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Chapter 4 INTENSITY

Every time | suffer I’m a better man because of it.
-- LANCE ARMSTRONG

Recreational Cyclists generally believe that the
more miles they ride the better they will race,
regardless of what they do with those miles. To
some extent they are right, as there does seem to
be athreshold of miles or hoursthat a given
athlete must ridein order to boost fithessto a
sufficient level to race well. But once beyond that
threshold, adding more miles has less benefit than
increasing the intensity. It's not how many miles,
but what you do with the miles that counts most.

Of the three elements of training —
frequency, duration, and intensity — the most
important element to get right isintensity. Oddly
enough, thisisthe part cyclists al too often get
wrong. Most train too intensely when they should
be going easy. Then when it's time to go fast they
are alittle too tired to push their limits. Asa
result, all of their training becomes moderate.
They race the same way: Stay with the pack until
it's time to put the hammer down. Then they're off
the back wondering how they got there.

In the context of this chapter, intensity refers
to the effort or power output that closely
simulates that of the A-priority events for which
you are training. For aroad race or criterium this
may be awide variety of intensities including
steady efforts near lactate threshold whilein a
fast-traveling group, aerobic capacity intensities
for several minutes while chasing down a break,
or an all-out intensity for sprinting. For atime
trial, century ride, or ultra-marathon the intensity
will be much more narrowly defined. The
intensity necessary to produce peak fithess must
be well defined in order to create a sound training
program.

Developing peak fitnessislike building a
house. The most important part of the houseisits
foundation. Without a solid foundation the house
will settle, wallswill crack, and it will have little
value. If the foundation is constructed well, the
house will be solid and last along time. The same
can be said of training to race. A solid foundation
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built on a base of easy milesis necessary before
the finish work —intervals, hill repeats, and fast
group rides —is added. But once the foundation is
well established, workouts that mimic the
intensities expected in the race pay dividends. Do
these same intense workouts too soon and your
house will shift and crack.

Another training comparison that has stood
the test of time isthat of apyramid. The broader
the base of the pyramid (easy aerabic training),
the higher the peak will be (fast racing speed).

The c isthat high-intensity training needsto
be undertaken with thought and planning in order
to peak at the right times of the year. Too much,
too soon and you won't be able to maintain the
fitness. Too little, too late and you're off the back.

Learn to apply the intensity conceptsin this
chapter and you'll avoid overtraining and
undertraining; your racing fitness will be high
when the time isright.

Measuring Intensity

What's going on inside a cyclist's body during a
race or workout? How does arider know to go
faster or back off during atime trial? Is a workout
too hard or too easy? How isit possible to finish
with enough | eft for a sprint?

The answersto these and other questions
come down to keeping close tabs on your use of
energy. By measuring intensity and comparing
the information with what you have learned about
your body in training and racing, you can make
decisions as new situations such as breakaways,
head winds, and hills occur. Today’ s technology
allows an athlete to measure intensity quickly and
accurately.

The oldest, and till one of the best, gross
indicators of intensity is perceived effort. An
experienced cyclist is able to judge his or her
intensity quite accurately by taking a subjective
survey of the entire body at work. Thisis askill
honed by years of riding, making mistakes, and
relearning as fithess changes.
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Perceived exertion is quantifiable using the
Borg Rating of Perceived Exertion Scale (see
Table4.1) and is frequently used by scientiststo
determine at what level an athlete is working.
Some athletes are so good at using a Rating of
Perceived Exertion (RPE) that in alaboratory
graduated-effort test they can pinpoint their
lactate threshold precisaly just from fedl.

