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ABSTRACT

EVOLUTION ASSESSMENT OF MAIN STADIUM STRUCTURES OF
SUMMER OLYMPIC GAMES: FROM 1896 TO 2012.

Madani Nigar
M.S. in Building Science, Department of Architecture
Supervisor: Asoc. ProfDr . Ayke Tavuk-uojlu

SeptembeR015, 246 Pages

Main stadium structures of summer Olympic Games are large scale structures which
are specificallydesigned to accommodatevery crowded amount of people and
internationalmany sports competitions of OlymepGames.Thereare many written
documents on Olympic stadium&owever there is scarcity of knowledge on
assessment of their physical performances/capaeitiésvolution in time based on
guantitative dataThe study, therefore was shaped to examinentherent physical
performances of those structures and to better understand their appropriateness,
specifically potentials and limitations, for international and regional prospective

events.

In total, 26 main stadiums of summer Olympic Games were exanniteans of their
spectator capacity performance, physical performance of geometrical layout with a
focus on viewing comfort conditions for athletes and spectators, andtdong

functioning in reference to the technical recommendations and/or guidelines.

The presence of fullgheltered stands area is essential due to the climatic conditions
of host cities. Thee is atrend ofreducing original spectator capacities of Olympic

stadiums to the recommended/operable seating capacities during renovations. That



signals the efforts for achieving to be able to host either many international or regional
sports competitions. Nesports activities, soccer and athletics games are the activity
types mostly hosted in stadiums as poBtmpic events. Cultural significaacof
Olympic stadiums is one of the main determinative factor for their surwikdée
correct positioning of stadiums and their geometric layouts anddbiytered stands
area, if all three provided, make the stadiums preferable/remarkable for many
international sports competitions, specifically soccer and athletics games. The
adaptability of Olympic stadiums for regional uses/activities, if foreseen during the
design stage, is @ancouragingituation for their postise in accordance with regional
prefeences The individual evaluation of each stadium has shown poténtialsfor
specific type(s) of post events as wellpasnted out somenprovements needed for
their functioningn time. The efforts on environmentally sensitive design of stadiums

is promising for the longerm functioning of stadiums with a care on Eamment
protection. However, there is a necessityeofiphasizingi p hy si c al perf or man
requi rement s de s sostamabilityocriteria it & dsustainabilay
designtechnia | ma n u al s operfbrming s@diumg @uring yheir lifelong

functioning.

Keywords: main stadiums of summer Olympic Games, spectator capacity, orientation

of playing field, optimum viewing distances, p@3tympic uses
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¥Z

YAZ OLKMPKYAT OYUNLARI ANA STADYUM YAF
GELKKkKMKN DEJERLENDKRKLMESK

Madani Nigar
Y¢ksek Lisans, Yapeée Bilimleri, Mi
Tez Y°%°neticisi Do - Dr. Ayke Ta

E y 12915, 246 Sayfa

Yaz Ol i mpiyat Oyunl arbéyn,ekn °anae kd ti a dyyaupné | y
kal abal ék seyirci grupl aréné ajeéerl amak v
spor yarékmaséna ev sahiplifjJi yapmak i -
stadyuml ar czerine bir-ok yapelar el gez
performansl| areée |/ kapasitel eri ve zaman
dejerl endirmeler yok denecek kadar azde,
kendinehasfiz k sel performansl|l arénén incelenmesi
m¢sabakai -in olanak ve sénérl aréneéen beli

tartékeél masé hedefl enmi ktir.

Toplamda 26 ade Y az Ol i mpiyat Oyunl aré ana st
sporcul ar ve seyirciler i -in g°rsel konf
ge

ometri k tasarémlareéenén fiziksel perfor
tekni k ©°neri laar vie-/evreeymra Kcaey mavkulz|l arda yer
é

énarak i ncel endi

a l

Stadyumlarda tam korunakl é& trib¢gn alaneén

yapan Kehirlerin defhklidi m. kOkumpayatnsetdadiwur
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seyirci kapasitelerinin, yenil emel er Séraseée
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Ol i mpi k stadyumlareén k¢glterel °nemi, bul und
tasarémlar énén ni tel i kI ol uku vV e tam Kkor u|
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Il 1l anél ar ak yakaml ar éné s¢rdegrmesini dec
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el ar arasénda dlema skéanpés asn&jnldama kstea-diélre.n s
l'l'i kl erinin dejerlendirilmesiyle, olimpiy
un ol dukl areé belirl ewympelabi trzecekvadelinl k
tanméxkt ér . Stadyuml arén -evreye duyarl é
tu bir yaklakémla uzun vadel. ol arak kul 'l
icidir. Bununla birlitkelnilk¢ckdalgavlzbadda,
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nmasé ve vurgulanmasé gerekmektedir.

Anahtar kelimeler: Yaz Ol i mpi yat Oyunl aré ana stadyum

alanenéen Ronomtammamsi z|l eme mesafeleri, Olimp
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CHAPTER 1

INTRODUCTION

Since their earliest existence in ancient Greek and Roman civilizations, stadiums have
been regarded as architectural masterpieces and focal poirtsinrsarrounding
cities. Those structureare important buildings in society not only as a vewbeh

hoss sport events but also aplace wlereindividuals in the society d¢laer and share

a common interest in form of spsrandbr entertainmentThe malern Olympic
Games starteffom 1896 in AthensGreece antdhe small scale of sports gameith

the participation of athletes in certain amounts in the eatfycR@tury increasetb

the largesscalesports eventnamely Olympic Games) the world todayDue to the
social and economical challenging impacts of Olympic Games, the main stadiums
come into prominence especially for the host cities and host courithesmain
stadiuns arethe mossignificant component of Olympic Gamasd Olympic Venue
where Athletics (track & field) events, final football matches, and opening/closing
ceremonies during the Gameare held and high spectator cagqities are
acccomodatedConsideringtheir importance those large scalestructures require
advanced design in ordes tepict the cultural, artistic, and sportive values and to

represent architectural and technological features of their periods.

Olympic stadiums are plannegenerally forthe purpose of accommodatitayge
number ofpeopleas much as possibtausincreaing the revenue fahe Olympic
Gamesand its organization expens&3n the other handhtse oversized structures
may havenegative effects for the host city and citizefter OlympicGamesDue to
theirinherentlarge capacitiethose structures may nbefeasibleto beeffectively
used formany sports and nesports activities in future while still being able to



accommodaténternational mega eventkat rarely may occur in futurdherefore,
their postOlympic uses or strategies need tioe consideredn preliminary design
stages in order to sustain their service lifethis regard, th@hysical performance
and capacities and their appropriateness for specific amghy sports
events/competitions have vital importance with an emphasis on their fuingtir

international and/or regional uses.

The study, therefore was shaped to assessme basic physical
performances/capacities of all main stadiums for sun@hgnpic Gamesmainly in

terms of spectator capacity performance, physical performancewiegecal layout
with a focus on viewing comfort conditions for athletes and spectators, antelomg

functioningperformancef stadiums

Here, thebrief explanations on thergument and main objectives of the study were
done under relevant subheadin@ie procedure oflata acquisition and analytical
studiesas well as contents ahain chaptersgections werantroduced under the

subheading of AProcedureo and ADispositiono,

1.1ARGUMENT

Main stadium structures of Summer Olympic Gamedaage scale structurashich

are designed in suchnaayto accommodate thousands of spectatocsowded athlete
populationand many sports competitiortiring Olympic Games The Olympic
stadiums therefore should be designed based smme majoiperformancs criteria

and involve sometechnical featuresvell-integrating with their Olympic and pest
Olympic uses It was observed that therare knowledge in written/published
documents especially on some architectural and technological features and
renovations uderwent before and after Olympic Games in the form of
introductoryinformativetexts, andirbanscale mpact of stadiums to their host cities

However, there is scarcity of knowledge on assessment of their physical

r

e s



performances/capacities as well as evotutin time based on quantitative
data/paranters.

Therearesometechnical recommendations/manuals based on physical performance
criteriato be fulfilled bymodernstadium structure§or instances, some basic features
of stadi umsd p lteanrs oflseating aapgacity, smalteredlsgat capacity,
ideal positioning of stands and playing field areas are some of major criteria to define
physical capacity/performance of stadiumsrelation toboth Olympic and post
Olympic useqFIFA & UEFA, 1995; DN, 200; BSI, 2003; DFB, 2004; MVStatt,
2005; FIFA, 2007; Nixdorf, 2008; Geraiet al., 2013. However, the studies on
performance assessment of Olympic main stadiums whether they fulfil those criteria
in accordance with the technical recommendations/Sg&tons, or not, are limited

in number. Here, a study was shaped to examine the efficiencies of all main stadiums
26 structures in totagriginally-built or renovated for summer Olympic Games from
1896 to 2012 n r e gtlercapacity sequirementsrfonany sports types in the
context of their multpurpose uses, viewing comfort performance in terms of

playing field orientatiorandstandsgeometricalayou, andfisheltered stands aréa.

