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The idea of writing 2 book such as this first ocourred {6 mae
during & pennd of sabbatical leave in iate 1984 which in.
cludad visitz to a large number of Intefnatiohally recognized
structural engineers and architects, Jarg Schiaich's friend-
liness, his infactious enthusiasm, and his frank discussion
of the challenges and ditficulties ol structural design con-
vinced me that he would make an ideal subgect for-a study
that would comvey the fascination of . structural angineering
to engineers and architects as well as to non-specialists, stu-
dents. gnd young engineers alike His ideas am innovative,
ke utilizes advanced technology. and he takes & keen interest
in the aesthetic quality of his structures. These factors and
his commitment to lighiness and transparency gve hid work
8 special character. Amongst his other achievements, he has
mads an art-form of the design of Toothridges: & fiekd in
which the individual engineer can achieve a high degres of
mdividual cantral over farm and detal, He figs also pob-
Iished much gasily accessible matersal (in English as well as
Garman) and this greatly facilitates the study of his ideas

The production of the book was to have a rather lengthy and
complex history, Hawmng conceived the kdea in 1584, | was
obhiged to shelws it for the e baing &8 | was commutted

to start sohd work on my previous volume, Aesthetics of built
form, However in |ate 1987 | took the opportunity of & further
perrod of sabbatical lzave to conduct more discussinns

with Professor Schiaich and in 1990 | approached potential
publishers and applisd for funding far further investigations
from the Australian Hesearch Grants Commigsion. On hear-
ing that this application had been successful | finally in-
formed Professor Schigich of my olans sarly in 1991, anly

to [earn that Axel Menges had in the meantime approached
hirm wath a simiar proposal, Gn Menges's behalf, Roserrvarie
Wagner had already assembled a great deal of information
concerming the history and technical detalls of the Schlaich
Bergermann projects (information that forms the backbone
ot Chapters 3 10 11) and had placed it in the contaxt of inten-
sive studies of the history.and nature of the ¥arious $fruciu-
ral tynes concerned (towers. shells, etc), Dr Wagner kindly
agread that | should collaborate in a joint venture but &5
work progressed, because | was keen to include more per.
sonal maierial concerming Schisich’s background and his
philoscphy of degign, B gradual hand-over occurred. | dded
Chapters L. 2, and 12 and recast Chapters 3 1o 11, largely
emitting the mare general matenal and reducing the techn-
cal content, thus permitting more emphasis gn Schiaich's
pafsonal contribution.

The airm of the ook in i3 firal form s o convey an iImpras-
sign of the art of structural engineering through an account
&t the ideas and projecis of one of (s leading exponents
The word “art” is usad advisedly. Although decision-making
in technology is dominated by the laws of rature, and by
econemic and praciical reslities, the individual gesigner
efjoys much greater freedom of choice than & genarally

recognized. As @ resull, dedisions are influenced by the per-
sonahty of the indnadual engimeer and by fis or her athitude
ko & wide range of technical and non-technical [ssues

Such an approgch presents somg problems for the author
and évan miore for his subject. Structures are designed and
erected oy ciosely mtegrated leams of angingsrs drawing
an the expartise of many specralists. Naturally, some of
theze stand out as leaders 0 the concegtion, mitiation, and
sxpcution of a project. but if is didficult 1o imolsts the preciss
contrigution of any one member of the team. | have there-
fore trigd fo-sirike a bal@noe bebween my desire bo ghlight
the work and ideas of an individual and my obdigation {oac-
knowledge the impartance of Schlaich's callaboration with
his partners Rudol! Bargermann, Hans Schober and Andreas
Keil, with close collezguas in the university, mainly Kngt
Gabriel. Kurt Schater, and Karl-Heinz Reinack, and with
project engineers in the design offrce, Many of these nave
remained as a team snce they engineered the roofs for the
Munich Olympic Stadiums between 1968 and 1971.

In trying o discover ways in which Schinich’s personality.
intgllectusl hackpround, and respaonse [0 Mis current work
ervironiment hawe infiuepced the nature of nrs solutions o
design problesns, | make no claim o be peychologist, biog-
ragher, or histonan. Although some evaluation of Schiaich™s
structures has been inciuded {mainly in terms of assthelics)
this haz not bean one of my primary aims, partly because
of the complenty of the art of structural enginesnng as in-
dicated by the range of opinicn amongst aminent enginesrs
An impresaivs aspect af the Schiaich Bergermann cauyvre

i5 its probific nature = thers are @ miltitude of projects cover-
ing a wide ronge of fielda. |t is impossble to give adeguate
covarage o atl of these. Mary of them - such-as the Munich
Oiympie Bools, the Hooghly Bridge in Calcutta, or the solar
updratt power station at Manzanares - merit at least one
book in themselves, The same coluld be said of the continu:
ing research carried oul under Schiacn’s leadership. and
with his direct imvolvemend. m the Instiute for Concaptusl
and Structural Design at the Unversity of Stuttgart The
German custorn of appointing successful practitioners to
teach and resaarch in unversites endures & very froitful
interaction betwsen all aspects of ther work. A5 a resull
thi= sludy can prowide anly a gismpse of tha lechrical com-
plexity of form, of innowative practical detml, of structural
analysis and design, of learned ressarch, and of the dili-
gence and shear wallime of &fort that has gons into the
design of the structures listad.

Mielbaurne, Summer 1685
&lan Holgate
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1 An Introduction



An iptroduction

Eefore considering Jorg Schlaich's career in datail, it s ap-
profpriate b0 introduce him by [0oking at some of the ideals
which insgire his work and ol certain aspects of his parsonal
background which may have contnbuted to their formation.
it 15 these ideals which place mim amongst the leaders of his
profassnd and give his work o very special charactar,

Amongst Schlach's loremost concerns are 1he quakity of the
ratural and duilt environment and the interests of the less
powerful members of Locioly at homa and owérseas. The
latter are expressed in his deive Lo find cheap and rengwatde
sourcas of anergy, and his special interest in the Thied Werlg,
A o structural enginger, he strives congtantly to improve the
general quality of désign in both the technical and sesthetic
sense, and fo enhance the philosophical and social values
which gusde anginisars and arghitects, He argues in particular
for & more adventuraus, less consarvative approach to pro-
fects, He does not sheink tram conflict in propagating and
detirsding his ideals snd the decigions and arguments which
flow from tham,

In a poper publighed m the procsadings of the International
Astotiation for Bricge snd Struchural Engineering (IABSE) in
1994 Schlakch wrote: “The anly answer 1o the greatest threat
In this tustory of mankind - the population sxplosion with un-
dignifiad poverty in large areas of the world and, 45 a result
of thot, chimatic and emaronmental catastrophas all over tha
world = 5 @ chean, safe source of anergy available in suffi-
crenl quantily for all of mankid, It would be both technecally
feasitde and afiordable, and 5 fraction of the earth's desert
sreas winild be enough to abitain from selar radiation the
amaunt of energy needed (o avert thess catastrophes .,
[baust] ... 1T hias 10 Be Said That unparaleled matarial and politi-
col #ffort will be nesded to graduslly Dnng about o aolhe
aconamy. Te face up to this challenge snd to demand ths &f-
fart of society con be said to be a matter of paramount polit-
Al urgan::y."]

Writing i 1983 about his expenmental soler power station
at Manzanores (Chopter 18) he stated “At present ibis smply
too early to make o well-dounded staterment sbout {he eco-
MHHTIG praspects of using renewable sources in general or of
solar chimneys in particular, Maither the naivets of tha ama.
renmantatists nor the occaswnal arregance of the “Maga-
walt Clan” is sufficiently copabte of handling the greatesr
challengse in the history of manking ... We owe i 1o the Third
Weorld with s erying néed bor ensrgy even today, to develop
energy sturces thiat thiy can atfore "

I an editerial for the journal Die Baciechnik he asks how the
WESIETN WOrld can remann precocupisd by s quest for ever
mgre eMicient production, depriving the Third Warld of its
anly camtal = 13 [sbour - and contributing further to the
wrorous spiral of increasing population, increasing snergy
use, snd increasing destruchion of natural resources,”
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He ees this as the greatest threat 1o the future of all natisns
arvd calls on engineers o “come out of their shiells” and ap.
ply their skills ir tackling the cverahelming probiems which
the paliticians, held in thrall By small Bt powerful lobbies
within the industrialized nations, connot or will not recognize.’
W shall s8¢ in later chaplers how the themes mantionad
above hove insgired much of Schlmeh™s work on mambeane
and gabis structures and resuited in & aumber of promising
protetypes for the prodection of electrical anergy; the Man.
Zangaras power stalin ahd the refined versions of spherical-
mirrar Solar collectors (Chapter 1), To further propagote
these deas he produced an atbractive book, with his daugh-
ter Sibylle as graphic designer, entitled Ermeuarbare Cnerglen
nutsen = Use Renewable Energy Sources!”

Sehiasch soes It B the public duty of designers to create

o aesthelic arvironmaent and ensune & minimum lesel

of “honesty” and rationality in structural form, [noa further
paper in the IABSE journal he siates that “the enginser's
mugsian in the name of society and cultuee [is] 1o build well
and to build beautifully™ and elsewhers, noting thal we are
#ll obliged 1o Inae wath buikfings, and thinking particularly

of Deedges, he writes: “Ugly structures can destroy the envi.
ramment and make people Sick, They plso contribute to ha-
tred af technology ... We [enginesrs] cannot puah this prob.
[em off ento the archifects, or beave them alone with i, espe-
cinlly a3 many structires . are designad only by ernginaers.‘ﬂ

Thess bebefs have led firm $9 oin commitiess which atvisse
tities such ag Stutigart and Ingolstadt on pesthetic miptters
relating to the built ervironment, He does not shrink from
conflict if he feslt principdes are at siaka, and is willing to
put his thoughts in writing, Hhut 5o tar is nod greptly satisfied
wWith s achurearments in fhis mgar{t.?

The foreefulness of Schiakch's faslings an these motters

has much W do with a heightened aesthebic tensibifity
“Foolbrdges hine & wary strong athect an the Built ermviran-
ment of cities. Unfartunately, it is all too often negative,
Tivis b5 attested by countless bad axamples: [their members]
clumsily, Insansitively daesigned 'sticks’ with ugly flights of
stanrs, prondiose ramps, drippeng and muddy prefabricated
joints, heavy landings and in case of doubt, furnished with
balonnies and candelnbras pnd decorpied with greepeny

In fact, these small bridges demand, from those who design
in sarnest, much diligence and trouble, This i6 pasticulary
%0 when ramps far the handicapped, necassarily Iong, must
e inserted in confined canditions, and the whole lighted,
dramned, and progfed against corrosion from {he 28It uasd to
ramive ice. To be sure. there are no generdl rulss for the solu-
tion of these complex design problems. When one renlizes,
however, that lootbridges are much closer to us than othar
types of Gridge; that we can fouch them, and that they trou-
Bl us when they are Dig and heavy. then if becomes clear
that they must possess human scale syerall and in debal,
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and therefore must be delicate, skender, and filigres, There-
forg, it is necessary to avold dirgct bending and ta dissake
|salid] beams into trussed girders, arches. or systerms of
cabies, Mo parficular bype of structure should be given prec-
gdence, because diversity and change are indispansable
means to beautitul farm. Unitormity is boring ™

Noting that for much of their length many bridges and via-
ducts pass fow above the ground he insists that they be made
less ahenating. “We come into physical contact with them,
and are concernad |f they-are clumsy and heavy. The lower
they are over & valley, an allotment, footpaths or roofs, 5o the
lighter, more filigree, and transparent must we build them,
and we must give them human dimensions.”*

Eisganzne, he conbamns the uniformily and often " inhuman
scale” of magor brdge construction: *paraliel-sided hofiow
bow glrders . all identical, as if they came fram the same
mould” in total disregard of the shape and size of the valleys
which they cross. He contrasts much modern brides con-
struction with the *Beaidiful and prodd”™ bridges built-at the
start of the 150-vear history of the German railways -

Schlaich insists tHat structures should be adapted both tech-
nicatly and aesthetically to their emarenmantal setting. In
ane instEnce he opposad & proposal 1o run & road bridge st
& highly skewsd angle across a river just outside the old town
of Ingotstadt on the grounds that this techmical tour-da-dorce
diminished the significance of the nver. He felt that the ap-
proach roads should be curved bo allow a shorter-span bridge
te make a more direct crossing, thus making otwious racog-
nition ol the existence of the river. As & result of his opposi-
fion the bridge was not bail. in contrast, Schiaeh’s own
structures, wherever possible. are sell-etfacing both in the
visual sense, and n baing relatvely sasy to remove or recy-
cie, He commented in & recant lecture: “il you see a bridge
that you cannot see, it must be one of ours!”™ On another
occason he said that if thers were no longer-a need far one
af his bridges, he would be happy that it could be easily and
cheaply dismantled lsaving the site fres to return to nature
or become available for & young desligner to start anaw,

It is possiole to link Schiaicn’s enthiusiasms and many of his
persanal gualities with his Swabian background, Stuttgart,
the capital of the modern state of Baden-Wurttemberg, lies
i the old duchy of Swabia (Schwaben), Regional loyalties are
st strong m Germany, and many people dee fhamsehes as,
for example, Saxons or Bavarians first. and Germans second
Inevitably, each group has its caricature image. These cannot
be taken too seriously, bul they are worth mentioning.
especially a5 they have some currgncy amongst Germans
themselves. Schiaich points out that Swabians are krown as
the “German Scols” and adds that they have a serious, and

somewhat glaomy temperament exemplitied by the warks
of Schiller and Hegel The cammentator Hans Bayer, in his
humaoraus Deutschiand deing Schwaban, characierizes his
fellows as deliberate. slow, obstinste and reserved. but also
prudent, frugal, tenacious, hard-working, and energetic,

schlaich's upbringing was strongly influenced by religlous
ideals, His father was a minister and principal of a large
church-dwned hodpital for the mentally disturbed and one
of his brothers was his successor. As a boy, Jorg spent long
periods in the country to escape the continuous air-raids

of World War 2. (odged i the howsebold of a Pietist farmer
Fietism developed in the late 17th century as a first cousin
ol English Puritanism and its outionk sccords in many ways
with the Swabian, particularly in its resentment of authority
figures wha claim a respect they have not earned, and in

a sense gf miss:on fo rght 'n'ﬂ:mg&.” Schiarch recalls that
his father who receved much support in his work frem the
Pietist community often took up publhc causes and that,
ofice he had made up kis mind that semething nesded to
be done, there was na stopping him until the matter had
been resolved. (These crusades tended to “turn the house-
hold upside down’)

it could be said that there is an element of puritanism in
most Enginesrs: a desie to serve olhers] a terfdancy ta find
Quiet joy in achigvement through hard waork; and & Suspcion
of estentation and superficiplity. Schiaich's tamily back
ground undoubtedly accentuates this. Like many noted
designers he has a strong sense of what is appropriate in
struciure - a corwiction that the laws of nature point the
designer in certain directions and that it is wrong to diverge
from these willully, *The enginesr has; in the ever-present
pressure for economy. a strict but good master. This leads to
etficient structures in which all that |s unnecessary has been
discarded™ The weight of & structure and the loads applied
1o it should ba carried to the ground by the most direct paths
consistent with the structure’s funchion as an encloser of
space or & provider of pathway. Circuitous and distorted load
paths are justified only by the most pressing tunchonal
needs.

Such principies are closely related to the concepl'of “hon
esty” in structural design, Schiach feels that structura)
forme which act manly in direct tension or compression,
with @ minimum of bending, are particularly honest, These
inClude shells, tents and cable fets. In extolling the virtuas of
the shell he-wrote: " The shell i the most honest of [cancrete]
structures _, [It] lends itsel! |ess than any other structure to
attempts to nide inadeguate design under camoufiage or
cladding” "
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An tntredustion

Theere is an element of puritanism in Schiaich’s insistence
that tha jay and satisfacton of successful structural design
must be won throwgh 2 lfetime’s dedication imalving many
strigeles and much hard wark. " He notes that "creatrty in
structural design can only be based on competence, Withaut
compatenca you can only rapaat, of it Dest improes on, what
hp3 been done belore; you cannot concaive of fresh ideas,
iwnt, B Innovatne!” However, e hopes this will not diecou.
ragit young paople from entanng the profession, and sug-
geste there ara ather approaches besides his cwn! " Saxon
might zee things differently!” In deseribing the opening of
the Mae-Eyth-Ses footbrdgz i Stuttgart (Chapter 9 ha
wites of the joy of building, Frewde am Gebauwten, “All in-
wedwed [im the creation] of this bridge, whether they were re-
spormsitde for it through the City of Stutigart, of planned andg
Built it. are happy thet their bridge is successtul and beauti-
ful, and that it has met eath muoch approval from the popula-
tign. It was opered officially with 3 four-day celebration with
& church service, apeeches, music, performances, lectures
v bricige building, and & great deal of fun. Few use it without
thought, most ook carefully at it and taka an intarast inits
comstruction, Let us hope that this will benefil {he standing
of the profession of the structursl enginesr and its appeal to
Ereative young people”'®

Fore Furm, e oSt rewarding mament in the ife of a propect
i3 whan, after months of years of creative effort, of examin-
ing and sifting ideas, of pnalyzing. of making difficult choices
petesen alternatives, of producing drawings and specifica.
tions, construction finglly starts. He speaks enthusiastecally
of watching the deck of tha Hooghly River bndge graduatly
reaching out across the reeer (Chapter B and of semng the
cable-net roof of hrs skating rink in Munich nging into posis
tion (Ghapter 5). Finally, after months or even years of con-
struction, through the efforts of many collaborators, & new
struchure: sompthing solid, usehul, 2 reasonably lasting,
has been brought into being.

Alpngside the more sober chargrteristics of the Schiaich
household there existed a lively interest in the arls, For & long
tirree the farmoly regularly plaped mssic tagether on Sungays,
the father being a compstent pianizs, and all five children
instrumantalists. Jarg played tha violin. He was abla to mamn-
tain his skills throughout his sfudent days and still makes
tirme gocasionally to play Quartets with 2 group of old friends
from that perod, His mother bind 2 special interest in art and
collzcted Bauhaus furniture and housshold ware, His sister
Brigitle developed similar inlerssts and has since then had

& continuing influsnce on his peathetic thinking. Shie shuded
architectun: at the University of Stuttgart and then at the
IMingis Institute of Technology, whera the architectune school
was heatlad by Mies van der Rohe, ons of the “founding
fathers™ of the Modern Movement in architschure. Wik

in America she met gnd married Walthar Patéerhans, the
photggrapher of the Saunaus School and became Brigitts
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Achisich-Feterhans, 3he worked in Chicago until recsntly
faur the farmgus American firm of Shidmore Ceings and Mer-
nll, building & solid reputation a3 & practizing architect.

It i5 guite easy to $2¢ in Schizich's work, partiewlarky in his
ateoplancs that assthelic considerations are af integral
part of gngineering design, a tradition which goes back

to the Deutscher Werkbund movemant and ths Bauhaus,”
He reacily agrees with this analysle, and suggests that hig
zesthetic sense includes a preclical companent which stems
from his mother, and an abstract component {related to
musicality} which he owes to his father,

In conclugion it should be noted that Schiaich™s sene of
migsion, hs gdventurousness, his appreciation of the poy
of Building, and his assthetic senabtaity mest be Dalanced
against ap enginser's hewy responsibility for safely and
sLonomy. Some enginesrs find this burden oo great that
thery abandon hope of achisving major innovations, of
desigring uncomentional struectures, or even of zlloesng
sesthetic considerations to infiuence their designs. 1His
Schlaich's particular response to this challenge that has
pleced him high amongst the leadars in his field and earmed
world-wade respect fram lellow enginesrs,
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oy tha first Ratt of the 18th Century, Poter Lang.
HE'H "I'hl'i'. le p t'q"]

13 5peech an pcceptance ot the Frits Schurmacher
Prize Hanover, § Decernber 1592

5 Schiaich: “Les structiures Maghres”, Annaies dn
Insfitut Techrigus du BAfmsat af aes Tadaus Pud
lgues. Mo 473, Dec. 1085, p 4-47 Schiacch lgter
netad in comarsabion that it was pernaps “cverdomg
il 3 31" 1= place tha shell ahead of arches, mem:
Erprees, and cabils nats F e regeed

15 Sohiaich saes the am ot EngnEarmE afuchtion as
"o Tiberats the stodent (rom the chaing of mcomips
tence”. When the authar camplmned that intense
concentralon on theory would distort the student's
perceplion of #ngineenng. he apd " wauld el hom
i hawe 10 Bocepl that yiu are distorted now, Gul in
1en years you will e abte 1o seq the whole e -
and that can happen only treugh competance!”

%€ 1 Sehlaich and E. Schurr *Fullgangarhangs
brucke uber gen Neckar bes Stultgart”, Beton wd
Stanibstonties . 851900, Heft & p. 108

1" See. & g F Wititford. Balhaus Thames and Hud
som, London, 35684 ero L Burckhasal (2 ) The
Waskbund: Aigtory and adiéckagy 107~ 193 2. American
edifion: Exrron’s, New York, 1580,

i a puper with Profescor Fritz Leonhardi concorn
ing the design of gaant felvision [owers e writes:
"It 5 a constant challenge for the structuesl anginesr
o sirike the rghit Dalarce between & raadiness 1o
ke reshd 00 pchisvd sctooric diesign on the oo
hand. and |asserance of| the nécessary safoty on the
othae" 1 Schinich and F Loonhardt “Jur kormirois
wen Ertwitklung der Férmmeldeiiurms in der Bundes
repubilie Degtschiand”, JahiBuch des dlekirpanen Fetn-
maidemigetL 1674
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2 Formation and Career



2.1

TheToss-Steg. Winterthar (1534)
try Robert Maillart

(Frem Max Bill"s bowk)

i.x

The Ralaigh Arena of Ralsbh.
ML, 1585, by M. Howickl {idea),
W, H. Deitrick (archiiect),

F. Saverud (enginer)

(tram Fred Otlo's boak)

2 Formation and Career

Jorg Schiaich was born in 1934 in Stetten/Remstal, a vilage
seventeen kilometres fo the sast of Stutigart, where he com-
menced his primary schooling. This cantinued when the fam-
ily moved to Heilbronn, but Iife was estremely hard owing to
the war, Added to the constant danger and shoriages of food
and fued was the distress cadsed Oy uncertainty aboul the
whereabouls of his father. Because of random bombing raids
on Hallbronn, the small group was obliged to live for a year
entirely in the cellar. On 4th December 1944, the town was
attacked by & formation of 500 bombers while the Schialchs
and their hosts sheltered in the cellar. Within half an hour the
town hiad been reduced o rubble abdes thawr reads, lsaving
sorrhe Ten thousand crnlign casusiles

Times wera still bard after the war, but the Yamily was fe-
united and returned to Stetten where Jorg progressed to the
Oberschule. Af that time German high sehools finished the
day at 2.00 pm and pupils were expected to confinue ther
studies at home for the rest of the day. The young Schiach
preferred to play football or bulld cubby houses in the local
forest. To counteract this tendency, his tather semt him 1o
work several afternoons a week ina joiner's shop. He gradu-
aily came to enay (he wark and s now grateful for fis
tather's initiative. Having passed his school leaving examina-
bion, the Abitur, he worked fram March to October 1953 full
fime at the janery to pass the final trade sxaminaiton (ihe
Gesellenprufung) and become fully accredited as & |oiner. The
EXpETIENCE gave MM A lasting respect 1or the shills-and ofon:
iong of tradespenple and enabled om (o leal 3t aace [3ter 0
his-career in talking with comstruction workers. The exacting
nature of Ihe jemer's task proved a useful training for his pro-
tasuional wark while the gracticat skills acoguired enatrlad hsm
f0 bunld scake models T asssEt 0 the planning and Oesgn of
BNgInearing prmect.r..:

Schiach's tertuary education began in October 1953 at whal
was then the Technische Hochachula in Stuttgart. The first
step on the academic ladder was the two-year Vordiplom,
Like many young people with an interest in construction, he
found it difficull 1 chogse between engineerning &nd architec-
tura:. The former offered rigour and practicality: 1he latter an
autlet for artsstic aspirabions. He resoived the protlem by
enraltng formally as an sngimeering student, but attending
concurrant lectyre cowrses inarchitscture. & shHphl prablam
wias that the engloeering school was then in the centre of
Stuttzart, while the architscture school was situaled on the
gteep fill next to the famows Weissanhoteledlung, For two
years he cycled back and forth between the twa, ryng to
reconcile copflicting imetables. It proved possible 1o cowver
all of the sabjests required for the Vardiplom in architecture
encep those that nad direct aguivakents in the enginesring
course, achlach thus gamed a tramning in visual parception,
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sketching, and basic archutectural design. (Student projacts
included an office bukding and an exfubition centre, ) His
teachers in the architecture school at the time ncluded Hans
Bammearser, with whom he was |ater 10 work as &0 snginass
He remernbars that his visiis o the architecture school
hefped firm tElerate “the rather anfoying maths and statics
fgciures” of his engineering course.

Uunng this ime fis sister fostered his interest with gifts of
Inspiring books concerning structural engingsrs who were
recognized as ~honorary architects™ because ol thelr innova-
tive approach and their mastery of aesthetic form| These
inciuded Max Bill's book on Robert Maillart (2.1), and Jurgen
Josdicke™s book on Feer Luigl Nern, Another major influence
was Frei Dito's book on lightweight suspended rbofs; Dag
Hangende Dach (2.2). Schlaich discovered a copy ina book-
shop in Ankars whersg fe had goene [0 obtoin Sife EX0erences
during-one of his summer vacabions. He Bought the Bodk
with fhis fevw remaniig Turkish [ira and carried i1 with fim on
a journey by bus, camal, donkey, and boat through Syna. Le-
Banon, and Egypt. Al the end of this voyage he knew it by
heart

In October 1965, having abtamed fhis Vordipiom, Schiaich
maved 1o Berlin 1o complete the rest of his studies (the Di-
plom iteelf) at the Technische Universitat. He was attracted to
the Berlin school by the reputation of its professors for
sxpartise in the compléxs mathematical analysis of thin con.
crete shell EIFUEN.H'EE.:‘ A further incentve was the aea:iabulity
of a ore-year “exchange schalarship”™ providing tuition fees
and & stipend, io encourage students from the rest of what
was then West Garmany to maintain contact with the island
state surrounded by the comenunis] East. Imadditian, the
Berhin instidubion was umdsual in reguiring s enginsering
students 1o study subjects in the humanities. Schiaich opted
far History, Philosophy. and English Literature and was thus
able to maintain his wider inferests *

Beriin provided a vibrant intellectual and cultural emiron:
ment at the end of the 1950s. Brecht waz in B heyday, and
ptoess to the theatre for opera and drama was cheap and
readily ohiainabie. Karajan, Felsenstein, and many others
were partof the cultural scene. Schiaich remembers night-
lang Queling for tickets and E FEF'IEI"I}' OsCLSSOns with
faliow students on polibcs, phidcsophy. hteratura &nd music
which continued until the sarly hours. Klaus-Jurgen Schneider
now A professor &t Minden became one af his best friends,
as did Fritz Bacher who came a year later from Stuttgart and
i now in his design office. Together, they formed the core of
the gtudent Chnstian choor Baches and Schlaich, playing ra-
spectively cello and violin, were members of the very compe-
tent archestra of the Fres University at Berlin-Oahlem which
wat conducted by Forster.