There are two other ways of measuring
intensity that are related more or lessto specific
systems of the body. Heart rate is closely aligned
with monitoring of the cardiovascular system,
while power measurement relates closely to the
ability of the muscular system to drive the pedals.
Let's see how these and other methods can be
utilized in measuring training and racing
intensity.
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Systems

The body is made up of severa interconnected
and mutually beneficial systems, such as the
energy production, cardiovascular, and nervous
systems. Regardless of what method of intensity
measurement is used, you' re taking a peek into
the body through a small systems window, but
since the systems are linked, you can draw
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conclusions about the entire body once you have
experience and knowledge. I'll help you with the
knowledge part in this chapter; you'll need to
acquire the experience by using what you learn
here. The systems we can presently use to peek
into the body while out on the road and the
measurable indicator of each are:

e Energy production system — lactate
e Muscular system — power
e Cardiovascular system — heart rate

Energy Production System

The metabolic system provides fuel to musclesin
the form of carbohydrates, fat, and protein.
Within the muscle, these fuels are converted to a
usable energy form called adenosine triphosphate
(ATP). This process happens either aerobically or
anaerobically.

Aerobic energy production occurs while you
areriding easily. It relies primarily on fat and to a
lesser extent on carbohydrates for fuel and uses
oxygen in the process of converting fuel to ATP.
The slower you go, the greater the reliance on fat
and the more carbohydrates are spared. Asthe
pace of your ride increases, there is agradual
shifting away from fat and toward carbohydrate
asthe fuel of choice. At high efforts, around 15 to
17 RPE, oxygen delivery no longer keeps up with
the demand, and you begin producing ATP
anaerobically, meaning "without oxygen."

Anaerobic exerciserelies heavily on
carbohydrates for fuel. As carbohydrates are
converted to ATP, a by-product called lactic acid
is released into the muscle. This causes the
familiar burning and heavy-legged sensations
you've experienced whileriding hard. Aslactic
acid seeps through the muscle cell wallsinto the
bloodstream, it gives off a hydrogen molecule and
becomes lactate. Lactate accumulatesin the blood
and can be measured by raking a sample from the
finger or earlobe. The unit of measurement used
in labsis millimoles per liter, expressed as
mmol/L.

Since carbohydrates are in use during both
of these types of energy production, to alesser
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extent in aerobic and more so anaerobically, lactic
acid is always being produced. Even while you
are reading this book, your muscles are producing
measurable amounts of lactic acid.

By measuring | actete, an athlete, or more
than likely his or her coach, could determine —
with some degree of accuracy depending on skill
level and equipment used — severa key aspects of
fitness, such as:

o Lactatethreshold. As previously described,
thisisthelevel of exertion at which
metabolism shifts from aerobic to anaerobic
marked by lactate being produced so rapidly
that the body can't keep up with itsremoval.
L actate thus accumulates in the blood. | often
explain lactate threshold using an ana ogy. If
| slowly pour water into a paper cup that has a
hole in the bottom the water will run out as
fast as| pour it in. Thisiswhat happensto
lactate in the blood at low levels of exertion.
If | pour faster, there comes a point when the
water beginsto accumulate despite the fact
that someis still leaking out through the hole.
Thisis similar to the lactate threshold point
that isachieved at higher levels of exertion.
Lactate threshold is an important concept that
will be used throughout this book.

e Training zones. Training and racing
intensities may be determined based on
lactate levels (see Table 4.2).

e Physiological improvement. The faster a
rider can go or the more power that can be
generated without accumulating high levels
of lactate, the better his or her racing fitness.

e Economy of pedaling. The smoother one
pedals, the less effort he or she uses, and
therefore, the less |actate that accumulates in
the rider's muscles.

o Equipment selection. Optimal crank arm
lengths, saddle heights, and handlebar
adjustments create a greater pedaling
economy, which then produces low levels of
lactate in the rider's muscles.

e Recovery interval. Reduced levels of lactate
indicate that a cyclist is ready for the next
work interval in aworkout.

The key piece in achieving all of these
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benefits is the ability to accurately measure
lactatein a"field" setting (using an indoor trainer
or track) rather than alab —in other words,
inexpensively. Until recently, the only way to
measure |lactate was in alab using an anayzer
such asthe Y Sl 2300, the accepted standard in the
United States. Its size, expense, and the need for
electricity, however, make it impractical for field
use.
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Table 4.2 Lactate Zones

In the past few years relatively inexpensive
portable lactate analyzers have been introduced to
the U.S. fitness market but these are not for the
average rider's use. Using such a device requires
extensive skill that comes only with the
experience of sampling hundreds of athletes. The
bottom line is that |actate sampling, while helpful,
is not something for the rider to use, but rather a
tool that may be used by his or her coach or alab
technician.