In addition, thecurrent states of those structures were absamined in terms of

Ami ni mum/ recommended seating capacityo,
positioningo f st ands arap@aadpriateress/dfficiepicohteeir phisieal
performances/capacities farany types of sports activities and competii Such an
evaluation of their current statensededo better understand tingotentials fopost

Olympic usesand/or to present the features that have to be improrddngterm

functioning

In published literatte, a few stadium structures, Olgia ones and ne@lympic
ones, were observed to be examined in terms of some criteria related with their
physical performances. However, this study covers the examinations of all main
stadiums of summer Olympic Gamese by one from 1896 to 2012nd allavs to

better understand the evolution/changesurredn time.



International Olympic Committee (IOC) dgluded sustainability issues in their

technical guidelinesll 1999 in order tosupport theprotection of environment and

ecological lives in Olympicvenue and host citiesMany issues related with
sustainabilitydevelopment and envinonental protectionin fact, has been started

earlier andnvolved in building guidelines by Brundtland report (WCED, 1987) and

Rio Earth Summit Agenda 21 (UNCED, 1992he documentation of technical

features related withs o me s ust ai nabi $ite preservatisdsiwates , such as
and energy efficienciesandflong-termu s & oarried out for the stadium structures

built after 1995in orderto discuss the integratioof some sustainability issues in

stadiums design

All discussions and concluded remagke based orindividual evaluationof each
stadium The assessment of each stadium, in fa@n example/case angpected to
be a demonstrative examination for eashers or people who are interested in
stadium design in order to practicallgnd preliminaryassess their desigasd to
improve their insights for designing walerforming stadium structuresThe
efforts/some possible solutions whiblave beernnvolved in design of those mega
structures can show the initiatives to function themharmony with their immediate

environments much as possible.

1.2 AIMS AND OBJECTIVES

The main Stadium Structures of Modern Summer Olympic Gamnesotal 26
stadiums fom 1896 to 2012yere examinegarticularly:
- to better understand the evolution of spectator capacities in time
- to assess their efficiencies in terms of some basic featemeged for Olympic
and postOlympic usessuch as minimureeating capacity, shered seat capacity,
ideal positioning of stands and playing field areas, as well as
- to discuss the integration of some sustainability issues in stadiums design by

documenting the relevant technical features involved in their design.



By the study, it isntended to achieve the following objectives:

to assesspectator capacity evolution in tinme reference to Olympic capacity

requirements declared by technicammittees

- toinvestigate the potential of stadiums for their postmpic uses in referende
the capacity requirements for specific sports games and international many sports
competitons in the context of their mulpurpose uses

- to examine the viewing comfopperformance of stadiumgor athletes and
spectators in terms of playing fiet@ientation, viewingcomfort of stands plan
layout, and presence of roof sheltering the stands area;

- to clarify whether there is a relationship between spectator capacity of stadiums
and their host city population;

- toreview the presence of sustainability featiin stadiums terms of wateand
energy efficencies, site preseation, andlong-term use

- topoint out some guiding remarkn Olympic stadium design for their lotgrm

use.

Theresults of the study as well as discussions and concluded remaekpeacted to
be guiding for professions related/interested in Olympic andGigmpic stadium
designs with emphases @pectator capacity, positioning of playing fieklands

geometrical layoutand longterm functioning.

1.3PROCEDURE

The study startwith literature survey which consists of two main parts. First part is
about Stadium design principles, and Fundamental regulations and standards for the
Olympic Games which clarify important aspects of design for stadiums and highlights
the rules to beansidered for Main structures of Summer Olympic Games. The second
part is a comprehensive description for all twentynsodernOlympic Stadiums from

1896 to 2012which makes an assessment with focus on architecamdl
technologicafeatures of those staums.



Firstly data on date, architeclyerallspectator capacifynd PostOlympic events for

each Olympic stadium, were conducted to the study using published literature and

official releasesln addition, climate zones of host cities were identifiredeference

to world climate classification mag.ater, demoghraphic data and information

gathered by directontactwith official demographicagencies for all twenttwo

Olympic host cities. The drawingskethes, and figuresbtained from the literature

wereprocesseds scaled schematicdrawirig® be used for dAplaying fi

and fAviewing comfort of standso anal yses.

1.4 DISPOSITION

The study is composed of five chapters. The first chapter is introduction, where the
purpose and content dfd study is introduced and the procedure is briefly described. In
the second chapter, brief history of stadium building, stadium design principles related to
their physical performances, and brief information about main stadiums of summer
Olympic Games frm 1896 to 2012 are involved. The third chapter comprises the material
and method of the study. In the fourth chapter, results of the study are submitiad and

the fifth chapter ardiscussedFinally, conclusions are outlined in the sixth chapter.



CHAPTER 2

LITERATURE REVIEW

In this chapter a survey of literature related with the origination of stadiums and their
desgn principles is presentetgethemwith the review of main stadiums of summer
Olympic Gamedrom 1896 to 2012.

2.1THE ORIGINATION OF STADIUMS

The concept and design for stadiums, like many other historical engineering
masterpieces, was first developed in Ancient Greece and Rome. Stadiums as a huge
theatre for the exhibition ofphysical feats combine dramatic function dn
monumental scale which leads to powerful civic architecfline. wordAStadiuno

comes from the Greek wortadior®d, which is an ancient unit of length ranging
between 177 and 192 metefbe stadium and hippodrome, two Greek buildings, and
amphitheatreand circus of Romans contributed to the modern day stadiums which
have many characteristics in common among themselves and with the modern day
stadiumgGeraintet al., 2013) In modern day, Stadium is an covered or uncovered
athletic field which is surrauded by seating tier§he central field is also called arena
(Nixdorf, 2008).

2.1.1 Greece
Heraclesstartedthe Olympic Games in Olympia, Greece/ine BC in honour of his

father ZeusThe origin of the Olympic Games is based on myths and legends like

majority of ancient historyOCOA, 1896. One such legend is that Heracles walked



six hundred steps, one after another, to determine the length of the track for the
running event at the Olympics. This length, which amounted to a8, was
named aistadiord. The term 'stadium' wabenused from here as the name for the
running event and tHeeld for the foot racecourd®COA, 1896 Geraintetal., 2013)

Greek stadialso known asfoot racecourses were laid out inUashape with the
straight end faning the starting line. These stadia vaiietength fordifferent cases
for instancehe one at the Delphvas183mlong, andthe one at Olympiavasabout
192m Such stadia were built in all cities where games were ple§eche were
formed naturally begfiting from hillside like the pattern of Greek theatres while
others were built on flat groun@he similarity of the hillside stadia built in Olympia,
Thebes and Epidauros to ancient Greek theatremppmrent. Those stadia are
elongated theatres for gkition of spectacular heroic featsrom thosenasterpieces

a direct line of development firstly runs to the nttitfred Roman Amphitheatres, and

ultimately to modersday sports stadi@Nixdorf, 2008;Geraintetal., 2013)

2.1.2 Rome

Romans like Grdes perceivedto integrate purposkuilt buildings as part of their
lives. The two of those buildings which are many characteristics in common with
modernday stadium are amphitheatres, which were desigapdciallyfor gladiator

combat, and the circusedich were designefibr chariot races (Geraietal., 2013).

A new building in amphitheatrical form was developed by militaristic Romans in
order to accommodate the mortal combat spectadtle.building was an elliptical
arena surrounded by higlsing sating tiers on all sides allowing the maximum
number of spectators to have clear view of the fearful events staged aetize
(Nixdorf, 2008) The word arena comes from the Latin word for sand, or sandy land
which refers to layers of sand spread on #gtarea to absorb blood (Geragttal.,

2013). The overall fon of the building was a complete ellipse which saapedy



joining two ancient Greek theatres togeth€he size of Roman amphitheatres
necessitated to construct the seating profile instéaenefiting from natural slope
(Nixdorf, 2008). The greatest exemplar of this building type is thkavian
Amphitheatre in Rome, better known as the Colosseum from the eight century
onwards which has seldom been surpassed to this day as a ratioonal disi
engineering, theatre and art. Construction of the Colosseum started in AD 70 and
completed 12 years later (OCOA, 1896; Geratrat., 2013).

2.1.3 Medieval and after

Societyhas emphasizedifferent activities through the history. The ancient Gsee

and Romans set theatre, sports, and combat at the centre of their lives but this was
slowly faded outin middle Ages when religion began to expasmd the public
activities outside of Church were neglect@COA, 1896 Nixdorf, 2008; Gerainét

al., 2013). Therefore, architectural efforts for building of churches came into
prominenceand places of recreation ardtertainmentemained in the background.

For the next 15 centuries no major new sports stadia or amphitheatres were built
(OCOA, 1896)However nations eventually found ways to balance different aspects

of life and sports made a comeback during the Renaissance. Since then, stadium
construction and rehabilitation has been ongoing across the vio@®A, 1896;
Nixdorf, 200§.

