test (GXT) conducted on a 

treadmill or cycle ergometer. The test involves increasing the intensity of 
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exercise until the subject reaches voluntary exhaustion while respiratory 
gases are collected and analysed. 

o The highest rate of oxygen consumption achieved during the test is 
recorded as the VO2 max. 

2. Physiological Basis of VO2 Max 
o VO2 max is determined by the combined efficiency of the respiratory 

system (oxygen intake), the cardiovascular system (oxygen transport), and 
the muscular system (oxygen utilization). 

o High VO2 max values indicate superior cardiovascular fitness and a 
greater ability to sustain high-intensity exercise. 

Factors Affecting VO2 Max 

Several factors influence an individual's VO2 max, including genetics, training status, 
age, and sex. 

1. Genetics 
o Genetics play a significant role in determining VO2 max. Studies suggest 

that genetic factors can account for up to 50% of the variability in VO2 max 
among individuals. 

o Genetic predisposition affects the size and efficiency of the heart, lung 
capacity, and muscle fibre composition, all of which influence VO2 max. 

2. Training 
o Endurance training can significantly improve VO2 max by enhancing 

cardiovascular and muscular efficiency. Regular aerobic exercise 
increases the heart's stroke volume, the density of capillaries in muscles, 
and the mitochondrial capacity for energy production. 

o High-intensity interval training (HIIT) and long, steady-state endurance 
workouts are particularly effective at increasing VO2 max. 

3. Age 
o VO2 max typically declines with age, primarily due to decreases in 

maximal heart rate, muscle mass, and overall physical activity levels. 
o Regular physical activity and endurance training can mitigate some of the 

age-related declines in VO2 max. Age related declines in VO2 max tend to 
start around third decade of life. 

4. Sex 
o On average, men tend to have higher VO2 max values than women, partly 

due to differences in body composition, haemoglobin levels, and heart 
size. 

Key Points: 

• Genetics significantly influence VO2 max, accounting for up to 50% of variability. 
• Endurance training improves VO2 max by enhancing cardiovascular and 

muscular efficiency. 
• VO2 max declines with age but can be maintained with regular training. 



• Men generally have higher VO2 max values than women, but training can narrow 
this gap. 

Importance of VO2 Max in Endurance Performance 

VO2 max is a crucial determinant of an athlete's potential in endurance sports. It 
provides a ceiling for aerobic energy production and is strongly correlated with 
performance in running, cycling, and swimming. 

1. Performance Predictor 
o VO2 max is a strong predictor of endurance performance. Athletes with 

higher VO2 max values can sustain higher intensities of exercise for longer 
periods. 

o In competitive settings, VO2 max can differentiate elite athletes from their 
peers, although other factors such as lactate threshold and movement 
economy also play significant roles. 

2. Training Intensity Prescription 
o Knowing an athlete's VO2 max helps in designing effective training 

programs.  
o However, it is not considered good practice to design training zones based 

on a percent of VO2 max. This method does not take threshold physiology 
into consideration.  

3. Health Indicator 
o VO2 max is also an important indicator of overall cardiovascular health. 

Higher VO2 max levels are associated with a lower risk of cardiovascular 
diseases and improved longevity. 

Key Points: 

• VO2 max is a strong predictor of endurance performance and differentiates elite 
athletes. 

• It helps prescribe training intensities to optimize aerobic conditioning. 
• Higher VO2 max levels are associated with better cardiovascular health and 

longevity. 

Improving VO2 Max 

Several training strategies can help improve VO2 max: 

1. Aerobic Endurance Training 
o Long, steady-state workouts at low intensity improve the efficiency of the 

cardiovascular and respiratory systems. 
o This refers to both long endurance workouts (e.g., the long run) and high-

volume week where the majority of training is at a low intensity.  
2. High-Intensity Interval Training (HIIT) 

o HIIT involves short bursts of intense exercise (above 90% of maximum 
heart rate) followed by recovery periods (a ratio of 1:1 is often 



recommended). This training modality is highly effective at increasing VO2 
max by challenging the cardiovascular and muscular systems. 

o Examples include 4-minute intervals above threshold or 5km speed 
interval runs.  

Diagram: VO2 Max and Performance 

[Insert Diagram of VO2 Max Measurement and Training Zones] 

A diagram illustrating how VO2 max is measured, and the corresponding training zones 
can help visualize its application in endurance training. 

Take Home Messages 

• VO2 max is a critical measure of aerobic capacity and a key determinant of 
endurance performance. 

• Genetics, training, age, and sex influence VO2 max. 
• Higher VO2 max levels predict better endurance performance and overall 

cardiovascular health. 
• Aerobic endurance training, HIIT, and threshold training are effective strategies 

for improving VO2 max. 