Muscular System

Power is ameasure of work compared to time. It
is expressed in units called "watts," named for
James Watt, the inventor of the steam engine. In
physics, power is described in aformulaas:

Power = work/time

At therisk of oversmplification, in cycling
"work" is essentially gear size and "time" is
cadence. So if gear sizeisincreased and cadence
kept steady, power rises. Or, if cadenceis
increased (time per revolution of the crank is
decreased) while using the same gear size, power
alsorises.

Several scientific studies have found that
power is closely related to performance. If the
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average power output increases, race velocity also
increases. The same cannot aways be said for
heart rate, as explained above; that is why power
monitoring is such an excellent tool for bicycle
training. It isthe most effective way for the
serious rider to monitor intensity.

The downside of power monitoring, as
compared with heart rate, is equipment cost. In
the early and middle 1990s, a powermeter cost
about twenty times as much as a heart rate
monitor. With the introduction of the Tune
Power-Tap in 1999, however, the cost ratio was
lowered to something approaching 4 to 1.

Power-based training begins with
determining one's "critical power profile”. Thisis
avisual representation of the ability to produce
power at various durations. Finding and graphing
average power output for the critical power (CP)
durations of 12 seconds and 1, 6, 12, 30, 60, 90,
and 180 minutes produces a curve or profile such
asthose shown in Figure 4.1.
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considerably different for the two riders. Rider A
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is capable of producing far greater power than
Rider B for short durations. Although Rider B
lacks short-duration power, the generally
shallower dope indicates much greater
endurance capability. In an all-out sprint near
the finish line, Rider A has an advantage, but
Rider B has the upper hand as the duration
increases.

Once you've determined average power for
each of the above durations (Chapter 5 describes
how to do this), your CP training zones can be
established. For the average power at each
duration, add and subtract 5 percent to establish
zones. For example, if your average power for six
minutes is 360 watts, then CP6 is 342 to 378
watts (360*0.05 = 18. 360 -18 = 342, 360+18 =
378).

Focusing your training on a given range of
CP zones has the potential to produce fitness
benefits that can be applied in certain race
situations, as shown in Table 4.3.
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In the early 1980s, the introduction of the portable
heart rate monitor brought about a profound
changein athletes approachesto training. It is
now a commonly used training device, second
only to the handlebar computer in popularity.
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From the time heart rate monitorsfirst hit
the market until about 1990 they were "gee whiz"
toys—fun to play with, but the numbers didn't
mean much. Now that nearly everyone has one,
athletes are becoming more astute in their use. At
criteriums, road races, and time trials around the
country you can find most cyclists wearing them
to regulate or monitor exertion.

A heart rate monitor is much like the
tachometer in an automobile. Neither onetells
how fast you're going, but rather how hard the
engine is working. Just asa car can rev up the
engine without moving and redline the
tachometer, heart rate can zoom while you are
running in place.

Knowing how hard the heart isworking is
important information that allows you to make
decisions as aworkout progresses. Sometimes
motivation, or lack of it, getsin the way of rating
your perceived exertion during high-quality
training sessions.

Be aware that alow heart rate is not always
abad sign. In fact, alow workout heart rate
relative to what experience has shown to be more
common for you can be agood sign. Improving
aerobic fitness typically produces alower heart
rate than when you were lessfit. In the same way,
ahigh heart rate is not aways a good sign, either.

For acyclist, knowing lactate threshold
heart rate (LTHR) is as important as knowing
frame size. But forget about trying to find
maximum heart rate. Not only does this require
great motivation — asin a gun to the head — but
it's not as good an indicator asLT.

Heart rate training zones are best if based on
LTHR, since the percentage of maximum at
which one becomes anagerobic (lactate
accumulates) is highly variable. For example, one
cyclist may have aLTHR that is 85 percent of his
maximum heart rate, while another goes
anaerobic at 90 percent of max. If both riders
train at 90 percent of max, oneis deeply
anaerobic and the other is at threshold. They are
not experiencing the same workout or getting the
same benefits. If, however, both train at 100
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percent of LT or any other percentage of LT, they
experience the exact same exertion level and reap
the same benefits.

