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Ab s trac t.

The Physique of the Elite AthLete looks at the various ohysical
characteristics, both male and fernale, from the gOCIn to the
Marathon including the Steeplechase. Somatotyoing and measurements
are provided from the work of ranner (19G4 ) and r,riatson and pyke
(197a ).

The Energy Systems and their Training Effects deals in some detal1
wlth the anaerobic and aerobic systems and how they contribute to
the vari-ous running events. The overlap of the two systems and.

the training ratios as they relate to the events are illustrated
together with a li-sting of the biochemical changes that occur as
a result of training.

The training Systems di-scuss factors ,ifecting end.urance and what
the varlous characteristics are in a :hysj_cal context for each
of the middle and long distance even:s. the aerobic and anaerobic
training zones in terms of the two tjr:'esholcs inciuding maximum

heart rate are explained along with the different training methods
ie continuous, nixed, intermittent and eompetitlon,/testing method.
An overview is provided of all the d.i-ffer.ent training methods and
how they relate to the East German (Schmolinsky) elassifications.
A sumnary of the East Gerrnan classi-fications is also orovided.

The Planning of the Trainlng programmes dears wi-th the training
uni.ts, nicro and nacrocycles and the annual periodised. ;rear, how
they are structured and how they might be varied. A separate section
j-s devoted to marathon preparation where two, perhaos three, pealc

perforrnances might be required in a single year. Thls is followed
by an explanation of long term planning in terms of the mono and
bicyclic apprcach.

The Nature of the Training schedules orovides examples from the
training schedules of elite athlete thus illustrating the type of
training undertaken t'or each of the indivj-dual events. rt also
provides the link between the ideal model theorised in the previous
chapter and the practicalitres faced by these athletes.
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Middre and Long Distance Runaing ls a very rell docnnented
subject. However, it may be that very few of the nore popular
and readily available publicatlons draw together the maay differeat
facets of the sport with suffici.ent detail and explanati-on.

CIre object of this dissertation is to.present those,areas of the
subject that nay need greater explanatlon. The Author has used a
vari.ety of sources for this purpose, This may well be the problem
wlth endurance running literature ia that the information is readlly
available but the researcher is forced into a situatlon whereby too
many publications and journals have to be eonsulted.

rn particular this dissertation wi.rl look at, in some detail, the
physlque of the elite athlete and the dlfferent aspects involved
in the planning of the training progra,mme. ?he greatrr number of
the existlag publications would appear to avoid deallag with either
subject in any great depth. For example many of the existlng
books on endurance running tend to reproduce the actual training
sessions of the elite athrete whilst avoi_ding expranation, iu a4y
great depth, of the theories behiad ihe structure of the trainlng
unit, microcycles, macrocycres, the annuar periodized training year
and the relative intensities and voh:oe of trai.ning over this period.
rt is hoped that this dissentatioa may help bridge some of that gap.

The value of this dlssertatlorr wiLl be felt by the Amateur Athletic
Association of zinbabwe and rill 1ay the basis for the first text
of lts kind within their coach Education progprmme. rt is hoped.
that the exampre displayed here ri11 encourage other zinbabwean
coaches to make siniliar contributlons within their own respective
diseipliaes. rt is hoped that the text wirr also make some

contribution to the existlng British ABateur Athletic Board
publications on endurance ruaning.

?he compllation of this dlssertation has drawa heavily on work
already produced by the coaching staff of the B.A.A.B. ie Dick,
Brook, lTilson etc whilst reinforcing it rith additionar material
from Bompa, schroorinsky, watson and. ske. rt was seriousry felt
that much of the work produced by the East Germans was, in some
instances, confusing to the average coach ln terms of their theories
and terninology. consequentry an attempt has been made 1n chapter 5
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to suamarise Schmolinsky and provide an overview of the existing
trainiag methods and termj.nology.

Athletics in the modern day context is extremely competitive. The

athlete may be drawa into a sltuation whereby commereial interests
or prlze money are the primary considerations. For others it may

be a question of status and the achievement of major ehampionshlp

honours. frrespective of the motivatlng factors the intensity of
the sport is higher than it has ever been before in its hlstory.
fn some instances mere hundredthts of a second may differentiatc
between success and failure. ft is hoped that this dissertatloa riII
provide an in-depth analysis and service to athlete and coach allkc
of the cument theorles to be found in endurance runni.ng literature.



Chapter 2

The Physlque of the Elite Athlete.

2 . 1 The Physical Charac teri_ s t j-c s .

2.2. Mean values of Measurements of Elite Runners from the
1955 Olympic Games in Rome.

2.3 The Somatotyping of the Elite Runner.

2.4 The Physical Dlfferences between "/ihite and Negroid Athletes.

2.5 Average falues in terms of Age, Hei_ght and //eight for the
MaIe and Female Olympic Finat:sts (tgle/l9BO/t984 ) in a1l
Events from BOom to the Maraihon and from the 30 Leading
Contenders for the 1987 tyorld Charopionship Marathon in Rome.