 
 

 

Lactate Turn Point (LTP or LT2) 

Lactate Turn Point (LTP), often referred to as LT2 is a critical determinant of endurance 
performance. It signifies the intensity of exercise at which lactate begins to accumulate 
in the blood at a faster rate than it can be removed. The percent the LTP is of VO2 max is 
referred to a fractional utilization. A higher percentage is considered better for endurance 
performance in most cases.  

Understanding Lactate Threshold 

Lactate is a byproduct of anaerobic metabolism, produced when the body breaks down 
glucose for energy without sufficient oxygen. At lower exercise intensities, the body can 
efficiently clear lactate, using it as a fuel source. However, as exercise intensity 
increases, lactate production surpasses clearance, leading to its accumulation in the 
blood. 

 

 



 

 

1. Measurement of Lactate Turn Point 
o Lactate threshold is typically measured through blood samples taken at 

various exercise intensities during a graded exercise test. The point at 
which there is an exponential increase in blood lactate concentration 
indicates the lactate turn point. 

o The threshold is often expressed as a percentage of VO2 max or maximum 
heart rate, helping to tailor training zones/intensities. 

2. Physiological Basis of Lactate Turn Point 
o Lactate threshold represents the balance between lactate production and 

clearance. It is influenced by the efficiency of the muscles and the 
cardiovascular system in delivering and utilizing oxygen. 

o A higher lactate threshold allows athletes to sustain higher intensities for 
longer periods without fatigue. 

Factors Affecting Lactate Turn Point 

Several factors influence an individual's lactate turn point, including genetics, training, 
and muscle fibre composition. 

1. Training 
o Endurance training, particularly high-intensity interval training (HIIT) and 

threshold training, can significantly raise the lactate threshold. 
o Training adaptations include increased mitochondrial density, enhanced 

capillary networks, and improved lactate clearance mechanisms. 
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2. Muscle Fiber Composition 
o Athletes with a higher percentage of Type I muscle fibres tend to have a 

higher lactate turn point, as these fibres are more efficient at using oxygen 
and clearing lactate. 

o Training can induce some fibre type transformation, increasing the 
proportion of fatigue-resistant fibres. 

Key Points: 

• Genetics and muscle fibre composition influence lactate turn point. 
• Endurance and high-intensity training improve the lactate turn point. 
• Higher proportions of Type I fibres are associated with a higher lactate turn point. 

Importance of Lactate Turn Point in Endurance Performance 

Lactate turn point is a strong predictor of endurance performance. It is often more 
indicative of performance potential than VO2 max, as it represents the sustainable 
intensity an athlete can maintain. 

1. Performance Predictor 
o A higher lactate turn point allows athletes to maintain a higher pace or 

power output for longer periods, directly correlating with better 
performance in endurance events. 

o It is particularly relevant for middle to long-distance events where 
sustaining a high intensity is crucial. 

2. Training Intensity Prescription 
o Knowing an athlete's lactate turn point helps in designing effective training 

programs. Breakaway programmes are based on a field test that 
approximates the lactate turn point.  

o Training zones are subsequently designed based on a percent of the 
results from the field test. The training zones used by Breakaway are in the 
table below. 

Cycling Name % % 

Zone 1 Recovery < 50 
Zone 2 Endurance 56 75 
Zone 3 Tempo 76 90 
Zone 4 Threshold 91 105 
Zone 5 VO2max < 106 

 

3. Fatigue Management 
o Training to increase the lactate threshold helps delay the onset of fatigue 

by improving lactate clearance and enhancing the body's buffering 
capacity. 

Running Name % % 

Zone 1 Recovery 70 > 
Zone 2 Endurance 80 79 
Zone 3 Tempo 90 81 
Zone 4 Threshold 100 91 
Zone 5 VO2max < 101 



o This allows athletes to push harder for longer before experiencing the 
debilitating effects of lactate accumulation. 

Key Points:  

• Lactate turn point is a strong predictor of endurance performance. 
• It helps prescribe training zones/intensities for optimal conditioning. 
• Increasing the lactate turn point delays fatigue onset. 

Improving Lactate Turn Point 

Several training strategies can effectively raise the lactate turn point:  

1. Threshold Training 
o This involves training at or just below the lactate turn point intensity. 

Workouts such as tempo runs, steady-state rides, or continuous swims at 
this intensity improve the body's ability to clear lactate. 

o Example: A 20-minute run at a pace that feels "comfortably hard" but 
sustainable. 