2.1.4 19 century

After the industrial revolution in ¥8century, sports and stadium started t@imvn

after 15 centuries. In this respect, sport games became properly defined and different
clubs and federations were developed. Great Britain was thelfstto welcone
organized sportespeciallywith greatenthusiasm for soccer and rugby. Along with

the growing fan population, the industrial revolutied toadvancenents instructural
technologies so that appropriate stadiums could befbusfpecific sports (Nixdd,

2008).



2.1.5 Rebirth of Olympic Games

The stadium as a building type saw a revival after the industrial revolution. There was
a growing demand for mass spectator events from the public; there were entrepreneurs
who wished to cater for this demand; ahdre were new structural technologies to
facilitate the construction of stadiagportshalls. A particularly importarmotivation

came from the revival of the Olymp@amesat the end of 19century OCOA, 1896;

Nixdorf, 2008)

The modern Olympic Gaes began in 1896 in Athens, Greece, through the efforts of
the Frenchman Baron Pierre de CoubeHi@madethe Olympic dreanhis life's work

to revive the Olympic Games whichhad first begun in ancient Greece several
centuries before the common gdallon & Ture, 1997 Mallon, 1998. At the
instigation of Baron Pierre de Coubertin, a congress met in 1@84h led tothe
organization ofirst modern Olympic Games at Athens in 1896. For this purpose, the
ancient stadium 0829 BC, which had been excavatead studied by a German
architect andarchaeologistalled Ernst Ziller, was rebuilt to accommaslabout
50,000 spectator®OCOA, 1896;Geraintet al., 2013) From 1896 Olympic Games
were held every 4 years except the years interrupted by World Weaesnodern
Olympic Games arsow more than a century olthe world celebrated the centennial
games in Atlantén the summer of 199@Mallon & Ture, 1997)

2.2STADIUM DESIGN PRINCIPLES

Main Olympic stadium structures are designed to function properly féexctiecly

for sport activities, particularly for summer Olympic Games. Those structures can also
be used for mulpurpose activities during their service life. Therefore, those
structures are expected to fulfill some specific requriements of theirThese
requirements have been defined in some standarda$inital manuals or
recommendatins andguidelines, all of which have been prepared by the experts of

relevant Committes. Thelist of those manuals/guidelines is givenTiable2.1

10



Table 21 List of technicalguidelines’recommendationsn stadiums design.

Guidelines / Title Date Referene
Recommendations
FIFA & UEFA Technical recommendations and 1995 FIFA &
requirements for the construction or UEFA,
modernisation of football stadia 1995
U.S Green Sustainable Building Technical Manual: 1996 USGBC
Building Courril Green Building Design, Construction and 1996
Operation
International Ol ympic Movement 6s 1999 |[OC, 1999
Olympic
Committee
DIN 180351: 2003 Sportplate=Tei | 1: Fr ei an 2003 DIN, 2003
und Leichtathletik (Sports Facilitig2art 1:
Free equipment for games and athletics)
British standards  Spectator facilities. Layout criteria for 2003 BSI, 2003
Institutions BS EN spectator viewing arespecifcation
132001:2003
German Football  Richtlinien Zur Verbessrung der Sicherhe 2004 DFB, 2004
Association bei Bundesligaspielere(glish:Guidelines
for improve safety in Bundesliga)
MV Statt:2005 MusterVer samml ungsst 212005 MVStatt,
begr¢nduntgt aerlisigr ( 2005
Pattern venue regulations, justification an
explanation)
International Technical Manual on VenuésDesign 2005 I0OC, 2005
Olympic Standards for Competition Venues
Committee
FIFA Football StadiumsTechnical 2007  FIFA, 2007
Recommedation and Requirement¥ 4
edition.
Department for Guide to Safety at Sport Ground¥, 5 2008 Department
culture, media and edition for culture,
sport media and
sport, 2008
Stefan Nixdorf Stadium AtlasTechnical recommendation: 2008  Nixdorf,
for grardstands in modern stadia 2008
Adrian Pitts and Sustainable Olympic Design and Urban 2009  Pitts &
Hanwen Liao Development Hanwen,
2009
Gerraint John, Rod Stadia; the Populous Design and 2013 Geraintet
Sheard, and Ben Development Guide™ edition al., 2013
Vickery
International Technical Regulations 2014 |AAF,
Association of For IAAF World Championships 2014

Athletics
Federations

11



The regulations or recommendations related with the Olympic stadium design and

their physical performances am@mmarized with a focus on some selected items, such

as fispectator

of stands

r

S

ecommended

portso

areao,

capacityo,

Afor i

Abasic | ayout

afitdi iswuses af amb Ol ympi c

were done in detail under repsective subheadings.

2.2.1 Regulations on spectator capacity

ent ati
options
f o rstanslardaduinengsionmg of pdagirig dields fiir many

stadi

on

of

ums o .

The spectator capacity of a diam depends on its function and purpose of design

which affects the stadium size, amenities and overall design (Nixdorf, 2008).

International Games require higher capacities compare to national and regional

Games. There should be a right balance betweguined spectator capacity and

desired spectator capacity.

The regulations on minimum overall spectator capacity, including both seating and

S

r

tanding
equired for

capacities,

required

for

O mai

Ot sot asdpi eucmsf iicn srpeolrattsi ogna me s 6

The minimum overall spectator capacity, composed of seating and standing

capacities, required for main stadiums of Olympic Games is declared0&® 60

persons (IOC, 2005).

Since endyames (final matches) @flympic soccer games are performed in main

stadiums, a minimum of 5000 overall spectator capacity is requiredeghnical

Manual on Venues Design Standards for Competition Ven(i3C, 2005).

In addition, Internationahssociation of Athletics Federatiohas determined the

minimum overall spectator capacity as 30,000 persons for international athletics

champonships (IAAF, 2014).

According to German Football Association (DFB$afety Guidelines, the

permitted ratio of standing capacity to seating capa20% in maximum (DFB,

2004).
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https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBsQFjAAahUKEwiI5LX86drHAhUCZ3IKHaOHA5g&url=http%3A%2F%2Fwww.iaaf.org%2F&usg=AFQjCNFaEe7_OxHIVdoRLXUguTqW91uWnA&sig2=Vk2B7C7-wXbREHjAENOgbw&bvm=bv.101800829,d.bGg
https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBsQFjAAahUKEwiI5LX86drHAhUCZ3IKHaOHA5g&url=http%3A%2F%2Fwww.iaaf.org%2F&usg=AFQjCNFaEe7_OxHIVdoRLXUguTqW91uWnA&sig2=Vk2B7C7-wXbREHjAENOgbw&bvm=bv.101800829,d.bGg
https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CBsQFjAAahUKEwiI5LX86drHAhUCZ3IKHaOHA5g&url=http%3A%2F%2Fwww.iaaf.org%2F&usg=AFQjCNFaEe7_OxHIVdoRLXUguTqW91uWnA&sig2=Vk2B7C7-wXbREHjAENOgbw&bvm=bv.101800829,d.bGg

- On the other handDFB and Germarfootball League (DFL) define overall
spectator capacity of 10,000 persons as minimum licensing standard criterion of a

stadium for the games of regional divisions (Nixdorf, 2008).

On theother hand, FIFA and UEFA Technical Regulations stipulate that all spectators
should have a seat for qualifying matches, the Confederations Cup, World Cups and
Olympic Games (UEFA, 2004, FIFA, 2007; Nixdorf, 2008).

The minimum seat capacities determinsdFIFA Technical Recommendation and
requirements are given below in relation to the nature of FIFA Cup Competitions
(FIFA, 2007; Nixdorf, 2008):

- 30,000 seats for international tournaments

- 60,000 seats for group games, last sixteen and quarter finals

- 60,0 seats for opening matches, sémals and finals

- 50,000 seats for Confederations Cup

The minimum seat capacities defined by UEFA Venue Regulations are given below
in relation to the nature of UEFA Cup and Championships (UEFA, 2004; Nixdorf,
2008):

- 30,00 seats for group games, last sixteen and quarter finals

- 40,000 seats for quarter and sdmals

- 50,000 seats for opening matches/finals

2.2.2 Recommended axes for the orientation of playing field in stadiums

The favourable orientations for the stadsinelated to sun exposure are defined or
recommended in regulations/standards (D2803; Nixdorf, 2007; FIFA Football

Stadiums, 2007; UEFAR011;Geraintet al, 2013) in terms of slopes in certain ranges

which show the deviation for axis of operationstadiums; in other words, slopes
positioned between the axis of play zone

site layout can be arranged according to those favourite slopes in order to save athletes

13



being blinded by the sun. The favourable/appsadpriorientations which are
recommended/accepted for the positioning of playing fields in stadiums are
summarized in Table 2.in relation to the climate zone. The recommended playing
field orientation range for Rugby, Football, and track and field gameglaas best

common axis for Playing Field orientation for many sports is shown in Figure 2.1

Table 22 Orientation of playing field recommended by guidelines and technical
recommendations