Finding LT requires scientific precision, but
don't let that scare you away. It's actually asimple
procedure. I'll describe how to do it in the next
chapter. For thisreason | prefer to first determine
LTHR and then establish heart rate zones on
either side of it.

One "easy" way of finding your lactate
threshold heart rate isto time trial while wearing
amonitor. The distance of the individual time
trial (ITT) could be 5k, 10k, 8 miles, 10 miles, or
40k. The test can be done at an established race or
as aworkout you do aone. The average heart rate
from thistest will serve as a predictor of your LT.
Since you will undoubtedly have higher
motivation in a race than when doing this test
alone, the results should be interpreted
differently. Table 4.4 provides guiddines for
determining LT heart ratefroman ITT.
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Table 4.4 Lactate Threshold Heart Rates based on
Individual Time Trid

Example: A 10-mileindividual timetria is
done as arace when the athlete is tested and
highly motivated. The average HR is 176. Divide
176 by 1.05=167 for LT (See hold number 167 in
table 4.6 for HR training zones.) Table 4.4 may
also be used to determine HR to be used in an
ITT. For example, a40k ITT should be ridden at
100 percent of LT.

Another simpletest that can be done aone
and has proven to provide afairly accurate
estimate of LTHR isto ride a thirty-minute time
trial alone. Ten minutesinto thetimetrial click
the lap button on your heart rate monitor. The
average heart rate for the last twenty minutes of
your timetrial is areasonable estimate of LTHR.
Aswith all of these tests, the more frequently you
repeat the test, the more accurately you can
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estimate LTHR.

Y ou may even be able to use your workouts
to help confirm what was previously found in
teststo be LTHR. Simply pay attention to your
heart rate whenever you feel yourself initially
becoming anaerobic. Thislevel of intensity will
be marked by burning sensationsin your legs and
the onset of heavy breathing.

Once you've found your LTHR, you can
determine your heart rate training zones by using
Table4.5 or Table 4.6.
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5A 17 e H 1 101—102%
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Table 4.5 Heart Rate Training Zones based on Lactate 3% 45  JETHMBEMIEOFE (LTHR) KL%
Threshold Heart Rate (LTHR) NEAS%EA

Since well bereferring to it frequently, I've
numbered each heart rate zone. Zones 1 through 4
are each aerobic zones and zones 5A, 5B, and 5C
are each anaerobic.

Heart rate varies with sport. If you're cross-
training in the winter by running, your lactate
threshold heart rate will be different from cycling,
aswill al of your training zones. Because of this,
you should either determine heart rate zones for
each sport you crosstrain in or go only by RPE for
other sports.
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Race-Fit Systems

Coming into top racing form means optimizing
the performance of each of the three systems. A
cyclist with agreat muscular system but poor
energy and cardiovascular systems won't last long
on the roads. It takes all three systems working
together.

These systems must go through many
changes during the training year for you to race
effectively and attain your goals. The following is
apartia list of changes that occur as aresult of
training.

Energy Production System

o Greater utilization of fat and sparing of
glycogen

e Enhanced conversion of lactate to fuel

e Increased stores of glycogen and creatine
phosphate

e Improved ability to extract oxygen from
blood

Muscular System

¢ Increased force generation within amuscle
fiber

e Enhanced recruitment of muscle fibers

e More economical movement patterns

e Enhanced endurance qualities

Cardiovascular System

e Moreblood pumped per heartbeat

o Greater capillarization of muscle fibers

e Increased blood volume

o Enhanced oxygen transportation to the
muscles

DON'T BE A SLAVE TO YOUR HEART
RATE MONITOR

Ten years ago hardly anyone had a heart rate monitor.
Now almost everyone has one. Generdly, I'm glad to
see that trend, but there's a downside. It seems that
we're becoming overly concerned with heart rate. Let
me explain.