2. Under/Over Interval Training 
o Under/over intervals involve a period (1-3 minutes) just above (5-10%) 

threshold, following by a period (1-3 minutes) just below (5-10%) the 
threshold, repeated 4-10 times, followed by a rest interval (2-5 minutes) 

o These intervals improve the body’s ability to buffer lactate, meaning the 
on-set of lactate accumulation is delayed.  

3. Long, Steady-State Endurance Training 
o Long-duration, moderate-intensity workouts enhance aerobic capacity 

and improve the efficiency of energy production, indirectly raising the 
lactate threshold. 

o Example: A 90-minute to 2-hour run or bike ride at a low, steady pace. 

Diagram: Lactate Threshold and Performance 
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A diagram illustrating the location of the lactate turn point from a graded exercise test. In 
this example, the LTP is at 13kph (4:36 mins/km), training zones a then be based off this 
number.  

Take Home Messages 

• Lactate threshold is a critical measure of endurance performance, indicating the 
intensity at which lactate accumulates in the blood. 

• Genetics, training, and muscle fibre composition influence lactate threshold. 
• A higher lactate threshold allows athletes to sustain higher intensities and delay 

fatigue. 
• Threshold training, HIIT, and steady-state endurance training are effective 

strategies for improving lactate threshold. 

By understanding and improving your lactate threshold, you can enhance your 
endurance performance, optimize your training, and achieve your athletic goals. 

 
 

 

Exercise Economy  

Exercise economy, often referred to as running economy or cycling economy depending 
on the sport, is a crucial determinant of endurance performance. It describes the energy 
cost of maintaining a specific pace or power output and is a significant predictor of 
success in endurance events. Improving movement economy can lead to better 
performance without necessarily increasing an athlete’s maximal oxygen uptake (VO2 
max) or lactate turn point. 
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Understanding Economy of Movement 

Exercise economy refers to how efficiently an athlete uses energy at a given intensity. It 
is typically measured as the oxygen consumption (VO2) at a specific submaximal speed 
or power output. Lower oxygen consumption at a given intensity indicates better 
economy. 

1. Measurement of Economy 
o Economy is measured during steady-state exercise, often using a treadmill 

for running or a cycle ergometer for cycling. The athlete exercises at a 
constant submaximal pace or power output, and their oxygen 
consumption is recorded. 

o The energy cost can also be expressed in terms of caloric expenditure or 
metabolic equivalents (METs). 

2. Physiological Basis of Exercise Economy 
o Exercise economy is influenced by multiple factors, including 

biomechanics, muscle fibre composition, neuromuscular coordination, 
and training adaptations. 

o Improved exercise economy allows athletes to perform at a higher 
intensity with less energy expenditure, enhancing endurance 
performance. 

Key Points: 

• Exercise economy measures the energy cost of maintaining a specific pace or 
power output. 

• Lower oxygen consumption at a given intensity indicates better economy. 
• It is influenced by biomechanics, muscle composition, and neuromuscular 

coordination. 

Factors Affecting Exercise Economy 

Several factors contribute to an individual's economy of movement, including 
biomechanics, muscle fibre composition, and training. 

1. Biomechanics 
o Efficient biomechanics reduce unnecessary movements and optimize the 

use of energy. This includes aspects such as stride length and frequency 
in running, pedal stroke efficiency in cycling, and swimming technique. 

o Proper alignment, posture, and technique can significantly improve 
economy. 

2. Muscle Fiber Composition 
o Athletes with a higher proportion of slow-twitch (Type I) muscle fibres 

generally have better movement economy. These fibres are more efficient 
at using oxygen to produce energy. 

o Training can enhance the oxidative capacity of muscle fibres and convert 
fast twitch fibres to slow twitch, improving economy. 



3. Neuromuscular Coordination 
o Better coordination and synchronization of muscle actions lead to more 

efficient movement patterns. This minimizes energy wastage and 
improves economy. 

o Training drills that enhance proprioception and motor control can improve 
neuromuscular coordination. 

4. Training Adaptations 
o Specific training adaptations, such as increased mitochondrial density 

and capillarization, enhance the muscles’ ability to utilize oxygen more 
efficiently, improving economy. 

o Strength training, particularly exercises that enhance muscle power and 
efficiency, can also contribute to better movement economy. 

 

Importance of Exercise Economy in Endurance Performance 

Exercise economy is a strong predictor of endurance performance, often more so than 
VO2 max or lactate turn point alone. It allows athletes to sustain higher speeds with less 
energy, improving overall performance. 