Guidelines / Appro priate axes Sports Recommended | Reference
Recommendations| recommended for the type Zone

orientation of playing field

DIN 180351:2003 | North-South All sports | Northern/ DIN, 2003
O BY Southern
hemisphere
FIFA Football North-South Football Northern/ FIFA,
StadiumsTechnical | {j by Soutern 2007
Recommendations Hemisphere

and Requirements

15A devi at i o1 Many

West (*) sports

15AN-to-W

Range bet we e Athletics
Stadium Atlag deviation from North to Eas| (Track and | Northern Nixdorf,
Technical and 45A devi ¢Field) Europe 2008

Recommendations| North to West
for Grandstands in| < ( NEM5AN/W) = 60A
Modern Stadia

Rangebe we e n 2 0 A Football
deviation from North to Eas] and Rugby
and 75A devi i
North to west

< ( NEASAN/W) = 954
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Table 2.2 (Continued)

deviation from North to Eas
and 75A devi :

North to west

<(2 ONAET 75AN/W) = 95A

UEFA Guide to North-South Football Northern UEFA,
Quality Stadiums | (5 By Hemisphere | 2011

15A devi at i o1 Manysports | Northern

West (*) Europe

15MN-to-W

Range bet we e Athletics Northern
Stadia The deviation from North to Eas| (Track and Europe Geraintet
Populous Design |and 45A devi g Field) al.,, 2013
and Development | North to West
Guide <(2 ONAEi 45AN/W) = 65A

Range bet we e Football and | Europe

Rugby

(*) Recommendéedoasofibéeseradr umsieldspli ani 0
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—-— Best common axis of operation for many sports

- Best range of track and field pitch games

l:’ Range acceptable for football and rugby

Figure 21 Recommended playing field orientation in northern Europe for principle
sports typesGeraintetal., 2013 p.30, Redrawn by Authar)

According to the recmmendati ons given for the best po

playing field related to the sun exposure can be summarized as below:

- For many sports, best axis of operation is defined 8sA devi ati on from No
West

- For all types of sports played in stadlis, favourable direction is mentioned as

N/S axis ( BY

- For football games, N/S axis is also mentioned as acceptable direction.

- For athletics, in other words track and field pitch games, the best for the orientation
of playing fields is defined between 20A ¢
deviationfrom North to West.

- For football and rugby games, the accepta

deviation from North to East and 75A devi a:
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2.2.3 Recommended and acceptable viewing distance

Once the use of the stadium is specifiedjezisionshould be made about the
organization of stands around the playing field in order that the spectators have a clear
view of the event. Viewing comfort of spectators depends on their distances from the
playing field, therefore viewing distances shibbe wellarranged to provide optical

comfort. Here, viewing distance is an important parameter for examining the
efficiency of the spectatorsod stands. [ n
al | seat s, Aopti mum vi e weiwign gdidsitsatnacnecoe 0a ng
or recommended in regulations/standards (BSI, 2003, FIFA, 2007, Nixdorf, 2008, and
Geraintet al., 2013) for different sports to provide optical comfort for spectators.

Those distances are set out from the extreme viewingigusito the diagonally

opposed corners of the playing field by drawing a circle with a compass from each
extreme point at the field which also ¢
(OVC)o0o and fAmaxi mum viewing circigue ( MVC)
2.2). The obtained circles define the spectator area with optimum and maximum
distances. The layout of the stands areas can be arranged according to those defined
optimum and maximum viewing circles thus enhancing the efficiency of the
Sspect atnadrss 0 Tshte recommended Aopti mum vi e\
viewing distanceo for Suowmarizdn,TabkR83gby, and
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Figure22Def i ni ti on

of

Apti mum viewing
spect at or dodsoccdrragbydand athletie@rawn and adapted by author
from sources BSI, 2003; Nixdorf, 2008; Gerashal., 2013).

Aopti mum Vviewing
rcl eo,

ci

di stance
Positioningma x i mum Vvi ew

Table 23 Recommended optimum and maximum viewing distaaoesoptimum
viewing circlesfor Soccer, Rugby, and Athletics

Event Type | Optimum Maximum Optimum Reference
viewing viewing viewing
distance distance circle (OVC)
Soccer, 150 m 190 m 90 m BSI, 2003;FIFA, 2007;
Rugby Nixdorf, 2008; and
Geraintetal., 2013
Athletics 190 m 230 m 130 m BSI, 2003; Nixdorf, 2008
and Geraingtal., 2013
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2.2.4 Regulations on stand design

The stand also known as Auditorium, is slopping structure with standing or seating
areas for spectators to watch the event (Nixdorf, 2008). The stand structure is divided
into tiers depending on concept and its capabitydorf (2008)defines nine types of
basic grandstands layouthich are used in design of stadiums. Those layatgs
geometric transformation of extreme forms raictanglesor circles (Figure 2.3)
(Nixdorf, 2008).

l'
\

l

)

r

|
|

I

mll‘;l I”

Figure 23 Basic types of stands layauor stadiums (Nixdorf, 2008, p.143)
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As it is mentioned inOC Technical Manuals of€omgetition Venues, in the design
of stand areas consideration should be given to a safe and functional movement to and
from the seating areas. Seating areas should be divided into sections to allow for safe
and functional entry and exit for constituents (IQ0Q5). For this purpose, stand

areas are divided inweating areastairs,gangwaysand rampgNixdorf, 2008)

According to FIFA regulations, seats are required to be fireproof and capable of
withstanding the rigours of the prevailing climate withontdue deterioration or loss

of colour (FIFA, 2007).Regulations have been established for seat dimensions in
order to provide comfort for spectators. The regulation on places of assembly defines
the 40 cm for minimum depth of the seat and 40 cm for treagiresults in 80 cm for

total seating/standing width (MVStattV, 2009imilarly, FIFA regulated 40 cm for
minimum depth of the seat and 40 cm for tread (Figube(EIFA, 2007). In addition,

FIFA regulaedthe minimum width as 45cm amdcommended minimum width as

47 cmfor each seat (Figure4). On the other hand, Nixdor2008 recommends the
following grids for seating places:

- Regular seat: 50 x 80 cm

- Executive seat: 60 x 90 cm

- Wheelchair: 90 x 150 cm

- Media/ press: 50 x 150 cm

- Commentators: 160 ¥80 cm

The minimum width and depth for seats determined by IOC Technical Manual on

Venues Design Standards for Competition Venues are given below:

- Minimum seatwidth: 46 centimetres

- Minimum depth: 80 centimetres ( total depth for seat and tread)

- Minimum depthfor temporaryseating system&ecommended)75 centimetres
(total depth for seat and tread
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0.3m

F — .
0.4m  0O.d4m 0.4m 0.8m min.

Figure 24 Diagram illustratingherequired width and depth for seats by FIFA
(FIFA, 2007 p. 106)

As defined in Reglations on the Construction and Operation of Places of assembly,
the maximum block size for seating places is 30 rows x 40 persons and. In addition,
in the case of uncovered areas, there should be maximum of 20 seats in each side of
gangway (MVStattV, 208).

Asitis stated irEN/DIN 132001 in item 8.0 on walking length /distance there should

be exit system inside buildings at a maximum of 30 m and in the open at a maximum
of 60 m (BIS, 2003). Similarly, Regulation on the construction and operatioaa#pl

of assemblyregulates that thdistance of each spectator seat to the next exit leading
out of the place may not exit 30 m. In addition distance to the next exit should not
exceed the 60 m (MVStattV, 2005).
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Moreover Regulatios on the constructiorand operation of places of assembly,
defines width of flight routs as 1.2 m for every 600 person in the open and sport stadia
(MVStattV, 2005)(Figure 25). The flight rout is measure as follow:

- Minimum Width: 1.20 m

- Maximum Width: 240 m (straight flight mth for two people using the hand rail)

According to DIN 18065 rules and principle dimension, a landing is required after a
maximum of 18 steps (DIN, 2000).
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Figure 25 Diagram illustrating minimum requirement of 1.20 mstfer every 600
seatdn stand design dfight routs (Nixdorf, 2008, p. 114).

22



Consideration on viewing distances is the first step in determining the shape of the
stadium but in order to transform this into a thdémensional plan the viewing angles

ned to be determined (Geraietal., 2013).Sight lines and viewing perspectives are
critical for spectators to be considered in stands design. Spectators must be able to see
over the person in front of them, but at the same time not block the view @frduap

behind them. Many mathematical calculations are used to design adequate seating
accordingly for the sightline (Nixdorf, 2008; Geragtil., 2013).