?.5 Conclusioas.
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Harry wllson ln describing Nadezha olizarenko folroriag her
0lympic rin at 800n in the 1990 0rymplc Ganes d.escribed. her as
a tsuperr athrete rith an ideal build. He quallfied thls rldeail
build as being wlde shoulders and narrow hips. However, on croser
study, the question of physique 1s a littre more complex.

2.1 fhe Physieal_ Characteristics.

rn observing the physique of the elite runner from 40fu to the
Marathon there is a clear eontinur_rm with the 1locn/>ooor in the
middle (?anner r9b4). 40om runners tend to be rarge, long legged,
broad shourders 1n reration to their hips and fairry heavily
muscred. rn contrast their long distance counterparts are smarrer,
short legged, narror shoulders and relativery laeking in muscre.

rt is crear that the long distance runner d.erives some advantage
from having slender muscles for physielogicar rather than
mechanieal reasons. flith a saarrer body ress energy is required
to reruise t depending on the physiolcgical and mechanical demands
of the event.

there i-s also an obvious gradlent in muscle size between the 15oon
runner and the Marathoner. rt is accepted. that whilst there was
a necessity to retain a baranee i.n size the abirity and need. to
sprint is associated wlth larger muscles.

2.2

Ihi.s study i.nvolved. 47 middle and long distance runners aII of
whom qualified by performance before being exami.ned. fhe stucty
is further broken d.own arong ethnic 1i.nes ie whi.te, Negroid and
Asians. The b::eakdown and qualification times are refrected in
Table 1 (fron fanner 1954 pp zz).

The meau values of measurements of the athletes 1n eaeh of the
middle and long distance runaing events arong ethnlc lines are
reflected la Table 2 (from Tanner 1964 pp SZ_ll,).

a
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Event

SOOm

1 500m

Ste e plechase

5 000m

10rO0Om

Marathon

Table 1 - Ethnic Breakdown

&ramined (taaner

To ta1 Whites Nesroid Asians

1615

r0

and Qualiflcation
1954),

Quallflcatlon
flme

1t49.2

3t45.O

14 :10. O

29 z4O,O

2 :30:OO

Athle tes

0

o1921

10 'l

Times of

2.3 The Somatotyplng of the Elite Runner.

The three domlnant physique

in Figure 1 (Watsoa and lyke

patterns or body types
1 978) ,

are reflected

A MESOMORPHIC
,HYSIQUE TYPE

AN ENOOMORPHIC
PHY'IQUt TYPE

AN ECTOMORPH'C
PHYSIQUE TYPE

0n

4
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The followlng somatotyplag (Tanner 1964) was coacruded uslng the
sherdon 1940-54 technique fron the athletes refLected. in Table 1

and involves all three ethnic groups.

Fi-gures 2 and 3 hereunder, as lndlcated., are from Taaner 1954 pp

a
2aa

43.

[u,ro, a O B.rddl

2rt
O O W..e[

5,000m and 10,000m

I rtrxtwutr1
O whtt.
X Nrgrc

/": t 
*\ 5'ooom

26, + ,"\n:
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o of oos.,u.o,'

r.r HrMa 
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rrlrs
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Figures 4 and 5 (froo Tanner 19G4 pp !,4).
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The mean values of this sonatotyping broken dosn lnto the three

body types are reflected ln Table 3 (from Tanaer 1954 pp 5)).

For Ylhites

8oo/15otu
SOOO/1 O, ooCItr

Marathon

Steeplechase

For Negroids

5OOOm

For Asians

Marathon

Sonatotype

Endomorphy

2.56

2.15

2.51

2,AO

2.50

2. 00

Mesomorotrv

-

4.34

4. 18

4.)9
4.1)

3.75

Ectomorpltv

4,31

4.26
3.94

4.54

4. 00

5.00 J.00

Using Taaner (964) and data from de Garay, Levine and Carterrs
analysis of e11tc athLetes competlag in the 1958 Olympic Games

in Hexico City the following conclusions were reached. It should. bc

noted that the somatotyping figures are arrlved at through a

different and more up to date method than Tannerfs previous flgures.
Sornatotyping and comment follow in Table 4 (from lyke aad Watson

19?8 pp 44).

TRACK EVENT AND REPRESENTATIVE SOMATOTYPE

Ayorage
R ep resantative

Somatotype Comments

Sprint 100 m/2a0 m 2 5% 3 High in mesomorphy,
lo'ar in ectomorphy and
endomorphy

400 m 2 4% 3Y, Hrgher ectomorphy,
lower mesomorphy
than sprint type

M idd lei istance
800 mi 1500 m

2 4% 4 Higher ectomorphy than
400 m

Longd istance
5000 m/10000 m

2 4 4 Low endomorphy and
lower mesomorphy than
middle distance type

Marathon 2 4Yz 3lz Shape closest to 400 m
runner but size very much
smaller

The average somatotyping withia
was approximately 2, 4 4. It was

also close to the averagc. There

the 1\OO/5OOOn/Marathon conpetitors
fouad that tbe Steeplechasers were

was no lndicatlon that rinnlng ras
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associated with the poslttoa in tbe somatotype distributioa for
tbe eveat, L'nless it be further fron ratber thaa uearcr to the
Eean. lrre p\ysiques of snelI, Juantorena and. coe rllL ilrustrate
thls.