1. Performance Predictor 
o Athletes with better economy can maintain a given pace with less effort, 

conserving energy for later stages of a race. 
o In long-distance events, small improvements in economy can lead to 

significant performance gains. 
2. Training Intensity Prescription 

o Improving an athlete’s economy is less clear compared to the lactate turn 
point or VO2max. Conversely, it seems the two main methods to improving 
economy.   

o These are continuous low intensity high volume training stacked up over 
years and strength training (weights and plyometrics).  

3. Fatigue Management 
o Improved economy delays the onset of fatigue by reducing the energy cost 

of maintaining a specific pace or power output. 
o This allows athletes to perform at higher intensities for longer periods 

without excessive fatigue. 

Improving Economy of Movement 

Several training strategies can effectively improve movement economy: 

1. Strength Training 
o Incorporating strength training, particularly exercises that enhance power 

and efficiency, can improve movement economy. This includes resistance 
training, plyometrics, and functional strength exercises. 

o Example: Weighted squats, deadlifts, and plyometric drills. 



2. Technique Optimization 
o Regular assessment and refinement of technique can lead to more 

efficient movement patterns. Working with a coach to identify and correct 
inefficiencies can be highly beneficial. 

o Example: Video analysis and biomechanical feedback to improve running 
form or cycling efficiency. 

3. Neuromuscular Training 
o Drills that enhance proprioception, balance, and coordination can 

improve neuromuscular efficiency. This includes agility drills, balance 
exercises, and sport-specific motor control drills. 

o Example: Single-leg balance exercises, agility ladder drills, and 
proprioceptive training. 

4. Endurance Training 
o Consistent endurance training at submaximal intensities helps reinforce 

efficient movement patterns and enhances aerobic efficiency. 
o Example: Long, steady state runs or rides at a moderate pace. 

Key Points: 

• Strength training improves muscle power and efficiency. 
• Technique optimization refines movement patterns. 
• Neuromuscular training enhances coordination and balance. 
• Endurance training reinforces efficient movement patterns. 

Diagram: Economy of Movement and Performance 



A diagram illustrating two different athletes (each line represents an athlete’s economy), 
can you guess which athlete (A or B) has the better economy? The answer is athlete B, 
the bottom line, has the better economy, as this athlete is using less energy for the same 
speed. The diagram is provided by: Barnes, K.R. and Kilding, A.E., 2015. Running 
economy: measurement, norms, and determining factors. Sports medicine-open, 1, 
pp.1-15. 

 

Take Home Messages 

• Economy measures the energy cost of maintaining a specific pace or power 
output and is crucial for endurance performance. 

• Efficient biomechanics, muscle fibre composition, and neuromuscular 
coordination enhance economy. 

• Improved movement economy allows athletes to sustain higher intensities with 
less energy, delaying fatigue. 

• Strength training, technique optimization, neuromuscular training, and 
endurance training are effective strategies for improving movement economy. 

By understanding and improving your economy, you can enhance your endurance 
performance, optimize your training, and achieve your athletic goals. 

 

 

Fatigue Resistance (Durability) 

Fatigue resistance, also referred to as durability, is the ability to maintain performance 
over prolonged periods despite the onset of fatigue. It is a crucial determinant of 
endurance performance, as it directly impacts an athlete’s capability to sustain low or 
high-intensity efforts for extended durations. Recently, durability has been considered 
the fourth main element to endurance performance (the other three being, VO2 max, 
lactate turn point and economy). Improving fatigue resistance can significantly enhance 
endurance performance by delaying the onset of exhaustion. 

Understanding Fatigue Resistance 

Fatigue resistance involves multiple physiological systems and is influenced by both 
central and peripheral factors: 

1. Central Factors 
o Central fatigue originates in the brain and central nervous system (CNS). It 

includes the ability to maintain neural drive to the muscles and manage 
perceptions of effort and discomfort. 

o Mental resilience, motivation, and strategies to cope with discomfort play 
significant roles in central fatigue resistance. 



2. Peripheral Factors 
o Peripheral fatigue occurs within the muscles and involves the depletion of 

energy stores, accumulation of metabolic byproducts, and impaired 
muscle contractile function. 

o The efficiency of muscle fibre recruitment and the ability to sustain high 
rates of oxidative metabolism are critical components. 

Key Points: 

• Fatigue resistance involves both central (brain and CNS) and peripheral (muscles) 
factors. 

• Central fatigue affects neural drive and perceptions of effort. 
• Peripheral fatigue involves energy depletion and muscle function impairment. 
• Although the underlying mechanism of fatigue resistance is presently not well 

known.  

Factors Affecting Fatigue Resistance 

Several factors can contribute to an athlete’s fatigue resistance, including training, 
nutrition, hydration, and muscle fibre composition. 