Engineers use what is referred to as theallie in determining sightline quality and
requirements whin seating areas of a stadium. Th&/@lue is a variable that defines

the quality of the spectatorodos |line of vi
commonly known as ,p0tih(eigure 26y Simplyiput, @ bighér UE F A
C-value neans a clearer sightline for that spectator, and resulting in a better view of

the playing field In a welldesigned stadium high-Glues will be incorporatefbr
spectatorghroughthe entire stadium (Nixdorf, 2008). Graubner (1968) defines the
sightlineas an imaginary line from eye of the spectator to the reference point on the

field. 6Sightline elevationd or 6C6 value i ¢
sightlines of twaconsecutivelyeated spectators (Nixdorf, 2Q@3eraintetal., 2013.

The C valuein fact definesthe angle of rake which affect the viewing angles of

spectators (Figure 2.7)o calculate the @alue, the following formula is used:

0O —— 2 (Eq 2.2
Where
C = the Gvalue

D = the horizontal distance from the eye to the point of focus (usually near the
touchline)

R = the vertical height from the eye to the point of focus (usually near the touchline)
N = the riser height ofazh individual seating row

T = the tread depth (i.e. the depth of the individual seating row)
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According to the regulations established by FIFA, UEFA, IAAF and EN/DIN 13200

1, the minimum 6C6 value is determined as f
- Optimum / Recommnded C value: 12 cm

- Acceptable / admissible C value: 9 cm

- In exceptional cases: 6 cm

Figure 26 Diagram illustrating theariables to be considered feightline
calculationgGeraintetal., 2007, p.133)
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C=120

6 m

2m

7.3 m

Ig’" af foous

Figure 27 Diagram illustrating varying &alue for sightlindGeraintetal., 2007,
p.134)

2.25 Planning Safety Zones for Stadium

During the preliminarylesign stagef stadium, it is important to plan the position of
stadium on theite and understand the relationships between its main dnetigs
respectfive safety zones dividing the stadium in five main parts are recommended in
the form of a plan layouiGeraintet al., 2013; Nixdorf,2008. Here, he term zone
refersto ring $raped layout of security belésmd defined irFigure 28 as aschematic
drawing(Geraintetal., 2013).

Theregulationsemphasize mainly seven issues to form the basis for a safe stadium

considering those five safety zones

- Identification of five zonegFigure 2.8) to allow spectatorencluding disabled
spectators,particularly those in wheelchairdp escape from their seats in
emergency situations towards safety zohésre, the principal is to escape in an
emergency to intermediate safety zones, and tbela@s of permanent safety

outside.
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Providing a belt of space in the case of zone 4 and 5 to allow easy access for
spectators from their cars in zone 5 to the appropriate gate in zone 4 to reach zone
3 thus find their seatén zone 2; here Zone 4 arfl should provide easy
circumnavigation of stadium for the spectators from one gate to another
considering that mistakes will be made by those spectators in finding the
appropriate gate.

Providing a vehicldree and permanent safety zone which is calleceZowhere

direct an easy access should be provideditareffective area should be enough

for accommodating most of stadium population. Including the surrounding roads
the recommended density for the Zone 5 is 4 to 6 people per square meter
Providing peimeter zone as a security line called Zone 4 across which ntaone
pass without a valid tickets well as servings a temporary safety zone between
Zone 3 and Zone 5 to which spectators escapdrom the stadium and then go
forward the permanent sajetone 5.

Providinga zoneconsisting ofinternalconcoursesnd social areas called zone 3
with a good level of fire safety allowlarge number o$pectators paghroughit
without riskand reach the final places of safétgne 4 and 5)

Providing retively safe zonealled Zone Zontainingviewing terracesvhich is
separated from performance area by barrfesedesign of barriers must consider
both crowd control and easy movement to allow spectators scape from fire or other
emergency and reachtfee Zone 1.

Providing the centre zone called Zon¢olserve adoth performance area and
temporary safety place by properly designing the scape routs and barriers to allow

spectatorseach to the playing field areluringanemergency
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Internal concourse

Seating

Field of play
Zone One

Zone Two

Zone Three

Zone Four

Zone Five

Zone 1: The applying field of the activity area where sport events
occur.

Zone 2: The spectator stand/seating area where spectators watch

the events taking place on playing field.

Zone 3: The stadium s service area composed of internal concources,
restaurants, bars and other social areas.

Zone 4: The exterior circulation area surrounding the stadium
structure and separating it from outer perimeter fence.

Zone 5: The open space outside the perimeter fence.

Figure 28 Diagram showing five safety zones providing a simple framework for
stadium desigKGeraintetal., 2013, p. 31)

2.26 Basic options recommended for Stadiums roofs

As an architecturadnd structuraklement, roof is an importaupart ofthe stadium
which protects spectators against rain, snow, hail, and suresitiiecan alsdoring
a name for stadium as an intriguing partrefwhole stadiunstructure.The decision
on the roof type is made considering climate anpl e ¢ t demang fer @omfort.
Modern stadia are incorporated with roofing systems in ordaraeide comfort for
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spectators antllfil the requirements and regulations establisheditigrent sport
federations lixdorf, 2007).For instance, according to tikéFA World Cup 2006*

it is required to cover all VIP and media seats andalssrecommended to cover all
spectator seat$n addition to this, according to UEFA Technié&commendation
2008, all seatshadto be covered for EURO 200®lixdorf, 2007; UEFA, 2008)
Similar to UEFA regulationsaccording to Technical Regulations for IAAF World
Athletics Series 2014, championships all seats had be covered for international
athletics(IAAF, 2014)

According to Gerainget al., (2013), nine principle structural fims are defined for
stadiums roof structures:

- Goal Post structures

- Cantilever structures

- Concrete shell structures

- Compression/Tension Ring

- Tension Structures

- Membrane structures

- Air-supported roof

- Space Frames

- OpenindretractableRoofs

Post and Beam sictureis the simplest structural types a roof to cover stands
comprisng series of beams and trusses supportetbiwof columns parallel to the
playing field. The structure is economically sound but it has a disadvantage of
obstruct i ng sightines bgaposv oft calumos Pgtd & Hanwen, 2009;
Geraintetal., 2013) The roofs over the East and West stands of White City Stadium
can be mentioned as an example for this structural type (RRd)re
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Figure 29 Postand Beanroof structures cover the East and West stands of White
City Stadium, LondonEnglandOlympic Games1908.

Goal Post structures are the improved version of Post and Beam structures with
columnsonly on two ends of the rooTherefore theresino viewing obtruction for
spectators and entire length of the roof is spanned by a single. gsdal Post
structures can be executeder therectangulastands with little or no corner seating
partsuch as Ibrox StadiufRitts & Hanwen, 2009Geraintetal., 2013)(Figure 210).

A variant of this structural type is replacing the girder with arcinesls, suchas
Galpharm stadiun(Figure2.10) (Geraintetal., 2013)
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Figure 210 Examples ofGoal Post structures. A: Ggabst roof structure of Ibrox
Stadium, Glasgow, Scotland. B: Goal post roof structure of Galpharm stadium,
Huddersfield, United KingdomRangers, 2015; johnsmithsstadium, 2015)

Cantilever Structureare one ofthe most commonly used structural tywhkich is

fixed at one end and hang freely over the stafds.major advantage of this roof type

is the unobstructed view it guarantees spectators @itdanwen 2009).Such a
structure can be erected on any length of stand while it spans depth of 4%em or e
more(Geraintetal., 2013) There are several types of Cantilever systaitish can

be erected over different type of stand lagotlianz Arena in Munich is mexample

of Simple Cantilever Syste(figure2.11). The roof oer the Berlin Olympic stadm

is cantilever structure with support/holdiflgigure2.11). In addition, theroof over

the Frankenstadion in Nuremberg is another type of cantilever structures which is

called cantilever structusgith tie-back or restrainingables Nixdorf, 2009)
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Figure 211 Examples of Cantilever roof structures.@antilever roof structure of
Allianz Arena, MunichGermany. BCantileverroof structure of Berlin Olympic
Stadium Berlin, GermanyAllianz Arena, 20150lympiastadion2015)

Concrete shell structures atlein surface structurewhich curve in one or two
directions. The strength and stabilitithose structurdas due to thie geometric shape
rather than the firmness of matefi@leraintetal., 2013).The roof ovethe grandstand

of Zarzuelaracecoursés an example of this type of roof structure (Fige)

Figure 212 Concrete shell structure over the grandstand of Zarzuela Rasgcour
Madrid, Spain(Michavila, n.d)
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Compression tension ring structure is dougkshaped structure consigj of an
inner tension ring and outer compression ring and radial elements between them (Pitts
& Hanwen 2009) Such aroof system is a suitable option botkchnically and
aesthetically to be erected on existing bowl stadium (Geeaadt, 2013). The roof
over the Rome Olympic stadium is an example of compression tensjmstructure

(Figure2.13).

22> iy
R - L et -

Figure 213 Compression Tension ring structure over Rome Olympic stadium
Rome, Italy(Zennit, 201%.