The school at Berlin-Charlottenberg had & highly theoretical
bias, This contrasted with the Stuttgart approsch, inspired by
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the great Mprech, which was practical-and RrEgmat.
Schiaich's decision 10 go to Berdin rather than remain at
Stuttgart to complete fis diploma & thus indicative of his
spproach to engineering. It was at this bime, also, that he
began to meet some of the leading figures in the world of
engineering wha were to influence his outlook either as
méEnfors or as inspiratioral *IEUFES

His professor of concrete structunes at Berlin was Werner
Roepcks, whose predecessor Bad been Franz Dischingds, the
ploneer theorist and designer (0 the Tield of thin shell $truc
tures, The dpproach was strictly mathematical; "Kgepcks
really mads you study eighth-order differential equations”
Thesa being pre-comouter days, aven third- and fourth-order
"d.e.'s” struck terror in the nearts of student enginsers
Fractising sngineers ganerally managed 1o mod them 4l
together, However, Schialch saw the course as a challgnge
The megic of the word “shell” was enhanced and has e
migined with him aver =ince,

To support himsel and gain praciical expenence, Schlaicn
pbtained a potition as Hilfsastistant to Koepcke for 25 hours
per week at the ratz of 2 DM per hour, One of his tasks was
to perfarm routing celculations for & doctorsl thesis, cranking
the mecharricat calculators then n wsa Alm aﬁ.ﬁlihﬂg
Fospcke, by calculating influance lines for cylindrical shellz
for his thesis, was Klaus-Wolfgang Bieger the Dberningenisur
ar second i chargs of the Institut. Beger laler became Pro-
fessor at Hannover and he and Schlaich hive Kept in contsct
since that time

Koepchke was Prufingenieur tor many important structures

iri all fislds, checking the methods and calculations of design
engineers and certifying that their structures were safe. He
made & goint of inviting his assistants to accompany him

an sibe wisits b observe the consiruction of these ErOjeCis.
Amongst the many important projects that went through
Kopepcke's office at that time were the famous Dywidag sew-
age fanks and the Berlin Congress Hall (Chapter 4), Twenty-
five yoars fater the ool of the Congress Hall was to eollapes,
and Schiaich was 1o De appointed chigl investigator, embrail-
ing hirm in a grest deal of cortlict.”

A teacher of great importance o Schlaich was Alfred Teich-
mann, who taught Theory of Structures (Statik) from a funda-
mental standpoint. using the deductive approach (o proceed
from the general to the specific. Schiaich 15 cormnincad that
the réverse, inductive apbroach which is perhaps more com:
mion results in 8 fragmentation of knowiedge inte small pack-
gges, gach ona appropriste 1o & limited range of practical sit-
uations: The fundamental aporoach, reinforcad by the ideas
of Karl Popper, became part of his generatl philosophy of &n
gineering. Amangst other teachers, Schisich remambers in
particular Konrad Sattler, famous for stegiconcrete compos-
ite structures, and ~an Austrian Mozartfan®

Whils in Barlin, Schigich was able to visit Frei Otto for the
first time;, and thus commence whal was 1o bacame an im-
portant, bul tempestuous reiabonship. In Stetten dunng
the summaer wacation aof 1955 s sster introduced hum o
the rengwned Chicago architect Myron Goldsmith wha in
turn toak him to meat Fritz Leonhardt, an outstanding figure
in German structural engineering who had recently been ap-
pointed professor of concrete structures (Masswisao) bt the
binversity of Stuttpart. and then to visid the construction
s:te of Leonhardt s ploreerimg communicalions tower 4 the
hills above Stuktgart (2.3 and Chapter 3)

The prestressing cables
of Leonhardt's Stutigart towsr
Foumdation {1555)

After completing hiis studies in Berlin in February 1959,
Schiaich returned o Stuttgart and applied Lo commeance an

"axternal doctorafe” under Leonhardt. He started work on a

thesis concerning arching action in reinlorced conorele dlabs
and although ha now has reservabions aboul the empinc:sm
of the approach, ne looks back on This leboratory work as
solid training. After a shark time, howdver, he recabved word
trpt a concurrent apphcation 1o study in the Uinited Slates
had been successtul and he had been awarded a Fulbright
scholarshipo His elder sister and elder brother had earlier
recenved Fulbrignt scholarships m architecture and theology
respecively, and ther reports encouraged Jorg (o take the
opportunity to travel,

Schiaich theretore left to-study or @ Master's degree at the
Case Instifule of Technology in Cleveland, After his srewval, he
it e futiore wite Eve, whom He had known Lince 1955 to
fair hirm, and in April 1960 their first son Michael {Mike) was
born there. The course at Cleveiand included lectures from
Lucien Schmidt who taught certain approaches to structural
analysis which Schlach had not met in Berlin ® This allowed
birn e refhforce Rig uﬁﬂ-ﬂ*‘.ﬂﬂﬂdiﬂg &nd LRIl n mathematics
and structures, In turm, he gave lectures lo undergraduates
using the German Befonkaiender as a tent book of design in
reinforced concrele. Despite beaching and ressarch commil
ments. ne found bime Io make an eght-weed trip Dy car 1o the
West Coast and Mexico, He relates, almast incldentally, that
he also completed an "experimental, though silly™ MSc thesis
an reinfarced concrate foolinge, He submitted this !JH'.'ITH".'
pefore ieaving the country i October 1980, havwng been
asked by Leonhardt to return to Germany to take advantage
o & scholarship which was avallable for the perlod November
1960 to Aol 1961 Although he felt there were shorfcomings
in the education sysbem in the USA, Schiaich’s overall im-
pression was that "the country and the pegple wene superi” p

The scholarshep in Germany allowed him to continse work on
his original doctoral thests, Whilé carrying oul bis [ests on
r..urgq reininrced concrete glpba & The univer Lty & lanuratr:-r;-
atthe Otto-Grat-tnstitul, he first met Racs Walther who was
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2.4
Teuls ot the arching action of
slabs. Stwtigart Dto-Graf-lns it
1961 [Immed iste suparvisor

Or Rend Walther, Overall saper-
winor! Professor Frilz Leonhardt):
Eraching pattarns i alabs aMd
tesd loading Yo taiiure

2.5

Slab teats: Dincassi ng the resuliy
Renk Walter, Jorg Schlalch and
Armi ! Forstooer {lrom lail) 1551

LB
Hend Walther and Jorg Schinich

L1 )

£ Formation sand Carser

B (2.4-2.6)The two

were (o collaborate later (0 a number of intemesting projects

fo become a firm and very close friend

such as the winning design for the repltacement of the Wil
lamsburg Bridge in New Yark (Chapter B). They now share a
chalat m Switzerland and mest as often as possible “trying
I Solye the Durming prok lerms af thes planet winlst sk ITHE &M
mountainesring”. & new family including two bays and later
two girls proved something of a distraction fram the thesiy
and Schiaich spent much time making furniture for his new
home He agise obtained work with a Shuttpart-basad con-
tracting firm named Lubay after s founder Ludwag Sauer
With them he worked mamly in the field of precast concrete

construction for multi-storey apartment blocks, His two years

with thies firmm ||'.‘IJi_:'|'|t nim a great deal, espacially ahaut pra

rAapricalion of concrets membiss §hd industralifed lorim
wirk: knowlhedgs which b was abile 1o eslas in future pro
[2Cis. IT was with Lebagrtnat he il his Tirst structural de
signs; a caomentional apartment bloce which s still one of
the largest and greest in Stuttgart (the Fasanenhot), and a
second bullding with the rénowned Hang Seharadn a5 arch-
tect. Schiach and Or Reinhard Bauer still mamtam close

contact

Until the autumn of 1963, Schlach continued to work on
Mg Aocioral thesis in tha EvERINgS wWiET ] wWEE compDleteda.
Bauer asked him fo assume a responsibie positian in the
ferer, Bt e decided insiead 1o apply 10r & posation with hs
professar s contultng group, Legnhardt und Andra (2.7)
With this move, his professional caresr be Zan i Ear Feal
Furthaer details will emerge during the description of the
individual projects, but a brief chronotogicel overview is

prrEsEritec o fhe 1ol oo g Pgers

Schigich started work with Leanbrardt und Andra under the
supervisian of Buno Ball, one af the partners, assehing
him iatially with the design of the Finnlandhaus office
bulkding at Hamburg: *an interesting suspended structure”
(Cnapter 10). Than, with Leannardt hirmsell, ha warksed or
1he Hamburg [levisw0on (ower! the hirst |Srgs project in
which he had the opportunity o develop, under Leonhardt's
‘*:I-'rn'lf::.u competanl” suosrnson and Buidance, iz own
ifjnas, For this projact he was-able (o develop structural
details from his hindamental understending of the flow of
forces in shells, having regasd to the need for highly efickent

uction metheds (Chapter 2}, In 1966 Leonhardt ge

-

consg
rerously sent Schlaichto a Sy mEosIUT 1H Leningrad orga-
mized by the International Assaciation for Shell and Spatial
Structures. Sinca thal tirme he has bean &n snthesiastic

mEmbar of the AS5 which he conssders 10 be "3 most fasci-
nating, though small, international association” He was able
fo iTeeEl B !.-n'g-f Murmioer of bt FE I:g...rt--_- I the wiar kg of

nnoyalive siruciural BNEMaenng. and many nave remaineg
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personal nends and mentors, They included Yoshikatsu
Tsubol, Mamoru Rawaguch (2.8), Heine |sler (2.9), Anton
Tedeska (12.2) Alex Scordells, and Herrmiann Pohle In 1967
Leonharsi suggesied that Schiaich take ovier a weskly lecturs
course 0N concrele siabs and shells at the Uiniversity of Stutt

—

&

Ly & practitoner in the Leonhardt und Andra partnership
Schfaich continued tfo work on concrete communicatiaons
{owers Including the second Stultgsart tower (“similar to
Hamburg Dut wilh movel prests BRSING of the foundation™)

Fpeel (s lar but with interesting prefabnication™), ang
Cologne and Mannheim ("with stes| heads and suspanded
fioors") (Chapter 3), His expenence in fhis lield included &
range of smaliar standard communications towers and soma
water towers, I nspired his Nirst two research projects at

the university concerning the stifiness of concrete tubes
alter cracking (the doctoral thezis of Hans Schober who

tater became a partner in his office) and wind =tfects on tall
towers. It also led to his Urst “popular paper 16 Ge publsed
n & learmed journal concerning wind effecis on fowers

This period was particuiarly infivenbial because it convinced
Sehlaleh ol the need to oyercome tha tradifional division
oetween concrete, Ssteel, and timber design and. the spilif
Detweasn the separate professional worlds of design and
construction. It prepared the ground for future work on his
“slar chimney” projgect (Chapter 1), stimulated innoyvative
dessgns and patents {such as a specal jomt for prefabrnicated
masts) and braught film into contact with the architect Erwin
Heinle with whom he was to work on many fulure projscts
He was also ahle to obsarve. “in the next room”®, the work of
Harald Egger (now professor at Graz) on the structural detail
ing of Frai Otta’s design far the cable-net rool of the Germen
Pawillon &t the 1967 Expo in Montreal

It was during this period that Schialch was confronted with
an extremely tricky problem in thae design of a double hyper-
bolic paraboloig snell roaf (Chapter 41, He surmounted the
techrdcal chtfiCultles sxpertly, bt now feels thal he should
mEve refused 1o do 50 Because the original ce el was
flawed from an engmeer's point of view, On the ather hand,
the challenge further developed his habits of hard work and
meriial discighne, and wn 1968 thess stood him m good slead
for his part in prepaning the Leonhardt wund Andra entry for
the Munich Qiympic Stadium competition

The architects tor this project were Heinle Wischer und Fart
ner, and Kuno Baoll was partner reenonsibie for the abructural
enginesring. The feam won fhurd prize in the competition gnd
miuch praise for their engineering of the stadium ronf. The
first prize wis awarded o a team led by the architect Gunter
Hennisoh wilth Heinz isfer as engineer. However, the competi-
tign (ury Rad senous doubts about the technical viability of
Behnisch’s roof, and exgnfuslly apponted the Leanhardl und

Andra team and Frei Otto to help Babnech fo develop a




modified version. Schlaich was made projsct leader by
Leonhardt and Boll and worked close to Behinisch's office in
Munich where he was able to assemble s own teamn of care
tully salacted young sngineers, many of whom are still close
colieagues in the Schlaich Bergermann office or in his Insti-
tut af the university, For about two years, the Olympic Roof
project took over his entire professional life, and much of his
personal |ite as well, He writes, *| hope that my family did not
Suffer 1o miuch’. 1t was &t this time that they Banlt thetr oown
house in Stetten, The Munich period deserves an entire Dook,
but Is covered briefly in a chapter 5. Schiaich was promoted
in 1970 to become.n full partner of Leonhardt und Andra.

On returning to Stuttgart in 1971, the Munich team remained
together and formed a separate entity within the Leonhardt
und Andri partnership. Altogather there wera five partners
in the practice, with four working predominantly on bridges
Schiaich’s group concentrated aimost exclusively an other
structures including buildings. This of caurse involved coop-
eration with several architects. One of the mghlights of this
period wis the dewslopment of the cable-nef cooling tower
at Schmehausen (Chapter 5). Vanous circumstances did,
however, lead Schlaich to become involved now and then
with bridges, His interest in faraway places lad him to India,
with projects for cable-stayed bridges over the Ganges at Alla-
habad and Fatna and, later, the design of the Hooghly River
Bridge mn Calcutta (Chapter B). At home, through a family
caonnection with the landscape architect Hans Luz, he be-
came invalved in the design of a series of footbridges to link
the public gardens of Stuttgart, the first of which were con-
structed in 1976. This brought him inta touch with what he
calls "human size” bridges (Chapter o)

in Dctober 1974 Schiaich succeeded Leonhardt as professor
of concrate structures at the University of Stuttgart. Having
strong reservations about the standard "black-box" rules

for reinferced and prestressed concrete, and beng unwilling
to teach them to his students, he immediately instituibed work
to develop an improved theory for understanding the internal
workings of these materals, This is pow Enown a5 the Strut-
and-Tie Method or “STM". His colleagues in this project in-
cluded Protessar Kort Schafer, Karl-Hemz Remeck, Dietger
Weaischede, and Mattias Jannewsmn amongst many others
The work, which is gtill in progress, has been published In
many farums ranging from the German Betonkaiender to the
American Journal of the Prestressed Concrate Instrfute and is
now widely accepted (2.12). 11 has been mcorporated into
codes of practice for the design of reinforced and pre-
stressed concrete around the world, Including the new Eura-
Code and the codes of the American Concrete institute and
Standards Bustralia. Schizich's appointment ta the Institiut
erabled him to direct its efforts further towards the devalop-
ment of new forms of construction, With interest in shell
roots waning amongst architects and engingers becauss of
practical difficulties and economic pressures, e was Keen

o develop more efficient means of bulldmg them and to per-
fact methods for the design and construction of membrans
grid cable-met surfaces. Structures which grew out of thease
investigations were the glass fibre reinforced concrete shell
ract for the 1977 Federal Garden Exhibition, and a shell roof
casl on pneurmatie formwork (Chapter 4)

The Lecnhardt und Andre practice in which Schilach had
wirked urtil now was compoced of a looss grouping of
retatively iIndependent partners and he grestly appreciated
and benatited from the freedom this atforded,. Howewver, a5
the number of snginesrs employed grew from 40 fo about
120, he and a number of colleagues attempted to introduce
g more formal organization for the sake of efficiency. Lean-
hardt ard Andra saw thes as mterference in their affars and
proposed that Schiach lesmee AT the beginning of 1980, he
separated from the practice with 18 colleagues. adopting
the name Schiaich und Partnar. While this was in many ways
a natural progression, it cabsed some temporary tension
betwesn Lecnhardt and Schiaich. The nams of the new
practice later became Schiaich Bargermann und Partner, in
recogribion of the crucial rode played by Rudolf Bergermann
and the later partners ”

Although he would not have left Leonbardt und Andra of his
ewn accord, Schlaich now felt more free, with Bergermann,
to pursue his interest in bridges. With Leonfiardt's agree-
ment. thay had brought the design and supervision of the
Hooghly Bridge with them into the new practice. They now in-
itiated the design of a bridge at Akkar in Sikkim, and won a
competition (o design a curved pedestnan oridge at Relbeim
and @ large cable-stayed bridge in Germany at Obere Argan,
competing for the last against the Leonhardt und Andra of-
fice, Thes line.of devslopmmant led on to@ major bridge at Evre
pas i Greace, and to a number of schemes and entries for
very large crossings (Chapter B}, At the same time the new
partners continued the design of small cable-supporisd foaf-
bridges (Chapter §). Their developing mastery of this field
was extended 1o cover Cabie-stayesd rools, culmirating

in the design of the Europahalle in Karisruhe (Chapter 10),

The experience af the Olymplc rogf design resulted in a
numbar of other fruittul lines of deveiopment. One of thess
led, by way of the Schmehausen cooling tewer, o the “solar
chimney” at Manzanares in Spam i 1982, and on to a project
for a cable-net chservation tower for one of the nills above
Btuttgart in 1994, Another led, through a project for & sta-
dium roof in Hannover, 1o the design of the roof for a second
indoor skaling rink, the Eissporthalle, within the Olympic
complex gt Munschm 1985,
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2.7
Fritz Leonhardt's bridge ower the
Rbino ot Rhodenkirchen {1581 )

The Tokyo Diympics arenas (1968)
K. Tenge {arch.}. and T. Teuboi,
M. Kawaguchi {eng.)

]
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The Mormandy Bridge, 1994,
B56 m upan, designed by
Michal Virlogeus

Il
Ruedolt Bergermann
and Jarg Schialch

2 Farmation and Carsspr

Echlach continued fo grapple woth the problem that, while
doubby-curved surfaces (membrane structures, cable nets
arid shells) oler the best eConomy In matérials, they are
EEI'I'IEFEI”';I sxpeEnsive fo construct, Attempts to deyElop new
forms of membrane construction had led him to study the
use af metal rather than fabric for the membrana, and {hs
permitted & major step forward in the design of solar collec-
for dishés (Chapter 11). Schlaich took the opportunity of the
i552 Rio Summit on 1he enwronment fo urge the further
devalogprmant of the solar l:l".ln'-.n-a:,u, Bt fimds that even wilh
the smuiler “solar concantratar b o wery difficult to cofvince
peeaple of the need for research and developmeant in thas hield
He naotes that far the past tew years the solar research group
in the atfice has been lead by Walfgang Schigl, a physicist:

“a very snthusiasie, altficient and communicative colleague

who deserves credit for considerabie progress in the Held™

Experiance woth mare corventiona! membrane structures
was ganed if consulting the contractor of Skidmore, Owings
& Merrili's Jeddah Airport rogf and by doing the detailed
structural design of the Riyadh Stadium roof (Chapler 7). &
commission ta finalize tha design ol the comertible roof for
the Montreal Clympec Stadiom provided Schilaich and Berger-
mann with ther greatest techmcal shallenga in recent years,
but brought none of the Usual satisfaction, Because the
tower and part of the membrane had been completed soms
yesrs warkier, the partnarship was committed to.a structoral
sysiem devised by othars. Expenences with the denign of
membrgne Structures in whech the partners had full conirod
of the process have been much better, These Include roofs at
Mmes, Zatagors, Hamburg, and recently the Daimiarstadion
roof at Stuttgart.

Extremaly light and transparent “grid roofs” formed fram

a mesh of lingar members braced with diagonal cables and
covered 0 glass, wers designed for a swirmming centre at
Neckarsulm and for 3 Mussum at Hamburg (Chiapter &)
Many moare were o follow ncluding thase at Dresden and
Singapore, whers much earher the partnership was imalved
in the roof for the huge hangar af Chings Airport, These gnd
rools ware 3 direct develogment from the partnership's
infarest in doubly-cureed surfaces

Thraughout this pericd. Schiaich conbinied to work with
architects, with varying dagresd of Suttass §7d personal
reward. He is cordent 1o have worked with many good
German architects such as Erwin Heinle, Robert Wischaer,
Gunter Behnisch, Fritz Ausr, Kurf Ackermann, Uwe Kiegssher
and Thomas Herzog, where hg and his team are " satishiad to
have dene a decant structural design” (Chapbers 10 ard 12)
I recent years, a dessgn for the Kempinsk hotel in Munich
brought him into contact with the German-Amercan architect
Haimut Jahn, whilst his werk with Meinhard von Gerkan and
with Volkwin Marg on glass roofs, large exhibition halisand
ratiroad stations has greatly intensified (Chagter 5. b ard 10)
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Teschars, Rantors, Collaagues, Friends

sthimch conbinues to battle for the cause of innovatve and
agsthebc bndge design and for the greater involvement of
thie structural éngingar in decision-making regarding the
torm of structures, He thought he had scored a major victory
in initiating design competitions for bridges but noles that
STy marny OCCaskns "IJ-'.JI'E‘EI_-I:IEI‘_" nas I;HHEI'I oWer the |I.Jr}|-
mambarsnp and prases only standard design!™ Even thesa
juries tend to be overicaded with architects and to pay more
attention to sesthatic farmalism than to the egually impar-
tant technical marit ol proposals, & garticular interest at tha
time of writing 15 Schisch’s ¢rusade [o persuade the German
ralway authoritias o modidy the design of their low-level via-
ducts far the new high-speed trains, These are convantionally
prestressed concrete box girders, sitting on solid plers.
Schizich wants to dissolve the structure into slender steel
elements which will have a3 much less agverse wisual impact
an the countryside (Chaplar B),

An pmportant task in recant years, has been the provition

ot experi advice for major projects on an international scale.
Examples include the Pont de Normandse in France {2.10),
and the proposal for 2 bridge across the Strait of Messina,
poining Sicily 1o the lalman mainiand. The partnersnip’s
oxperpse has been recogmzed racantly with the award of
the design contract for the Ting Kau cable stayed bridge in
Hang rong

While the practice has gone from strengih {o strength. the
partrers prefer (o Kesp i relakbively small, [T grew 10 aboul

50 people and Schigich states that even thes is-too big for
Fis liking. He would prefer to be able to give 2ach project a
greater degres of personal attention, but "a cansultant musi
have five or six larger projects going at once” to provide
continuty af work

This account of the work of the dezign office cannot con-
clude withouwt a special mention of Rudolf Bergermann, who
hias been Schiaich's senior colleague since the formation

af the practice. Bergermann was barn i 1841 in Dussaldort
and sfudied civil enginesning at the University of Stuttgart
He joined Leonhardt und Andra in 1967 atter a short period
warking for a contractor |n 1568 he joined Schlaich's team
an the Munich Olympic Rool and they have remiained
together ever since. They became particulatly close during
thinr Babtle over many years 1o see the design and conatiuc
tion ot the Hooghly Bridge through to a successtul conclu-
gion, They continue to work very closely together and "there
s no project in the practice in which Bergermann s not also
irvalved: @ very good enginesr” (2.11). Proporticnal contribu-
tions figve been miads by may other lalentsd enginsers whao
have been members of the practice. Their names will appear
iy laler chaplers (0 connectian with parbicular projects



Schiaich comments: “In addition to these project enginesrs
o office heavily depends on four designers: Jochen Batter-
mann, Peler Schulze; Valkwin Schipsser and Brian Hunt, who
have been with ws for 25 years, With these evolved a lifetims
friendship (if one can say that such a packad professional life
parmits the tirse toallow it). Young talent follows. And than
where would we get without our secretzries?” These inchuds
Schiaich’s Margot Zalbeygl, Bergermann's Cornelie Schmid,
Gerhnde Callies and at the university llse Guy,

Im parailel with his work in the practice, Schiaich has cantin-
wed to be an enthusiastic lsadar of teaching and research

at his Institut at the Liniversity of Stuttgart, it is usuat in Ger-
man technical faculties far professors to e drawn from the
ranks of giperienced engingeers who continue the achve prac-
tice of their profession. This close liaison between industry
ard acadsimia s one of the grest strengths of German engi-
neenng, Although fundamental research 5 by no Means ne-
glected, practical problems may be brought dirsctly into the
university for investigation, and the results Ted back immed|-
ately for application in practice, A leds desirable aspect |5 the
narrow specialisation which exists within the acadamic warld
and to some extent in practca. in the anglo-saxon system,
the typicat Faculty of Engmeenng is divided only into Depart-
mants of Chermical, Cvll, Electrical, &and Mechanical Engines-
ring. with perhaps two or three professors (chairs) in each. In
Germany, there may be individual Instituls for each material
of construction {steel, concrete, imber, et} and perbaps for
diffarent forms of construchon (for example, brdges or in-
dustreal buildings), Each has considerable administrative in-
dependence and each professor is expected to keep to his
ST DIESErVE.

Schiaich designs equally weil in any material and has aiways
seen the over-specialization of acadermia as a hindrance fo
the development of fundamental approaches to design phi-
losaphy. In an attempt to overcome this, he persuaded the
University sorme years 4go o allow him to rename his Ingfitut
fur Massivbau (concrele construction) the [nstfut fur Trag-
werksantwurf und Kanstruktion (institute of Conceptual
and Structural Daﬂgn}."'" The move encountered consider-
able recistance from some of his fellow professors who felt
that he was encroaching on their territory. Howsver, he has
always taken a holistic view of design, considering issues
suich as construction and aesthetics as well as pure structu-
ral &fﬁ:-mqr." Some years ago, with Knut Gabnel, e formed
a rezearch group under the banner Farschungsgruppe ~Inge-
nieurbauten - Wege zu siner ganzheitlichen Betrachiung”
(FOGIE) to investigate the development of an holistic view
of structural design angd promate its adoption. This will try
1o tackle the complex problem of how the designer can
compars intangibles: weighting. for example, social conse-
guences against construction costs and consumption of
material resources,”

As regands the more formal side of urrversity aducation,
Echilaich states that he has “always liked teaching” at both
undergraduate level, which invalves mainly lectures, and
post-graduate lewsl, which involves more pérsonal contact.
However, like all acadamics he has problemns striking a bal-
ance between teaching, ressarch, and administrative matters
and has the additioral heavy burden of the practice. Besides
publishing sbout 300 papers, ha has given mare than 400
public lectures. He feels that he has too little brme for each
assistant or collaborator and so wastes "a ot of etort.

and even some gotd will™. On-the other hand, “ihere are 5o
many things o keep up With which get lost If not constantly
observed”, One such issue s the framing and developmant

ot the codes of practice which provide guidance to deswgn en:
gineers and a measure of uniformity throughout the industsy
He puts his intense invalvermant in this Hisld down 1o fis fun-
damental approach to theory and his desire to see a totaltly
consistent spproach to codes of practice Like many practi-
bhioners, he considers most codes * poarly structured and con-
ceived back-wards™ Decause most “code makers and bureau-
crats” haye never been designers themselvis and herefore
cannat have an halistic conception of quality in structures.
Though for sorme time heavily mvolved in the framimg of

the Eurcpean code through the CEB {Comité Eurapden du
Batan) he fesle that he wore himeelf out “with too little real
success”. It was for this reason that he created FOGIE.