2.4 The ?lursical Dlfferences between White and Negroid Athletes.

Tanner (1964) concluded from his observattons that where the Negrold
athletes appeared outstaadlng ln eertala events they displaycd tbe
followlag ptrysical differeaees, on an average, over their f,rhite
couaterparts. fhey had longer arns and legs, narrof,er hips, smalrer
calf muscles, wlder tibta and slightly nore muscle ia tbe arms and.

thighs.

Thelr power to total weight ratio at any givea slze was bette:r
aad overall they derived certaia mechaaical advantages for the
exploslve eveats.

Under the present economlc and social ej.rcumstances there ras
probably stronger pressure for aa anbitious and taleated l{egroi.d
athlete to enter eonpetitive athletlcs thaa bis White counterpart.
The restrictlon of the l{egro athlete to the sprints, hurdles, jumps

and decathlon may be more because of traditlon than anything e1ge.
At the tine of Taanerts study the East Africans were becotring
j.ncreasingly successful at the middle and long distaace runntag
events and the west AfrLcans the shorter, more expl-osivc, runaing
eventg.

2.5 the Averase varues in tems of Ase. Iieieht and weieht for the
Male and Fenale 0l.vnnic Finalists (1q75l1480/1q84) in all events
from the 80Om to the Marathon and fron the ?0 Leadlae Contenders
for the 1q87 World Chamoi.oashlp Marathon in Rome (from Watnaa

1q87 in Athletics Weekly).

?able 5, researched by the Authon, reflects an extensive study
undertakea of the Mens and Womeng performances ia all the nlddle and

long distance everts Ln the 1976, 1980 aad 19s4 0Lyrupic Ga^rnes. ?he

study ls restricted to flnalists only. Togethcr wlth the performancc
data lnformatlon has been colrected on their age, height aad reJ.gbt
and the averages (nvt 1 rorked out. av2 is an average of the fLgurcs
reflected ia Av1 le tbe 800n average of 1t45,BZ (lva) ls an averagG
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Refrected hereunder are facts aad flgures conplred by fel [atnan
reLatlng to 30 runnera rho look on thelr best form capable of biddlug
for medars ln the l9B7 world chanpionshlpe xarethoa 1n Bomc.

Tabrc 5 (from t. iYetmaa, Athletios xteekry vol 41 t{o 19 9/5/87).
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-of the 1976/1980/1984 averages. the fi.gures ia Table 5 speclficerly
underllned have beea transfcmed to [ab1e 7 showiag a graph of
theae flgures iacludlng the Harathoa statistics fron lable 5 of
3o of the lcadlng coatenders ia conteation for the 19g? t{orld.
chanpioaship tltle. All the flgures rlthta tbe graphs deplet thc
dlffereace between nale and fenale perforners. rn effeet the ronger
the ruaning event the lighter, sborter aad. old.er conpetitors tend
to becemc.

A further intereeting exerclsE 1s to estabriEh tbe
helght ratlo by glvlag a perceat of kilograas for
ln height. [hls is done by dividlng the height (ia
welght (tn res) te

atbletes vej-eht/
every ccntluetrc

crne ) iato

Los Angeles Olympic Ganes 19g4

Men

Wonen

SOOm

o.3g

0.)3

15OOm

o.37

0.31

rn ararysing tbe figures and tabres supplied ln this chapter it
should be remembered that the 3ooOB and Harathoa eveats for wotren
were first iatroduced into the Olynplc Ganes ia 1984. Also that thc
lnfo:matloa w111 have been effected. by tbe African boycott (1gli),
the Yestera boycott (1980) and the Eastern Bloc boycott (t9e4).

Ilhe follorlag data (fron grke and flatson 19Tg pp 45) supplles
additloaal material oa body slze aad compositlon and further
illustrates the inter-eveat dlfferences. [hei:r data ras obtaiaed
from Tanner: (tgtg and 1950) and de Garay, Leviae and Cartcr (tggg
Olympic Ga,nes ).

An interesting iacluslon here ls the Lower Ertrenity Length/Ibqak
Leagth iadex. ^6, hlgher ratlo/inder lndlcates a reratlvely long reg
and the blghest figures were found ia the 4OOts and 1500n conpetitors.
Ihe lOOo ruaners have relatLvely short Legs and the ttarathoners haye
the shortest legs of all. There is soue confusloa in the diagra,u
(tne tnird of the three ) as the [arathoa figure does not refrect
thls.
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flee three graphs hereuader shor the

fgc/Hetght/Weight for Ualee/Fenales
(1976/1980/1 984 ) 1B all eveats from

also reflectE the ayerages fron the
1987 World Cha,nptonshlp farathon in
fron fables 5 aad 5.

tablc 7 (conplled by the Author).

average valucs La terng of
la three 01ynp1c Fiaals
tbe 8O0n to thc Xaratboa. It
3O lcadiag contendere for thc
Rome. ?he data is extracted
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-
Flgure 6 (fron $ke and Watson 19ZB pp 45).

utc/reuxx rxocx

t*a r'n,*n'a

2,5 Qsncluslons.

studles have shown that only half of the sonatotypcs of tbe general
populatior are arso sbered by olynpic athletes. xlddle aad ronS
distaace athletes have shorn tbat, by aad largc, they are nelther
extremcly ectomorphic aor predonlnantly eadouorphic.