Catenary cable structuie another system for roof structures whictinsiss of a
compression arch (or arches) supporting cables hangingeinacg shape. The Twin
gymnasiadesigned by Kenzo Tander the 1964 Olympic Games is an exampie

this type with concrete slabs hung from steel cable which create one of the dramatic

architectural forms of 20century(Figure2.14)(Geraintetal., 2013)
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Figure 214 CatenaryCable Structures built for Twin gymnasia designed by Kenzo
Tange for the 1964 Olympic Gamd®kyo, JaparfWhiting, 2014)

Cable net structuresonsist of two partsa threedimensional net of steel cables and
the fabric covering normally of plastics such as acrylic, PVC or polycarbonate
(Geraintetal., 2013) The 1972 Munich Olympic stadiudesignedy Frei Ottois an

excellent example of cable net structufieigure2.15).

Figure 215 Cable net roof over Munich Olympic Stadium 19K&nich, Germany
(Mojtahedi,2008.
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Membrane structureare another type of roof systerf stadiuns in which roof
covering of membrane provides both the structure and encloBMe€-coated
polyester fabric and Tefleooated glasdsibre (PTFE) are suitable fabricfor
membranestructures (Gerairgt al., 2013). Thelatteris expensive optiobut has a
much longer lifespan. The PVC coating tends to get sticky with time and requires
frequent cleaning while Teflon provides a somewhat-deHlning surface Some
countries have banned the use of PAde&ted glasfibre because it produces toxic
fumes if a fire occurs; for this reason expert designers and fire engineering is required
for such roof system@®itts & Hanwen, 2009Geraintetal., 2013) TheMound Stand

at Lor dos Cimlormdenéstan example of dhembrane struct@iregure

2.16)

Figure 216 The membrane roof structue over t he Mound Stand at
Ground, London, England (Hogg, 2006)

Air supported roostructuredorm an enclosure from plastic membrane with the help
of internal presse created by electric fans. This type of roof structure can only be
applied for indoor stadiums which are commonly PVC polyester. In the case of
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covering larger areas those roofs are sometimes reinforced by (@blamtet al.,

2013) Althoughair supmrtedroof structuresrerelativelylow in capital costdarge
amount of energig needed to continuously run the fans to keep the roof up. Therefore,
such aroof structureis not consideredas being environmentally friendlyPitts &
Hanwen 2009;Gerairt etal., 2013).The RCA Dome, formerly the Hoosier dome, in
Indianapoliswhich was built in1972is an example of air supported roof structure
(Figure2.17).

Figure 217 Air supported roof structureverthe RCA Dome(Ludwig, 1988)

Space frames are three dimensional grid of structural members areistable in

three dimensiondLarge spans can be covered thpsestructural type with only
perimetersupports. Space frames a#icient only if spanning in two diredns
(Geraintet al., 2013). Therefore,such a roof systens not appropriate to cover
stadium stands unless the sections of roof between structural supports can be in a form
of spacdrame(Mungan &John 2011;Geraintetal., 2013).The San Siro stadiunm i

Milan is an example for space frameof structure which is an aluminium deck

supported from steel lattice beams (Figli8) (Geraintetal., 2013).
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Figure 218 Space frame roof over the San Siro stadium, Milan, [Mitdrio,
2014)

Retractable roof structur@se capable tbe opened or closé¢tatmake it possible to
convert outdoor stadium to indoor stadium. Those roof systems provide a protection
from weather thus allowing numerous types of indoor events to lem tplace
(Geraintetal., 2013) Retractabl@oof structures can be divided into two types namely
i Ri wptractable o o f 0 a n cetradtdbldReoxoilintdble ease of rigid retractable
roof a frame structure is uséal roof partso be retractedandmaterials such as glass,
plastics, fabrics, and metallates arestretched on the frame structure. An example of
rigid retractable roof is Civic Areng@rigure 2.19) in Pittsburghwhich was the first
large scale structure with a roof that could be openedckosed based ocrane
technology (Mungar& John 2011). Flexible retractable roofs ameade of fabric
materials, and the roofs are opened and closed by folding the riadmdraneThe
roof over the 1976 Montreal Olympic stadium (Fig@ré9) is an earlyexampleof
flexible retractable roadtructurewhich isa gigantic fabric robover the central arena
(Mungan &John 2011;Geraintetal., 2013)
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Figure 219 Retractable roof structurea: Rigid Retractable roof of Civic &na
1964 PittsburghPennsylvania, USAB: Flexible Retractable roof of Montreal
Olympic stadium 198 Montreal, CanadéDave,2009 Julius, 2009.

2.27 Standard dimensions required for major sport types

Here, the main sport types included in Olym@amesare Archery, Athletics,
Badminton, Basketball, Cycling, Diving, Soccefpckey Rugby,etc. while soccer
and athletics among all are the types of outdoor sports, only played in main stadium

structures

Theacceptable dimensions required for esmesport typs organized as being part

of international sport games or competitions, such as Olympic Games, FIFA World

Cup or UEFA Competitions agvenbelowtogether with their sketches

- ThelAAF standard dimensions required forAshletics(track ard field) Arena
are 92.52m x 176.91m (Figu2e20) (Nixdorf, 2008; Geraingtal., 2013.

- TheFIFA/UEFA standard dimensions required foF@otball playing field8Gare
68m x 105m (Figure2.21) (Nixdorf, 2008; Gerainétal., 2013.

- TheMLB standard dimensits required fobaseball playing fieldire 120m x
160m (Figire 2.22) (Nixdorf, 2008; Geraingtal., 2013.

- The NFL Europe standard dimensions requireddfoerican football playing
field are 117m x 56nfFigure2.23) (Nixdorf, 2008; Geraingtal., 2013).
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92.52

The IRB standard dimensions required Rugby playing fieldre 70m x 100m
(Figure2.24) (Nixdorf, 2008; Gerainetal., 2013.

The ICC standard dimensions required@oicket playing fieldare 130m x
150m(Figure2.25) (Nixdorf, 2008;Geraintetal., 2013).

The AFL standard dimensions required Aarstralian Football playing fielére
145m x 165Figure2.26) (Nixdorf, 2008; Geraingtal., 2013.

The FIH standard dimensions required Harckey playing fieléire 60m x 100m
Figure2.27) (Nixdorf, 2008; Geaintetal., 2013.
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Figure 220 IAAF Standard dimensions for International Track and Field
competitiongNixdorf, 2008 p. 181).
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Figure 221 FIFA/UEFA standard dimensions for Football playingldi(Nixdorf,
2008 p. 189).

159.26

400 feet =121.9m

Figure 222 MLB standard dimensions for baseball playing figNiixdorf, 2008 p.
185).
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12 x 10 yards

56.20
160 feet

i 17.10

Figure 223 NFL Europe standard dimensions for American football playidd fie
(Nixdorf, 2008 p. 186).

maximal 70 m

Mallinie
22 m-Linie
Mittellinie
Malfeld

max. 22m maximal 100 m mind. 10 m
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Figure 224 1RB standard dimensions for Rugby playing fiéNixdorf, 2008 p. 187).
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Figure 225ICC standard dimensions for Cricket playing fiékixdorf, 2008 p.
188).

135-185m

Figure 226AFL standard dimensions for Australian Football playing fi@ddorf,
2008 p. 189).
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3.00 Ll 22.85 ? 22.85 L 22.85 L 22.85 b 3.0+ mind. 20 m

L 3.0+ mind. 1.0m
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55.00

4.00

3.00 91.40 3.00

Figure 227 FIH standard dimensions required for Hockey playing figlckdorf,
2008 p. 190).

2.2.8 Recommendations and Guidelines Related with the Sustaingiby Issues

of Olympic stadiums

The importance of environment and sustainable development was recognized by
International Olympic Committee (I0OC) following the declarations ofn8tland

report (WCED, 1987) and Rio Earth Summit Agenda 21 (UNCED, 1992). The

Ol ympic Movement 6s Agenda 21 was then establ
the members of the Olympic Movement including the International Sports Federations

(IFs), the Natnal Olympic Committees (NOCSs), the Organising Committees for the

Olympic Games (OCOGs), all other recognised federations, institutions and
organisations, as well athletes, judges/referees, coaches and other sports technicians,

for integrating sustainabiyi principles into their operationdOC, 1999; 2014).

Similar to 10C, Sport Federations such &®d ®r at i on I nternational e
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Association(FIFA) andUnion of European Football Associatioft$EFA) promoted
sustinable development issues by including them into their Technical Manuals
(FIFA, 2007; UEFA, 2011).