Schigich sees the concephion of the strut-and-tie model for
reinforced conerete 4% 30 example of the correct sort of
approach and a step in the right direction{2.12). He rotas
that fupdamental work in thes field in the Institut has been
the special responsibility of Professor Schafer, at the Institut
since 1977, “very clear in his fupdamental thinking and

wery cooperative”. He is also keen to recognize the general
contrnioution of ather colieegues in the Institul, partcularly
Knut Gabried, another colleague since 1968 from the Munich
Olymple roof design ahd in conseduence his partner n
research on cable- and light waight structures on whom he
nas “always depended heavily for adwice and opmian on all
sorts of issues” and of Earl-Heinz REmneck, who WS already
at the Institul when Schilmch came in 1978 and “who really
knows everything aboul structural concrele desigr and 15
yery reliable”

2.1

The strut-and-tle concept far
madeiling the forces seting within
meinlorced concrate sirucianes,
featzred on the corer of the journal
of the US-based Prestrassed Con-
credn Inutitute in 1987

Schiaich sormatimes fesls that it might be better (o tackle
fevar topics and o resedrch them mors deeply bul, ke
many engineers with a passionate intersst in thewr field,

finds he cannat refuss o become mvolved in mew and eaciting
topics, The “cdst” is that from time 1o thme the Institut must
abandon work on a particular ling of irvestigation earler
than he would like (Examples are asearch intd fibra-rein.
forced concrete-and his studies of wing ettects an towers,)
“But,” he asks, “how can one specialize furthes within an
already specialized Yield like structural éngineering?
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Juhn E, Brewn and Jirg Schlalch
chairing a IABSE-ygmposiam on
“Structueral concrele ™, 19601

T4

Myron Goldsmith and Jarg
Schlakch under the Diymgie rosf
il Munich, 1972

1.158
Aend Walther s siress ribboen
vrmipanh iaar Turichdses, 1965

.16
Christian Menn's Ganter Bridge
an the Shmplon Pass, 1980

¢ Formetion and Caresr

On the other hand he continues to invest much tme 0 sery
e nationai and international gssociations 35 chalirmar

oF member o working commitiess. Inaddition to his con
tribution to 1ASS he & manly invalvad with IABSE (the Inter-
national AssoCiation tor Bridge and Structural Enginesnng)
where he tries to be ingtrumental in helping o organies con-
lerences and wriding for its journaf, This has again resulted
ing farge number of personal contacts ard friendships
migfly with Jorg Schnedern “the soul of IBBSE", and with
Jack Hreen of Austin, Texas a most active and seccesstul
rasesrcher in " Structural concrete” dasign and “wery instru-
mental insupparting Cehlaich’s afforts 1o mmorove rational

aAgproaches o shructural enginesring (2.13)

It can be sean that in discussing his caresr Schilalch makios
constant reference to teachers, mentors, colleagues, friends,
A fa'r--.;,.- rmsmbers who nave nsoered m eilhes r_!lh_'-ugll
personal contact or throwgh therr publcations. ' Tha list

s lengthy and it s perhaps imndious B0 make o selsction
Howver, the &im hers 15 10 emphasize he imoortance of
such insdpirational figures in the careers of successtul engi-
nesrs and-the 1atlowing selechon s mtended o be Yypica
rather fhan comprehensve. An ymportant place must be
heid of course by Myron Goldsrmith (2.14) who since their
Hirst meating in 1956 gave Schilaich ° permaneni professions
comparionshp, cnlicism, encouragement, and advice
Schiaich noles: "he always took an intense interest in your
wiFk and Ftked penalralmg questions: "why are you doing
s, winy are you doimg that? ang when yowu r'u;ug-"r bl
it, you raalized that more consideration #as needed, &lsa
important was A&nion Tedesin, the German-Bustrian engineer
wiin introduced concrete shells to the USA, Tedesko was
O become “a real tatherly trand” and Schinch recently
cormpleled a biographical tribufe to fom * He describes
Professor Yeeuhdeatoy Teubse, structural consultant lor Kener
Tanga's Qlympic Stadiums inTokyo [2.8), as "the Japanese
engineer-ged” and was proud to speak at the first Tsubo
msmaorial semunae o To Ky ift 19451, Marmura Fawagiohi

SUDO S jumior, 15 descriped as “one o7 the most maginative

gngineérs and a continuous fnend”. Schlaich also makes sps-

Ciat rreeEntian of two ol s srcritest friends ard '.-."IL"l'JEnJ'L"_

Gunter Bohnisch, who turned 700 1962, and Erwin Heinla
now pged 75, wath whorm-at the times o wriling M 18 pranar
INg & ook an domes. He valuey g close perssnal and pro
fessional contacts with Rens Walther and with Chrstian

Menr and has a great respect for thelr work (2,15 and 2.16)
Hie |5 in

puiikder of genius (2.9%and Bruno Thurliman whom he de

sLrbes as “Mr Plasticity-theory . He admires Stefan Polony
for contributing much to the discourse on structural engl

nesring. He liked to discuss with Peter Rice and mare often

£

continuous contact” with HMeinz lsier. the Swics chell

Teachers, Rentors, Colleagues, Friands

with Edmund Happoid, the two most creative British engi-
neers, who unforfunately died mest recently, He has long
been in contact- with David Billington and anjoys to discuss
2 Ulrieh Finster
waldEr Ne 18 proud to relate: = invited im o lecture im Stutt-
gart for the first time a1 the age of 90 1 1385!° Ha cons(ders

Frei Otio to be a giant amangst the pioneers of modern con

wiilh fim s concept of "structurat ar

struction and has been greathy influsnced by his work and
idens. Howeyver, the two fell out when they attempled to work
together on the design of the cable-net roof for the Munich
Diympic Stadiums. The causes were commoen enaugh; two
very different temperaments; two strong personalities, two
conthcting viewpoints an tachnical and aesthetid matters,
As we have seen, thare hayve also besn tense passages in
schlaich's redationshep with Fritz Legnhardt, the "grand old
man of post-war structural enginssning in Germany, Once
more, there was the problem of two peaple, bath self-confi
dent. determingd, and strang, trying to work together, Those
WD were ciose 1o the practice agres that hers was simiply
not encugh room in it for two such people, Schia-ch readily
acknowledges Leanhardt's great influgnce - not anly in pass
RE @GN Knowledge dimectly, bul because he "struch sparks
aft hum® He describes Leonhardt as his teacher; "1 owe 50
miach ta the fact that | was in his office since 1963 - from
1970 1o 19759 &5 & pariner, There were inleresting projects,
Iile Ofganaatenn or mterference ... and Leonhardl never hes
itated to grve mae the most difficull assignmants without any

doubts that | could fall, This gave me confidence.”
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2 Formation and Caraer

Mot o Chapler 2

! Many angendérig adutatars (particulary those
Imvotyed i EURoDian coperafian) hive begun to
ute 1he tarm “formation” in English to include bedh
e achiCaLIan Ned tha bralning raquired 10 premane
paople for the professices, This correspanda with the
Fratuch lormution {professionetlas and the Serman
{Borufe.d Ausbicdung

ik is intarmsting fiow many of 04 faundomg srchs
tacts af the Maderm Maverment Hed Some €imlar
cixtinc] with o trade = their edwcational back-
@rousndd, A3 wiat hunedr wien, Ehis lradation of a closs
Coneniction Babedn art, orof (or fraade), and pros
leasignat encamans hivd betn Strang in Garmmany
Aina i i of L Wirkbund.,

3 thiy farmely cormmon pradlice smongtt Garman
atisdents Fequires 40me eaplinateon, 1n the Garman
nencharmie warld (in ERginaering AL henst) the butic
admindstrative wnit is tha Lanrstuni o as i1 13 oo
mong often caled, the lnctitet, an o garation
Lomawied Smaller and mon: 4paciallptd than the
Britsh “department” and rgzpanashile lor oo Sakic
BumjBst such a5 conarets, ateal, sodl machamcs, con-
struchite managarment, #ic, Lntl recently IF wad i
uiarad for aceclernice to wark hair way up the carser
Lacldar istirgFy within the uniwmreity tyetam, Eng-
Apaf g wbrd depeched to torva an apprenticatnip in
reRearch, Bul Ihan 1o Basld up peatlical daperignts
tand prefarnbly & swtoasatul business) 0 the “real”
world, befond bhang ieeted (0 ocoupy a chaw wikle
pirrimalhanatnadly conlEadng toorun fhaeir business.,
This syt enduret a clode and fruitful connection
BTSN doniem: rasaarch Hnc pracics wheth i
oreof the main strengths of German enganegring,
This hepd of Euch mn Inslitut haa grest stalus ped
condickarabila autharity, Tha dyatem |4 rafarred Lo by
#dmirers and ditraciors alike as the *god-professar”
wyibemn, Thaere pre bwo importent sffects, Reputations
ara bl around indiviciad profeasars rather han
around deparbments, Students who Rave & special
intwrest in 4 porticular aras or form of consinACIRn
will travel fhr 10 alfdch themaetves lo individual pra-
fesa0ry whide spbcialim accords with thalr intar-
&aba, B prodentos will feagueonily e callid wpon o
nel At & Prulngeniser, chechng Lhe dessgn concapts
ard computations of a consultang oifice. Ha will m-
wilve mmembors of {he staff and senkes students
chacking th compulaliont, (Selected Seniar stu-
RtE wIR SarD money 16 Thid eshian ars Known 35
Hiltgwrsgmmachattier or “HiwE")

Wi formal anginsaring efucation at WEreary
lerval was inbroduscmd in Garmany i was nol dncorpo-
raled anto iR uniebraifees, ds in the Angle-Samn
wirdd, but wad Bught i sdparate ngtifutions. Thore
wrg oreganalfy Kegwn i Techarche Hachachyli
(o Technasciia Undsgrsiind, ) When Schiaich wis

& ETdant then, Berlin bad the only Tectuacts Unls
versitnt in Germatey and it was given 1S supesiar
tivds bacause of sts compulsory RUMBRITY Couraes,
Sehlaich notes; “will engoing democratization

(= hevefizalson) a1l wirri Codled Unnsrerty®,
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5 For the Berkin Congrass Hol, sas 5. £ Bauwmlr,
1A1958, p, 706, Rator wid Stabibeloaiig, 1271580,
P 281-2%54 aed 12586, p, 22-35) and Dar Bauwnge-
ndhar, 1244086, p. 569-576, Far brind Englishe
IR aoounts 560 Mew Gl Enginear {NCE),

36 Ot /4080; 25 May 1980, and § June 1983,

Far the Gy iag banks 206 & g O, Siegul; Srechone
ang Forrm ot Modern Archaciung, UK adn, Crodly snd
Lochwood, Lantkon 1962, b, 226 and Dyckerbot! und
Wickman: Festzohedl Lrch Frstemvaloer: 50 ke b
(hwudeg, Braun, Kartgruha, 1573, p, 90,

& Timashanbo's e Blaich's anargy meathads

7 L amast ergingdrs, Schiasch hod complemanied
hig dormmal Studims with comtiviat self-coucation.
Crowr tlve ymnes he mas wstod many coowntress 10 in-
spwct wlrusiures in situ. particularty Uwss of amous
engindsrs likg Madlers, rencwrid for hiz briclpes,
ane N, reniwiind bor haf indeiduabistic stagusms
angd Sl roals in berr-CONErala. 10 Paris, b griat:
Iy aelrriwied B0 Wrair-and-gloa s dormd of tha Paris
Bourse of 1811, A3 we anall 564, 113 influenca is
denchaat i the part of his later work wisich devalios
this thami O hid vigid 1o Eha LSA b was inspired
by Mt Country'a higheigs Badicdings. geodatic
domes, and cabile brldges,

& Profusnor Walthes now s eonsulting practice
i Bk le (Bazal) and the chair of ina Institet du
Biton Armid el Frecontrainte (BAR) at the Eoole
Falytat hnicgued Fiddrabe de Lausinng, Hie ss rendgs
rcd P Bels work o0y pris irngaed concrote and cable:
stayed Dridges sl hed interest en (e Sesthelics

of siructeres and het zerved an Prosicent of the
Feddration Internaticnhale de la Prbcnntraste, FIR

¥ i Gerrragns the pural of e word Pad e 15 Post-
ne. That Senlasch Bargarmins uid Partred is
tranglatmd Ay Schipich Elgr e rruinen @nd Partriers,

Y thara is & Mg problern i mstcheng wesds
ralating to enganeteing design Acroes the German
el Ergglish [anguages, {The seme oralem ooours
bislwipns Franch and English.} In Enghish the ward
deign 1% wied by enginesrs bo refar 1o every part of
Wi process from hg il ard Somirtimiet ereithe
canceplion ol the form of b sirsciueg right thrgagh
1 Wha FruAchars (and new BAngaly computeripad) thdk
of calculating the raguired cross-sectich sires of
townndionsl struetursl members such of beams
e colurmng, Sond Engleb-apehkmg fagindirs wie
the term “dirmenieeng”, perhaps horrdwed fram
Franch “dimenssanerment”, 10 Uy to thstnguish the
Iather pootess, The word deign i doosely spphinsd by
10me Enghah-agbakers svin to Bh numdretal analy-
a8 08 atructures. The German word "Entwurt® (I
Franch “cancapticn®) i3 confined mara 1o the cres-
tiva part of the process. The word “construction” is
Just ag awiward, In Englich, angineers ves if mainky
1o raler 10 the procédst of putliog o idrechee lo-
SelRer Architertbd s it Algo B0 reder 10 whait might
b called 1he fabret of @ building (A plyaieal raxl.
10y} AR perhAgs 19 the mannier in wheth the paris
hi bogethid, If Genman, e wond *fansliuktion®
extends Fa include tha mare route asgects of tha
detign of sirectures; dimansicning and detaiking,

It i4 Pharafors difficall to lind @n accursds (rangldtion
ot the nme of Schiaich™s lasfitut wheeh is not as
lang @s this foatnota,
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b | Schilalchi *2ur Gestaltung der Ingenisurbauten
oupay Dee Bauknst osb wanfesibar®, Der Bavingenimid
Bi. 1G4

g himech finds that tratfic ERGIMesrs Bee Mors
utsd thnn strurtural shganesrs fo this sart af ag-
prasch, Asranautcal enginesrs can alss condributs
miuch because thay are wead bo desling sth com-
pler systems and adopting a “systems approach”™
The FOGIE group m studying the geneml problem
of choosing critefa fod structural dedign - lehsl
wsight, lesat coal, lowest muinlenence, #lc.

1 Many such names nave besn menticned in private
corrasronaende with the guthor and maore afe ko be
found i papers in the technical ppurnals, See & g
“h the confcedtupl detign 4f enginasning st uc:
tures” (Zum Enfwerldn von Idgenieurbauten). Jahy
Bk 1OG L cher VDLGessias faft Bautec i,

M | geniakch: "Anton Tedesks: Schalerbayer und
Kommaenikatter”, Beton. uni Satibelonnsu, BR1993.
Heft B B 137=1480

5 | giszussion on this ssue, Schiaich protested:

| don'l thine you should place ma on the same leyvel
s Cie - he (5 severs imes hagher up the scale”

Hn regards Otto's work on tha deselppment of cabile
et sireciuned 8% work of genius

Lint of selecied publcatiant by Jorg Schlasch
tn Chapier 2. =&p the end of Chapter 12
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3 Towers

Pags Froject Completed

Communication Towsr

3 Hamburg 1967
3¢ Special Research, Investigations 1986 =5k
Communication Towers
L1 Stuttgart 2 1970
Kiel 1976
18 Mannheim 1975
Cologne 1980
S5tandard Designs 19Th—T%
I3 Watar Tower Leverkusen 1977
Guyed Concrete Masts 1979

Landmark Towars
40 Leipzig Fair 1995

Abu Dhabi (proposal) 1979




1 Towars

3.1
Anarample af the ence-slandard
wleel laMice Irams st ion owers

Sackground

The projects discussed in the following chap
ters ars grouped according to structural type
and funchion (communicahions Iowers, shell
roofs, efc,) to facilitate explanation of ther
ganeral principles As & result, the account
TROM Mo an 1S STRCTlY chranole gIEas aniy
within these groupings. Schiaich s sarly axps.
rience with Leonhardt und Andra was on the
design of the Finniandhaius with Kuno: Be

as a partner (Chapter 10) and the Hamburg
hypar shell roof, beginming in 1986 (Chapter
4), Fallowing this pefod Schilsich becarma

a tlose collaborator of Leonhardt hiimsel
Ard thus heavily invalved in the desgn of
INE COMMUnICATioNns [OWers WNiCh ara nong

a feature of the Garman lgndscaps

i the 1950% the Bundespost needed many
of thess towars for i1 new communications
sysiem. Becayse microsave links depend an
life-at-5Ent [ransrmisssn thers wit 3 sirang
gconomic moentre to build the towers migh
e that fewer would be needed. The conver
ticral transmission tower at that tirme was

i steel [attice construction {3.1). Reinfarced
concrate had, howaver, peen used for smaller

[owars i The 1orm O Sumpie Cylindr pCal pipes

froermn &5 to 70 metras in height. Some very
fall Towers Wiie Feguirad 1o sefve 8 duas! pur-
DOSE i Orovid g DEEvison coverage (or 1he
majar cifrey, Bpcause thess would need i0
pe located on nearoy Nilks, fne i0ea arosa o
sUippTrE ThErm with HIEdINg olatforms and
rafating restaurants. |n addition, the Post O
fice reguired antenna platiorms and rooms ta

house glactranic aquipment and paraarne

-

E 1.3
The Stutigart television tower of
Frite Leonhardt and Erwin Heinia
{campleted 1955)

30

=

& 1

& SIFUCTursl &n gINesrs werg thius con
fronted with & major technical challenge: 1o
suppart a tacifity tha sizs of a small otfice
baibaenig @t -a evel some 150 metres abdve
grourd where, ai that bime, the behawour of
fhe wind was shill poorly undersiood. Suth
ient rigidity was required to snsure that

sevdly and vibration did not inferdare with tha
guality of transrmission of the comiort of ths
an sesihetic Cna

IErgE DELQUse the majar (owers wowld De

wcupants, Thera was siso

prominent, and often situated i ensFonmean
tally-sensitive Iocabions. As usual, all this was

reuired at minimum s=asihle cost

iWhen @ 210-metre |attice tovwer was planned
for the hilis abowe Stuttgart, Leanhardt con-
sidered that it lacked pesthetic merit. Ha
therefore proposed & reiniorgen concrete
altermative! & slendar tibe which would de
pend for its (ateral rigedity entirely on its owr
stttness, rather like a resd projecliog rom
the ground, With architectural advice for the
interiar dessgn from Erwin Heinke, hs gnvis-
gped the facilities as enclosed (0 a8 four-storay
pod 160 metres above ground. The shalt
wiould confinue through the pod, and 1S 1S
too would be attached a steel transmession
mast 51 metras high (3.2), The tower woild
sxploil the soulpturad potentalimes o con
crate: its-mouldahility and its contiruity
expresced in the ampalh tapenng form of

the snatt. The circular cross-section wauld
minimize wind farces, and provice unifarm

rasEtanceE-n all firections

11y afes ld Paumdation




Nevertheless, the wind forces, especially
those acting on the pod high above the
ground, would gne riga to high overturning
moments at the base, and reguire exfensive
fourndations. The closest precedents for this
ploneering type of structure ware reinforced
concrete chrmmays, and these had normally
emploved 8 simple gircular foundation slkap
However, Leonhardt realized that a founda-
tion in the form of an annulus would distrib-
uie pressures more certainly and reduce the
risk of differantial settiement of one side of
the tooting with mespect to the other. To dis-
tribute the load from the shafi to the ring,
he eamployed a fruncated cone of concrate,
and inside this, a second cone which served
o stiften the first (3.3).

The Stuttgart tower was designed in 1852
and was In service by 1955 It st in train
the development of many similar towers in
Germany and throughout the world. Somes
hime atter Schilaich enfersd the Lecnhardt
ung Andra office, another large Tower was
proposed for Hamburg. The city authorities
planned a revalving restaurant, while the
Post Dffice required a serice floor area of
about 1000 sguare mebres. surmounted by
six large antenna platforms with a dmmeler
gf about 20 metres. Above these was (o be
an antenna 70 metras fgh for mobile fele
phones, and above that again, a television
masl. In 1963 a competition was organized
amuongst five selected Hamburg architects
and a praposal By Trautwen and Leonhardt
was awarded tirst prize. The entire service
aren was located on one large flodr, 40 me-
trés in diameater, and the public facilities
were placed in @ separate pod undermneatn,
The s antenna platforms were spread

at various heights above the two pods and
the whole assembly reached a height of
272 metres (3.4 +3.5).

Y Towsrs  Hamburg

g S

BT E

ra

;'”Lm

T
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The Hamburg telecammunicatons
fowar vertical pection snd datails
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3.5
The Hamburg telecammundcalion
tower, complefed 1567

Hamburg

Schigich was set to work on detailed design
under the guidanoe of Leanhardt, Together
ey worksd oul a major devetopment of the
Stuttgart scheme, It had been establishad
that, while the double cong of the Stuttgart
foundation was econamical in terms of ma
tefal usa@e. | reduiied 8 iargs amounl of
expenswe formrwore. The internal cone was
thergfore regiaced Dy 4 eimpler verficat cylin.
der which was a continuation of the maln
shatt. To smsure that ihis cylinder took nog
part in carrylng the weight transmitied from
thee shalt, 115 Dase was knrfe-edged, and the
Surreumditgg annulan Yoor Siab 10 which

it was attached was made thin and flenble
(3.4).°

Concrete shafts are most econdmucally bullt
wilh :I-.rhtu:r'!g OGP D Fe WhICH monEs gra-ju-
ally upwards as the concrete 15 poured and
Hardens within it {3.6), Howewsr, at Stuttgart
awkwartd problems had been sxperiencen

in accommcdating the reinforcing bars which
woLld eventually project from the shaft to
form the connection with the plstforms. Con
varfignal practice s &lher to bend these

fiat against the vertical surface to allow the
climbing formwark 1o pass, and then to bend
therm oul again to recene the horizontal ale
ments, or toonterropt the climbing process
and dresmantle the Tarmwdrk 1o reaseamibie
it abowve the leval of the platiorm. For the
Hamburg tower, Leonhardt and Schiaich

devised a sCharma whareby the bese af each

Climbing formwork lar a fowar
shatt clrcumterential prestressing of
& platiorm {view from above)

platform pod was formed a5 a shatlow in
virted cong sipperting a circular floor slab
They recognized that circumferential pre-
stressing of the euter rim would be sufficignt
1o devalop conical shill behayviiour and 1o
causa the entire cone to contract and grip
the shatt. There was therefore no need for
reififcrcament 10 pass trom shaft to platfarm,
angd The lower &nd of e cone could sil sim-
piy in & shallow trianguiar recess in the sur-
faca of the shalt, 3.5 em deep and 16 cm
high (3.4, lowsr detail), The shaft could thus
B Bui It without any interruption to tha chimb-
iNg process, This scheme had the additional
athvantage thal the juncticn would bGarely
interrupgt the smooth transmission of verti
cal torce wathin the shaft due to the weight
sbowie, Acting sntegrally, the cone and (is as-
soctated floor slab farm an efficient structure
which in the lower pod supports the inter-
mediate floor at its perimeter, Tha “rog!™ of
each pod is formed from a similar structure
inverted, The auter nm of the lower pod

and the nner nm of the rool shell were pre-
stresspd usmg continuows circumiferential
prestressing cables formad by specally de-
Wised connectors (3.4, muddle detail and 3.7)%
Schlach emphasizes that this improvemani
could never Rave resulled fram thinking
about the problem in isolation but was based
ah & theaorebical and analyhcal understanding
ot sheil behavigur. He remembers long dis
cussigns on this subgect with the famous ag-
thar on:shelis, Professor Ratech at Dresden

Cables and anchorages for




Extramaly flat conical shells wers also used
for tha antenna platforms o permit similar
connections with the shalt (3.4, upper
detail). The morg etficient structursl action
af all elements resuliad in a substantial
reducthon in we '._!_.'ll ompared with consen-
tional circular plates and this in furmn pes
rruthed an ngen:ous system of temporary
support during the construction This mads
it possible Tor work 1o be carrmed out at Tour
evels simultaneously many metres above

the ground (3.B~3.12)

1.6-3.12
Constructlon sequance, 1865,66

18
Cofstrigelagn safuence ol The

platforms of tlee Hamburg lower

o e Fowest antenna platiarm
mak coniructed by conven-
tlonal means

b} liftimg cables wore draped
oer ity edge

£) pie-Asdamblad lofmwark wis
hoisted imto posifion for con-
creting the cone of the uppet
pod (3.9-3.11)

d) formwark was them lowered
for concreting of 1he cone ol
the lower pod

#) Troom that stage, work was con.
Hfaisid i foaid lovels (3.12)
concreling ol top part ol shah
concreling of sntenma platforms
one abore the olher
concreling of bolh pods
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A typical patiern moade by vortices
shed ligim a Exlindeical bady

i.l4
Forces resulting from alternate eddiss

zirequenty of eddy shedding
S# Stroubsl nembar
= 0.3 for cylimdrical bodies

Bszearch

At fhis point schialch alsa initiatad Ris own
reseanch into the response of the new towers
to wind effects, inspired Dy 8 number of
speciacular fallures. Gusting causes oscilla
tian i the direchion of the wind, whila he
alternate shedding of von Edrman eddies
frarm enthaer Sicle Causes BaCross-wind molian
(313+3.14) The Fesult iz 4

mation of the toaer, 11 the natural freguency

CAT o bise PO

- LRSS E -

! wilrahos of the siru FE % I."L'EIII.' LRl
same ai that of the eddwes, large rensverse
viLrEtONS gy GoCur a1 sutficmnt yiolence
{o cause destruction, The critical faclors gov
grning the matural freguency of the {ower arg
ts form and M8 stiffness, The dampeng prop
erties of the particular materai and type of
construction ermployed govern the accumula
(L= I wilrEbarns ard Thus Ths middirmurm &
plitudes,” The designer has two aptions. One
1% Lo ensere that the natural frequency of the
tower 15 50 low that excitation occurs-only &t
WIrD SOEEds 10F wilich INe energy ifpUt e

small The other is to ensure that i 15 50 high
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3.5

Dymamic kactor as & function of

the period of & siruciure and it
logarithmic damping to sccound fos
the gustiness of the natural wind
fdeigrmimiaisc approach)

that the corresponding theoretical wind
spead s exiramely uniikely to occur, Bath
rFEQUIPE BN astimals of the fraquen Cly and
energy input of the wind and an understand
B af the pOssI0fy oHose interacton Delween

wang and structume

While studying the research liferature on the
betaviour of slender towers in the natural

gusty wind. Schinich was struck by an e2nom
aly m corwerhigrial thimkmg and was able to
make an important contnbution in resolving

it{3.15). In 106

LTy

he presenied his ideas as
part of a sernes of weekly "sall sgucation
meetings which he and his colleagues had
netiuted at Leorhardt und Andra fo enabie
enginesrs 1o shange ther currsnl intergsts
Leonhardt suggested that he publish them

n the form of a paper and this was widely
R lpirred for the why o wiien o de-mmidatil e
a wary complex problem. Althaugh Schilaich
Fids disrmissas it 5% Tokd stull ™ in viaw of

&, Uanenparl's stochastic approach, 1t 15 still

used by practising engineers and teachers.”