1. Training 
o Endurance training improves both central and peripheral components of 

fatigue resistance. Regular aerobic exercise enhances cardiovascular 
efficiency, muscle oxidative capacity, and neuromuscular coordination. 

o Specific training strategies, such as long slow distance (LSD) training and 
tempo runs, target improvements in durability. 

2. Nutrition 
o Adequate nutrition, including carbohydrate loading and proper fuelling 

during exercise, helps maintain energy levels and delay the onset of 
fatigue. 

o Consuming carbohydrates during prolonged exercise maintains blood 
glucose levels, providing a continuous energy source. 

3. Hydration 
o Proper hydration is crucial for maintaining blood volume, 

thermoregulation, and overall performance. Dehydration can accelerate 
fatigue by impairing cardiovascular function and increasing perceived 
exertion. 

o Electrolyte balance is also important to prevent muscle cramps and 
maintain fluid balance. 

4. Muscle Fiber Composition 
o Athletes with a higher proportion of slow-twitch (Type I) muscle fibres 

typically have better fatigue resistance due to these fibres’ efficiency in 
aerobic metabolism and endurance capabilities. 

o Training can enhance the oxidative capacity of all muscle fibres, improving 
fatigue resistance. 



Importance of Fatigue Resistance in Endurance Performance 

Fatigue resistance is a critical determinant of performance in endurance sports, allowing 
athletes to sustain a given intensity for longer durations. 

1. Performance Predictor 
o Athletes with better fatigue resistance can sustain intensities throughout 

a race while accumulating less fatigue, leading to better overall 
performance. This is particularly important in long-distance events such 
as marathons, ultra-marathons, and Ironman triathlons. 

o Fatigue resistance allows athletes to manage the gradual decline in 
performance, maintaining a more consistent pace. 

2. Training Intensity Prescription 
o Understanding an athlete’s fatigue resistance helps in designing effective 

training programs. Training can be tailored to improve durability by 
including sessions that mimic race conditions and durations. 

o Long, steady-state workouts and progressive overload strategies can 
enhance fatigue resistance. 

3. Recovery and Adaptation 
o Proper recovery strategies, including rest, nutrition, and hydration, are 

essential for improving fatigue resistance. Adequate recovery allows for 
adaptations that enhance endurance performance. 

o Recovery techniques such as sleep, massage, and active recovery 
sessions support long-term improvements in durability. 

Improving Fatigue Resistance 

Several training strategies can effectively improve fatigue resistance: 

1. Long Slow Distance (LSD) Training 
o LSD training involves prolonged, low-intensity exercise that enhances 

aerobic capacity and muscle endurance. It improves the body’s ability to 
use fat as a fuel source and increases mitochondrial density. 

o Example: Long runs or rides at a comfortable pace for 1.5 to 3 hours. 
2. Tempo Runs and Threshold Training 

o Tempo runs and threshold training involve sustained efforts at or near 
lactate threshold intensity. These workouts improve the body’s ability to 
clear lactate and maintain higher intensities without fatigue. 

o Example: 20 to 40-minute runs at a "comfortably hard" pace. 
3. High-Volume Training 

o High-volume training increases the overall workload and enhances fatigue 
resistance by improving muscle endurance and cardiovascular efficiency. 

o Example: Weekly training volume exceeding 10-15 hours for advanced 
athletes. 

4. Interval Training 



o Interval training, including both high-intensity interval training (HIIT) and 
longer intervals, enhances fatigue resistance by improving both aerobic 
and anaerobic capacity. 

o Example: 4x4 minute intervals at high intensity with equal recovery 
periods. 

Diagram: Factors Influencing Fatigue Resistance 

 

A diagram illustrating two athletes with the same threshold (in this instead it is referred 
to as critical speed = 20km/h), however, athletes B is less durable as the percent decline 
in critical speed is greater compared to athlete A.  

Take Home Messages 

• Fatigue resistance (durability) is essential for maintaining performance over 
prolonged periods. 

• It involves both central (neural drive and perception) and peripheral (muscle 
function) factors. 

• Training, nutrition, hydration, and muscle fibre composition significantly affect 
fatigue resistance. 

• Long slow distance training, tempo runs, high-volume training, and interval 
training are effective strategies for improving fatigue resistance. 

By understanding and improving your fatigue resistance, you can enhance your 
endurance performance, optimize your training, and achieve your athletic goals. 



 

Next, we will explore the key determinants of endurance performance in running, 
including specific strategies for 5k, 10k, half marathon, marathon, trail, and ultra 
running. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 3: Key Determinants of 
Running 

 

5k and 10k 

Running a 5k or 10k race requires a combination of speed, endurance, and efficient 
running mechanics. These middle-distance events demand a balance between aerobic 
capacity and anaerobic power. The below graph represents roughly the intensity at which 
race pace occurs for beginner to advanced athletes.   