Before heart rate monitors, when an athlete
started a hard workout such asintervals, he or she
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continually gauged how the session was going and
may have decided to cut it short or to extend it. The
usual basis for this pre-heart rate monitor decision was
perceived exertion (PE). PE is based on a subjective
reaction to breathing, lactate accumulation, fatigue,
and other less-defined sensations during exercise.
From this somewhat vague data the athl ete would
make decisions. What was good about this system was
that it forced athletes to stay in tune with what their
bodies were feeling. The downside was that it took
experience to devel op the skillsto know what the
sensations meant.

But now, with heart rate monitors, many athletes
largely ignore their PE and focus solely on what their
heart rates are. Whileit's effective to know your heart
rate when training, it is not the only metric that should
be monitored, in fact, doing so can really mess you up.
Why isthat so? Well, for one thing, heart rateis not
giving you a complete picture of the body's workload,
nor isit necessarily even giving you an accurate
picture, since many factors — such as heat, diet, and
stress, to name just afew — affect it.

Heart rate by itself does not tell you how well
you' re performing in aworkout or arace, and yet
many athletes try to draw conclusions from one
number. For example, something | hear dl thetimeis,
"I couldn't get my heart rate up so | stopped the
workout" Is alow heart rate bad? It could be, but then
again, it might be good. One of the physiologica side
effects of improving aerobic fitnessis an increased
heart stroke volume —more blood is pumped per beat.
That means a reduced heart rate for any submaximal
level of exertion. So alow heart rate in aworkout or
race may be telling you that fitnessis high and to keep
going — not that you should stop.

In the same way, a high heart rate is not
necessarily good, as most athletes typically conclude.
"It was easy to get my heart rate up today" trand ates
into "I'm in good shape." That's, again, not necessarily
true. We could take a sedentary person off the street,
put him on abike, and force him to ride fast. Guess
what? His heart rate would rise very easily. We might
even be able to achieve amaximal pulse with very
little power output. If his heart rate achieved the same
max as that of afit rider it would really tell us nothing
about either one of them. Y ou see, thereis no
difference between the maximal heart rate of avery fit
athlete and that of an obese couch potato. The less fit
you are, the easier it isto get heart rate up to max.

When testing athletes | have found that when they
arein very good race shape their maximal heart rates
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appear to drop. | don't know exactly why that is. It may
have something to do with their aerobic system
adapting so well to endurance training that the
muscular system is incapable of driving it any higher.

Another misuse of the heart rate monitor number
is drawing conclusions about one's state of well-being.
"My resting heart rateis high (or low) so | must be
overtrained", is another common complaint | hear — It
is not possible, however, to look at resting or
exercising heart rates and draw such a conclusion. If it
was, sports scientists would have stopped looking long
ago for away to gauge overtraining — something they
have not been able to find.

Heart rate by itself tells you nothing about
performance or well-being. It must be compared with
something el se to have meaning. For example, when it
comes to cycling performance, comparing heart rate
with power (for example, on a CompuTrainer or with a
Power-Tap or SRM) is an excellent way to determine
gainsin fitness. If heart rateislow and power is
normal to high, when compared with previous
performances, then fitnessis high. If heart rateis high
and power is high then the athleteis probably still
building fitness. This is a good way to gauge when the
Base period should come to an end.

If heart rateis low and power is also low then the
athlete may be experiencing fatigue, lifestyle stress, or
even overtraining. There are other possibilitiesin this
combination, so al we know is that something is not
right.

Metrics other than power could also be used in
conjunction with heart rate to help draw conclusions
about the athlete's status. For example, what would
low heart rate and high PE betelling you? Thisis
saying that fithess and well-being are probably good.
What would you say about high heart rate and low PE?
Common sense would suggest that something isn't
right. Think your way through the various possibilities.

The main point hereisthat heart rate alonetells
you only one thing — you are still alive. Drawing
conclusions only from what your monitor says on a
given day isfolly. Use the information that this
miraculous training tool givesyou, but don't rely on it
alone.

Sidebar 4.1
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Multisystem Training

RPE, heart rate, and power each offer unique
benefits for the serious cyclist when it comesto
monitoring intensity of aworkout or race. RPE
provides a subjective yet comprehensive view of
what you are encountering when on the bike.
Heart rate offers awindow into the cardiovascular
system and thus a glimpse of the workload the
body is experiencing. A powermeter reports what
the body is accomplishing. Power is a measure of
performance rather than an indicator of the
physiological stress experienced. Each isvaluable
in the training process.