To gain further understanding of the charac-
teristics of the wind and its interaction witf
stender structures. Leanhandt and Schiaich

in 1976 st in train & senes of measure
ments on the 1539-metre [ower 8t AuThausen
designed Oy Legnhard! und Andra) which
continieed iof many years. Later, with Hans
=chober prd Hermann Meier af the ynveer
wily, & instiTuied a res&arch propect on thea
pehaviour of reinforced concrete tubes of the

Type used in Ine iowers{ 4.16) Yhen these

oERd undar tne aciipn OF Tign wing, {(ension

116

Tesls on concrele hubes undaer
agial force snd bending a1 the
DH1a-Gral-lnstitul. Briversily
sl Stutigar



Crachks develop, and the force in this region
15 trangferred to the remforcme bars, Codeg
of practice at the time required that the fen-
slon strength of the concriete on the cracked
slde e lgnored completely when calculating
thie stittness of the cross-section. This re-
sultes i such large calculated defarmations
that designers weare discouraged from using
concrets for such fowers. The tests at the in-
stitut showed that, thanks to the "tension
stiffering” effecl of the concréts, the reduc-
tian in stiffness was much less than preavi-
cusly thought. Thas led (o the development
of & new method of caltulation which gave
raalistic estrmates of deflaction,

This combination of exparience in the behavi
our of rotational shells and reinforced con-
crete tubes subyected to combinad pengding
and tension was to be very usetul later on
when the University Instifute was approached
by industry to research the structural behayi-
cur of off-shore containment vessels. The In-
shitute was asked to determing how forces
wers redistributed fram the *edge-distur-
bance” zones near the junction of walls and
roat atter cracking. and how shear could

be resisted without the use of stirrup rein-
forcement.” After analytical studies. large
scale tests were carnied out with Karl-Heinz
Reineck as group leader These supplied
further insignt into the “plastic”™ behaviour

of =uch shedls (3.17), superience which was
again useful in 1952 in the investigation of
the Slaipner platform lailure in the hiortn
Sea, In this latter case o large amount of
camputer analysis was carriad out, though

g simple strut-and-tie mode! wauld fave
sufficed 1o explain the pattern of force trams-
mussian within the structure and to find that
the platfarm failed because the T-headed
bars were too short (3.18).

[efzrmabon

5]'_'l|'||l'1g il
Concrele

I Towers Ressarch: Concrete Shells, Investigations

L

=

3ay

Cracking patiedms and force
distribution in the joint regions
af composite rotational shells

3,18

The Sleipner & platiorm:

fa) its imitisl (insufficient)
rednforcement

(b the crack cassing fallure

{e] the “strut-and-tia" meds
mnplsining this failess
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Comparinon of the first Stuttgart
tower {right). The second fower as
Buill {mrddle), and dn Glleinative
proposal with permanent colamns
prowiding dirsct support foom the
Eraund (leit)

320
The second Stutigar] lower
{completed 1570}

Stuttgart 2, Kial

Ae demand for commumcations and telewn

Linn services increased, & need art fora

sacond tower to seryices 5tn‘l‘tg.art The new

i

toweer was bo be siluated on a nill known as
the FrapenEopl, not far from ihe first, The
seryice Hloor was 1o be 40 metres in diameter
55 at H.in"'l.':ulE"_ and thers were 1o De two Tur
ther platforms, 2ach of 25 metres diametsr
for antennas, This time, however, thers ware
{c be o restacrants or viewing platiorms
and the towear was not 10 o open 10 the pub
lic. Legnhardt and Haimnbe's now classzag first
fower had Decome a3 source of pride for the
people of Stuttgart. and & was considered
escantial that the new tower should not
detract from 5 visusl gualities of 15 oo
tance. It was therafors decided that the
preminent service Toor of the mew ToweT
shiould be situated just abowe the tres line
gnly 35 metres abave ._:lr._,._.---_1 m ferrm it
was 10 be similar to the upper pod of the
Hamburg tower, with & conical shell cantile

eI irom the mast

{ was obvious that the construction method
geveloped for namburg would be inapprape
ate i this case. I was mors [Sgical and
cheaper 1o ulld (he nec BESSRErY Falsmaars ke
scattolding from ground level. To Schiaich
il s=emped unreasonable to bullg a comples
and expensive temporary structure and the
rarmdve 1L, 1o ledve the clatform cantilevaning
rom the mast, with the [oags ransmitted
{o the base of the tower by an unnecessanly
ircwlous rowbe. It would be much more
sensible o make the supporting structure

permanant, carrying the laads logically and

I.'--I-'.l‘;ﬁrl}' ireCt to Thee E'ﬂuﬁj. However, his
alternatvvg PODOSET was Eoursd nefher
By LegnPardl ngr '.ip the auihaniies

{319+ 3,20

Questions of structurs! logic gside, tne Frau
enkopt tower a5 complated 0 1970 i vary
handsomea. e angular protile 15 as much a
part of late 1960 styling as Leontardt and
Heinie's {ower is g product of 1950% stream-
limng. Tha low pasitioning of the platform
ard the marked aper of the shalt contributs

0 @ satishying impress:on of stabiliy The two
[oweErs 1ormm an impreassiye vigs irom he win
dow of Schlaich's Stuttgart house
{(3.21=-3.23)

Schlaich's naxt tower with Leanhardt urnd
Andra was far the city of Kiel, with a piat
form &t & height of 100 metres (3.24+ 3.25)

t was becoming increasingly evident to hirn
that possible mathods of construction showld
be considersd from the yery slart of the
diEsign process and thal, where possible, fea-
fures shouwld e Incormporated in fhe desgn (o
ease and simplify the construction. Drawing
on his sxperience with Lubau he offered
fenderers {or the Kigl tower two alternative

designs, One called for free cantilevenng

constructien with cast-in-situ concrefe used
for the construction of the cone. The othar
propased that the cong be Tarmied from pre
cast concrate segments wihich wimld Be fitted
by crane. Temporary ties feom the st
wiluild remain 0 place until the whole cone

wWAS comolets, ab which slage = reurmigrertial

1.21-3.13
The twi Stutigar! towers
eyt lookhng ihe ity




prestressing could be instafled. The contrac
tor adopted the second proposal and con-
struction was completed successfully (3.26
o 3.29)

For the base of tha Kiel tower, further econ-
army was achieved by Hattaning the founda-
ticn cone o the extent that it could be-cast
on a carafully prepared maound of earth
Ta pravent the surface ol the cone from
Bearing on the earth, the concrete was cast

on & foam rubber matt placed on the mound.

The strength pnd stiffness of the foam was
carafully desigred so that it would carry the
welght of the wel concrele bul wodld nbf
transrmit 5IEHI“C-EIF'I1 pressure and thus sub-

jett the cone to bending moments in service.

The refative flatness of the cone meant that
it was required to carry hignar comprassve
forces, bul the cost of {he axtra matanal re-
guired 1o resist these was compensated by
SAVIRES I conatruchion coste

3.28
Detadls of the service platform's
procaat concrele il',l,l'l'l'l'l'lll-

LT7-3.1%
Constrwciion af the service
platform

¥ Towers Kiel
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Kiel! Vertical eroas sections of lop,
platiprm. and Bade. Horlpamtal
cross section of shatft
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3.15
Thie telecommunication tower
&t Kisl (compleled 1G7E)




¥ Towsrs Mannheim, Cologns, Standard Destgna

Further changes in tower design ocourrsd
because of the desireof Erann Heinle, archi:
tect for many af the prosects, to provide esch
gity with 12 own distinctive tawsr. The search
for new forms eventually led to the abandon

ment of the system of wsupporting platfiorms

an imvirted cones. Inspirad bry temiporary LEs
used in the construchon at Kigl, for the later
Mannheim tower 3 scheme for permanant
ftesl Ties was devsed, wihich wiild be con-
cealed within the eguipment floors (3. 30 and
3.31), &t Cologne, however, these tension
membars were Chearly expressed above the
single pad, providing mlermediate suppord

330+3.31 t0 two antenna plafforms (3.32+3.33). The
=L v ! Iower Haors of the oo are yparted by ver
. : (campleted 1975} &rHoors « € D00 are SUpROried Dy Ve

tioa tensien members attached to the ends
af the mcimed hangars

mi Tl Ta complete the communications system
a8 largs number of low- to medium-lavel fow-
&r: was reguired, Demand was 5o great that
ihe Post Office devwloped savara| sarijes of
standard designs for them. Leonhardt und
Andra took gart n these studies 0 conjune-
- tien with Heinle Wischer and Partners
{3.34-3.368)
™ Lw L
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3.52+3.33
The Koln [Cologne ) tower
(eampleted 1980)
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1.54-1.08
Two of the standard
cammunications lnwers
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The experience gained with the constructior
of the concreie platforms for these towsrs
wEs Bisn usEful in the design of waler towers
(3.37+3.38)

soafed] By thelr sk with oa
reats of the Munich Obympic Stadiun
Schilaich, together with his
i2agues Fudoll Bergermann, Knut Gatris
and Ulrich Utto (the {alter was Schilaichs

for several towers) realized

propEct enginest
that it f=nsioned guy cables were used ti
stabillze communications towers. the down
ward force could serve with great advantage
to oresiress a concreie shaft (3.39), Thes
MU ot 2 mare SthicienT wse ot This ma
terial tar Igh towers by snsuning At tarisli
craching could not develop gn the upwind
face. The puyed concrete mast wolld be

stiffer, and |ess remforcement wouid De re

guired. Further. the cables could be sloped

w e N - = & o
ol & mikth steeper angle than 1% £o

Wit an incressed practee

wiould reduce the sag of the cables and i1
crease the stittness of e enltoe aye
Calculations shovweed that this would permit

f & 300-metre-h N tower with

T Qirl s in diarmated

. SRRy T T
& Hamburg =natt has a dia

meter af 155 metres at its bass. ) The area

af land reguired B4 aco

ndate the cables
would De far less than that required for a
corentional guyed mast, Unforfunately

tha Teletommunications authorities insisied

even after the collapse of 5 puyed steel tower

that all swch bowers should still Se Salt i
steel. Ag Schlach notes CONSErvaTIve TMine
ng!” He hopes that the . Ngalng rezearch
wiork ot :Jl"-'p Ee..-: - WHICH ha imitiated some
15 yedrs later = 21 his Univarsity instituts

w1l demorsirate the mends of conocraie

Enatts for guyad tomwirs.

3.37+3.38

The witler tower o Leverkusen
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3 Towers

Filr]

Watar Tower Leaverkunen. Guyed Concrats Masts

3.39
Propossl for atall guyed concrele

telecammunications mast



3 Towers

340301

The model of the Leipzig Fair
tower. Parallel gay wires acting
through outriggers presirgss and
stitlem & core conErEling of four
tubes which are surrounded by four
nof-load kesring chimney lubes
and wilth & cential sceass shall

Lefprig Fatr, Abu Bhabki Froposal

Thiese ideas were developed further when the
Post Office hald an irnted-eniry compelition
in 1937 Here, together with Hans Kammerar
as architect, Schiach proposed that the BLyS
be vertical and attached to outriggers pro-
jecting from the top of the mast. Again, the
propossl was unsuccessiul

Much later, in 1994, 8 similar idea was ap
plied in the cesign of a tower for the new
Lelpzig Fair, with the architect Volkwin Marg
The Hght square oubrigger structure supports
four thick non-load bearing chimney tubes
and a central stairway for sccess to the 1a-
mous fair symbol, This complicated |ob was
Succissiul handled by Andreas Mel and
$avier de Nettancour! (340-3.42)

As im any design office, many similar projects
were envisaged and camed 1o @ certain stage
but wera nevar buill for 3 varsty of reasons -
rmany of them being compet:tion entres,
These included imaginative scharmes for
ma|or towers 41 Mew Delhl and Abu Dhabi

Thae toreer will support the symbal

ol ihe Levprig Fair

A

J.43+3.44

{1.43+3.44). The expariance with large
concrate Llowers also bore frull in projects

tor 1000-metre-high vertical drafl solar power
stations (Chapter 11)

A5 we have seen, Schlaich's two periods of
tower design had a formative infilence on

fis protessional carser: conhirmuing that clean
structures with simple details may be real-
ieed by stronng Tor 8 Smooth flow of forces!
Bringing fim nlo closer contact with s
"teacher” Fritz Leonhardt; intreducing him

to Erwin Heinle: comvincimg him of the impor-
tance of construction processes in the mitial
conception o a-structure. prompling fies first
“popular paper and Mg firsl two ressanch
projects at the university; and bearing fruit

in many designs and patents. An aspect on
wiich he places grant value was (he oppor-
funity to Incresse NG eXperience with shall
siriciures

.

The magdel and tha vertical
crokk-secltion for a projected lowes
for Abu Dhabl, (1578)







3 Toward

Hotes. ta Chapler 3

LF. Leonhardt: = Der Stuttgarter Fermashtorm”™.
Bears wrid Sihibiton baw, 1956, HEM & and 5.

* Trus is o Intarasung casa for taschars of smgi-
reaaineg 2 anyoene studying analytical trinking sn
structural angineening. Enginess whosa thinlung
5 twp-imensicnal (a5 a resull of almos! esclusive
congeniraton on this aspect w (hgir warty Iraining)
romgivt $anie Lk Arcangmment 3t Stutlgart a2 bypecal
of trugs action and therefore atafer than fha 2
FEqEemant Bt Hambueg. [0 faCt the [a1her areamge.
Ment o8 atitier becayrse i incirparaes & rodaisong
[ 3-chrmengepnal) gl

i Darmping iz 2 meeswe of ehilily to disgipale en
argy. This may somur within the mbdrral sloediune of

tha material (isalf, oF in pants betwesn components.

For yamply, reinfgroed concrels aHer crachng is
elier than grestredsed concrete, while balted Jies
atruciured hase much bethe dampang properties
{han welded ones dus to slip #nd Inclian belween
Suristes in cortac].

* 3. Schlsich: ~Baitrag our Frape dar Wirkung von
‘Windetoflen suf Baveeria”. Cor BRenganisur
31966, 5. 102108 Schiasch was milally reluctant
& publist bhis paper, but s ow gratedul o
Lestirhareh bt dyge “ydan v Soreane o o
ool @ persi Hiisa that et (i righl meememt™,

¥ T annues Inat tha mathemstics i tractant,
“classical” theory af the sireeses within shells iv
based an certeen assdemptions about conditecms

of support and restraint at their baundaries. Con-
Citimvs i eEctace raraly accard with (hess a5wwmp-
tigrs. The magnituda ot siregses s the body of

trz 3hielh ks nod greplly aliesied, Bul vikesa ness

R waflgmes ifher Signiicantly Irgam {hote predeied
by geriernl thoey sad must be computed oy addi-
flongk prephyds. Thiv iz kngen ny "sdge ditiorbance”
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Salectad pullicptions by Mg Sehigsch and
coauihers GF gren) up o 1955 to Chapler 3:
Towers, Tall Bulldings. Research on 'Wind Effects
on Structures and on Congrete Tubes

et e

03766 "Baitrag ur Fri g Sbr Wirkung von Wind-
sliien sl Bauwerke™, Der Baurnge it Trorr | alian:
=Tree atiecl of wand guats an stroctwres”

OE06! *Flache Fagelashalen fur Antenranglall.
hoarwri@n”, with F Leonhardl, Proceadings [AS55-
Congross, Leningrad, and Balna. urd Sentbidurban
G52

OLA67: ~Dar kontinuserlich galagerte Krersning
unier antimetnzcher Balasteeg®, Batos- wed Stam-
baranba,

oo/E8; = Der Hamburgsr Farmmeldeturm®, with
F. Lecnherdt Beron- ueo Siatibatombau.

0471 ~Deer news Faehtfunkiuem sul dem Frausnia
i Stullgart®, Beton wad Sahibatontm.

74 “ha Konstrubktiveen Entwichlung ciar Farnrmel-
dalurme W der Sundesreputllk Deurachipnd ", with
F. Lecnhardt, Jambuch des slekirschen Farmmeiias-
Fons IR0,

G674 ~“Measuramants of wevd loadds and wind ef-
fucts an & slandar Ty-towar 10 Saulnarn Germany™.
with K Kiimhoanss and W Neusrbung, Proceadmgs
of the Symposiwm on Full 5cale Messurements on
Wind effects. London/Ontaric.

oRST7- ~Drar Fermmaldaturm Heed”, with LL Crtte,
Baton- und StaMbetantau,

Q577 ~Dar Farmamalosturm Mannhaim®, with
W, Famngl, Baton- und Stahtbebinbio,

08/78; “Torrws it kiruturas especiss’, Enganhara
{EBrasil). mo, 406, 413 snd 414,

Q7B ~Winddrsck- und Yarfarmungsmesoungen
2m Funhturm Aufheusan”, wrtn K. Schafar and

W Heuwrborg, Konsindkbvey Ingemeurbo, Linvevsitat
Sochum. Sarichie, 35/36.

L5/84; ~Tall Structures e Steal and Concraie”, with
R. Bargurmann, Sermal Aepwl, WABEE-Sammar on Tad
St tures, Srinagar. Indin.

010/84; = Ultimats Strangth al Revrforced Conerate
Chirnneys’, with H, Schober Funtier Intarmadionalar
Sehornstein-Hongrall, Essan.

O5/EE: "Warduche Ty Mitwirhung gl Bty in dar
Zugzong won Slanietonrdhiren”, with H. Sthobar,
OArGI- Hell, 363,

0179% “[he Urspctu fur den Toldlvirlust der Baton-
il i Eheimnad 87, weith KoM Reifmch. Balne und
Erahtbedonbau, Noreepan translaion in Comend, 45 E.

01434 "Nonhruar Analysis of Cable Guysd RLE.
Masts for Wind Loads”, with £ Seed, Fifth Interna-
tigatah Collodueiurt gn Contraip im Dysitging Coun-
tries, Gaira, Egypt.
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4 Concrete Shell Structures

Paga Pralsct Coampleisd
% Hamburg Mypar Shell Roof 1967
52 Stuttgart GRC Shell Roof 1977

56 Pneumatic Formwork for Shells 1982 =91
57 Gut Marianhof Digester Tanks 1987

58 Berlin Congress Hall Collapse 198D
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Perbiag® miore importantly, e twa systemns
are curved in opposite diractions 50 that each
ie effactiee in resisting any change in tha
shape of the other This enhances resistance
fa Buckling ard 1o chigtoriien under accentnc
loads spch as local accumulations of snow.

This hypar roof & usually concenved as a thin,
flexible, saddle-shaped skin of reinforced
concrete suspended within a framewark
formed by stiff edge beams. The job of the
edege beams s to balance the inward pull

of the "cables™ against the outward thrust

af the “arches | [=sving mamly Cormprassie
torces to be transmitted along the beam axs
to the foundations (4.8}, A commaon and sim-
plified assumption at the time, fegilimssd
by Candela. was that the edges supports do
not disturty the sfrictural action of the shefl
mambrane &5 descnbed above, To justity this
assumption, Candela used to suppart his
edpe beams continuously by closely spaced
columns (or mullions) (4.7, This made it pos-
srble to Hesp the adge bedms farly Smiall and
flexible, and thus compabibie with the shells,
The arrangement alsa efficent|y resisted
overturning of the whole shell alang an axis
through s two lower sUpports in cases et
unsymmetrical geometry and /or one-sided
lnading such as wind pressure or unsymimet-
rical accumulation of snow,

The architects at Hamburg were prasumabily
unaware ol these considerations when they
concelved their rool, especially as far as the
suppart of the edge beams was concerned
Their model consisted of two large hypars
side by side, each 56 metres by 76 metres in
plan (4.1, see also 4.8), They decided that the
shells could share @ commaon support in the
middie. making only three for the whote roof.

The two hypars wers rotated in plan to be
jorned afong ocne side, sz that ana *edge-
beam” served both shelis. The archilects
further deceded to locats the curtain wall
well in from the edge of the rool, to provide
a8 lorge overhang. This left the future outer
edge beams, and of course aiso the commaon
inner edge beam, without! direct support.
From an enginaer's point of view the result-
ing struciure was tofally illogical - and It was
o an uilsually largs scals!

It was German snginesrs who had pionssrsd
the development of shell theary and con-
struction, ard the “hible” of desigrers and
therists around the world was Flugge's
Stattk und Oynamk der Schalen. In this, Flugge
had included 3 specific warning that ihe adpe
beams of fiy g ghells must e supporied
from Delow, on the grounds thist the weight
et anunsupported beam wiuld shear off the
edge of the shall.” On the other hand, the
evarall stability of the roo! made of the two
shells was guaranteed by the f&ct that i1 -
rested gn three supports which dic not lie on
ane line, cach individual shell would have a
tendancy (o tepple aboit the axkis jmming s
two feet, but this rotabon would cause the
twis shells 1o press agalnst aach other along
their common edge and 50 hitld sach othes
bR Howewer, thi vertical angte betw=en the
twio outer and the mner edge D&ams s 50
ttat, and the interaction bebween shetls and
Edﬂb bEams &0 comphoatad, that of would
have besn reasonabls for an engineer to gro-
vide a fourth support: a column undermeaih
tha comarion edge beam. Unfortunately, this
fomirih eolumin would have destraged the
elegance of the building and was therefore
not acceptable to the archiiects

T
e
9 e
s S e
\ R s,
]
oy T j} y
LY " b Y|
1 : o
1 _..-'--'I'
a8

Hypar surface with lowr straight
edges (borders lormed by & skawed
guedrilateral)

4.5 |
Hypar surloce wiih Borders in the
torm of {a) a parabnla

(b (chbyperbolas

4.8

Fmpiified representation

ol the lead beating behavioir
of & hypar whall

0= Druck = comaression

L= Fug = tanslan

My = Mormalkralt Rendirbger =
arlal (eempression) force

in edge beam

& beautitul hypar shell designed
by Felis Candela with edge beams
propped by mullions

f f AT D
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4.8

Tha roof in plam and sections. Tha
enlarged edge beam vectione shoe
thair bl lowing e finally builn
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4.5

It the wlhall sairface s comslidered
wwighiless and all ioead comcen-
tralaed af the edge beams, tha hypar
whall may be represeniad 5s a
cable system spanning betwesn
iis edge beams

& Sheils

T

Hamburg Hypar Roof

schlaich’s invalvernent began whan he mat
Leonharat an the stairs of the othee one day
i 1964, and was asked if he would liks o do
an “interesting shell”, He réplisd “of coufse”
He was not aware at the time that Leonhard)
had been approached by the ghent only
after two leading authorites on shelis had
declared the roof unbulldable without the
fourth support. Laoking back, he recognizes
that a more aporogriate course of achion
would indegd have been Io fry o persuade
the srchitects to micdify thewr concapk, bt
remembers thal af the fimea he had only re-
cently graduated from university and was
oo excited by the technical chalienge to even
imagimne this

Work started with 8 discussion betwesn
Schlaich and Legnhard! over the best ap-
progeh 1o the des:gn. The latier, a5 a2 pragma-
teel with a keen intuwbion for the load-beanng
Befaviour of struclures, preferred bo mvest
gate the prabiem by expeamenting with a
large scale structursl model, Belore the de-
velopment of the computer this was often the
only way of estimating the stressas in very
comples strudtures. Howsver, it was an ex-
PEMSIVE and Nime-Consyming process, and
thare was much art involved mn ensaring that
the model behaved in a réasonably similar
fasnion 1o the real structure, in scabing the
readings, and \n interpreting fhe resulls
Sehilaick on the other hand argued that be-
fare there could be a model, there had to be
at igast & design, Basen on Whe Sest possble
pror calculation, bacause the designer’s
PreConCceERlions Arg 1nenianly Dol fnto any
physical model; [The cardinal rule “garbage
in - garoage out™ applies as much to physical

410
Flenighass modol under test
loading

48

models as it does to computar analysis.)

im an internal memorandum he wrole © et
mg [which is not based on] a consistent de-
&ign 1= hike a redzpse o the middie ages”. In
this case, the main purpose of the analysis
was o prove thatl the structure was actually
stable. Special objectives were to find out
how, despite Flugge's warning, the sheil
could carry the heavy weight of the nan-sup-
porfed edge beams and how the edge beams
and shells would Interact. The final aims were
o underztand (he flow of forces and to be
atie to shape the edge beams in the most
suifable manner

in locking Bt the differential equation of a
hypar shell which is loaded &t i1s sdges anly,
Schiaich found that it behaves for this special
case (with only the sdge besms loaded) like
g cable net with the cables following the lines
of the generators and connecting the edge
baarme. The behaviour of & net 15 more easily
comprenended (4.9) than that of & shell i

1% relatwely easy to s2e how the heavy weight
of the unsupporied edge beams resuits in a
tendency tor the higher corners to fall away
from each other, thus increasing the tension
in the “cable” direction, With much diligant
work Schlaich was able to derne his own
rmathamathical tarmulation of this behiaviour
arid produce a theory applhicabie to shells
with unsupported edges beams, It was, per-
lorce. a method adapted for hand calculation
uEing the ughar mathematics to which he
nad been introduced in Berlin, He had de
rivad the theary entirgly from fundamental




principies and made 8 majdr contributlon

i showing that one of the tenets of the shall
designars’ "bible” was unnecessaniy re-
strictive. Through his utinversity collsagus
Professor Schater, who shares mig interest

in shells ahd nad been a student of Fligge's
at stanford Liniversity, Schiaich was later
abla to meet Flugge and was proud fo we!

CoMIE Bim Lo Rl home

Schiaich was grateful Yo Lecnhardt for being
given precious time to carry out this analysis
and despite his confidence in his theorstica
analysrs he was m fact glad that Leanhardt
imgastad that a large-scate modal be bullf in
plexiglass ta venhy the results This was con
structed by J. Pebar of Leonhardt’s Institu
(2 classmate of Schlaich's and still a friend)
and K. Fayser of the institut fur Modelstatik
at the Unvers:ty of Stuttgart. Owverall guid-
ance was privided by Schilsich's Tuture col
lEague Profesear Mullar (4.10). The model
i5elf and its complex loading and measuring
deyvices wers g superh scisntitic and techni
cal achieyament. There was great excitement
winen the modal results orosved guits dafferant

from those predicted by the ANalySE

suspician fall almast naturally on the caleu
latiomse, but it was eveniually discovered that
theere Nad been a shight oubward movament
of the fest of the model which had nad a dis-
proportionate sflect an the test results. (in
fhe aetual structure the colump Daset wane
bo be tled together by prestressing strands
buried below fioor level a8 shown in 4.8 and
4.18}, Schiarch was gratrfied by this demon-
stration of Popper’s princinle that exper
ments can nat verty but can only talsiy a
AYpotnesis, and thal ther results must be
trealed wilth caution, He notes also that phys
ical models of structures are-of restriched

VallE 3% Q8SEn [Dols Decausse TNay do not

FEFrMIL & astessrmen af he senstivily of

the structurs 1o the vanabion o mdwiduil D

n the gthar hand

ramieters, ' tak ng tne long

[

vView, R sees an imporiant role in this regar

4.13-415
Construction of the Mambarg

hypar sholls

for Eomputers. He considers that .’.'I-'_—:, maEy

eventually replace maodel fesis and be veria-
tile enough to peremil senstoity studees.”
The huge plexglass model is still on exhibit

al the university of Stullgart

Thig shelip at Sechalingipforts offerad furthar
-."|.1i|-=|'|h17'. &#nd opporiunities fgr nEgenuity
Legnhardt and Schlaich cleverty varied the
wiight ol the edge Beams by infroducing
Rollow and solid portions 10 oalance e
loaas bettar, thds minirmizng the bending
mmenis and hence the size of the beams
(4.B). Schiaich sees this as the main fealurs
ol the design: a solution which was concenhed
afly &% & resull of msighte into structural
pehavigur gained through the theoretical
pralysis of ihe system, Aware of unavoidable
disficiencies in the thegry concerning stress
disturbances in the region where the shell
turface was connected to the edge beams
Leanhardt and Schlaich made special provi
sjon to minimize these siresses, especially
by rraklinE the Iransition from the edga
peams 1o 1he shells srucTurally contindous

To mimimize the thickness, and thersfore the

A tgrm for a hollow portion

i of an edpe baam
waight of the =hell, they used oval tubes for .

fhe presiressing cabiss, making |1 poseibles te
accommaodate two layers of prestress ang
mesh reinforcement on either side within a
gnell thickness of only B0 mimi(d,11). They
conoeived a novel method of construction
Building the framework of the edge bearns
ables (run-
[re derection of the gerefalors) so

firgt gnd (hen p r-_-:r_r"l-l|r|.r'l|:'E' e ¢
Mirg i
thiat ihe tramework was in a hnely-balanced

stafe of fre=-cant SVEFINE SqQUIlIDriLeT DELDng

the shel

4.15)

surfacesy were cael within it {412 16
o Zu ' ! Laying the reinforcement

- — -—— 3 ‘
n !
]
e
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1
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]

#ekr e BT -

411
Cross sectban thraugh the B om
thick shell with prestressed

Ruintorcmment of the valley

rmiatorcement (inner) and passive
reinforcemant (ouler )
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& Shells Hamburg Kypar Raof

&.16
The completed shell
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a g Mijw 1he Iodms of cabils mely
aro more ‘readaple wisually 1han
those of Featureriess shell surtaces
(T akin Trom & 15659 paper am

the Hamburg roeol dedicsted to

Frite Leomhardl.)