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Table: Training Plan for 5k and 10k 

Rest Day Intervals Easy Run Easy Run Tempo Rest Day Long Run 
Take a day 
off to 
recover 

5 x 4 mins @ 
5-10k pace 
w/ 4 mins 
recovery 

30 mins @ 
zone 2 

30 mins @ 
zone 2 

40 mins @ 
zone 3 

Take a day 
off to 
recover 

60-90 
minutes in 
Zone 2 

A diagram illustrating a sample weekly training plan for a 5k and 10k race, including 
interval sessions, tempo runs, long runs, and recovery days, can help visualize how to 
structure an effective training regimen. 

 



Half Marathon 

Running a half marathon (21.1 kilometres or 13.1 miles) requires a combination of speed, 
endurance, and strategic pacing. This race distance bridges the gap between shorter, 
faster races and the full marathon, demanding both aerobic endurance and the ability to 
sustain a moderately high pace for an extended period. Understanding the key 
determinants of half marathon performance can help runners optimize their training and 
achieve their best results. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Table: Training Plan for a Half Marathon 

Rest Day Tempo Easy Run Easy Run Threshold Rest Day Long Run 
Take a day 
off to 
recover 

40-60 mins 
@ zone 3 

40 mins @ 
zone 2 

30 mins @ 
zone 2 

4 x 5-10 
mins @ 
zone 4, w/ 3 
mins rest 

Take a day 
off to 
recover 

Up to 25km 
in zone 2 

A diagram illustrating a sample weekly training plan for a half marathon, including long 
runs, tempo runs, interval sessions, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 



Marathon 

Running a marathon (42.195 kilometres or 26.2 miles) is a demanding endurance event 
that tests an athlete's physical and mental resilience. Achieving peak performance in a 
marathon requires a combination of aerobic endurance, muscular strength, efficient 
energy utilization, and strategic race planning. Understanding the key determinants of 
marathon performance can help runners optimize their training and race strategy. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for a Marathon 

Rest Day Tempo Easy Run Easy Run Marathon Rest Day Long Run 
Take a day 
off to 
recover 

40-60 mins 
@ zone 3 

45 mins @ 
zone 2 

30 mins @ 
zone 2 

Marathon 
pace (MP) 
intervals: 4 
x 2km @ MP 
w/3 mins 
easy 

Take a day 
off to 
recover 

Up to 32km 
in zone 2 

A diagram illustrating a sample weekly training plan for a marathon, including long runs, 
tempo runs, interval sessions, and recovery days, can help visualize how to structure an 
effective training regimen. 

 
 
 
 
 
 



Trail and Ultra Running 

Trail and ultra running present unique challenges that differ significantly from road 
racing. These races often involve rugged terrain, significant elevation changes, and 
extended durations, requiring runners to develop specialized skills and adapt their 
training to meet these demands. Understanding the key determinants of performance in 
trail and ultra running can help athletes optimize their preparation and excel in these 
endurance events. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Trail and Ultra Running 

Rest Day Hill Reps Easy Run Easy Run Tempo Rest Day Long Run 
Take a day 
off to 
recover 

5 x 5 mins 
(5% + 
gradient) @ 
zone 5 w/ 5 
mins easy  

60 mins @ 
zone 2 

Hill run @ 
zone 2 

Hill tempo 
effort 60-90 
mins @ 
zone 3 

Take a day 
off to 
recover 

Hilly long 
run, 1-3 
hours w/ 
500-1500m 
of elevation 
gain 

A diagram illustrating a sample weekly training plan for trail and ultra running, including 
long runs, hill workouts, technical terrain training, and recovery days, can help visualize 
how to structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 4: Key Determinants of 
Cycling 
 

Gran Fondo 

Gran Fondo events are long-distance, mass-participation cycling races that test an 
athlete's endurance, power, and tactical skills over varied terrain. These events, which 
can range from 100 to over 200 kilometres, are similar to a marathon in running and 
require specific training and strategic planning to perform well. Understanding the key 
determinants of Gran Fondo performance can help cyclists optimize their training and 
race day strategies. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for a Gran Fondo 

Rest Day Tempo Endurance Threshold Rest Day Endurance Endurance 
Take a day 
off to 
recover 

2 x 20 mins 
@ zone 3  

60 mins @ 
zone 2 

3 x 12 mins 
@ zone 4 

Take a day 
off to 
recover 

2-3 hours @ 
zone 2 

3-5 hours @ 
zone 2 

A diagram illustrating a sample weekly training plan for a Gran Fondo, including long 
rides, tempo rides, interval sessions, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 