The parameters for sustainable developmenisiesl in Tabé 2.4 by reviewingsome
criteria mentioned/defined in manuals, recommendations and guidelirmasidings

and stadiumgTable 24). Those parametersan beguiding for environmentally
sensitive designs as well as useful to involve architectural and technological features
of stadiums for protecting thenvironmentand ecological life during their

construction andervicelife.
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2.3MAIN STADIUMS OF MODERN SUMMER OLYMPIC GAMES

Throughout this section main stadiums of summer Olympic Games are pointed out for

their success and important contributions to the field of stadium degigrpurpose

is to unravel the development of those stadiums as an engineering achievement.
Among twentysevenOlympic stadiums hosted the Olympic Games, the stadium of

1900 Olympics in Paris is eliminated due to the lack of information in published
literature considering the parameters aimed to be assessed for the study. It is important

to be mentioned that the Games of 11 Ol vyl
Physical Exercise and Sport Competitions
that the Olympic Events were lost among these competitions. There was no distinction
between the Olympic competitions and the other sporting competitions. Also there

was no official opening for the Games of Il Olympid®C, 2011) The relevant

information about all Olympic stadiums from 1896 to 2012 are described under

respectivesubheadings.

2.3.1The 1896 Panathenaic StadiumAthens, Greece

Greek stadium, the Panathenaic in Athens has roots that date back 2300 years into
antiquity. Although the stadiurworresponds with the ancient Olympic Games which
were held in Olympia in western Greece, it never hosted an ancient OlyiBagten

& Weinberg, 2006)The stadium was builly famous orator Lycurgus in 329 BG

a place for Panathenean Gamiésvas locaéed on the left shore of llissos where a
ravine laid between two hills. The ground was raised to level of hilltops by which
ravine was closed in on three sides and finally formed a horseshoe shaped slope
(OCOA, 1896).

The stadium was entirely restored adecorated by Athenian sophist, Herodes
Atticues in AD 139As a glorious part of restoration, the stadium was entirely covered
with marbke. In the former construction of the stadium, slopes were not covered and

the spectators had to sit on the ground (BCT896). U shaped layout of the stadium
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as two seating sides were protruded in the centre and inclined towards where they met
semicircke section of the seats (Figuz28). These two sides were considered as part

of circle with radius of 2000 meters. Thigs determined in order that the audience

on both sides might get a better view. The Theatron, the space for spectators, was
divided into two zongby diazoma 2.75 meters wide. Each zone constituted twenty

three rows of marble benches laid on a foundatidmestone (OCOA, 1896).

aH

PAMATHEMEAN ST DI
5C. 15X

Figure 228 The plan of Panathenaic stadium in 1896 based on excavations executed
in 1896 (Hellenic Olympic Committe&396.

The Panathenaic stadium was chosen as a main venue for theofiesthrn©lympic
Games in 1896. In this respect the reconstruction project of the stadium was
progressed by the direction of architect Anastassios Metaxas. The excavations
executed by Ernst Ziller from 1869 provided comprehensive information about the
stadiumwhich led to reconstruction of the stadium with same plan as the stadium of
Herodes Atticus QCOA, 1896;Easton& Weinberg 2006) It is important tobe
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mentiored that except ornamentations and stoas, all the indications of former
constructiorwas followed for the reconstruction projedtigure2.29 shows the skeh

of HerodesAtticusd stadium according to the excavations carried out in 1868.
general view ofPanathenaic Stadiusiuring 1896 Olympic Gamesand its current
situationareshown in Figure2.30. The overall spectator capacity of the stadium for
1896 Olympic Gamewascountedas 50000 seaf&eraintetal., 2010).

AN ERERERSNRERIRERRRIInI) 2%

Figure 229 The Theatron and Stoa of Panathenaic stadium constructed by Herodes
in AD 139 (OCOA, 896, p. 33.

After Olympic Game#$anathenaistadium continued to hoséarietyof eventsand it
was declared asNational Architectural Monument in 1999 (Kius Teller, 2015)

In 2004 the Panathenaic stadium was used for the Olympic Games for the theen
andar chery, one of t had bebvioheld a thes oneodf tteensost
ancient sports stadia (Malld@ Ture, 1997)
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Figure 230 The Panathenaic Stadium during 1896 Olympic Games and at current
state. A:The general view of Panathenaic stadium during 1896 Olympic Games
B:The general view of Panathenaic stadium at preg€dgimpic Games, 1896;
Hellenic Olympic Committee2017).

2.3.2The 1904 Francis Field St. Louis, USA

The first American Summer OlympiGames held in St. Louis in 19@hich were

later decided to be held in conjunction withuisiana Purchase Expositiddpon the
desire ofDepartment of Physical Culture which organized the Exposition, all Games
were decided to be announced as Olympiarghianships in different sporfiucas
1905.

In 1902, the Washington University constructed a stadium in order to lease it for initial
use by thd_ouisiana Purchase Expositiodpon the decision to merge the Olympic
Games and Exposition, the stadium seras the main stadium for both competitions.

The stadium now called Francis Field, originally had 10,000 spectator capacity with
reinforced concrete seating tiensthree sides; East, West, South. Figi&l shows
thepartof South stand during Olymp®ames in 1904. The stadium which was firstly
planned to be dismantled after the Games, became a permanent part of the Washington
university campugWuest, 2004Gold & Margaret, 201
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Figure 231 Section of South reinforceancrete stands filled with spectators during
1904 Olympic Game&lympic Games2015.

Following the 1904 Summer Olympic Games, the stadium became the home for
Gridiron contests for which the original clay running track has been replaced by a
syntheticmaterial track(Lennartz, 2004)Moreover,major college Footballs have

been held in the stadium for which wooden stands erected on the North side of the
field to increase the spectator capacity up t0@0in 1940¢Washington University

2015) In 1983, the stadium underwent a major renovation when east and west
reinforced concrete stands were demolished and the spectator capacity reduced to
4,000 seatgFigure 232). Moreover a new press box, a concession stand and ticket
window, and a synthetic, eighane, 400meter track were added. Following the
renovation, the stadiumontinued to host soccer and athletics ga(iésest, 2004;

Washington University2015)
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Figure 232 The views of Francis Field before and after reniovain 1983.A: Shot
of Southstands the day before bulldozers arrived to remove the costaetisB:
the shot of removed Eastiand(Wuest, 2004p. 21)

In 2003, the Francis Field renovated for the second time when existing seating tiers

were resuiaced with concrete in order to improve its appearance. Moreover, in order

to make the stadium accessible for disabled people two ramps and disabled persons

seating area were added. Also, Press box was expanded and its roof was repaired. In

2004, Artificid Turf was installed for the games of
womends soccer team. Recentl y (Washin@gdhl2, t he s
University, 2015.

2.3.3The 1908 White City stadium London, England
The White city stadium was constited for 190&ummerOlympic games. It was the
first time that a stadium wapeciallybuilt for Modern summer Olympic Gaméghe

stadiumdesigned by James Fultaras a building with steel frame structym@viding
seats for 63,000 spectators and standoam for another 30,000 spectatamsthe
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grandstand¢BOC, 1908;Geraintet al., 2013). One of the significant aspeacof
stadium waslesigninga swimming pool in playing field which was 100 meters in
length(Mallon & Buchanan, 2009(Figure 233). There was a large room inside the
running track which was suitable to serve as fieldHockey Rugby, Soccer, and
Lacrosse matche3here were also platforms for wrestling, and gymnastics, as well
as grass area for archery competitiomberefore, spectatorsould watch the all
Athletics, cycling, Gymnastics, Swimming, and Wrestling competitions at the same
time (Malon & Buchanan, 2009). The stadium was named as White City due to the
white plaster buildings in the adjoining Exhibition duritng Games. The @mpic
Stadium of 1908 become a model for construction of Berlin statiiuhost1916
Olympic Gameswhich were unfortunatelgancelleddue to the First World War
(BOC, 1908; Millon & Buchanan, 2009).

Figure 233 White City Stadium during Olympic Games, 1908 (Olym@ames
2015)
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After Olympic Games the magnificent stadium of its time fell idisusewhen
surrounding exhibition buildings were demolished. Although spectator capacity was
reduced, major events were not haidthe stadiumfor many yeargMallon &
Buchanan, 2009)The stadium started to be used when it was tékeGreyhound
Racing Association in 1927. Following this the stadium bedlmeentre of British
athletics in 1932. In this respeet,new 440 yard oder running track waseplaced

the oldoneand swimming pool was filled. In addition, stands area was-$higftered

by covering both ends ¢iestadium (Millon & Buchanan, 2009Geraintetal., 2013
(Figure 234).

Figure 234 White City Stadium after renovation in 1933etersen, 1933)

The Amateur Athletic Association moved their championships to a new athletics
centre at Crystal Palage 1971. This was the end of White city which was centre for

british athletic§or many yearsHowever, the stadium continued to host Greyhound

58



racing competitions until 1984. The stadium finally demolished in E@@4the land
was used aa sitefor the headquarters of BBC @lbon & Buchanan, 2009).