% Shells  Stuttgsrt GRC Roef

4—557—+

Foligwang & pernod of anthusiasm for con-
crete shell roots in the 19E0S, heir poputanty
waned considerably, There were a number of
reaanns e this, bul 8 magor factior was the
cost of the complex and extensive lormwork
reqguired to support the wet concritle {4.[2}."
Schlaich therefors instituted 3 number of
research intiatives aimed at improved con.
struction methods. The recent develgpnent
by Pilkington Brothers of aluabi-resistant
glass Nibres as strong a5 steel had led o thair
usa a5 reinforcament in fine concrete to Torm
a new composile material (glass-reinforeed
corerete, or GREY. This was much mare hio.
mggensnus tham corventional reinforced con-
crete and its fugh tensile strength made it
possible to dispense with conventional min-
farcing hars, Whergas 1or practical repsons,
a concrete shell with two layers of relnforce.
4.8 ment and the NECessary cover cannot be lass
Basic lorm and dimensions of the = than sie o Eight cantimetras thick, the thick-
Stutigart GRC chall raaf (thicknyan ness of a GRC shell may be sxactly that re-

12 :rl'irh.} m]ﬂ.iﬂlﬂlﬂﬂl l&"% Kachis Elulfr.'d t‘:‘ rﬂ‘siit ke ﬂtfﬁﬁ#‘l. Iht HEI‘G-!\‘EHF-
e restaurant roof gar Femant Company mad beeEn carrying out
resanarch on GRC nder the direction of Pro-
fessor Maeyer, not for from Stuttgart, When it
was decided to hold the Feceral Gorden Exhi-
Bition, the Bundesgartenschau 1977 in Sttt
gart, Schlaich realized that the need for tem-
porary buikdings oftered a great opportunity
10 et the mes malerial, 1D was decided o
buile a pavilicn wtilizing a shell roof of GRC
0% o research project of Sehipich's universily
institute, with Wallgang Menz as his résearch
assistant.

a4.19

Enmpu ber odlpul showing [at an
wraggatated scale) the symmenri-
cal and antisymmetrical buckling
mades of a ehell gegment

Copyrighted malarial



The strength and lightness of GRC meant
that an extremely thin layer would be capable
of resisting the forces caused by seff weight,
snow, and wind loads. Its lightness would
miake It possible 1o cast the roo! In segments
which could then be lifted into position by
crane, The repetition and precasting would
permit great economies in the cost of form-
wirk. Moweer, there would be a greatiy in-
creased danger of buckling, because of the
thinness of the surface, so the shell must be
givers & form which was inherently resistant
to buckling. In thinking of a shell shape
which could demanstrata the advantagss of
GRC, a natural chgice was that used by Can-
disla for ftus restaurant at Xochimilco. This
has eight curved segments - hyperbolic para
Doldd saddies with edges curved in plan -
whise dopble curvature provides the neces-
sary resstance to bucklhing (4, 18+4,159).

With respect to buckling the required thick-
neéss of GRC proved to be only 12 mm for &
gnan of 26 metres batween supports. For an
cverall covered area of 31 metres diameter,
the segments would weigh only 2500 kg
each, ideal for prefabrication, As usual, the
mapor innovative leap was not the end of the
story. Many subsidiary problems had to be
salved, mcluding the "I"IﬂF'IL.fél':!iJFII‘!E techi-
nigue for & precise 12 mm GRC-layer (4.20
and 4,21}, the design of localized steel rain.
forcement for the connection of the sheils
and near the eight ball-beanng supports
(4.22+4.23). and the development of special
technigues involving "streng-backs™ and suc
10N strips far handhing the delicate segments
before they could be joined along their com-
maon edges and acguere their full stiffness as
integral parts of the whole shell (4.24-4.26)
The Hostan company in Friedrichshafen
played an important rode in these develop-
menfs.

4.20+4.21
Glass fibre reinforced concrete;
spraying af the form and rolling

Grminner. e
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4.22

Duetails showing the connaction
af the shell segments and the ball
support at the oendations

4.23
One ol the eight sieel balls
which support the shell



4.24-4.36
The GRC whel] undey congiruchion

& Shel Stuttgart GRC Koot
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L &l proved 5 ELEiul Thatl The 3l
thonties allowed it to stand for five year
FATAEF TRAA [RE AR D [ i mn
valliable obsarvall WETE Mmade during L

&t & A h:_rl".'-'!" -9-1 T further rieg ek
and anabytical work on the FGRC wa
-arriad gut at the Institut by Waollgang Menz

der Schlaich's puidance. However, in 1982
Fh T o A ::. | ged by h } ;'-:.'-c
-_-,r g LirmieE |1 had al flars Sorecianle
crean daeformat = #he DR #&AS Oe 1

i

'k
a4.27
The completed shall with &

temporary fagade for the Stutigart
Federal Garden Fair 1977



4.18
Modol for 3 shell roof ta be can-
preted om pneurmatic formwork

429

ldwal shall shapos derived lram
imflated membranes restraifned
by cables (from the dottoral
dissertation ol Wernad Sobok)

&4.30
Inflated whell fnrmeork wsing

ihe van Eeden system

Rnother way to red

ice thie cost of shell con-
struction is 1o replace the sxpensive fa)5e
wirk with & pnedmatic formwork which is
blown up like a balloon &ther belore or even
atter the wet concrete i< lad, ' The Eirmple
balloon shape, m the form of a sphencal
dame, has certain disadvaniages. At the low
pressures appropriate bo the constructian
site, the centre portion of the Gallaon tends
b tiE under the wedght of wel concrale and
Become undesirably Hat. This increases the
danger af buckling n Uk reglan whan tha
gfel]l must suooort its dem wn-'lgl'-r and Ay
suparimposad |pads dues tp wing, snow, or
mainterancs work. Sehidich thoralors imati-
futed research on pneumaic forms whose
dome shape was moditied by cables passed
pwer the surface and tensiored (o creats a
form rather like that of the GRO shall, The
cables perrmut an increased internal pressure
and this reduces sagging during construchon
(4,28}, The mars compies SNape INCrEases
the strength of the finished shell and, mast
mpartantly, e resistance 1o buckling. In ad
dition, # shefl of this shape would have betier
internal acoustics than a3 smassth dome, and

would be sasier B0 fil aut miernally

&.31+d.32
& frew shell shape desveloped by
inverting a model tension net

LH
g

achlaiph's first design axpanence with this
concept socurmd 0 & project 1o cover an ice.
skating rink-af Stutigart’s Max-Eyth-38e rel-
reatian ground with a pod-metre-dismeter
shisll roof, To gan praciical experience. s
technigue was first appled to the construc-
tian af a similar roaf for a small water res-
afyair near Hellbronn in 1883, the desigr
being carried out by Werner Sobek and Fritz
Bacher. The Max-Eyth-3ee rool was never
built, but the expenence gained In Its desEN
arnd with the Haillbronn profolyps was &
tremely valuable. Sobek went on fo write a
dissertation on the subpect at the lnstitul
whiieh was subumitted in 188G (£.29). He then
entered the Schiaich Bargermann office and
woreed There 1of SOme years Defore t.._'-llr.-l'-E
up an appointment a5 Profeasor at the Unl
wErEItY OF Hanmovar and [herealter L e |
ing Frel Otto at Suttgart. Much later in 1991
the parirerehn (ook Ihe opporiunity B0 Can
tnbute to the reztization of large silos i Ger
manmy on the basis of a8 paténtsd system 0
which the concrele |5 sprayed onto the imter-
gk of @ preamatic form (4, 30),

Another form-finding technigue was applied
for & free shaped shell roof, bullf with the
archutect B, Dstertag n 1990 in Stuttgart, {0
potain a fres architecturally appealing shape
that was at the same time structurally sound
{4.31+4.32) These technigues have been de
veloped and publicized in recent fimes by
Heinz ister and Frel Otto. " Unfartunatsly this
shiell as reahzed in Stutigart s squeezed
Batwesn otlice bulldings and 114 freg-shape

chargcter Completaly absouren




Ir the sarly sevenlas Schiaich worked with
the architect Kurt Ackermann on the design
of sewage digester tanks for the Klarwerk
Gut Marlenhof in Dietersheim, near Munich,'”
These are needed to slare targe vobumes of
hguid whike biological processes act o break
down the waste matter. A fine structural solu-
tion had earlier been pioneered oy Ulrich Fin-
sterwalder Tor the tirm of Dyckerhoft and
Widmann [4.33). With Distger Weischede as
project enginaar, Ackermann and Schisch
applied both advanced shell theory and pre-  4-34-4.36
stressed concrete technology to develop a
cone shape which could be constructead mors
efhiciently, was as ideally suited to resist the
outward pressure of the liguid, and permit-
ted smooth internal flow and efficient clean-
ing. They felt that it would be an advantage
to sink the lower portion of the tanks below
ground level, to reduce their apparent size
and to leave anly the clear and evidenthy
stable gegrmatric form of a truncated cone
protruding (4.34 - 4.36). As usual this aes-
thetic decision was remnforced by a technical

433
Dywidag sgg-shaped sewage
digester tanks {for comparison)

Gt Marienhol sewage irestment plant

advantage. The pressure of earth against

the lower part could be used to counteract

the cutward pressure of the contents, thus

relimving the shell of part of thes task

The result at Gut Marienhof, completed in
1987, is an inspired and competent engineer-
ing soluteon, Dut for the purposaes of insula-
tion and for architectural reasons, the cones
are covered in a cladding made of troughed
aluminium sheets and the casual 0DSErveris  su . ke tamks with contral
unaware of the concrefe shells within access lower and linking walkways

The project under construction Cross-seclion through two tanks
and the access tower
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4 Shelis

A gomparison of structural forms:
the ofiginal architectural concepl
«of the Berlkn Congress Hall {lafy
and the Rataigh Arena {right)
[soce 2.2)

Barlin Cengrasa Hall Collapan

I 1230 Schlach wos calied 10 give &n expert
opinen o & case where the disjunction
between architectural concept and ergngsr-
ing hrad led to dizaster: the eollapse of the
roof of the Congress Hall in Berlin. H This
builghng was dagigned by a US eam led by
the architect Hugh Stubbing, with Severud,
Eletadt ard Krpeger a5 engmeers, T8 oon-
struction in 1257 was a gift from the fmeri-
can to the German people, In its struciural
soherna it bore same sinilanty to Ralph Mo-
wicki's famous stadium at Raleigh n North
Carglina, designed by the same enginsers.
Schlaich considars the Ralmgh Sfadium to
be one of the most significent buildings to
be carmplates since the war and warthy of
venaration by everybody inferested in light-
weight struttures. Thers, two slender srches
are leaned over ot o steep angle to support
& tcalila-nit oot sutpended bobween them,
The tendency for the arches ko fall putwards
15 balanced by tha invward pull of tha net
but, to ensure stability, eech arch iz directly
proppet By a row of oolumns, similar to
those mentiored in the discussion of the
Hamburg hypar roof, A similar system was
adopted for the Congress Hall, but with a
prestressed concrete hypar shell in place of
the cable fnet. Ik ten arshas wire ot placed
on the ground, buet sprang from the taps of
2 pair of piers (4,37 A& wall surrpunded tha
auditariem, atliptical in glan. Photographs of

438
Fha structural schanve of the Cona-
greds Hall as buil] in 1957

38

the architactural model show the roof pro-
ircting far gear the boundaries of the sub-
structure to gve the impression of “floating™
above the concourse, The arches are eppar-
ently fresly cantilevered, with me suggestion
aof support from bealow,

Howregver, aiter fins concept had crystallized,
an ireestigation suggested that the system
wia not really stable and thal corrective
changes would be necessary if it were to be
built satisfactorily, This congluswon showkd
hanms sparked a compete reonsigeration

of the strustaral and architectural concept,
However, a3 often happens, the principals
chigas ot 1o abandon their orginal formal
concept angd degdad 1o divde the hypar roof
intm an entirely independent inner roof, sus-
pended within a concreta ring bearn which
wirdld be supported on the audidariem wall,
ant Bwo glfer rool Zones SPANAING the re-
sl distancs o the arches (4, 38+4.41).
Thar arches were row manly decorativi in
function yet it was necessary fo find some
means of supporting thair wekght. The most
logical solution of propping them from belpw
was out of the gueshion for architectural
reasons, 56 it was decided to tie them back
o S FinE A By fsane of prestresting
cables embadded in the outer concreie slab
{4.39) 1t was recognized that the latter
would bBa subject tg constant flexing (as wall
as extremely high tension) gs the arches rose
and fell due to the effects of snow and wind
load and temperature changes, There would
also b turrhu lakivey movimant dus to creep
and shrinkage of the concrete arches,

Giwen the state of knowledge and exgerience
at the i it wad probably assumed that the
70 mm thick concrete slabes of the guter roof
wondd B sufficiantly fheabies 1o fallow this
mioeemett without distress and thet. even

it significant cracking of the concrete chd
accur, the sheaths and the alkaline nature

of the grouting surroundmg the prestressing
cables woukd protect them from corrosion,
I the geent, dus 1o the tension, all movement
g regulipnt cracking was concengrated in
& narrow band sdjacent to the perimeter of
the oot (4.40) Rain, and spray from the

Copyrighted material



ornamental founizins in front of the building

reachead the highly stressed steel and led to
i brittlenass. The problem was

exzcerbated Oy deficiencies in workmanshio

due to the very short construction pen

o

fily 180 manths, These

il et i -
x| Cluded Inaccurataly

placed reinforcement and prestressing

grit), poOrous concrete

cables (4.40, |ower right)

at joints, and a leaking roof membrane In

1980, alter 25 years service, the southern
arch withoul warning 1ore away from the
puter siab and collapsed o the ground

A5 B
(4.42). Forty

il im

g

al The hime, Une persaon was «willed, but the

{isasier Fidve DEEN Yery MUdh Wirse

Schlaich's report contains the following

“The collapse of the southern

concluSiof

QULEr rodl anc arg

1 was caused by deficien

CIEs 1n e &r ,ll NEeering llﬁflgr:l' AN COrmgiric

tign of this portion of the roof. fhe result was

faiiure af the tension mambers supporting

the fm Grohes, oue (0 Corrosion Cracxing
This exposed the technical dishonesty the
gesign, in i & Inclined arcnes did not

carry the roof [as they appeared to d

wEre merely attachsg oot to sp

architect’s formal concap!

- o)
crticisad from [he Deginning Dy engineering
—

gxperts, The inner rogf, the rea

o0, remained standing

.41
Berlin Congress Hall: exterior view

bedore collapse

s T

T B B e ; ot
at the fall show s aired 2ha way
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naEt 118 ouTwand appearsd EAS Well 851
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F] WHME Wi 2 Allere g lander

r—— " Bt
10 M&Eris PET I 5T

sred fior ntractor a prop {o span
the antire building with a cable net strefchad
befwesan bw ned arches. This would have
Sankad Over the innar roof and protacted i

MNEr roas, SN ba

FE W [ner NS TNe

SICANY SOUMNQ AN now raguirac bl I. LD Carry

T neen retained and

b |
B ELH |

| _'I_' -. '_'-l-_lr_'l Il...l.
the original ones. Some strengthening of the

main Supporis would nave. Deen necessary

irvolving modifications to their shape, but

N SCRIZCh S yiew The new shape wolld nasve
i more Iogical. slthough this Scheme was

backed by the contractors Philipp Haolz

Al it was not accepted Dy

n 1984 the roof

concrete shell by anather company

TNe Suinomtigs. ant:

Was DUIFt 85 3 prestressed

4,41
Bird & wyd vléw showing
the callapsad arch

4.39 pr
Cross SEEton tRraugEh the arch,
prasiressed cuter siab amd inner

ring beam

.40

Details of the joints connecting the
puter slab 1o the arch (1eM) and ta the
iamer rimg baam (right) aler eracking




Matas 1o Chapler 4

V& Fuber, Canciela, the chal buildar, Feinhaofd,
Nirw fork, 1963

* _8q sintach divses Kraftespsst [ bt My &) davi-
4ieht, 40 wivddlbgmmen gl ¢4 in Werkhichkel, Schon
dig Gewichbe der Randgleadaer tadden sih oichi aul-
b, disk king |olrechte Lok kann dar Schalen.
rand ubdrhaupt nschl vertragen, ., Che Tatzache, dalt
dig Schale hiing hulhirs Sehubbelatiung bilinbiger
Grdfe o Yragen vermay, bedeutet kinematisch, dail
dig Schile mit den Rendgliedern nicht staer 3t, son-
dirn girwer didvasglosen Deformation fahig ist, Das
hedautet, dail Schadorlormean diesar Art [indl eend
untarstutrten Randglisdeen) mdt auliersiar Varsscht
2u gebrmschen sand,” W, Flugge: Stabk ond Dymarmi
cher Schaten, 270 s, , Speingne, BerlinGattoganHin-
delbarg. 1957

Yhig o parlly bt (e paramaters ar inhar-
#ntly [inknd i thay physical modal, pnd party be-
chuds ey 03 deed g required to busld angd test
ach medels & e 39 grenl that in madl cased anly
o urght model is wiad,

A | Senimich: *The COMpLIter Betwenn 40eenie dnd
practica”, Stevctural Engardaning Inbivaaivandl, 1719491
{Fedn L9500,

* G, b remmarks rudfuslby, “rl hanpaned again
twenty wirars Inter, with the Montrgsl roqft”

J'-'I'I-:nu't--ﬂ-m-tnf. e ot ARAl imparlant structural ditiike
Incorporalad in (ha désign (such aa Ihe nalure of

the condempoart ddge bearme, which mipdmized oo
atregatd in the jaint bebwoen scige basm and maem.
brang) meant that cerfaen dohcisngis of the analy:
313 wlt g BOEptab b, He ot that “Laler on, thiz was
anpctly thie joind whieng ihe $hgtl food of the Berlin
Cangrasa Hal (M, But that snspecisans carried
it B0 e Hambeig raal immodlately fablewing the
Barlin catlapae pecabd 14 $oundodid,

7 1, Sentnich: Zum Teagarhattan von g e il
et Alckt untarslulrten Fmﬂdrr.l.,e&m. {Heprn Froles-
o Dr-frg, Fotr Laonhardt pam &0, Gaburiatag im
Juli 1869 gewidimeat, ), Alator vid Sabibefonbat,
1970, Helt 3,

i Fartly, thiz was a question of raumple changas of
BSRIGN IN SARINERNNE &5 whll A% Archatactural
cirgles, Thee fact that e architect must be willing

10 acoult comesiaralile pUidanGe Trom (e anginear
H i biechrst Bty Seamed fopm 3 10 B achieved mgy
al30 hevw contrbuted, On the practicel rade, in 2041
1o b bhe coul of fatomsork, spaci care (T naeded
o endure wabir daghtneds. It of Aifficul to Many 2
coswetianal planar wall system aesthelically with
a cureatd shell, anc there am pragocnl protlams
becausa tne shell i3 subdect 10 reiatialy Mage delor-
mations due 10 emperaluee changes,

¥ Eincg fhat umy furihar dwmiogamant has gremly
impreradil ther progshetsrd Of glass libres,

1a Major advanoas i this taennigue were thei 1o
Lir, Daarile Blinl, Sea a, g, Sow Gl Engeraer,

20 Fely, BIT6, P 26-8; and Contiruceions) Review,
ay 1376, p. 80-66,

&0

ittt wrructune of a witle-spanning eonf (5 to De
lsght b wabght, banding siroseas ot be kopt 1o

& minemuen, This appding whathaer the wrsiue o

f ahell compated ol magonry oF CONGrEEs wWikae
thicknats eyt Bl mindmped, o 5 ﬂ:""'d (Chaplar .E].
wielie indilndunl mémbers vk to be hept as slender
na paacible, The dhans of the surface mesy be enp-
wan 50 that indeiciin) meambs oeo plcad oa
state of almost pure compresaion uider the eftack
o wli-wedght s reaconabiry waiborom superon.
g boanls, An astatilished methodd of achieving
iz is bo buitd a micdel tena FIMCIURE WSty in
thar farm of & cable mal & wosin faleg hinding the
sagma (1mpadnl} boundaries as the projected root.
Gacausn the madel s completety Tlasibls iy hangs
RaLrMIy en 6 STAT0 o purs Bengsan, IF L form ko
BEtAnad A phdalelactony lor funclivnal reasone,

it rmay e altered by changing the culling pattern of
tha mal o fabeic. When tha designar o tatisfisd with
the form, the modd moamvdrted aithes in reality o
mathematicalh. 113 dhmansons ang [3ctoned wy to
e ees of o full-sca gtructure which under
gei-waight anel symmateical Loading will act antingly
IR SMEEREEn, TI wide applicability of (fw techs
nicpiin Mighdignts the cloas ralationshng between Thi
rmchanics of grid comaa, ¢ able-nata, shalla,
me-mbeanes, & 4irmilar tecthmigus wak UL Araundg
1300 by Artanit Gawsd 16 lind a suitable shape for
ne-pothic shurchas {J. Tomlow:! IL 34, Dbs Modetl!
Vv Mochnly £ Afacfle, IRgLI006 Tor LIEMbwasgist Shric
turas. Stuttgnet, 1089, (Htn's besd known example
1% Lhwr dnt ki ure far the Bundosgartentchou at
Mannhaim, designdad with Tad Rappasin {Happold
anad Litdald, Strpciural Enginmar, Mosch 1975, p.oa).
Hainz lubar hpg pat e technigua 10 orlllmat use
chasigrng hes concreta shell reols (A 1ler: “Con
crode sty derived from eipormantal 2hages”,
Siructurd) Enginmar Intarnational, 371994, March
Vo, [ 183147

2 S alen H, SCHUNLE CORSILCIIPTE 1000, lntu
Hrrgarcivtadie o Europa, Vsoenly Varlag, Hannged,
HFRD.

ia Sarch arefatigatenng ara Callgd i Girnian Gl
aghiten, The naen cames from the wrb gulschten:
“10 nCt 0% mn EKRErt wiknaTa” med 1 wiually transg-
lated =5 "aa sxparbice”, |0 thi case It was & ot of
profedtiandl "second openion”, AL Berlin the axpar-
{i5% was 10 be besed on & prelimnary inwestagation
tw Pratessars M, M, Engatl, of BP Dustaldor! wnd
K, Kowding, of TU Braunschwaig, wia had posrod o
bt Tach thiak they wirgs of lhd termtion cabled connact-
g the edge hrch b The ring bidm o jop of the
auditorium wall werd Dighly coresded and that Hhdr
ruptura coused 1he Arch to collagse. in hed Gutach-
fen, Schiaweh aupliined the deficienes in degign
wEECh causmd cracking and Corrasion,

4 Son Baton- und Stehtbatontu, 12/1980, p, 281-254
and L1946, p 22-25,
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Selected pubhcations by Jorg Schlpich and
co-guthors (if given}up 1o 19SS to Chapter 4
Cancretg Shells, Research on Glass-Fibre-Rein-
farced Cancrete

manthfyear

0370 *2um Tragverhalten ven Hypasschalen
mat mchit unterstutrien Randtragern”, Betod- and
Elabibetan .

04/70: “Das Hyparschalen-Dach des Hadlenbades
Warrtburg Sechslingspforte”™. with F Leonhargt.
Betan- und Stabiberantiu,

08/ 70 “Hypar Shells for Rosling Indoor Swimawng
Pool in Ramburg”, |1A55-Kongrad, Wien.

04777 "[ne Glastaserbetonschale fur die Bundas-

garlenschau 1977 in Stuttgart”. Batontag 1977 Deul-

schar Betonverain g, W

09477 "A first lang-span, lightweignt gfass-fibre-
reinforoed concrate shall™, wath W, Menz_ Procesd.
ings. 1455 Congress. Alma-Ata.

01/74; “Faserbetone”, with W, Menz, Baukalonder
157

12/B0 "Teileinsturz der Kongrefihalle Berlin -
Sehadensursachen - Zusammentassendes Gutach-
teni™, with K. Hordina and B.. L Engell, Befon- und
Stamibetanba

01/81: “Glastaserbaton - Cigermchatten und Mag-
lechiesten”, with W Menz, dus der Forschung fur die
Prawis, FAW Blattes, 1

05/82: “Haben Betonschalen aine Zukuntt™. Hedon

10484 " Riflwiderstand wnd Rifertschein bei Glas-
faserbeton”, with W. Menz. Fortschedie im Konstruk-
tven Inpemeuwrkau, Fegtsohnk: Gallue Relm z2um

60, Gaburtstag

01/86: * Swtable Shell Shapes”™, with W Sabek.
Concrete Infermatranal. yal, 8 no, 1,

D&/86; "Do Concrete Shells nave a Fulure?”, IASS
Huidgtom,

12/94; “Anton Tedeska and the early nistary ol
congrgte shalls™ with P Saradshow, ASE-Buliefn,

&1
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5 Cable-Net Structures

Fage Projest tomgleted
i Munich Olympics Competition 1947
Cable-Net Roof 1971
BO Munich Ice Rink Roof 1985
L] Hunich Kempinski 1993

Hotel Roof and Facade

50 Schmehausan 1974
Cable-Neat Cooling Tower

ok Stuttgart Killesberg 12e0
Lookout Tower Proposal



T

Munich Glymplc Stadibms;
Model of the scheme which won
Flrat Prizga for Genter Bahaisch
umd Partnes

5.0
Model ol the schame which son
Third Prizge for Helnle Wischer

und Partmer

5.3
Fram 5.2 The stadium

Cable Hets

Munich dlympics Compeatition and Lable-Net Roof

When (he decision was mads in 1967 {o hald
the 1972 Dlympic Games in Munich the Ger
mian govermrmment called a competition for the
cen:gn of The fecettary S1aAiLIme The cosm-
mittas in charge set nowel themes, intended
to refiect the nature of demodratic post-war
Garmany. The project was fo have minimuym
impact on the natural and vaual ervinon
ment, blending as faras possible with the
landecapa The ambience was to be youthiul
light-hearted, and unforced ' Structures
could be impermanent or even dispensed
with allogether Buildings for Olympiads and
Expos are generally seen as cpportunitiss for
ratlicns o display thar techmcal and armh
tectural prowess and, with such an exciting
and challenging task ahead. competing archi-
tetts tormed teams with Fencwnada congult-
INg Engineers.