Thc 40om and nlddle d.istaace athletes are long legged. and lcss
nuscurar than sprinterg but heve heavler builde than the loag
distaace athletes aad narathoaers. Female alddlc dlstance rrurners
are slmiliar in bulld to the nale long distance ruaner but d,iffcrent
fron thelr male nlddle dlstance countenparts. ra general as tbe
runalag eveats become less lntease and more prolonged both nale aad
fenal-e bulIds becone llgbter, nore riaear and less rouscular. rhe
}lght, liaear bulLd certaialy pnedoninates anonget the male long
dlstaaee and narathon runnerg.

rn respect of helght the geaerar findiag is that runaers arpc

-l

I

"l

"l

Ea t,Ea @Een ,o@n rtoOi IIlllC
,oot
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shorter the loager the eveat.
athletes becorntng lighter the
flgures (fron pyke and Watsoa

Wetght follors a sLELllar tread, rlth
loager the event. Tb,e folLorlag
1978) lllustrates thlg poiat.

lTeleht

-
57, O

50.3

58.3

4O0tr

MlddLc-
distance

Ioag-
distaace

ifiarathon

Heieht

181.7

178.9

173,2

159.9

The above flgures we:re obtained from the 19Gg olymple Ga.nes ae raa
the fact that r-a te:ms of body conposltlon sprlaters canrted tbe
greatest percentagc of body fat. ltot s,rprigtngly thls desceaded.
oa a slldiag acale to the ua::athoaer. lTre trend waa the sa.ne lu
wo,srxo rbe fact rag horever acknorledged tbat leaa-[oga nay result
from heavy t:r'alatng seeslons invoJ.vlng r 0o+ nirss per reek.
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Cbapter l

lbe Anaerobic Systens.

The ATP-Cp Systen.

the Iectlc Acid System.

The Aerobic System.

The Overlap .of the I\iro Energy Systens.

fralning Rattos.

tbelniag Effects,



Paee 24

fhe sun ie tbe urtlnate Bouree of energy and it 1a through eolar
radLatton that carbohgrdratcs are foraed. ta plants. Eumaae eat
plante aad autmals for food thus de:llvlng the energy used to
nanufacture adenoslnc trlphoephatc (.nfp). fhlg eaergy is requlred
for all p\ysteal vork lacluding treining, coupetitlou aad. the other
blologlcal processeg thus aLlorlag the uueclc to coavert thls
chanlcal eaergf lato neehantcal rorL.

Hore preclsely energy is derlvcd fron the coaverston of foodetuffs
rithln the musclc csl1s to a high eaergy conpound. kaora ss A[P.
AtP is etored. rithia these cells and Ls nade up of onc uoleeure of
adenoslae aad 3 noleculcs of phosphatc. Eaergy for muscular
coatractloa ts released by the coaverslon of AtP to adenoslnc
dlpboephate + oae nolecule of phospbate (nOf + P) te as oae pboaphetr

bond ls brokea ADP + P ls formed fron aTP and eoergir te relcased.
llhe store of A[? rlthi.a the nuscle ts llnlted aad mugt bc contluual]
replealshed lf pllyslcal work is to eontiaue.

ATP supplles may be replealshed. by aay oac of three euergJr patbrays
dependlug on the type of actlvity uadertaken. Ihcy are the (a)
arP-cP system (creatine Pbosphate); (u) trre r.,A systen (tactlc Acld)
and (c) tne 02 Systcn (oxygeu). [he following dlagra,n lllugtrates
the proportional coatribution of the eaergy systens (KeuL 197j -
quoted. fron Brook 1987 pp 14).

Figure 7 Proportlonal coatributloa of the energy systens.
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The first tro systens reprenlsb the stones of ATP rithout oxygen
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This process is expressed. 1n the followiag equatloa.

AfP-ADP+p+Enengy.

3.1 fire Anaerobic Systems.