Time Trials 

Time trials, often referred to as the "race of truth," are cycling events where individuals 
race against the clock to cover a set distance as quickly as possible. These events require 
a unique blend of physical conditioning, mental focus, and technical precision. 
Understanding the key determinants of time trial performance can help cyclists optimize 
their training and maximize their efficiency on race day. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for a Time Trial 

Rest Day VO2max Endurance Threshold Rest Day Endurance Endurance 
Take a day 
off to 
recover 

4 x 4 mins @ 
zone 5 w/ 4 
mins 
recovery  

60 mins @ 
zone 2 

3 x 12 mins 
@ zone 4 

Take a day 
off to 
recover 

2-3 hours @ 
zone 2  

3-5 hours @ 
zone 2 

A diagram illustrating a sample weekly training plan for a time trial, including threshold 
intervals, HIIT sessions, steady-state rides, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Cyclocross 

Cyclocross is a unique and demanding cycling discipline that combines elements of road 
cycling, mountain biking, and obstacle racing. It requires riders to navigate short, 
technical courses that include a mix of pavement, grass, mud, sand, and obstacles such 
as barriers and steep hills that often require dismounting and running with the bike. 
Understanding the key determinants of cyclocross performance can help cyclists 
optimize their training and race strategies to excel in this challenging sport. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Cyclocross 

Rest Day Anaerobic Endurance Hill Reps Rest Day Endurance Endurance 
Take a day 
off to 
recover 

10 x 2 mins 
@ high zone 
5 w/ 2 mins 
recovery  

60 mins @ 
zone 2 

6 x 4 mins @ 
zone 5 on a 
hill 

Take a day 
off to 
recover 

2-3 hours @ 
zone 2  

3 hours @ 
zone 2 

A diagram illustrating a sample weekly training plan for cyclocross, including HIIT 
sessions, threshold intervals, skill drills, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Road Races 

Road racing is a popular and demanding cycling discipline that combines endurance, 
strategy, and technical skills. Whether competing in a single-day race or a multi-stage 
event, success in road racing requires a comprehensive understanding of various 
physiological, tactical, and technical factors. This section will delve into the key 
determinants of performance in road racing and provide practical insights for training 
and race execution. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 

LT1 = Lactate Threshold 
LT2 = Lactate Turn Point (LTP/LT2) 



often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Road Racing 

Rest Day Sprints Endurance Tempo Rest Day Endurance Endurance 
Take a day 
off to 
recover 

10 x 30 mins 
@ max 
effort w/ 5 
mins rest 

60 mins @ 
zone 2 

3 x 15-20 
mins @ 
zone 3 

Take a day 
off to 
recover 

2-3 hours @ 
zone 2  

3 hours @ 
zone 2 

A diagram illustrating a sample weekly training plan for road racing, including interval 
sessions, threshold rides, long rides, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 5: Key Determinants of 
Triathlon 
 

Sprint Triathlon 

Sprint triathlons are short-distance triathlons that typically consist of a 750-meter swim, 
a 20-kilometer bike ride, and a 5-kilometer run. Despite their shorter distances, sprint 
triathlons require a high level of aerobic fitness, speed, and efficient transitions. 
Understanding the key determinants of performance in sprint triathlons can help 
athletes optimize their training and race strategies to excel in this dynamic multisport 
event. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  



• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Sprint Triathlon 

Rest Day Swim Bike Bike Rest Day Swim Brick 
Take a day 
off to 
recover 

800m to 
1200m 
endurance 
swim 

4 x 4 mins @ 
zone 5 w/ 4 
mins 
recovery 

60 mins @ 
zone 2 

 

Take a day 
off to 
recover 

150m @ 
zone 4 w/30 
secs rest x 
6-8  

60-90 mins 
bike (Z2) 
followed by 
20-30 mins 
run (Z2) 

Bike Run Run  Bike  
60 mins @ 
zone 2 

 

30 mins @ 
zone 2 

 

3 x 6 mins @ 
zone 4 w/ 3 
mins rest 

 2 hours @ 
zone 2 

 

A diagram illustrating a sample weekly training plan for a sprint triathlon, including HIIT 
sessions, brick workouts, swim drills, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 



Olympic Triathlon 

The Olympic triathlon, also known as the standard distance triathlon, consists of a 1.5-
kilometer swim, a 40-kilometer bike ride, and a 10-kilometer run. This distance requires 
a blend of endurance, speed, and strategic race management. Understanding the key 
determinants of performance in an Olympic triathlon can help athletes optimize their 
training and race strategies to excel in this competitive multisport event. 