2.3.4 The 1912 Stockholm stadiupStockholm, Sweden

The Stockholm stadiunvasconstructed fothe fifthsummer Olympic Games in 1912
which wasdesigned byarchitectTorben Grut The stadium was good example of
Swedish national Romantic Movement which represented a union of reinforced
concrete withbrick constructio (Schmidt, 1988)The stadium had 22,000 spectator
capacity during Olympic GameBherows ofhorseshoshapedtandshaving 10,500

seat capacityere constructed with reinforcedoncretein upper part andimber
constructionn lower part. All upper sestvere covered by roof supported by timber

masts. In addition, temporary stand was constructed at the North of the stadium

consisting of3,050 wooden sea#sd standig areafor 8,450 spectator@-igure 235)
(SOCOG, 1912Schnidt, 1988).

Figure 235 Permanent anttmporary stands of Stockholm stadium during 1912
Olympic Games. A: section of Wgsérmanenstand consisting of upper reinfocce
concrete fullycovered stand and lowancoveredimber stand. B: temporary North

stand consisting of Seating and standing ar8&@C0G, 1912p. 138p. 186).
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After Olympic Gamestockholmstadium continued to host major events such as Ice
Hockey Wortl Championships, Swedish Bandy finals, and national &dbtbatches
(Stockholms Stad, 2015)n 1958 Northern concrete stand was constructed for
European ChampionshipBheequestrian events of 1956 Olympic Games were taken
place in Stockholm stadium due to the quarantine regulations which made it
impossible tdake horses to Australia. In 1990 the North stand was demolished and
new stand wadpuilt in the same stylef stand constructed in 195%tockholm
Marathon, 2015; Stockholms Stad, 2018)e Stockholm stadium was declared as the
Local Historical Buildirg in 1990 Kiuri &Teller, 2015) Spectatorcapacity of the
stadium at current state is 14,500 s¢aitgure 236) (Stockholms Stad, 2015).

Figure 236 Stockholm stadium at current state. A: google earth image of Stockholm
stadium B: Stockholm stadium uncovered North stand and partially covered East
stand Google Earth image, 2015Scherman, 2007)
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2.3.5 The 1920 Olympisch StadiumAntwerp, Belgium

The 1920 Olympisch stadium wasiginally an Athletics stadium built i1914 by
Somers and MontignefRenson &Marijke, 1997) The stadium was expandtxbe

used forthe 1920 Olympic Games. In this respect, the existing grandstands were
enlarged and a small grand stand was bhils spectator capacity raised to 30,000.
The spectator capacity consisted of 10,000 seats and standing spaces for another
20,000 spectator3.wo longitudinal grandstands at North East and South West were
covered by roofs in the form of sdld structuressupported by steatolumns. In
addition, a newunning track was replaced with the old doethe Olympic Games
(Figure 237) (Schmidt, 1988Renson &Marijke, 1997).

T

Figure 237 General view of the Olympisch stadium in 192, 1924, p.2P

After Olympic Games,tadium became a home ground for Beers@micerteam
(Renson &Marijke, 1997) Over the yearsomeparts of stands were demolished and
spectator capacity reduced to 25,000. In 20d@ stadium was renovated by

Beerschothatresulted in a smaller stadaiuwith four separate stands and seat capacity
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for 12,771 spectator§Schmidt, 1988;Renson & Marijke, 1997. Figure 238

represents the current state of @lgmpischstadium after major renovation in 2000.

Figure 238 Olympischstadium with four separate stands in 2015 (Google earth,
2015)

2.3.6The 1924 Stade Yvesiu-Manoir, Paris, France

The Stade Yves Du Manoir was originally built for horse racing consisting of terrain
track and wooden grand stands in 1883. In XB24tadium wasompletelyconverted

to be used as the main stadium for summer Olympic Gamethis respect, the
spectator capacitincreasedo 60,000 people, including 20,000 seats and area for
40,000 people (COF, 192#)igure 2.39 represengeneraliew of thestadium during
1924 summer Olympic Games.
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VUE GENERALE DU STADE DE COLOMBES '
PRISE EN AVION

Figure 239 General view of th&tade Yves Du Manoduring 1924 summer
Olympic Games (Collectio®.G., n.d).

The seatsweredistributedin two parallelpartsat East ad West each 144neters in
length and 26.73 meters in widffhose two partat East and West were covered by

roofs supported by metal frameBigure 2.40showsthe section of West grandstand
covered by roof.
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Figure 240 Stace Yves Du Manoirsectionof West grandstand covered by roof
(COF, 1924, b4).

After Olympic Gamesstadium was renovateohd enlarged to be used 4938 World
Cup andEuropeanAthletics with the spectator capacitgver 60,000people In
addition, stdium was used for marspccerand rugby gamesiowever, inauguration
of new Parc des Princes in 1972 affected lif¢hefStade Yves Du Manoir severely.
The major events of football and rugby started to be taken placefatbees Princes
(Racing 92, 205). After 1972, the stadiumnderwentseveral renovations that turned
the stadium from an international stadium into the regional stadiumally, in 2000
the stadium became a home ground for natisngbyand soccer teams which were
succeeded in bringg spectators back to Yves Du Mandirthis respect, the stadium

renovated and was ready with the capacity of 14,000 seats ir(Ra@éieg 92, 2015)
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2.3.7The 19280lympisch Stadium Amsterdam Amsterdam, Netherlands

The Olympisch Stadium Amsterdagiesigned bylan Wils,was built in 1928 to be

used as the main stadium for summer Olympic Gafles stadium had a spectator

capacity of 31,600 including about 21,600 seats and standing araaofair1 0,000

people TNOC, 1928;Pauuw, 2000)Stadium is a reforced concrete skeleton
covered externally by a brick fa-ade whi
architect Frank Lloyd Wright3chmidt, 1988)Two longitudinal stands at East and

West with seating accommodation were covered by the rooftstesc TheFigure

2.41representshe Olympisch stadium during 1928 summer Olympic Games.

Figure 241 General view of the Olympisch Stadium Amsterdam during the 1928
Summer Olympic Game§ NOC, 1928p. 297)

65



After Olympic Games, it was decided tenovate the stadium to accommodatare
spectatorsvhen International Federation of Association Foot{falFA), announced

a new tournament: the Football World Cup this respect, spectator capacity
increasedo 60,000 peopléen 1937 by a concrete superstructure on top of the red
bricks which made the stadiurto loseits beauty(Pauuw, 200Q)After renovation,
stadium continuetb host major events and widi® home ground for national Soccer
and American football clubs until 19808n.1 9906 s t he muni ci pality o
which was not interested in the historical meaning of the buildiegled to demolish
the stadium and use the place to build housestunately,Piet Kranenberg, a
commissioner of the stadium succeeded in salivegl the stadium for preservation
and finally, in 1992 stadium was listed as National Architectural Monument (Kiuri &
Teller, 2015; Olympisch Stadion Amsterdam, 2015 this respect, a renovation plan
was conducted by Architect Andre van Stigt. Duriegavationin 2000, concrete
stand of 1937 was pulled dovamd spectator capacity was reduced to 22238
result, the stadium gained same look as in 1%@gure 2.42)(Olympisch Stadion
Amsterdam, 2015).

Figure 242 Geneall view of the stadium after renovation in 2000 (Reut2044)
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2.3.8 The 1932/1984 Los Angeles Memorial Coliseyimos Angeles, USA

The Los Angeles Memorial Coliseum designed by John and Donald Parkinson was
constructed in 1923 which was the largestd&tm in Los Angeles at its tim&os
Angeles Memorial Coliseum, 1984) is the only stadium in the world which was
used as the main stadium for the summer Olympic Gantetsimesin 1932 and 1984.

In order to host the 1932 summer Olympic gar@éssteppd tiers were added on top

of the stands that increased the seating capacity from 75,000 to nearly 101,574
(OCLA, 1933; Los Angeles Memorial Coliseum, 1984acoliseum, 2015)In
addition, VIP Tribune for members of international and national committees,
presidents, special guests and juries were provided that was not thouglprgvibas
construction(Lacoliseum, 2015)The stadium is a reinforced concrete, cast in place
structure on a sloped bank of a sand and gravel pit (OCLA, 1933; Los Angeles
Memorial Coliseum, 1984)Figure 2.43 shows the general view of the stadium in
1932.

Figure 243 General view of the Los Angeles Memorial Coliseum after renovation in
1932 to host Summer Olympic Games (OCLA, 1933, p.37).
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In 1964 stadium underwent a renovatiand old benches were replaced by theatre
type chairs were. The spectator capacity was reduced to 93,000 seats (Lacoliseum,

2015).

For the second time stadium hosted the summer Olympic Games inrd®8der to

host the Gang new track was installed and first row of seats on the north side of the
stadium was removgtlAOOC, 1985) The day before the opening ceremony of 1984
Olympic GamesLos Angeles Memorial Coliseum was declared as National Historic
Landmark for its contlution to the history of CalifornigFigure 2.44)(Kiuri &
Teller, 2015;Lacoliseum, 201p

Figure 244 General view of the Los Angeles Memorial Coliseum the day before
opening ceremony of 1984 summer Olympic Gatheé€OC, 1985, p.74)
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