3.1.1 Ihe AIP-Cp Systen.

fhls system is arso :refe*ed to as the Alactic Ana,erobie Eaergy
Pathway. As only snarl aoouats of ATp are stored ia the nuscre the
energy depretion is very rapid. rhea rork is performed at a hlgh
level. rn responge cp (creatine phoephatc or phosphocreatlnc), rhtch
is aLso stsred iu the nuscre cerls, is b:rokea dorn iato creatr.ae
and phosphate. This process releases eaergy rhlch is used to
resynthasizc ADp + p tato Arp rhlch is agala tnaasfortsed into
ADP + P eauslng the conti.aual release of energlr, rhllst storee last,
for the contractlon of the musclcs. cp broken dowa lato c aad p
does uot releaee eaergJr tbat caa be used dl:rectly for cnergy but ie
used to resyntheslzc ADP + P Lato ATP. Becausc of the linlted stores
this syeten ean only be used for approxo g_lOsecs (Boapa) or 10_l5sece(ptot). rt ls the chlef sourcc of eaergy for tbe very quick,
cxploeive eveats ie lohr junps and thrors ia athletics. Therc is
3-4 tines the anorrnt of Cp as there is Atp in tbe nuscle aad, approx.
25-30secs reeoverJr is requtred to resyatheslzc half the cp/arp
stores. rt ls p:resently unclear rhether traialag caa inprovc thls
capaclty (Dick).

?he syste' caa be expressed. la the forrowlng eq,at1on.

AIP-ADP+P+F.aergy.
ADP + P (fron Cp) - ATp + Creatlnc.

Pape 25

belag readlly availablc aad, is knorn as
oxytea) systen ead the third replenishes
oxygea aad 1g knorn as the Aeroblc (rlth

).1.2 lhe Lactlc Actd Systen.

Ibls eysten ls aleo referred to as the (a)
Pathray or (U) Anaeroblc Glycolysls and is
longer naturc lasting up to appror. 40secE

the Anaerobie (rlthout
AtP la the presence of
oxygea) systcn.

IectLc .Anaerobtc &rergy
used for cveats of a
(aoupa) or 4O-5ogeca
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-
(otct) stl1l of a very illtease aaturc ie 2o0nr 4oou aad the uaJor
part of an 80fu. rn the flrst inetance the eaergy is provtded by
the AIP-CP systen. thc I,A systen breaks dora the glycogea stored ia
the nuscLe cells and I1ver (rather thaa Cp) releasiag eaergy to
reaynthcslze AfP fron ADP + P. As there Ls ao oxJrge! ia the breakdorn
of glycogea the by-product lactlc acid 1s forned. As the lactle acid.
accunulatcs the muscle fatlgues readlag to a cessatioa aad a
seve:nely dlnlalshed capaclty for pbysical work. an exposu:re to thls
type of traLning w111 lncreasc the athletes ability to utillse
this patbray.

lhe syste, car be expressed in the folloriag equattoa.

Glycogen (1 unlt) + ? + ADp - Alp (i ualts) + tactate.

3.2 lhe Aerobic Systen.

lhls system is also knowu as tbe Aerobic Energy pathway rhLch
requlres about 2 niautes to start proclucLng energy for the resynthesLs
of ArP fron ADP + P. fhc hcart ratc and respiratory rata nust be
increased to a level sufficient to traasport tbe requlred a,nouat of
oxySen to tbe nuscLe ceLls la order that glycogca tray be broken dorn
ia the presence of oxygea. Grycogea is the sourcc of energy used to
resyathcsizc AtP in both the LA and oxygea systems. Ehe orygen
systen breaks dorn glycogen in the preecnce of oxygea thereby
producing Iittle or rro lactlc acLd. Eence physlcal rork caa coatlnuc
for a loag perlod of tlue. tlrts pathway invorves tbe use of the
rhore of the oxygea traasport syeten and the usc of oxyge[ ia thc
nltoehoudrla ia the muscLc.

The aeroblc system ls the prlne aourco of energy for eveats laetiag
fron 2 ainutee to 2-3 hours ie 150h, 3OOOE Steeplcchase, SOOOn

aad 1Oroo0n including much more prolonged ronk at lower lnteaslty
ln the case of the farathoa. p\ysicel rork exceeding 2-3 hours Eay
rcsult in the breakdorn of fats aad proteta rhea the glycogea stores
near deplctloa.

ra elI these processeg lnvolvlag the breakdorn of glycogen, fats
and pro.teLa certaln by-producte are forred le carbon dloxld.e (coz)
and rater (820) aud are erpelled fron the body tbrough resplratlon
(exhalatloa) and penspiratlou. [be rate at rhich AlP is repleulehed
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-
le lLnlted by the athletea aeroblc
rhlch they oan consune oxygea. Ihe
spcclftc t:nalniag.

capaclty or the uaxlnun ratc at
pathway can be developed th.rough

Ihe systea caa be

Glycogen (1 unlt)
rrA (1 uatt) + p +

expressed in the followtag equatlon.

+P+ADP
ADP + O2

+

-
02 = 41P (37 uafts) +

ATP (app3ox 140 ',nlts)
CO2 + II2O.

+ QOZ + II20.