 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 
often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 



• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Olympic Triathlon 

Rest Day Swim Bike Bike Rest Day Swim Brick 
Take a day 
off to 
recover 

1000m to 
1800m 
endurance 
swim 

3 x 8 mins @ 
zone 4 w/ 2 
mins 
recovery 

90 mins @ 
zone 2 

 

Take a day 
off to 
recover 

200m @ 
zone 4 w/30 
secs rest x 
5-7 

90-120 
mins bike 
(Z2) + 30-45 
mins run 
(Z2) 

Bike Run Run  Bike  
60 mins @ 
zone 2 

 

45 mins @ 
zone 2 

 

2 x 15 @ 
zone 3 w/ 4 
mins rest 

 2.5 hours @ 
zone 2 

 

A diagram illustrating a sample weekly training plan for an Olympic triathlon, including 
HIIT sessions, brick workouts, swim drills, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Half Ironman 

The Half Ironman, also known as the 70.3 triathlon, is a middle-distance race that 
includes a 1.9-kilometer swim, a 90-kilometer bike ride, and a 21.1-kilometer run. This 
challenging event requires a blend of endurance, speed, and strategic race 
management. Understanding the key determinants of performance in a Half Ironman can 
help athletes optimize their training and race strategies to excel in this demanding 
multisport event. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 



often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Half Ironman 
 

Rest Day Swim Bike Bike Rest Day Swim Brick 
Take a day 
off to 
recover 

1700m to 
2100m 
endurance 
swim 

3 x 15 mins 
@ zone 3 w/ 
2 mins 
recovery 

90 mins @ 
zone 2 

 

Take a day 
off to 
recover 

5 x 350m @ 
zone 4 @ 45 
secs rest 

90-120 
mins bike 
(Z2) + run 
below 

Bike Run Run  Bike Run 
90 mins @ 
zone 2 

 

45 mins @ 
zone 2 

 

3 x 12 @ 
zone 3 w/ 4 
mins rest 

 3 hours @ 
zone 2 

90-120 
mins zone 2  

A diagram illustrating a sample weekly training plan for a Half Ironman, including HIIT 
sessions, brick workouts, swim drills, and recovery days, can help visualize how to 
structure an effective training regimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Full Ironman 

The Full Ironman triathlon, consisting of a 3.8-kilometer swim, a 180-kilometer bike ride, 
and a 42.2-kilometer run, is one of the most demanding endurance events. Success in 
an Ironman requires a well-rounded approach, combining physical conditioning, 
technical skills, nutrition, and mental fortitude. Understanding the key determinants of 
performance in a Full Ironman can help athletes optimize their training and race 
strategies to excel in this ultimate test of endurance. 

 

The graph provided illustrates three training intensity zones based on lactate thresholds. 
Take note on the graph where race intensity typically takes place for beginners to 
advanced athletes. Follow the explanation to understand how this impact your event.  

• Zone 1 (Green, Low Intensity): This is where your workout intensity is below LT1 
(Lactate Threshold 1). The body operates primarily using aerobic energy, and the 
lactate in the bloodstream is very low. It is a comfortable pace, often used for 
recovery or long, easy training sessions. 

• Zone 2 (Yellow, Moderate Intensity): The intensity is between LT1 and LT2, where 
your body starts producing more lactate, but it's still manageable. This zone is 



often referred to as the "sweet spot" for building endurance, as it's not too hard 
but stimulates improvements in stamina and aerobic fitness. 

• Zone 3 (Orange, High Intensity): This zone is above LT2, where lactate production 
exceeds the body's ability to clear it, leading to fatigue. Training in this zone 
increases anaerobic capacity and is usually reserved for high-intensity efforts like 
interval training. 

 

Diagram: Training Plan for Full Ironman 
 

Rest Day Swim Bike Bike Rest Day Swim Brick 
Take a day 
off to 
recover 

2000m to 
3000m 
endurance 
swim 

3 x 20 mins 
@ zone 3 w/ 
2 mins 
recovery 

90 mins @ 
zone 2 

 

Take a day 
off to 
recover 

5 x 350m @ 
zone 3 @ 45 
secs rest 

90-120 
mins bike 
(Z2) + run 
below 

Bike Run Run  Bike Run 
90 mins @ 
zone 2 

 

45 mins @ 
zone 2 

 

60 mins @ 
zone 3 

 4 hours @ 
zone 2 

2-2.5 hours 
zone 2  

A diagram illustrating a sample weekly training plan for a Full Ironman, including HIIT 
sessions, brick workouts, swim drills, and recovery days, can help visualize how to 
structure an effective training regimen. 
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