Using dll threeislike seeing a picturein
three dimensions instead of only one or two —
trai ning makes more sense. Whether or not a
number is assigned, RPE should be an integral
method of monitoring intensity in all workouts.
Thiswill pay dividendsin races where closely
observing heart rate and power is not possible.
RPE is the "stake in the ground” — the supreme
reference for all intensity monitoring. Y ou must
become good at using it. Heart rateis best used
for steady-state training, particularly that done
below the lactate threshold. It is especialy
effective during long, aerobic rides and for
recovery workouts. Focus on power for intervals,
hill training, sprint-power training, and all
anaerobic workouts. I've seen significant
improvement in race performance when riders
have begun training with power. Thisis
unquestionably the future of bicycle training.
Mastering and appropriately applying each of
these intensity monitoring systems has the
potential to dramatically improve your training
and, therefore, your racing.

Measuring Wor kload

Now that you have three systems for monitoring
intensity, it's possible to quantify workload.
Recall from the previous chapter that workload is
the combination of frequency, duration, and
intensity of training. Knowing workload allows
you to keep track of and compare weekly training
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stress loads placed on the body. Such information
isvaluable for avoiding overtraining. It also helps
in planning daily workoutsif you know how
much stresstraining is likely to produce. In turn,
this allows you to determine how much and when
recovery is needed. It aso makes periodization of
training more effective (see Chapter 7 for details
on periodization).

The following are three workload-measuring
methods, one based on each RPE, heart rate, and
power.

RPE

At the end of atraining session, assign an average
workout RPE using the 6 to 20 scale. Then
multiply this RPE value by the number of minutes
in the session. For example, if a 60-minute
session including intervals had an average RPE of
14, the workload for this day is 840 (60* 14=840).

Heart Rate

Using a heart rate monitor with atime-by-zone
function, it's possible to know how many minutes
were spent in at least three zones (with athree-
zone monitor, al five zones may be observed by
switching zones during the ride). By multiplying
each of the zone's numeric identifiers (Zone 3, for
example) by the number of minutes spent in each
zone and then adding them up, workload for a
week or any other period of time may be
determined.

For example, if you completed a 60-minute
ride that included 20 minutesin Zone 1, 25
minutesin Zone 2, and 15 minutesin Zone 3, the
cumulative workload is 115. Here's how that
number was determined:
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Power Ih&E

The Tune Power-Tap offers a quick way of
monitoring workload — session kilojoules,
recalled as"E" (for energy) and displayed in units
called kilojoules (kJ) on the Power-Tap. Thisisa
measure of energy expended. One kilocalorie
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(kcal or caorie) is equal to 4.184 kJ. Energy used
intraining is anearly perfect way of expressing
workload.

Cumulative Workload

Whichever method you use, record your daily
workload in atraining log. By totaling the daily
workloads, a cumul ative workload for the week is
determined. This number serves as an indicator of
how difficult the week was. By comparing it with
past weeks, you can quickly see what is
happening to the stressload. In general, the
cumulative workload should increase as the year
progresses from the start of training season in
early winter until the spring races. This should not
be a straight-line progression, however. It instead
follows awave-like pattern that allows the body
to gradually adapt and grow stronger. Figure 4.2
shows how the cumulative weekly workload
advances through one portion of thetraining year.
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Figure 4.2 Example of weekly cumulative workload K 4.2

progression

Unfortunately, there is no rule of thumb for
determining what a given athlete's workload
should be. It varies considerably with the
individual, so experience is the best teacher. By
comparing your weekly cumulative workloads
with your training and racing performances, it's
possible to plan optimal training patterns while
avoiding overtraining. But always bear in mind
that optimal workload is amoving target that is
dependent on accumulated fitness, time of the
training year, heath, psychologica stress and
other variables. Cumulative workload history
provides a better starting point for determining
how you should train today and in the future than
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does merely guessing.
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