FFA or free fatty actde are the
lnhlblted only by its poor rate
glycogen.

nore favourable souree of eaergy
of exchaugc when conparcd wlth

3.3 .

lhe energy Eources are used and depleted acco:rdlag to (a) tueinteaslty and (u ) trre duratloa of phyaloal rork, &cept for the
very short, explosive aetivitles raost rrnalng events enploy, to
va:nyiag degrees, both energJr syetems producing aa ovenlap bctrcea
the aaaeroblc and aeroblc systens. The levels of lactio aolil ln tha
blood' rs a good lndlcator as to the inteasity of the rork. 4nt1llnolee of lactlc acid usually r.nd.icates that botb the ractlc
acld aad. oxygen systems are eontributlag to the resyathests of Arp.
Hlgher levels wlrr lnvslve the r,A systen aad lorer revers the
oxygea systcm. rhls th!.esbold may have an equlvaleat heart ratc in
the regJ.on of 159-170 BrM (beats per mlaute). Hlgher or lorer rates
1111 lnvolve the prevlously lndi.cated eaergy systens. lhese ratcsof rork le nmor- of r,A or heert ratc are iaportaat rhen constructlag
tralalag schedulee as lt 1s essentlal that the rlght eEergy systeais stfuEulated at the appropriatc ttne.

Research has shorn that the spllttlag or contributlon of each of thc
eaergJr systems Eay evea be 50/50 after approx. 60-70secs of rork.
other researeh has sho,l that the aerobic syster caa nake up to a
47% coatributioa et thc ead of 5osecs of iateaslve rork. flhe aerobl.c
systen has a domlnant nolc to pley 1a tralning for most eveatg. l,well t:ratacd aerobic systca caa (e) iacrease the total eBsrgJr
avaLlable even r.f the event ts predoninaatly aaaerobic and (b)
provtda the e1tuatl0a whereby aa athletc undergoiag anaerobic
t:raining ri1l necover fastcr duriug the recovery phase. Thercfore a?.,
lacreaec in the totel volune of ronk rlth enphasls oa the aeroblc
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systen 1s vltal.

lhe 150fu ts a good eranple of the blead betweea aeroble aad
anaeroblc netabolisE. The anaerobto systeu ls stlnulatcd tn the
fast start and flaish of the race wlth the aerobic systan predonlaatinl
durlag the alddle or steady statc period, of the racc.

3.4 lta:Llrlns Ratlos.

fn relatlag the ener8y pathways to perforuaace lt wlll, to sone exteat
depcnd on hor the racc is rua. lTre tiue of the perfornance Ls partly
related to the eaergJr systeu lnvolved. sonetlnes severar eaergy
systens are ia operatton at the sa&e tlnc. the folLorlng categories
may be useful in identifying the various di.visloae wltb aaaerobtc
aad aerobic enduraace (frou Dlck 1984 pp 4?-48).

Short anaerobic -25secg (nalnly alactic)
tredluo aaaeroblc 25-50secs (nainly lactlc)
tong anacroblc 5osecs-2nlns (Iactlc/aeroblc)
Short aerobic 2-8n1as (laclic/aeroblc)
tedlum aerobic 8-l0nlas (nainly aeroblc)
Long aeroblc 30+mlns (aerobic - subJect to avallabillty of

fucL ).

Table 8 illustrates the aerobic to anaeroblc coatrlbutlon to euergy
requlrenents aecording to the distaace run (fron Dtck 19g0 pp 2o7).

Dlstance (ln ueters) Aeroblc Anaerobic
2ootr ,% 9j%

40tu 17fr 83%

B00m j4% 66fr
15o0o 50* ,M
5OOtu 80% 2W
10r000n 90% 1Oj6

Xarathen 9e% Z%

Some coaches advocate that tralning should follor sluiliar ratloe
whllst others advocate that the indlvidual events should be
evaluated oa theli epeciflc denand.s ie speed, speed eud.uraace,
stantne etc.
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J.5 Iraiaia* Effects-

Tbe effects of traiaiag can best be categorlzed by classlfytng theu
as follows.

(1) rtrosc occurlng at tlssue lever ie blochemtcal changes;
(lt ) trrose occumlag eysteoatlcally Le affeetlag the cfurcuLatory
and respiratory eystems lncLudiag the card.l.o-vaacular eystcn; and
(111) thosc chaages coacerned with body conposttlon, blood cbolest:ro1,
blood pressrure, troglycerlde levels aad, chnngce ta respcct of hcat
accllntttzatlon,

&ainlng effects are speclflc to the typc of tralnlag und.e:ntakea ic
whether it is aerobic (enduraace) or aaaeroblc (sprlat). Infomatloa
neganding the effects of trainlng at tbe blocbentcar level arc
relativelJr ner and not as consisteatly docnmeated as tboge levals
referyed to in (ii) and (111) above. this dlssertatloa r11r etldress
ltaelf oaly to the blochenical ehanges a sunnarJr of whlch ts llgted
hereuader (fron Fox and fathews 19gl pp 3Ol ).

Biochenieal chaages ia skeletal nuscre lnduced by physicel traluing
(the syuUol + repreeente an iacrease).

(a) llerobic ChaugeE.