Hesmie Wiscner und Partner joimed with Leon:
hardt und Andra. In the EAgNesnng practice,
Kung Ball took &n the role of active partner,
while Schiaich becams project engineer, The
stuttgart architect Gilinter Behnisch and his
porinars formed a team with the Swiss engi
neer Heing isler, renowned far his free-torm
concrete ehelle Hahnisch also sought the ad-
vice of the architectural histonan Joedicka,
whoss books on shell roofs had contributed
greatly to their popularity in the 1960s, Beh-
risch fimally ocoted to wse & cable net for the
roo! structure, possibly inspired by Fre) OF-
to's roof for the Montreal Expo of 1967 and
the competition themea of transience Cable
riet construction lay cutside the rangs of |s-
ler's direct experence, and Schlach has
commentad {hat thie was, in a vay. & goo0
ihing Any come&ntional angineer, including
Senlgich Rimzel, would have told Behmseh
thaf the tree-form cabke net emdisaged m his
competition modeal could not Sossehly work

i this had happaned the present roal would
mirt rcee @ eet Callait in necessar ly moditied
form}, The Behnisch entry was awarded first
prize. with the Heinle proposal coming thind
(5.1=-5.3). The jury cons:dersd Behnisch's
scheme [0 De an outstanding realizaton of
the competition themas, However, ther gn-
thusiasm was qualitied by thair concern thal
the propesed roo! represented 2 step into the

G4

unknewn. 1T was to B an 8 much &rger scale
than Otto’s Montreal roof, 1ts nearest equive-
lent {5:4). Tha Murich net was to ba draped
SHarEly aver a nurmber of Mt within its
boundanes and this would lead o very migh
farces irs the cabiles in the immediste '.|I-:.|r'||T;|r
of the mast heads. To that date no satisfac
tory means hod been fountd of coping with
this arobtern. On the other hand, in some
parts of the rool the surface wat td De ax-
trermely flat, In these locations the low curva-
ture would permit large deformations under
static load and passibly largs vibrations in
strong winds. Even though “lransience” was
a theme of e competition, addilionag) Ques-
tions were raised conceming the duratulity
af cable-nat roofs

The compefition jury naturally felf that the
construchion of such a large and crucially
rmipartant sirechire to a hight Brme-schediile
was not the occasan (o attempt major Dregk-
throughs in technigue, They suggested that
Behnisch's brilliant responss ta the environ-
mental and architectural themes woukd not
b grestly dominisned by emifting its roots
complately, or by covenng the stadiims with
thie roafs designed by the Leonfardt wnd
Andra team for the Heinle schame, These
rocfs. which cons:ssted of saddie-shaped
cable nets suspended from farge perimeter
ar;hes and cables, were alSo Mol in con-
ception and =e bul definitely practicabls.

The award and tha aCcompanying reserya-
fians caused intense excitement and public
discussion. In Schiaich's wonds “the newspa-
pers and telavision statiors consulted Ty
sipper | and, sven more, sYery Non expart whio
assumed he had an opinion. Everybody was
asked and faw knew what thay were talkng
abaut”

The maority ocpimon amongst scpenenced
enginesrs throughout the world was thal the
proposed roof was indesd rmpracticabla. Al
the end of 1967, Leonhardt jgined with Pro
fessors Ausch and Burkhardt (n g detailed
evaluation of the protiem.” They stated




“It I= pontlese, for technical and econormit
reasons, to boild & root of this formeand size
esnecially since the |ury Tound that the amis-
aah of The rool widld fot dirmrmash e ahs-
tic value of the concepton, Therefore the
clien! would be ll-advised (o base planning
anly an the salution propased by the winneas
af the first prize without examining genuina
glternatives to the tént design.”

Evefitually, to break the impassa, the HBavanan
J. Strauss gecided that the
two tearms led by Heinte and Bahmisch shouid
cormbine and that. o they found the $o called
“point supparted root T oF Thea prizg-wanning
schame imoracticable. they should build

=

“rime Minister £

Behnisch's schem= with the Leanhandt und
Andra rools

Mot surpnsingly, Behmisch and Heinlg wers
uriabla to fnd & mutually agreeabls archifac
tural compromise. Schinch remembers a
cruclEl mesling a1 Hemnle & affice towands the
erd of 1867 with the two teams of architects
Advisors, and enginaers sithng facing each
athar, sither side of a long narrow table. Thers
was a total faslure to communicate. Behmach
meEintameag, ,|_'-§.r11|,=|'|.‘ll:,-_ that f would be n
chculous ta builld his scheme with somsone
eise s rogl = |t would be °nb scheime at &l
Evertiually Hainle, recogrizing the merif of
Bshrmach's concept, decided to withdraw

“In the interasis of the nathon and its I‘:'l".'l"l'-J.: I
&Hort®, To achieve an integral work of arche
tecture, the project must be left in the hands
of gne designer, He aiso recommended that
the Lecnhardt und Andri tearm should move
acrass b0 joun with Behnusch in an attempt to
meake e orgginal scheme work. Schiachs
loyalty to Heinle led him at Tirst 1o refuse, but
he was linally persuaded by HEinle himsell |
jain thea Bahmsch team.

Behnisch calied in Professors Hupfer and
Gatinar from the Technical Unversity of Mu
O
gan 1o search aarnestly for surtable solutions
On the architectural design side. Schiaich
wirhad mamly with two young archstects

meh and tha beam, now based in Munich

from Babimsct™s Tirm. Frity Suer and #ari-
Heiriz Weber. On the mdne technical sideé ke
worked with Erfard Trankner and Wilfned Bu
gl (5.5). Thay postulated a vanety of cable
net forms which (holuded versions supported
radially or on arches, and stiffened by panels
gf timber or Corrugaied sheet metal, Small
rmcdels made from malchsbicks and pant
nigse werg used 10 investigate oossble orms
{The latter i5 an sdcelient material for simu-
ating the properties and characteristics of a
nit surface). Waork on the *point-supported”
LU, i owsEch the nel sal diractly an tha
mast tops, resulted n a2 form whcch differad
from Bahniscn's onigmal scheame gnly by

& couple of additional matchsticks  and was
cansidered by the enginsers to be still un-
buildable, More purposalul work continusd
on "edge-supported” aiernatives inspired by
the Leanfandt und Andra schame, byl greatly
extended n area to correspond as closely as
possible to Behmsch’s scheme (5.6, At that
LifmeE. 1he B NEEr T wafd naturally sl hap-
prer with tha latter

On 1 March 1968, the commities charged
with ceerseeing the design (the Diympia-
Baugeselischaft or OBG), hnally decided 1o
adopt Bebnisch's first prize scheme for the
southern areas of the Dlympic Fark, lsaving
open the desision on tha Type ol rodl 1O 8o
witn ot Hepnle's office was invited o taxe
et the design of the northern area includ-
ng the Hympic Village, with K, Boll as strut
tural consultant

m
T

5.4

Comparison of the size of the
Munich Oiymplc rood sith that of

1 Montreal Expo, 2 and 3 Tokyo,

4 Stockhalm, § Hew Haven, & Ralaigh

5.5

The Behnisch team in IGEG.
From left: Karl-Meinz Weber,
Erhard Tranker, Gunter Bahnisch,
Fritz Auer amd Willrlod Buzel

5.8
Dne of the “edge-supporisd”
schemes



5.7

Fritz Leunhardi conlersing with

[tram left to Fight) Heing Ixler,

Fritr Aoer, Frei Otto. Jarg Schisich.
Audalf Bergermann and Kaut Gabriel

The initial pantihose model
for the stadium real

5 Cable Nets

Munich Diymplcs Roof

At this time Fred Otto, whose office was then
in Berlin, accepted Behnisch's Imvitatan to
become involved in the project. On the engi-
MEsring sithe, Leonhardl, who was 5 HINE s
turn-as Rektor of the Unersity of Stutigart
and had bean pracccupiad with the student
unrest of 1968, replaced Boll as active part-
ngr. The two ethices in Munich and Barlin now
produced a large number of proposals lar
the pont-supporiad alternative. Schlach
remeambers this period a5 antiher ghhligne
in i protessions! e He worked mghleen
hours a day from Monday to Friday and re-
turned to Stuttgart for the weekend to refax
by wirking on the canstruction of Rig few
house! in the design office he was left very
much to frs own devices. Legnhandt s dufies
allgwed hirm to vigit Munich anly ety month
ar sa, but Schiaich recalls that his pressnce
on hesE OCCa%sonSs and M UTHmENSE BXDen-
gnce were "extremely Helpful 2nd reassuring”
(5.7

It was Dfto who provided the inspiraticn 1o
sel the project moving in the direction of the
point-sappor ted systerm favoured by Bah-
misch for the half roof over the stadium. He
hao recently tachiled the Migh concentration
of forces around mast heads in his design for
a stadium rao! v Gelsenkirchen, and had
evoived & salution which would need only
slight medification for Munich. He also
trought a certamn arder o the overall schemea
by proposng that the rool consist of -8 mum
per of distinct, though adpining. saddls
shaped nets (5.8) These would Be suspended
from sipping cables attached to tall Inclined
measts siluated Dehind [he grandstand. A
massive edge Cable curving argung the Doun
dary af the playing field, just above the front
ot the grandstand, would be fastened 1o
ground anchors and tighfenéd to place all the
nels in b ostate ol tensan, With further Fougn
textilz mpodels, the team comvinced (1sef that
an this basis *point-supported” roofs could
be adopted alsa for the sports and swamming
prena and for the areas in between, They
therefore submitted this initial design of &

&6

paint supported roof as their tavaurite solu-
tign. However, at the request of the client,
ey dgpain included the alternatve sdge sUp-
ported scheame, which had been worked out
m much more datal m e meaniome,

Schlaich remembers that Behnisch and his
partners did not really like this point suppor-
fad solufion archifacturally (although they
mich preferred it to the edge-supporied
srhmme) becalse (| lacked tha treadom: of
farm that nad been the main feature af his
original proposal, Hisewir, a5 De Lnew TNal

# decifion for ane of the two salutions must
soon be taken, his words in paraphrase wamns
“look, | mnow you arg trying o do the best you
can just get it as close as possible to my de-
sign and I'll be happy wilh that". Af this stage
the DBG, very concerned about fechmicsl
matters, hurrisdly appointad an international
group of experi engineers {6 advise on the
choice between the two senemes. The experts
guestioned the dasgn eam about foerm,
structural action (especially serodynamic
stability and deformation under snow lead),
cladding, fabrication and construchion, and
the time raguirad for complation, The an-
Daers o Ihe dge - Supporied alternative
were clear and convincing, while those for
the point-supporied scheme could only be
approsirmiate, Howeser, knowing that the com-
patition jury wauld shortly Be reconesened 2nd
would i all leeithood confirm its decision 10
favour of the point-supporied rool, the engl-
neering experts agreed in May 1568 that the
design team should préss on with the " point-
supported” option covering all sporting are-
nas under one large roof, Even so, they left
open the pessitnlity that the scheme maght
stifl b2 abandoned in favour of the more con-
vartional solutisn

The expert group was especialhy concerisd
Ly the danger of aerodynamic flutter, and
gemanded thal the dasign taam orove analy-
Bically that the roof would not be susceplible
to this problem o, failing that, suggested
that it be stitfened by some form af shesting
to achieve a type of "shell” acbon, The com-
plexity of the problem made It impossible
gven to approach the analysis theoratically

Lopyvrighied mate!




However, Schisich's intuition, based on

EipiE

1 more simple

fience tn the analysis o CaSes
Suggested that in g form as comalulen as 1he
Mumich raof the natural vibrations of one

SRCLA

phaze wibrations transmitted from adiacent

5 COMOLCTEd

N WDk e counterscied Dy oul-0l

areas lasd ates an a small-scale
and much simpler expenmental roof pro
vided the reassurance he nad been ses=ing
Frowisian wWas made n the final design for
netaitation of axira bracing cables after con
struction, but thess have proved to be whnac
egaary, On 21 June 1668, the ORG declarad
that the pomt-supparted rool, as so far devel-
pped, snould be bt with “shellypa™ timber
stiffeming " They cecided that work on the
adge-supaorted roofs should ba terminated

atlerifng 1he

COnes I.Irl. ¥
uted greatly | PSS
sicn between the two alternative types. For
Danent of this

Schiaich. however, the resl |

wiark hiad besn the walding together of a

tedm of young eangineers and architacts whi

respecied s CIENEF 5 A0INEES SN NE0 o8

vloped a camaradens winichowould stand

therm in good siead i ine coming streggle

Bennisch declared his absolute trust in this

[eam and samn e could wani 1or no DET1er

iith the decks at last clear for achon, the

tenm was ksan to get on with the maim task

Pubilie interfarencs in (he projact ceasad for

the time being. contracts were awarded, and

mixney became availabie 1o start owildimg

up the design teams and commenca teshing

materials, components, and models, The de

stEn group adopted the lemgthy tithe of Archi-
3

tekten und |Ingenieure Behnisch & Partner

mit Jurgen Joechcke, Fran Otto, Leonhardt und
Andra. leler moved o take over the design of
the stadium substructures while Professors

Fupter ard Scd

dtlEr wara asded [0 Dedormue
T|
|

n Schiaich’s words, 0 ar

Proaf Engineers Tor the roof S WaS A ek

fhey perf

y perfarmad

SRCEpTIDNAlLY COMSirucTive 3nd COrEEemis

Tl mTHEr i and Mertert d'-_l-_p'r-r later be
and pood friends

1 July 1968

came collsagues The engl

nESrng design tasm ‘ormed or

{ Lemnhardt hned

ingdes the =:_.,:.'|1'-r: BE

Schlaich as leader with Rudol! Bergermanr

respaneibie for the stadium ool Kl b

lirich Otto for

Brig Tar ENg SPart el Mo, I

the syimming hall roof, and sar] Ks rikar i

for the connecting roals, Schilaich, 81 33, was

the oldest member of the team

Within a few months, the torm of the mof

rEed | BT

nad Deen refined and AlLZed rSIng

Tl
models (5.9} The engmeening analys:s and
e EIEr ~able-net foofs at thal time was

iy of (ests and messUrements
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R cable

This prineipls af the cable net
utklizing & constant mesh width
[except &l the edges) and adapling
i double curvature by change of
mesh sngles. The lotal lengih L

ol wne net cabile s given by
L=a+n ml-l.-hwlll'".l-i-l:l

here TS5 Cm

LS E
The Munich cable nel with
its 75 cm mesh = idih

% Cable Nets

Runich Olympics Aoof

5.14

Ap edge of the net, showing the
doubie locked-coil pdge cables and
the furnbuckles provided to adjust
tension in the net cables {see 5.45)

-
.

515

The main multiple cable larming

the wdge of the stadiem roal and

the sdjacent cable ety (See 5.41]

416

The standsrd cable-nel clamp.
Eefore and after press fitting
ILELE S

68

These considerations prompted a 22-year old
French engineer in the tearmn, Marc Biguenst,
to start work inthe summer of 1968 an devel-
oping an antirely computatonal mathod for
calculating cable lengths and joint locations
Tre team sought assistance from 0. Scharp!
and Th, Angslapoulos of the Institute for the
Statice and Dynamics of Aero and Space
Structures at the University of Stuttgart, led
by Professor Argyris. Schigich recalls that e
went to Argyris o ask him if e would be zhla
to soive 4000 stmultanecus equations. (This
wis at a time when the average engineer,
working by hand, wiould baulk at nine.) Alf-
hough these were wery early days in the devel.
oprmént and expladation of the digital com-
puter, Argyres bravety said "yes”. His re-
Gponse to the challenge played & larges oart o
establishing computer applications in struc-
tural engmeening. The computar methed was
devaloged in time to apply it to the roo! of
the sports hall, This was the first time that a
caole-nel rogd hipd Dean ﬂi'lahr?_fﬂ Dy Caledla
tion rather than physical modallng, and 1t s
possile thatl Schlaich's strong preference for
fundamental theory over expernmentation in-
creased s motnabion to obdamn an analylical
solution. The accuracy achieved was of course
MLEn greater




Unforiunataly, this deveiopment was distres-
ging for thosa at the 1L who nad spent a large
partof their lives developing the model tech.
flgue ot a pariod when the develapmeant of
the electronic computer could rot hase been
loreseen.” Its effects may heve contributed to
ihe gradual deteroration which was then o
curring in the relabionship between Schlaich
and Otto. Many differences over technical
matters added to the problem, Otto wanted
to use, as lar as possiple, the ideas he had
developed for his Montresi building, espe-
ciglly in regard 1o cable and connection de-
tanls. Howewer, @ visit to Canada showed that
the detailing had already led to partial deten-
gration and Schlasich wished to introduce
madifications to avoid this. He also wanted,
as-an engnesd, (o Maks Maxymam uss of
symmeatry and repshition in the shape and
detaile of the roal. He argued that, at the
minimum, there should be some sort of or-
derly progression in the size of masts, net
pariels, and other features. Otto’s inclination
a5 an grenitect was to strnee 85 far as pos-
siple for the freadom of form which Behmisch
had onginally envisaged: As Schiaich remigm:
bers, “everything had {o be random™ This
greatly complicated the engneering.

Lengthy discussions argse over the size of
the mesh to bé used jn the nat, and the de-
sign of the clamps used to connect crossing
cabies, Ofto wished to use a net 50cm
souare. Schiaich, with Leonhardt’s support,
argued that a 75 cm net would greatly reduce
the number af cables and pnts while still
maming It possibls far workars fo walk on {ha
net in salEty (5.12=5.15). In previous nets

He had noticad serous geometrical distor:
tions to cables caused by the fact that the
clamps held the anghs betwasn the crossing
cables rigid, The engineers thergfore con
celved a clamp consisting of a single bolt
which would allow the cables 1o rofate rela-
tive to one another. To mamniain syrmmestry

in the connection it was necessary to uss
two smalisr cables, one sither side of the
Bolt, rather than a larger uingle cable (5.16).

Schiaich writes that the period from summer
1968 to summer 1965 was hard, but worndar-
Tul and fruttiul (harf, aber schomn und irischitkar)
He relates that tne team “built & wall around
iteell™ for protection fram the Inconsisiency
of the OBG and attermpte fo impose criti-

cal path planning methods on its work, (It
adopted the humorous siogan "as fast as
possible, but no faster™ ) As has besn the
case i seyaral prestige projects where great
hiaste was necessary. the foundabions were
gestgned and construchon startsd befors
the nature of the rool had been deierminag
(5.17)." This, and the requirement for & clear
view for the television cameras, placed i
corverent limits on the poshionmg of the
Masts, Causitg greal problems far the mool
designers

The cladding for the roof was the subject of
much debate. At one stage it was even sug:
pasted that o De olad in lightweight sprayed
concrate ("gunite”) o guard against the
problem of Hutter, However, the exparts’ rec-
gmmendation concerning “shell-type timber
claddimg” was guietly forgoetten, Evertually
the guestion was resolved whan thoss re:
sponsible for televizing the Games insisted
that the roof be transparent. |t was therelore
decided to clad it with acrylic glass {Plex)-
glas) { 5.18+5.19).

]

517

The huge anchor block for the main
cabbe af ihe gladium ropl, designed
Lo rewist a borirontal force of about
A500 fons
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& section of the pleeigiass
cladding viewed from below
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Datall showing attachment

of the plexiglass ciadding paneis

to the net cables
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5.20-5.25

The devslopment of the straclaral
concapt of tha roaf aver the stadiam
g AR & sguars meih cable ne
sirtounded by edge cables and
supported by a primary sirociare of
masis and flas

Batiw:

Paripaciive view of Twa af & total
of B nely, covering the stadiem
lher 5.8)

527-51
Crperiméntal versions
of the edge cable clamp

5 Cabls Nats Munich Olympics Roof

5. 16
Section through
a loched-call rope

70

The dedign of the stadium roof gave rise to
ANy INNoVEHoNS 1N Bdditian [ those men.
tioned above, These are all documentad in the
technical litaralure (S&e list af pubhcations
at end af chapter) and it s sulficient here to
provicde g few llustrative examiples. The de-
gign ol the cable-nel clamp was ontimized
and tested (516 + 5.42). It two parts were
automatically press-fitted in the factory, lead-
ing 16 greater prasision on site. A standard
edge cable of BO mm diamater was chosan
for the entire roof (5_26) and this was used
gither singly or im groups of up toeight. de-
panding on the Tarce 1o be carried (5,14,
5.37+5.44) in order fo need only one type

oF adge cahle clamp (5.32+ 5.43). The de-
signers founa themselves restricted by a
code of practice which stated that cables
could not be bent into an arc of radius less
tham 40 himes ther diametar, The team ook
a gamble {hat if could prove that high-guality
cables colld in fact be bent on & rodius of
only ten tirmes their diameter Tests showed
this imfuifion fo be jusidied, and the codes of
prectice were lgter changed to take account
of revigad thinking

5.31
The adeptad form of the edge
cable clamp (Teskihg ses 5,49)




5.33-5.36
Detwiis of the cablenaf strociune
a5 Bl

71



5 Cable Mets Mwnich Olympics Roof

5.38
Edge cable anchorage Edge cable antharage
{edge cables continuaus) {edge cables anchared)
- 4

;

5.39
Baze of a cable supported mast Base of a cable wupported mast ] 7 [
{eables contimuous) (eables anchared)
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.42
Cable-met clamps,
presafitted and bolled
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5.45
Edge calrle/met cable connsction
with furnbuckis
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% Cabls Mets PMunich Diympics Roof

The design team also irstituted sspeariments
to check the fatigue resistance of the cabies
at bends, anchorages and clamps. This work
was carred oul at the ETH Zurch with D
fosl (5.47) and at the University of Stuttgart
by Profeseors G, Rehm and H. Muller (5,48
and 549}, Later Gallus Rehm ard Schigich
DeCame yvery closs whan belanging e ine
same Taculty

From foday's point of vess b 1= significamt
tRiEt ERrs proyect pi.’l:"l';"'j i Iqrgl_- oart in resur
recting the art of steel casting, with imalu

able cooperation from the lirm of Pohlig

547 Haesckel-Bleichert (PHB). Casting of iron
The cabie-saddie fatigue testing comporients had been disconbirued at the
machine at the Zurich ETH turn of the century because of the unreliani

ity of the product and the cost of preparing
the moulds. ot rentroduction lor mpor.
tart sieel slements using modern technigues
for fabrication and festing was a pioneering
§fep (5.50-5.54)

The motwation for this development came
fram prablems encountered in the design ol
the massive siesl units reguired to connect
{hE mEin cbles af junchion points (or nodes)
The imitial proposal to form these from

5 AR wilded stesl plales preserted several ot

& socked imibrumented far lesiing culties, Weldr g leads 1o uneven heating and

copling of localized areas and If |5 very dif
ficult in comples components to control e
resulimg distorton. Because the gaometry
of the nodes was 50 complex, s descrniption
i coreentional drossngs would take caoned-
erable time and present sevare difficulies of
decipharmant in the fabrication shop, Thaze
problems ware multiphed iy the fact that all
the nodes ware different. The designers raal
ized that it the units could be made of cast

Steel, grealer accuracy would be schisved
L.42 arvd it would Be necessary only 1o descrithe
The edige cable clama protatype the geomelry of the surfaces reguired 10 BL
hetrmaatind lor testing (Lov 5.4X) commaodate the cables. The body of the unit
between thete surfaces could be foughly IR
dicated Dy the enginesrs and sculpiured Tres.
hand by the technician who would make the
full-size model 1o Be used in preparing the
micdllds Conventionally, the moded = made of
wiood which means that the mould to be cast
argund it must be designed = that it can be
laken apart 1o extract the model gmnd iEn e
astembiled lEeaving o woid for Casting. In many
cases, the nodas at Munich contamed reen-
trant angles which would have prevented tris

74

process, PHE thergfors introduced the use of
=hyrofoam piashe which could be et mside
tha mould and meliad as zoon as the molten
stesl was poured in, PHB later profited from
their rala o the dedslopment of steel casting
by obtaining the coriract to supply major
companents for the famous Cantre Gegrges
Pomipdou m Pars

The saddies an (he tops af the man masts
were of more regular form than the nedes
and so for economy wers mads of wilded
steel piate 100 mm thick (5461 Photoelastic
S1ress Ell'lili.lﬁ-li-l'l': thiese O6LRIIS Was carfgd
oul By Profeseor 8. K. Muller of Stuttgart

The résalution of the roo! :I-e'..lgll WES I'.':,' alw]
means ihe only chatlenge met by the design
team. Gigantic foundations and tension an
choraget ware necassady (5.17) &nd Cily gov-
grivnent athicials had 10 De convinced of the
safety of new ground anchors 55 well 5 new
cable types. Finally, it was necessary to find
suitable suppliers (wno came from Francs
and Austria as well as Germany) and wilh
ther-cogperatlion convert the information
irto working drawings and develop suitable
manufacturmg and construeciion lechmoues
LConstant cofmmunication and superdsion
WEFE TECSSSAry.