+ myoglobla content
+ oxid.atlon of glycogea

+ number and slze of nltocbondrla
+ activity of Krebs cycle and the Eleotroa Traasport systea
+ muscular storeg of glycogca

+ oxidatlon of fats
+ nuscuLar stores of tnlgLycerLd.ee
+ avalLablltty of fats as fuel
+ actlvity of eazJmes involved in acttvatloa, t:nansport aad

breakdora of fatty aclds
(b) Aaaeroblc Cbanges.

+ capacity of the Alp-Cp systcn
+ muscular storee of Alp aad CP

+ actj.vitles of tbe ATp turaover cazyEes
+ glycolytic capaclty

+ glycolytlc enzyne activity
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(c)

aeroblc capaclty equal in both flbres
glycolyttc capaclty greater ln fast trltch fibre
seLectlve hypertrophJr - fast tritch - sprlat trataiag

slor tritch = end,urancc traiaiag
no fibre type intercoaverslon

The reader Eay wish to refer to other tert to notc the chaages
occuring 1n (ii) aaa (ltt). Befereace shourd be aade to rtre
PhysiologLcal Basls for Ph;rsical Education and Athletics (For and.

Hathews 1981 ), Sports Traialng princlples (Dlck lge0) and A
Sclentlflc Approach to Distance Ruaning (Costl[ 19Tg),

+

+

l

I

I



Chepter 4

fbe Tralaine Sygtene.

4.1 Factors Effectiag End,uraace.

4.2 Fitncss Charecteristlcs per Eveat.

4.3 competitron Denand.s of the Errdurance Evcats.

4.4 Aerobic and Anaeroblc tbainiag Zoaes.

4.5 The Endurance 1lainlng lethods.

4.5.1

4.5.1.1

4.5.1.2

4.5,2

4.5.2.1

4.5.2.2

4.5 .2.2.1

4.5.3

Duration Iethod.

Ihe Conthuous [ethod..

ttred pace l[ethod.

Interuittent [ethod.

Aerobic Intervals.

Aaaerobic Repetltions.

Strengtb Ecduraace.

Conpetitloa and Eestlag tretbod.

4.6 Other Coasiderattons.

4.7 .An ovenvl'er of Eadurance rrainr.ag xethods.
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the ead.uranca of an athleto wilr d,epead on many lnte:r-nelated
faetore aad abilttles. ra the'broadeet te:ms therc are tro kinds of
eudurance aarnely (a) geaeral and (b) specifio. General ead,uraace
lavolves naqy Euscle groups aad syetens rhereas speclflc ead,urauce
is reLated to the apeclfic denaade of the event ia terms of
conpetitloa dletaace aad the speed at rhlch it is ru:e. 0enerar
endurance provldes the baae or foundation to an athletes overall
tralning progra,E'e aad help to (a) perforo bigh volunee of sork
(b ) overcone fatlgue in conpetitlon of a loag drratlon and (c )
overcoEe fatigue faster after tralaing aad cornpetltLon. ra tura
the stnonger the speclfLc ead,urance whlch is d.eveloped fron a solid
base of geaeral ead.uraace, the easle:n the athlete nay o,,ercotse
various tralaiag end conpetition streggorg.

Horever the overall development cf the baslc pbyslcal chanactertstlce
ls far trore conplex in the coatext of coaditlontng trainLng. the
follorlng diagran iLlustrates the tranJr facets aad it is to the
varlous endurance tratnlng nethod,s that aeed to be enproyed. that
tbls chapter addresses itself.

MAXIMUM
STRENGTH

,/.,1^.\
/ _srRENGrH \/-/t\\

STRENGTH I CUSTICENDURANCE I srnenatx

/ \ ,o1,.,," 

,(^, \/ "J"'o,/ \./ ENDURANCE SPEEO \

/-/ \ / \\
AEFOEIC MAXIMUMENDURAN.E 

,ri;5i,n.rJ 
st;ED

Rlgure 8 Schenatic representation
fltaess characteriatics encl their
required, of indlvldual discipliacs

of the relatLonship of baslc
lavolvenent in the speclal fj.tacss
(fron Dlck 1984 pp 43).
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4.1 Factors Effectlng Endurance.

a aunber of factors wir.1 effect eadurance perfomaacea aad tralalng
ri11 have to addreas ltself aeco:rdingly durlag the geaeral aad.
speclflc conponeate of the peri.odlzed. year. trrey a:re (a) tne eentral
nertrous eysteu (b) athletlc wlllporer (c) aeroUlo capaclty (d)
aaaeroblc capacity aad (e) speed reserve.

(a) ratteue tnpairs one,s traialng efforts and effects tbe
efficienoy of the ceatral aervous systen (CWS). Ihe CNS adapts to
tbe demaads of tratatag aad. i.acreases its worklng capaclty. rt
tnproves the nervoua co[necfi,ons for the rel, and co-ordlaated
functloning of the eatlre cl{s in partlcurar (i) tue rcuro-trrscuIa:r
eo-ordinatlon and (i.r1 15" resistaace of tbe aervous cell to
strcssful rork.

(u) An obJectlve durlng traini.ng should be to Lacreagc the athleters
toleraace to paia end the ago4y of tralning and conpetltlon. Thc
athlete nust reara to deverop the destre aad wrll to keep rorklng
during fati.gue and even to iacrease it durlng tbe ftaal stagcs ofa race.

(c) The aerobic capaclty is the ablrity to produce energy 1n tbe
presence of oxygen and ln the devel0pnent of the orygen traasport
systen, the heart and ia the utlllzatLon of oxygen at the nusolc
site. Reseanch has ahora that a high orygen capactty traasfers to
anaeroblc eapaelty 1n that aa athlete may fuactloa loagc:r before the
onset of oxygen debt. rhe recovery thereafter 1s quicker. rt also
stabllzes speed duriag the conpetitlon phaee rhere the aaaeroblc
capaclty ia uti.lised. rt increasea the d.u:rabirlty of anaerobic
pore:l.

(d) Ihe anaeroblc capaclty is the
absence of oxygea aad is dlreetly
perfo:Banee. It ts effected. by the
athlets to contiaue iatensive rork

abtlity to produce eaergy ia the
related to the intensity of the

C![S pnocesses rhlch allor the
rrn{sp exhaustl.ag coadLtione.

(e ) Ttre speed regerve ls the dlffereace between the fasteet t1tre
aoblevcd oa a distance ahortar thaa nace dlstnnce aad the truc
achleved over the sane distaace d.uriag a loager rece. fests should.
be conducted durlng tbe sane pe:rlod of tlue ln order to be varld.
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Athretes with higher speed reserves wourd spend r.ess ene:rgy to
nalatata a gtven spaed as compared. to others rlth e roren reaervo
1e tro gee6 3'nners cotspeting over that distance, oae has a
persoaal best perfornaace of 5Osecg for the 4ofu whllst the othe::,
has a PB of 55seos. Ia the race tbey pass the beLl (+OOn) togethcr
1n 58secs. one has a speed rese've of gsecs whllst the other lsece.
ft is ua1lkely that the athlete wlth the 3sec spced reserve rl1l
ria the racco

4.2 .

ft is J.nportaat to appreciate hor training nethodg are bleaded. into
the overall progretne and into the sequcace of auaual trai.ning. T6e
methods llsted hereunder are placed. into three categories 1e
Geaeral, special a^ud conpetltloa speci.flo (fron Dick 19g4 pp 54).

Event

Middlc
Distance

Steeplc-
chase

Loag
Dietaace

General

Aerobtc
hdurance

Streagth
Endurance

Moblllty
Maxtmum

Strength

Aerobic
Enduranee

Streagth
Endurance

ilobllity
faxlnua

Strength

Aerobic
&cduraace

Streagth
Enduraace

Hobility

Special
Speed

Enduraace
Speed.
Elastic

Strength
Special

Eadurance
(per dietaace )
Speed

Eaduraace
Speed
Elastlc

Strength
Special

Mobility
Special

Endurance
(per dlstaaee)
Speed

End,uraace
Speed
Elastic

Streagth
Speclal

Eaduraace
(per distaace)

Coope tltlon
Specific
Sprlnt technique
Tlne trlals
Tactieal lblals

Hurdles technlque
l{aterJunp TeehnLquc
Sprlat [echalque
Time tbials
Tactical Irlals

Sprint Iechnique
Tlne lblale
Tactioal hlals

4.3 .

One school of thought holds that tralatag perceatages should be
dlvld'ed aloag the l1nes of the aerobic/aaaerobic eoatrlbutloa to
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the eaergy requirenents for particular dlstaaees (see lab1e g ou
Page 28). another schoor of thougbt hords that tratnlng should. be
evaluated oa its denands relatlve to ehort, nedltrn aad 10ag tero
enduraace as relr as speed/strength eadurance (see Flgure 9
hereuader). Aad yet a tbird school asserts that all the enduraace
eventE are based upoll all extenslve foundatioa of aeroble efflcieacy
le 57% of the traiaing year is devoted to the duratloa method,s,
2M to tbe specific denaade and 1395 lo eompetltloa. Irrespecti.ve
of these vari.oue schools of thought nequireuentg 1111 vary froa
i.ndtvlduar to indlvidual aad 1111 iaclude such factors ae the
athletcts trainlng status, thelr stage of developaeat, the rong
aad short term objectlves, the athlete rs persoaality, tbe linltetloae
of the tralaiag e!,vironneat aad tbe other aoa-atb}etic demand.s oa
the atbletcs Life.

Flgure 9 illustrates the later-relatloaehip of the various area'
of enduranee (fron Dick 1980 pp ZO9).

4.4 Aerobi.c and Anaerobi.c Trainiag Zones.

There ls a llnear reratronshlp betreea heart :rate aad, o:EJrgea
uptake. rhis provldes a useful method of monito:niag the pulse of
the athletc folloviag both a run and at the end, of a necovery
perlod. with the help of a sports Eeste:r the purse eaa alao be
noaitored duri-ng the rna itself. Fig*re r0 oa page 35 provldes a
useful guid,e to t::ainiag irrustratlug the nexl"nnn hea::t rate, the
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