& hages sel-Datk threalenen when (2nders o
the copstruchion of the moof were recemed in
July 1969. Only twa firms made otfers. The
price was twice 35 high &5 the design team's
latest estimate and frive times a5 high as the
imifial estimates, and the offers were hedged
about with many disclaimers. The probiem
was resalved by the néw chigf of the OBG
Carl Mertr, who proposad that the two firms
rrimrgs (Feir teame for the project, and guar
antead them genercus financial relurns The
design team were pleased tofind that Harakd
Eggar, a former colleagus from Leontardt
und Andra who had worked on the Mentraal
rodl, was to lead the confractor s planning af

construction

Inretrospect, the design of the Diympic mofs
-Ah e Sean &5 6 urigue, hignty varied difti-
ult and imteresting tase aerformed im the
cpotlight al publie enbicism and seeplicsm,
especially concerming the durability and the
ot of the progect. Il was impossitle 10 prs
pare @ cost estimate in the cormventional wiy
DeCause design decisions taken along e
wiay could be firmed up only as research and
Investigation provided the necessary informa-



5 E0-5.584
The ranalssance of cavi vieel

manufscture of a tlypical large Twn modes (A Lhedr
nade for the stsdium raal final position

DMCEnSD Oy 1he arcimlects, wi
causan the fortes throughou
to be higner than opkimum, H

als0 & ascrbed to 8 degrae of

5 B B ol 4 5 :
I Gl el @FEHEagaFe 5

CHUSE O Ths ISETHILIOE OF TrE vASs e LIrm

ann TiE FEma
et Fe naur of

with regerd to creet der long-tarm loady
NioveriRgleeis. Behnisch was comntamt TRt

Styrofoam model

the rodgl nad turned put |afeeky

55 -5.61)
Owen and moulds
et Foas e ilPe
Creggurad] 10 st
3l Eormmles, ir
diive prDjacis, will & ar natonal prestiee
F Ires TErRaT My oy s f aaliticians at
tiade, Int ALt =M ufE W Arried
Eunrmg I prsEELE
mn seEestully, due lareely o the cdrive @r
ombetencs displaved v Le pnginaery 1
—'-=‘-I'T_-|’:| r { st the stape
or Tw 1 I sl fyerraa e bhe wiork of
the o 1 SETEEMTANT FAartnersniD w
| T OeECr|0E i niapter, Une lead
tHr ,._.," Bfgject lor & siad Tl F T it Har
e on to the Eissporthalls at Mun i all
e dataile and to the Hote! Kempinsx fasade
-I_ L B g i P .r- ¥ . ir L-- ey
§ I e TEY
| : 3 Suriece lalshing
Zanares ai to the leokout bows
&5 at Slutlgart




% Cable Nets Munich Glymptcs Roof

555 -5 f]
Imipressinns of the campleted rool
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L Lable Nets Hunieh Ica~Rink

G632+ 5.83 Fig. 5.64

Ice-skating rink, Munich 1985 Tha devign mads| lor the cable
net rool ol the soccer stadiam,
Hafimswer {1971)

80

The Diympic comples 3t Menlch now add
trenally includes thres (Ce-akaling rinks sida
Py-macde. Two ol the bulldmgs were designed
by dchermann und Fartmer with Schiaich Ber
germann und Partner &% enginesrs. Thair first
propect, in the éarly 1980s, was the enclosure
of an existing open-air rink to parmit year-
round use, wihich will be deseritsd hiarg
Ackermann was keen o snsure that the form
ol the nesw enclgsure wiouwld e in NArmMany
with its architectural contest This presented
sorne difficulty because thers was already a
ciash Debwsan the tres-tlowing cutlines of tha
cable-net roofs gver the main stagiums, and
fhe glﬂ I'-"!";'IHEIH&I' Structurs « Crgrng Lhe
Exisling iNGoor Ank. Ackermann initially de-
cethad thal the closer form must domuinale
and chose & flat-topped, bow-like shape for
the new envelops. Schimch coliaborabed with
Acksrmann an the elaborabion of 8 number
of proposals IncGrporatl ng steel framewarks
Dyt suggested, as afurther alternative. a
cable-nat roo! supporied on alarge arch run
ning the length of the rink: a classic tent con-
cEpt (5.62+ 5.63, 5.65). This would refiact
the form of the Qlympic roofs willhowt clash-



5.65
¥iew of the arch suspending
the cable-net roel

e APPSO
w’\l\-r‘ﬁl’l” amsAns calnd foted w S RTS

ing oo stronghy with the existing rink. In their
work on this scheme Schilaich and Berger-
mann drew on their experience in preparing

o design study in 1973 for an arch-supported
roof for the Hannover soccer stadium
(5.64).°

Convinced by ten years’ relatively trouble-free
experience with the roofs of the arenas, the
client {the successor to the QBG) readily ac-
cepted Ackermann and Schlaich's proposal
to use a cable net. They did howsver specify
that the total height of the reaf showld not
e much greater than 18 metres so that it
wiould not avershadow the adjacent building.

The roof is roughly elliptical in plan with
major axes of 88 metres and 67 metres,

and covers an area of 4,200 sguare metres.
The layeut and details of the cable net were
biased on those af the main stadium roofs.
Its outer rim is defined by cables & mm in
diameter carried on top of the perimater wall
and tied back to anchar blocks at ground
level_The net itsalt is formed by smaller
cables each consisting of two strands, and
connected at the node points by pressed alu-
munium clamps through which passes a sin-
gle balt, One family runs parallel to the arch
and the other perpendicular to it, The longi-
tudinal cables were tensioned to pull the net
downwards into its predetermined shape, at
the sarne time placing the lateral cables in

g m

a state of tension, Due to the limitation on
the height of the arena, the lateral cablas
have a very low curvature and this results

in high farces under the heavy Munich snow
Izads. As a consequence, the arch, edge
columns, lfoundatbions, cast steel elements,
and guys are all larger and heaviar than they
wauld otherwise have been. This was not the
first tima that the design team had found it-
sell severely limited by arbitrary restrictions
on the height of a8 structure, and it was not
to be the last.

The steel arch fook the form of a light three-
dimensianal framework with a triangular
cross section, made of tubular steel mem-
bers (5.66), The depth of the arch crosssec-
tion is onby 1.45 metres for a span of ower
104 metres and a rise of 17.6. Thus degres

of slenderness is possible anly because the
cable net provides vertical and horizontal
restraint which stiffens the arch in all direg.
tions against buckling. Thus the arch carries
the net and its superimposed wind and snow
loads, while the net stitfens the arch, This

mutual suppart is the “secret”™ of the design,

and makes for a highly elegant structural
system whose slenderness and lightness is
evident to the most casual obsarver.
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Details of the arch and hangers
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It would have bean possible, ard I soma

respects advaniageous, to drape the net

over the arch, enclosing the latter wikthin the

building ervelope. As in 5o many of the part:

nership’s structures, the decision to expose

the arch by suspending the net beneath it

was taken for 8 blend of practical and aes-

thetic. reasons. The chosen solution made. it

possible to construct the arch first, braced

against buckling by temporary guys, The net

could then be assembled fiat on the ground

beneatn it and hoisted inlo pasibion, to be o
supported from the arch Dy short hanges
cables (5.67-5.73).

e

Between the hanger cables, at intervals of 5 TE £ 1 .
7.5 metres, the ndge cables separale, Making

it possible to utihze the same connection 315

details as are used at the perimater (5.71 and L":::‘:::":;"_” e

5.72). The ridge cables embrace and support

transparent polycarbonate skylights (5.74)

Al the perimeter, the edge cables pass over S
cast steel saddies on top of slanted stes| =3
Erops resting on steal balls :J'.J"-'F'E COnSIMUC- =
tign, thess permutted the system o accom- e ! i'.‘:.
maodate the large rotations which gccurrad o = J-Ef i
during assembly and tensioning of the net

ard N service they ailow for the continua : =

shght movement of the roof boundary doe i

to wind and snow loads (5.79) 3

Al first 1t was proposed that the cladding .
consist of wooden sheeting resting directly

on tha cable ret and coverad with shest
mietal or shinghes. Howewver, this would have
been foo U i ots owen plane to accormma-
date the caloulated deformations of the
cable net. Realizing that heat insulation was

576 5 78

Details of the ':I‘-Iﬂﬂlﬂﬂ, and Composition of the cable tagade
1% attachment 1o the net

not really essential, the design (eam dema-

terialized the sheating inbo a woodan grid

5.74 577 579
The skylighis in position Installaticn of ¢ladding Amexterior view showing
the cable-net facade

83




% Coble Mets

which cixuld be screwed to the connactars

al the nodes o he cabibe net and sungart a
PYC-coated transparent polyvester membrane
nalled to the grid (5. 76+ 5.77). They realizad
that near tha ridge the steep alops would
tend to shed siow. AS B result. less strength.
and henca less himper, would be nesded in
thug ragon than near the egves where the roof
i flat and must supoort a haavy accumtila
bimn, thwould thus be reasonable to vary Lhe
spacing of the grid from 18 5 cmoat the saves
ta 75 cm at the ridge. The reduced ampunt
ol coembustibie material in the womiy of the
arch would mean that no special irpprooting
whiuld be needed for the steel Thus yvet an-
otfeer Dppariunily was sei2ed 1o draw §n asi-
thetic advantage from purely techrical con
siderations (5.80). The changs in spacing of
caties and timoer 1605 1o 6 Zredusl vars.
tign m the transiucence of the roof, enhanc
M IS upevard Swiren and produsing an im-
pression of lightness and airiness near the
ridge. To some extent, this cvercomes the
proilam imposed by the restricton an the
real hemght ol the building. Schlaich was
pleased tofind that the technical reouire.
marts coukd be satished by “old fashioned”
anrd smvironmentally-frendly wood "

A major probiem n bLildings with Cable-net
roofs 15 {he [arge ralative moverment bebween
the edge of the highly tlexible cable net and
the top of o sUME conventional perimater wall
The usual solution af the timee was 1o legve
a-large gap belwaen the two and Hll i with
Belliows-like seals These ware, Ritedver, Wit
ally heayy and mades an untartunate contrast
with the lightness of the reofs. Even in the
Olympic structure a fairly bulky truss is pro
vided fo support the glats ponels. To avoid
these problems the desigrsrs concered the
wals of the skating rink as a sort of conting-
ation of the cable nef. Glass panes housed

in @luminium profites are atiached by flexibie
connettars to vartical cables (578 =5.79)
which span Gelween the sdge coDie ang thé
rning toundaton. The facade thus offers no re-
Eistance
bowndaries and s not stressed by them, The
veriical cables arg given suthoiant prestress

o BeFEoetEl miosemants of 1he raol

Runich lea-Eink

to ensure that they do not Become slack due
o downward movernent of the edge cable
This concept was the genesis of the partner
ship's design for the facades of the Hemipin-
ski hotel foyer (see below).

F"l'ﬂ'-'ltu.li-l}'. it had Baen normal prachos 1o in-
stall turnbuckles in cable-ret roofs to permit
accurate tensioning of the net after construe-
bimn (5.45). This made it possible to obtain
the-desired shape of the roof and to ensure
thal each cabile carried 115 intendsd share

af the oad. Howeser, The lurnbuckles had
proved to be of little valus oy the roots of the
sparling arenas dus o the complexity of the
relationship between force and shape within
cable nets, They were therefore dispensed
with af the Eseporthalle and the cabtes were
manufactured exactly 1o the required size
(5.75). The building was complated in 1085,

Schizich describes this roof as incorporating
“all the experience we coliecied when doing
FESRATEN A the fiald al the umvers:ty - pra
cise cuthng patterns; cast steel, ¢tc”. and
notes that = Jurgen Seidel did a brilliant job
i5 praject en g-r‘.E'{-F‘ He remambars thd riis
ing of the presssembled nef to iake its preds
terrmined shape bereath the arch, a5 another
of the greal maments in s professonal

life: Eif s homad .l-'lu_gnz-rlhn':r k ﬂullhr_'uugh fuftBer
progress has peen made since that time in
the techrical understanding of cable nafs,
including the work of the Sonderforschungs
permich 64, he contends that these streciures
have not yet fulfilled their early promise

The ice-skating rink remains the only major
struciure of fhe type to be bBuilt In Germany
sirce the roofs of the main Olymplc stadi-
urmis. He Feels that Fre Otto’s roof over the
sports areca in Jeddahn, Saudi Arabia which
was completed i 1680 harks back to the de-
sign philosophies of the 1987 Monrtreal pavil-
iR gnd Tads 0 eplod the expeansnce and
knowlades gained so arducdsly at Munich

“If s just az f the Mumich roofs had newer
Bean bl

5.80

Monich ice-skating rimk.
(RckErmann uid Parimer),
imlerios vlew

G.81 (owerleal)
Enfwriar vimw
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% Cable Nets

5.B1
Munich Bempinski Hotel

lpaking thisugh both glass
walls of the courfyard

Munich Kampinski Hatel, Roof and Facade

The atrum ot the Kempinskl Hotel st Munich
roort -3 large rectangulat volume Sand-
wiCeEd Detwesn two long acoomimodaton
blocks. The space s covered by a cable-sup
pofted cylindrical steel-and-glass roof spar
ning between the olocks and 15 enclosed

oy o glazed facade st each end, 40 meafres
wide and 25 metres high (5.82 < 5.83). Cach
lacade includes snlrance doors, The German-
American architect Halmut Jahn of Murphy
Jahn, Chicago, consulted Schiaich and
Bergermann on the fmal design for the roof
which they accepted and and camied oul
mare or less 25 prescribed. In one of the
mestings schlaich was shown the or@inal

proposal Tor 1he racanes, w th the Elass walls

tupporied by Slee| space (ruszes. [0 a con-
verbicnal scheme of this nature the trusses
MILST carey fheir own welght as well 25 that
of the glass, but thair most important func-
tiom 15 o resist tha banding eltecl of horizon-
tal wind pressure and suctitn. The result is a
visyally complex tangie of heavy members
WhICH counteracts the eect sSOugnt Dy the
archirlatl In a major departure from conven
tion, Schlaich suggested an unoblrusve min:
&l structure ¢ I'.:'|~\.|=\.I|I1|.g ¥y @f & Simphe,
completaly fiat cable nef. This concept was
@ven more Dold than some recent exbramiely
atiractive dewinpments such as Peter Hice's
glass tacades at La Vilette in Pans, He was
agreeatly surprised when Jann acosgted the
proposal straightaway saying, "Great - if it

WOrks: Yog!




% Cable Mets Schmehausen Cable-Met Cooling Towar

5. B8

The cable-net dey cooling lower gl
Schmahausen, (In the background
a conyentisnal concrete-shell wel
cooling tower), photo Taken in
June 1521

5.Bg
The principle ol e closed Ircust
dry conling eyslem

U

—

he innovative Cable-net cooling tower at
Schmehausen svolysd 10 resoonse 1o we
factors. Tha first was the increasing publc
demand far electricity, which was leading

{0 & constant incrsase i [he si2e of pOwer
stations. The sacond wEs & desire to o nange
ft a new and l=ss envircnmeantaily damaging

Tarfr O Sotelimg

Elettric power stations produce vast amounts
ot waste Heal. |n some cases this |15 carried
oWy Y C II.JIl:-n'_ watar which is otaingd

froem, and returned to, nearby lakes ar rivers
seripusly intertanng with their ecological bal
ance. A somewhat less obecthonable mathod
Iz to discharge the heat (o the atmosphere Dy
means af- a cogling towesr - a foarm of huge
shimingy. Steam fram the cooling system is
plown in 2t the bass and the resulbing updraft
draws n & throwgh slots at the bottom o
tHe tower, As the steam edaparatass. f trans
mmits its heat to the air and much of i falis

1 water

bachk ke ram. However, a greal deal o
gscapes from-the top of the fower (see 5.88
Backgrounid) afid T musl be continucusly
replaced with water from rivers or lakes

The process s detrrnental bo thae climate

and compelss with domiestc waler supplies
[The water consumphon of one typical coal
ing tower 15 ggual 1o that of a city of 200,000
inhabitants, ) The reguirement for adequats
water supply also places restrctions on the
opcaton of power stations. For these reasons
thers was a moue towards the uss of the so-
called dry cooling system in which boeth waler
and neat are largely retamned in a clgzed cycle
(5.85) The only problem i that thee system
requires much larger cooling towers. aboul
twice the size of "wetl” ones. and up to 300

MEDESs in Mg

In the decades leading up to the 19705, coal
g towers had fakan the form of reinforced
ghcreles '|_1'|_'J:r|_'|-_=l-| parabaloids, With the
radil becoming ey largs i companson bo
{hiE thickress, the stiffening effect of the duai
ufyature of the shell was bacammmg much

less gMachivg, Whan i1S curvature was meas



ured in terms af its thickness, the wall could
be described as almost flat, The ability of the
shall to resist localized wind pressures was
thus placed in question. Cooling towers at
Ferrybridge in England had recently collap-
sed due to the elfect of wind gusts (exacer.
bated by funnelling between adjacent tawers)
which caused resonant defoermation of the
herizontal crass-section. In addition, rela.
tively minor inaccuracies in the shaping of
the shells during construction were becoming
maore significant and were leading to an in-
créased danger of Buckhing. The shells were
also very sensitive (o differential settlement
ol their supports. It seamaed that a imit on
the size of concrete cooling towers was fast
being reached

Balcke-Durr of Ratingan, a firm which spe-
cialized in the design of cooling towers. had
been wrestling with this protlem for some
time, In 1972, a representative approached
Schilaich at the Leonhardt und Andra offices
with a suggestion that the soluticn might be
to form cooling towers fTrom cable nets cov-
ered with an appropriate cladding miaterial,

It happened that, since his adperience at Mu-
mich, Schidich had been pondering the prab-
Iem of the high deformability of rectangular
meshes which have cablas running in only
twa directions. This can be cvercome by add-
ing a third set of cables to produce a tnangu-
lar miesh, but there is 8 price 1o pay: the re.
sulting system is applicable only to a limited
number of regular, mathematically defined
surfaces. He had therafore given careful con-
sideration to appropriate applications of
these forms and 1o their structural Bahawour,
drawing once maore on his mathematical
training and his experience with shells and
cable nets, In this he profited from the pras-
gnce of Josel Eibl who was spending a year
in the design affice 1o freshen up his practical
background and is now a direct colleague
0% Professor at the Univarsity of Karlaruhe
Schlaich was thus particularly raceptive to

the suggestion from Balcke.Durr, However,
trere was 3% usudl much hard work (o be
done to bang the basic geod idea to fruition

The Vereinigte Elaktrizidtatswerke (YEW) of
Dortrmund accepted Balcke-Durr's proposal
to use a cable-net towar for thiir 300 MW
thorium high-temperature reactor in Schme-
hausen Hamm-Uentrop, The confermation
and height of the tower were determined by
the thermodynamic requiremeants and the
arrangemant of the heal exchangers and air
intakes, These defined o mantle 146 metras
high with a diameter aof 141 metres at the
base and 92 at the top. Schiaich’s colleagues
i the designowere Gunter Mayr (who had
Bear with him Since the Olymaic oot project
and had worked on the structueal detailing
thara), Jurgen Noesgen and Josel Eibl,
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cable-net cooling towers: Allarmna-

thve ways of arranging

three famillas of cables

5.2

The thres cable-lager
{a-meridiam, b-diagonal),
cepress-fitled clamps connecled
with ong bolt {ies 5, 16)

5.93

The geamatiy of the cable met as
teu it whth sBiffoning rings (not all

cables shownk
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The erection procedure

7 Cable Nets

Echmehausen Cable-Net Tooling Towar

The basic corcept was fo support the upper
rim of the hyperbalic parabolaid from a cean-
tral mast. In the early planning stages the
team senously considered forming the Sur
face from a frue shail made of alumimium

or staifless steel sheebing. This wauld Have
teen prestfessed to control defermation due
to selfiweight and wind load {5.90). Howaver,
irvestigation showed that the difficulties and
gxgEnse ol tabrcaticn and the chst of f&m-
Rorary Stays to resat the wind preassures (o
D sxpected during erecticn woulkd oulweigh
the advantages, It was therefore decided 1o
use & cabie nal to carry the loads, and clad
it with sheets of melal or plastic whieh nsed
span only the width of the mesh. The thick
ness of the cormugated alumimum shaeting
sveniually used for this purpbss was one mil
limatre,

The next guestion was the arrangement of the
cables. Tha fiyperbolic parabolkod form of a
cooling tower may beé detined by a honzontal
circle at 1og and Bottorm with two familes of
straight cables stretched between them lying
bh the “generators” of the surface. Howaver,
to add a third layper of cables and 1o prestress
all three layers simultaneousiy it 15 essenbial
to give the two |ayers of cables an inclination
greater or less than that of the generators, 5o
thal they follew a curved path on space. |F {he
main cables run alt & less steep (fisiter) angle

£.96-5.100
Littimg the nei

g2

than the genergtars, they 1ollow a ‘tram-:tur;r
which loops eutwards around the surface of
thie tawer. When pretension is applied, hege
caoies tend 1o straignten and pull inwards. I
a third tamily of cables is provided, lying oh
the mendians so that their curvature @5 in the
ppposite direction o that of the main cables,
the inward pull of the fatter may be resisied
Dy the mendional cables which are afso
placed i a state of tenson (591, aft). Tha
altermatve approach 15 1o cling the main
canles at an angie to the onzantal graater
than that of the generators so that they loop
mwards. When pretension 5 zpphed, Such
cables tend 1o straighten and pull gutwards.
This tendancy may be countered by a saries
of horizantal circular cables, like belts

around the waist of the tower, which Bre sems-

larly placed ina state of tension as the main
cabies move cutwards (5,91, nght)

The disigr team chose to usa the first
sysiem for Schmenausen. This has the over
riding adhvantage that all the meridional
cables-are of equal length and the arrarge-
merit of all the nodes 5 wentical, graatly
simplitying manufacture. In the other alter-
natie the horzontal circular cables are of
differént lengihs and the spacing of node
points differs at each level. For the design
of the structure wiich would suppaort the
cabie nel, Schimich drew on his expenence
of tower design. The vartical component of
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the prestressing fofces Necessary 1o 1ension
the mesh, plus the weight of the structure,
could be carned in direct compression by

a single slender, hollow reinforced concrete
mast, a mere &.& metres in diameter, situ
ated on the centraline of the tower, From the
top of this, the upper ring could be sus-
pended by radiating cables [5.93), These
would be attached bo a collar around the top
af the mast and this could be used for lifting
the cable net. The extra compression due

ta the pretensioning of the cable net would
ennance the strength and stiftness of thea
concrebe mast in the manner expiained in
Chapter 3 in relation to communications
towers. The wind force would be carried
direCtly to the ground by the cable system

The top ring would be naturally stiff in the
horizontal plane because of Its inclined ra-
dial supporting cables ard would thus main
tain its circular shape without difficulty, In
addition, this stiffenend nng has the effect
of a diaphragm with respect to the forces in
the cable nét. They are reduced considerably
This efffect was a "free bonws” (5,94}, Howe
ver, computabians indicated that of the hypar
were stiffened only at its top and battom
arge defgrmations would ocour due to wind
pressure and suction. The deflections could

have been reduced by Increasing the pre
stressing forces within the net, but this would
Rave demanded larger cables and & sironger
mast, and it was found .-‘:-.]-.1.-.II_,- economical Lo
provide the stiffening by means of fwo fur
ther “bicycle wheals™ at heights of 68 metres
and 112 metres, These consisted of compres-
gion Fifgs in the net surface, with fensioned
nornzontal radial cables for g the “Ennkes
The inside ends of the cables were connected
to & secand collar which was someawhat

larger i diameter than the mast and did not
touch it (5.93). At this pomnt the partnership's
practice of working out constructional proce-
dures in the sarly stages of design and deriv-
ing from them all further structural details
came to the fore (5.95). The designers real-
ized thal 1t would be a routine matter io erect
the mast first, using standard ship-form tech
MigQues as employed in the construction of
the communications towers. The top ring
could then be placad an the ground around
the base of the mast, with the upper and
lower collars, supporting cables, and spokes
attached to it (5.96), The cabies which would
form the net surface could then be attached
to the ning and the whole conical upper a5

sembly housted gradually up the mast, with
the surface cables being paid cut as the ring
rose. All node connections could be made at




5 Cable Mata Schmehausen Cable-Net Cooling Tower
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ground level at predetermined intervals along
the length of the cables. The net would thus
adopt its hyperbolic paraboloid form as i
rose, Prefitted clamps were agam usad, with
orne bolt for all three cables intersecting at
the node [5.97-5.108)

Schlaich was keen to see the cables located
on the cutside of the alumimium shealing for
aesthetic réasons: [0 give S0MEe migasurne of
scale to the structure, and to make its vasi
urified form more comprehensible to the ob
server, However, the VEW engineers preferred
the cables to be on the inside for protechion
against the weather, They argued that cables
formed from galvamized wires would corrode
rapedly i placed on the outside. The only way
to avard this would be to provide tham with
an alurminm coating at additional expense
Fortunately, additional wind funnel tesis
showed that having the cables on the oulside
actually reduced wind suchion on the surface
ot the tower by breaking up the airflow (5.105
and §,106). This reduced the total forces that
ihe cables would need to resst, and meant
that they could be smaller and less costiy to
balarice the additional cost for the aluminium
coating. A further advantage was that remoy-
ing the cables from the inside surface im-
creased the effectiveness of the thermal up
draught. Thus the team managed to find a
solubion which was at the same hime econom-
ically justifiable and aesthetically pleasing.
Later, whan Hchidich was asked Dy & leading
architectural journal whether aesthetic con-
ciderations had played & rmajor gpart in the
design of the tower, he was able {o answer
with-a definite "no”. " Although he had his
pesthetic preferences, the final form and
details of the coohing tower were devaloped
fram purely technical considerations (o
grercame the limitations of conventional re-
nforced concrate lowers. [T could even bDe
grgued that the cable net with circumferential
Bands would have coamformad more 1o Class
cal assthetic principles becayse (& lines offers
greater "balance” and “repose” in architeciy

ral terms (5. 107=-5.109 )

-0

5.105
Test results: the shaded area

represenis minimum suction with
the cable aet oulside the cladding

L

& model of the Schmehauten
cooling tower underpoing testing
in the wing tennal

5107

The complefed cable net

5-108
instailation of cladding




3 Cable Nets

ichmehausen Labla-Wet Cooling Tower

It

The tower was completed in 1974 In 194],

for a combinatan of political and safaty
readsans, the nudlear powas plant was closed
diown and scheduled for demolition. Linfortu-
nately, VEW gecided 1o start with the cooling
tower, and guickly obfamed permisson from
ihe local authorities 1o demolish 1L Enginears
and architectural histarians came frém many
sides to fight to save this uregue structures Tor
poetarity, arguing that it was & landmark in
the mistory of structurs! engmnmesring “De
spiie miense opposihon an the part of the
imigrmed public, the company retained per-
rmission to demolsh.on the grounds that the
L -yoar g tower could not be classifiad a5 3 cain
“hustanc monument”, On 9thof July 1831 it ] ey Fry Rl
was Droughl down by exposnNes. sSchlaich -
Wik particularly distressed that no-attempt
WasS made o yerss tha construction pro
Cess and lower tha et to the ground in an ar-
derly tashion so that the materisls could ba
recytied, This s an eventuality that he consid
ergn the design of &l s ightweight struc-
tures, The alumimniwm-coated cables were chill
n parfect condition after 17 years’ axposure

oulside the shaatting (5,001)

Despila this set-back, design studies suggest
nat J00-meire-Aign Sooling towers walild be
guite practicabde m this form of construction
and the expanence lad the groundwork for
Schiaich and Bergermann’s later davelop-
mianl of fhermal updraugnt solar powsr sta

tions (Chapter 11)

5105
The cable net with ihs
“hicycle wheels™
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5.110
The Rillesberg lookout lawai

Jtuttgart Killesberg Lookout Towar

spatial moverment. In the initial stages of
design e commented: "If peopls $3ud we
shegubd not Guikd it bere, | Sould agrag with
them, Bul o - just think of people in colour-
ful ¢ lokhes spiralling in ofpatita directions an
thowe stars!™

. R
 —
ag.am Following the decision to hokd the 1993 Imler-  To thase concerns e added his usual pas-
T national Garden Exhibition in Stutigart, & i for structural I6gs and assthats quality.
compatition was held for the planning ond Ecomomic constraints were severe, with a
dasign of relevant ailities including brdgss, st it of DM 2 million on the cost of
The dandscape architect Hans Luz joined with  {he project,
Sehilaic i
senlmEt and Et.rgﬂ.mﬂ"" Y3 prépare o win The struciure at the Millesioerg wou ld deffer in
g scheme which included o lookoul tower . )
s.om : significant ways fram hat o Schmehaugen,
- o b bl g the summit of the Kilesberg. S
. ) Thia spged stiffening rings would be re-
o favaurite recreational area which eéerlooks ) )
I ! plced by lightweight Hoors which could
the city, with walks, woodlands, and beer :
: ST ) sarve a5 viewing platformsa, At Schmiehauvsen
gardens, The idea was thal. os far a5 it wauld )
b 5ean at all. the towir Should ADDEAr 48 it fiad bean necessary o igolate the mast
1 -
e Ll BPRed from the “spoked wheels® 1o avond losding it
-] 120 o wsudl continuation of the Bill, Thus it was ) )
) o . with wing forces tranamitted from the clad.
conceived a5 3 minipture, medified version .
. ding. However, the absence & cladding ot
of Schmehaucen, without the cladding, Two _
. o o . the Kilespérg meant that the wind forces on
light spiral slaircases, one to lead visitors ) )
the strisclirg wolld be relatively small, On
up and tha ather 1o bring tham down, wolld
. ) the obher hand, the vertical load on the floprs
wind round the inper surface of the hypar- ’
16,5 m . ) woldd be substantial, 1t was therefore ap-
T shaped cabla nat (5.110+5,113} Sehidich tha : )
h s about building oy struckure on profiste to attach the innar and of the flogr
v qualms about buildh ruetu )
N i "8 MY peams directly to the mast, The net, theough
the Killesberg, but found i hard B regist the ) ) .
L ) ) the floors, would hodd the mast in position
challerge of conceiving a conatructian which .
14 b bnobirusive and yet provide people At several levels and reduce its tendancy 8o
. ) ) yetp - P buckle urvler vertical compression, As a
wom with a unigue sxperience of panorama gnd

result, fhe mast cowtd B made axtramly
slender. Bacause tha scale was so much
amaller than at Schmehousen, the designers
chogd 18 use 3 shadl mast which coukd be
eatily fransported (o the sité and erecled by
crans in a single operation. Although thelr
first wish was bo provide a geid-lke industrial
stesl floaning for the sbservation decks, (o
enhance the impression &f lightness, they de-
ciced eventually that this might mahe vigitors
fegl insecure and that rsin water might drop
onthe clothes of those Bensath. Thiee nex

choice would have bean timbar decking with
rubber studs, of the type used an yachts to
prevent slip, but for reasons of sconomy they
‘L reluctantly sattled for thin steel ripple pating,
\'.

5111 &11%

Plan of the fiest platiorm The top of the mast

with slairs plan, section
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The technical and sssthetic Jelading of the
towr provades an rmpressian ol the carelul
thought which Schiaich and his t=am put into
the desagEn aof thed structures.” Araund most
of the penmeter of the platfarms, the cables
werg attacned &1 regular infeérvals to the amnds
gf the |oists. This beld the cables in position
and gave {he hypar s desered form, Howeser,
gt two poenits o0 aach platform, It was neces-
sary 1o ieave hales in the floor adjacent to
the parrmeter o alltw the spiral starrcases to
pass throwgh (5.015), Where this happened,
thie |DisTs would meed 10 D cut &ort 500 8
number of cables would thus have no pomt of
attachment at that leval They would simply
stretch in a stragnt lime from Mheir points of
attachment on the level below to thase on the
level abowe, Theyr intersechons wouid thers
tare not conform o the rhythmic spacing of
1S '!l'_-:hll".':r'lllg'_; e vilual |_.rl|r',- And g {1
larity of the cable net. An obwious selutian
was o rum A shorl |-_-r'g1r'- Al BEarm ardiard
the putside of the gap to complefe the perim
eiar and permil the cables {o be atiached at
Dol s '.'_‘:"l‘:,'lr'l'uli,; to the mathematical det
miton of the hypar suface. This soiution
wolld have nad appsal for the technical a3
wall as the assthehic purst because it woain
b rrrathematically as wall as nsuaily “reat’
However, Schigich argued that it was unjust
trable from a load bearing pomt of wew
because at these points thers is no platform
and therefore no Ioad justitying 8 node, and
also from a purely constructional point of
viaw because the nan<canforming alignment
of these cables would not aHect the load-
carrying capacity of the structure as a whole
IR BTy W Algn, an added penmetar beam
wolld blpck the visitors” view of the scenery
just-3% thenr hesds reached platform level,
greatly drmimishmg the expenence of visua
fresgoim Tor winch N was aum ng. In he and
2 soluticn was adopled (n which additional
clamps will Be used 1o préevent the crossing
cables Troam Trethir g and 1o establish mathe
maiicat reg-.-lant'; withodt the need for 3 pe-
rimetar Geam

Tet anoiher prodier was presented by the
Funner beams lor the sipircases whose oulas
sides are fixed 1o the cable net while thair

inner sides support the sfair treads

5 |1_-:,1.:-|."|g|_.lhr il sechion would have g
strangth and parmit conveniant attachiment
of the siar [reads. Rowaver, DecEuse the run-
ner follows a spiral path, a rectangular mem
bas would be seen (o bwlst in space. Schilaich
thus feat thiat B eylingrical tube would e bet-
ter from & visual poirt of view evan though

it would present greater practicsl problems
with connaction of tha tréeads. Al a more de
tanied level, e was greatly concerned sooul
the inconsistencies which aros2 in the pos:
tioring and form of the numerous clamps
because of the need to support the staircase
a5 well a8 connect the cables al their cross
ing points, In reviewing sl these problems

hig seermed deappointed thal fie formalist
sEN5e was competing with his sense of fun
lionalism, and that a functionalist appraach
had not-sofar resulted in beauty. All have
row Deen resolved and the result shows the

gxtrame care which wenl inlo IS conceplion

After the design ot the tower had been taken
o an advanced stage. a stats election oo
SurrEd oh which economac §nd social matters
played B major rele 2nd the estabhshed par-
{qes lost. As a result, the city council decided
if 1891 that the money which had besn allo

it thie fower should
Lerigich
was phildsophical about thes set-Dack. He
commented that the work invested in pri
jecis s naver wasted, but gererates new

Ated for constiruchion

be spant instead on social servicas

SHilE and rdeas which always corme 1o frul
tisn, sven though & might take “heenly years’
for thiz to kappen. Since then the project

has attracted a great deal of public attentian
and NE Yarscnonerurngsysraidn, 8 SOy
formed by private mitiatne and devated to
improving the visual emaronment af Stutt-
gart, has comie 1o the rescue and dorated

8 considerabie sum of mGrey, 50 trnat [hers
is still & good chance that the tower will be

zomplated, Some day

L
e

5113
Model af the proposed Stuttgan
Elllesbherg lookou! lower



HMotes tn Chapier 5§

! The tharmes in German wers ~Qkympiada im
Gy, " Qlympiade der hurgen Wage" “Sport
v Fyrsk™ and " ungeleungin, haiter, jugendlich,
vergangieh®

* Pratessars Pusch and Burkhsrdt came from,
cespectitvaly, the Lnsinul lur Massivbau, and Iha
Inatilud fur Baubelrcbilehre, at g Unimrssty of
Muerich. Becirse of the badically mospenden]
atatury o prbreers wilien Gerwenn candadting prae:
Iices, Leandusndt had sa fiar shood p4lde irom Bl
and Sehvaich's work en the Hasnle propasat. He way
Inua ehile Lo ofler an independent asgessrent.

¥ dah os v ischaiszhen und wirlschaltlichen
Gruudéns nicht ginmell 1st, san Dach deeser Form und
in diasermn Awsmall zu baeen. zums vam Prelsge
racid feptgHlait worda, gl dér hamitlerische Wert
dar Kongeplsn bel Heglall dedes Dache s nicht be:
anfrachtigl wurds. E3 kann gdahir dern Bauherr
Fichb ernplahlen werdtn, nur dur w1, Prasficsger
vorgeachiagene Lisung ahne Pruiung ectter AlLer-
nativen 2o dem Zaltentwer! der Planung zugnonds-
Zubagmn.”

4 |ov Schigich's viaw this decrsion fud much ba de
Blsg with & desiee in cortain guenters b put "Biva
man timbar® on dispdag.

3 &y wa sow in Chapter 2, tha Pruliganeur 1n p
highly respscted sngineses wik musrinin. e M-
pengent rolg in writymg the bass approach amed
mlhek of the dasign enginews and, if e con-
sichars b pecaszary, sugEesting changes.

 Ses tor expmphe WY Ay Struchudl engingeng;
e e gl oy e ke, E llis Honeood, Chis
Chetli, 1990,

T tas g {1 H. Arup: "Proplems and Progress in
the Construction of Iha Sydney Opers Housa™,
Cavnt Engrmremimg and Puldic Wovis Ravaw, val, &0,
1565, p. 204.

F Gotlatoration betwenn gome of the prize.winming
oifices and whiveralty Inatiluley werking of the
Olympee roal bed, invtiabed by Lasnharnde, 1o the i
nancirng of the Sonderforschnsgabarsch G 2 4pa.
cial reseerch group bassd al the Uinivarsity of Stutt-
garl and devoted to ressarch into “wida spanniog
suriace structures”, This included Otio, Linkwitz.
Brgytig, Righen, Joddicke, and Schigich,

? Sea Hobmipch & Fartner; Eauten und Enbwirta, Hatjs,
Stutigart, 1975, p. 24, "Div Ubsrdachurg der Sport-
Sattan i3t i vidlenm Jo Sinwdrdent, wik wir gid ung wor
gesteld hathen: leicht, trangparent, pberrgdehend "
Alsa H. Rinle: deehutektur . ohar Buancecogubdi, LHI-
atean, Frankfort/M 1977, p. 52, Wit haban Lmbdem
wine basandars Hoohaohbng wor den Lersiungen der
Irgnitvigamrs, ihrem Engmgmemnent und der Traue zur go-
MaEinaman Arpgit. Schiaich, wking Kadlggen v
Leoahaodl . Andep, dle Wisgenschatties Linkenlz,
ArgyrIL, e Rarra gereden Ranatfuktions- wd

100

Moriaptingerstors der varschindemen Firmen -
wdtin ok, wad hatben wir ochne sis gemacht. Das
Duh war perfekt peplant vnd wbenso parlekt mon-
tert. D wir Brdbe lngerisurartoit.” "Sirce then we
e higel @ paeticulacty bigh opiniom of the afficiency
of engenearcs, their chmmatrmgnt, s theic Gewtion
to the common tesk. Schlaeh, Rig colkagues rom
Lacnbherdt urd Andegd, the resesrchars Linkwils and
Argyrey, the etelbent construclmn ginesrs from
1w vasiaua flrms - good emdns, whit would we
harvn done without them? The roof was perfectly de-
sgned and smually parfectly erecied. Thet was great
Engingering!”

u The perdigras of this sCiverma may in turm ba
fracad bachk fo a similar schems whach Frer Ot i
propossd an 1971 lor B Eparts cenbee In Kuwait, snd
bafore that to Earo Saarkmen’s Ingalls Hockey Rink
[1958) af Mew Haven, T, 8 buddng which Schizich
grestly sdmires.

W ) Sohiasch: =Zuwr Gestaliung o [AgaRinurduti
cder Die Boukunst st umtsidbar’, Der Brungenizor,
Bi 1556 p. 58 Ses elao ) Schiaich: "Practices
which imtegrate architscture and enginesring”, S
Emg the Gap, van Hostrend Resnhoid, Mew York, 1581,
HAEE-lEE,

2 o yaars atter the dusign of the cooling hower,
on tha gocasion of an sehibition in Stuthgert of the
work of W, {5, Suchoe, Schlaich discoeared that ot the
beginnmg of his century the Bussion engineer had
bullt lsctrcity transrmision lowers by superinmpas-
Ing A manvber of Rarrow yperbalie parabolaids
e feoim thin steal members of Bngle Croasses
tion. Ha s now Bn andent admser of the Farsasn de-

Signer

HE ), Sonlaich; “Haben baum Drtwurf des Seilnetz-
huhifurms Schimehausen gestadtasischa Libarksmin-
gun airs Rolle grepioli?”, Do Architedt, Haft 7+8,
I5TE

¥ Bag E. Grunaby: “Dur Sailrebzkubdburm m Hamme
Uentrop: zu peng, wm Denkmsl zu sen”, Deutscse
Fupst und Senimralpfege. 5170923, Se9 abse M. Sack
“Fam§ | wnd Hashle oder uber den Lmgang mil Bau-
denkmalern”, Dot Jord, 28 i 194

5 Thig gesaunt can ke given in greeter detail be-
cipge the auihor Rapgeened to b m Stutigart ot the
tirrie fhat Schlaich ard hiL besm ware developing
tvn detadled design of the Pookaut Yowar.
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Cable-Net Structures. Research on Cahlas
and their Anchorages
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Q1473; Evmige Besancarbmlen WHRES0AmHar S
ks inddepnan, Expenmentedls Snannungs-
anadjrae, Wistriarerkeg

03773 et PugkuRig M i Skl 2ranel "
WaEE-Baulagung Do Inurd.

G377 - Sructural Design of tha Roofs over tha
Sporls Argngs lor the 1972 Olympic Games: soma
prabiames of prestrassad oable-aed strucheres”,
with . Leonhardl. The Strucihural Engemosr

G5/72: "Das Olympeadpeh o Munchen”, with
colisborators, MBSE Congreas, Amaberdarm.

G772 ~Cable Susperded Roal lor Musvich Dhm-
pics”. with £ Laanhardt, Civd Ergimesnng - ASCE.

R 011572 + D203 D4 B ST Vargespann.
e Seiinetzkenslrubtionen - das Oiympiadach
Munchen®, with . Leonhard! and collabarators,
D Satian,

D2 P4 "HEturzughuhilunm ik WS pantam
Membramanted”, with G. Maye Dar Bauwngenmos.

D3/ 74: ~Membwan-shin and Cabde-Het Sooling
Teweds", Internatianal Conference o Tenrion Rogl
Structures. Landaon.

OB/75: "0n the Develogment of Cable-3trpdiurgs
Weslarn Carmang™, IASS Congress, Bralrslava. amd

4SS Bubletm.

1178 “Dar Sailnetzkuhliuem Schemanayden, with
G. Mayr. P Weber and E. Jaach, Der Bapinggnigs.

BT “Haben e Eabawd el Sealnplizkihitur-
mas Seiwmenausan geslaitenachs Ly legngen
mina Rolle ganpesit?™ Der Archatest.

LT~ Thee Lightwergivt ok el Coglmg Towes
at Sehwmsahauaan”, with G, Magr, Frocemdungs JARS
Comgress, Alma-Ata.

08B Selte agwerke: Endwurf, Konstrukiteon und
Baususiuhrung”, with LL Dillmusn gnd: K. Gelbriel,
Bericirshalt ter Sturdrentagung 514 an e ETH L
FEMTE.

02/ 81; "Flanung wod Realisatren von Sailteagwe o
und zugeanspruchien Systemen”, Banchished: Sele

L @il e Ednnwgavy, Haars chity Techmah. Essen.
und SFE: Writeilusngen.

1L/83: " lce Shatng Hall 21 Munich®. with L Sewdel,
JABSE Biruciures. C-T7B3.

05,/84: ~hew Frigue Resistant Cabies for Indian
Cable-Slayed Bricges, with A, Bargermann and

L. Dillrmainn, INGAABSE Sermdnar enTall Structuras.

Seauagad, bt

O5/BE: "0On Caoke Siructwres - Research - Qeugn -
Constructian™. wnth K. Gabriel and R, Birgersrmann,
Frowceotmgs of the 1935 L Enginpermg Syrmpasiune
1 She fural Sheel, Chreago.

BE/EN: Ve Edlaulbalke wn Qlympimpark Munghan™
with 1. Saictel, Oor Bavingenngur.

i kT2 ‘Fre.gespumte ZUB;llpdtr it groﬁ-;rTrig-

hradt - Dyahteails Ui -Dundel”, with K. Gabred, Fesr

bl fakchen Scheer sum B0, Getwr fsiag, Braun-
tedimaag.

06488 “Cable and Membwane Streciures for
Buitdings”_ 15 $lagy Karensky Memonal Canferenca,
Lonpmn, Wiumer B

12/8%: “Les Sirpciurey Ligiores”, Anmgles. 1084,
. 4.

R5S00: Libver das ¥ovspaanan in Lewchi Lt e -
Zwr Hewrthrukine warge spanalar Alacherlag warke.
DFG-SMH‘MMMWM_ 'H'CH-M';rIm-
pevedlarhatt,

32 "Dus Hympuadach in Munchan, W war das
damads? ¥ias hal as gebeachi?”, Sahimzch § Pariner,
aefubntion catalagus, Galere der Stadt Stultgart.

06/95:. "Hybrsd Tangion Slreclured”, ealh B Wagmer,
ey pote |aclure, LASS Sympoiwrn, Mdan.

08408: “Retaninets of Stranded Cablas in Suspasn.
dad Bnepey, with K, Gabriel. Proceedings AESE
Syrapotiun Eatetting Mae Lifesgar of Strchems, San
Francisca.
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4§ Blass-Grid Hoofs

6.1

Framewark fur the Planstlariam

on the reol of the Deiss company
teulldimg, with & spam ol 16 m thae
lirstl sconahedron-grid or geodoic
dome, 1525

.1
Bachminster Fulled's US Pawilinn
lav The Mamireal Ecpo, 1967

'I|-'I'l"

(st nnn

(B R

6.3

The geametry of the geodesic
dome based on the icosahedron
principle

Early Grid Domas

In 1852, while he was still at school, Schigich
magde a bicycie tnp to Milan and saw the im
pressve cylimdncal glass root of the Gallena
Yittono Emmanuslie I, built in 1887 (12.10)
As a student in 1955 he vissted Paris and saw
the athermal @lass domz ol what s now the
Paris slock exchangs, Bullt even earles in
1811 (12.9}, Thair filigree cast-aran-and-glass
cofstruchibn appaaled immediataly to s
taste for lightness i sbructures. However, the
spectacuiar domes-and gallerigs af the aarly
1ath Century passessed no diagona mam-
bers f0 provide bracing and preyent their ap
prosmatsly reclangular facets from racking
Tha stability of the Paris dome must depend
to some extent on the fact that the Elass
panes Rave considerable rigidity in thewr own
plane. Thus, there was a nsk that it largs ar-
easof glass were damaged, the bare metsl
framework would becomes unstable, espe-
Clally undér eccantric Icading. |n tha cases of
thve Milan roof the prablem of stiffening was

nbvidusly solved Dy Biving considarable Deng-

ing stiffmess to the members, reducing the
WiSLE] |Igf‘|!ﬂ&55 To overcome this problem,
enginesrs later in the century introduced
diaganals inta thir domes and barrel vaults
bul these again increased their visual weight
and their compienty, robbing them of the

lightness and classic simolicity which was
their main apoeal, Major progress took
place when Buckrminster Fuller, profiting
trom the earlisf work of Bauersfald apd
’_'.||5c11-nge-r: (6.1} developed the concept of
sphefical "geodesic” domes, eventually
amiployed 0 madr structures such as the
LS Pavilion st the Montraal Exgo m 1567
(6.2 + 6.3} Howeser, all these gnd structures
had regular mathemahcel shapes, most be-
ing seprméenta of wpheres. Such forms appesl
greatly to-assihetic classicists and rational
sty but others tind ther mited geomatry
uninspirng. As mofed in Chapler 4, Fred Oito
wis amongst those who sought greater free-
dom of form, ubilizing physical models {o
overcome analytical complenty.

Schlzich had been greatly inspinsd by the
winrk of Fuller ard Otto, but fel] that design-

grs of the twentieth century had not yet emu-

lated the hghtness and fire tracery (Leichlig-
keit und Filigranitat) of the early iron and
glass roafs, He felt it must be possible to
achieve a simjiar dalicacy by taking cevelop-

CDOE

Tetrnhedran Hevahedron

6.4
Flato's five regular polyhedrons

Octahedron

Icosahedron

Bodecahadron



ment a stage further. His other concern was
to-reduce the cost of analyzing and building
grid roofs 5o that clients and designers would
come o see tham as a normal form of con-
struction, rather than one reserved for pre-
stigious or specialized applications. The cost
of fabrication and construction could bBe re-
duced by ensuring that most members were
of squal length and that details were stan-
dardized. Rigidity could be achieved using
fine cables on the diagonals which would be
less wvisually inbrusive tham solid bars, The
lightness of the structure thus springs from
this inferplay of tensjon and compression,
with bending almost eliminated. Schlaich's
extensive understandmg of shell theory and
cable-net structures meant that he was well
placed to exploit thesa ideas, In this he was
joined by Hans Schober, who studied for his
doctorate at Schlaich’s Institut and entered
the design office in 1982. He is now a partner
in the practice and together they conbinue 1o
push forward this development, with the
strong support of young engineers especially
Thomas Bulenda, Jan Knippers, Thomas
Moschrer and Swven Plieninger.

6. 7=6.11
The principle of the grid shall

& Glass~Grid Roofs

The Principls of the New Grid Doma

B.5+0. 5

Fred Otto's imber grid rool

&t Mannheim [with C. Mulschiar
and E. Happold), 1974

Plar vhew (above diagonals
omitted) and slovation (below)
of a spherical grid surface

The cutting pattern for & grid
when placed ilai on the ground
with gridiines at 30" to each other

A computer model ol the Neckar-
sulm grid {(see 612}

105

& wire kitchen sieve. o hemisphers
fermad fram a Flal sheel of

square maih provides a uselul
demonsiration of the principle



d Gipss-Erid Apofy

Meckarsulm tndoor Swimming Pool

613

The glass-g@rid domis ol tha
Meekadsulim ndoo weimming
pool st negh

a
i '|ll.! LIy CORrmeE i A Jaaligdt 4 [=1;

for & grid dome £
ming pool st Neckarsulm (6.12)." The arch

L. Bechler had conceived the dea of

0 cover the Aguatol | swim-

- F
feck &

an ethereal sphencal dome sepoorted from

. T |

g terraced substruciure and, atter some DeEr

sleasian, the city council rad sgreed (o ad

! M BT (PCRTENERY ey, L SN LTS WL
tha altraciive and nixel DesEEN despile 1158

shightly nigher cost. Schizch deded that
the dome could be built ethciently by explof
ng and expanding an idea which Fral Otts
Fad used for the Bundesgartenschau bullg

B, welth

T

ng il Mannhaim (6.5 = Ted Han

¥ -
Tt ot makes i1 pas

a0 8% englnear IS COnCeER oD 1 S

4 a4 T NPT I g
LR Grmm any Irag sNape irom memoers

wipch are &l egual o length, esceot at the

pariphery. Similar i layoul toa cabls net

106

with a sguare mesh (Chapter 5), such grids

make doubly-curved surfaces "devalopable
agdepting to the reqguired surface by change
af angles between the twio sels of gridlines
When explaming the concept to his studenis

=l

gk L T

" useEs e Mome W &na '-d:l" ot an old

fashinned wire kitchen siews: 3 ¢ TRy

phericat surface formed from an imfally fat

shget of woven wire fabne (6.7 -6.11). Hars
Schober developed g computer program to

*

calculate the numbar of egual mesh Spaces

plus the ™wWo adoitronal end-engihs Tar eacn
ConNNUoUSs gndiirne, reguired Lo Droguce &

aitly the preseribed serface



This Egrid with guadrangle mash |5 nowevar
reat really atdle 1o carry loads, especially if

pi s i
L DAET [INe Sr-

they are uneventy distnbued
face of the dome, such as wind and sncw

Hich s decisive 108 was to stiften the
grid by diagonal prestressed cables produc-

Fr (3]

M & ANELAT MEsn eomelry Thus the
a0 Dear Mg oeEngvior Decomes that of an

deal membrans shell

fe flexifility of cables misans that thay car

be transported to site on spools and, as we
saw in'Chapter 5, a net roof may be com
pletaly assembled an the ground and then
lifted into position. With grid roofs, a differ
ent system of erection is necessary because
the relatively ngid members cannot be trans
ported in long lengths, Therefore for the
Aguatoll roof individual slats were designed,
all of one metre length (aqual to the mesh
width) and thus of a size which could be
handled manually. Thair ends wars provided

with rotatable joints. Assembly of such roofs
starts with the single rning of special-lengtt
members at the periphery, From then on, as
the standard members are added, the dome
gradually assumes s exacl, pra-determined
shape (0.13=6.16). To obtain the pure spheri
cal shape it was necessary for sl .:'_."IT adai
tional deformaticn to take place in the meem
bers themsebhves, The steei slats at the Aqus
toll Centre therefore needed to be slender

ENcUEn to bend and twist shghthy, but st

sigthicien fly rigid to carry the imposed com
prassiye oads withoul Buckiimg Ihess con

*-.-',‘.:r_q requiremeants were satisfied by using

siats with a rectangular cross-saciion a3

60 mm by 40 mm

B.1d
The slats

F:

i

A
-1

1

)

.13
Mecharsulm: defails of the pinis

6.15
The rolalable jeinls

._
L2

Assembly al the grid alemenis



& Glass-Grid Hoofs
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617
Close-up of the joint assembly
with diagonal cables installed

fi.18
A segment ol tha grid showming the double
pattern iprmad by the slats and cables

By
A segment of the completed real
with the spherically-curved glass panes

&.20
‘Water barreis feprosenting
partisl sow lead

Neckarsulm Indoor Swimming Poal

Once the dome was in position, diagonal
catles could be passed arcund the surface
and prestretsed to prevent any further change
in ne angles at the inlsrsechan points and
establnh an extremely nd structural
system. The length ot these diagonals would
vary throughout the structure, but this pre-
sSEMiEd No Groablem because the cabiles wens
contmunus and could be clamped to the
noxtes ot any desirsd point {617 + 618}

It was, however. necessary to “pay” for the
many atvantages of this system in that the
shapa of the mesh slements would not be
square whien the grid was in ifs hinial pasition
Thiera wolld thug be 8 Aumber of different
shapes of rhombus over the surface of the
dome and the Sphencally-curved doubile
laysr laminated insulation glass panes which
formed the cladding would bave fo be cut io
suil them (6.19). The computer program de-
valoped o control the cutiing machires per
mittad the accurale anapirg of the panss to
fit the varied cpenings in the mesh
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6.1

Losd [kMN-deformation (mm) graphs
all grid with pnd mithaul disgonal cahlss

108

The dome. completed in 1889, was erected
witihir a period of only two months. Before
it wias covered with gigring. the oesgn team
saiZzed the opportunity fo research the beha-
viour of the structure by performing a full-
ccals lnad test. Barrels filied with water were
hung from one quarter of the nodes both
before and atter the installgtion of the brac
ing Caldas, 10 5imuwlaie the sffect of unsymnm-
metrical snow load. The etfectiveness of the
cabies in stabilizing the structure wis
prived - and deflections with the cabies in
place wrd Shint 1o De eadtrermeely low
{6.20+6.21)

Although Schitach = pleasad with the engi-
neering of this dome, the project az a whale
seems o have slipped somewhiat between
the hands of architect and enginesr (6.12)

It is always difficult to marry & dramatic roof
shape with a pasically comventional building
form and m this case the dome does not
appear from the outside to ~llgat™ abovwe the
lowwer structure a8 fresly ps was hoped. Theo-
rigrs of aesthetic composition suggest that if
two slements are visually disparate. it may be
preferabie to emphasize ther difterence,
rather than strive for whity or harmony, The
first approach was adopled at the &gqua-toll
Centre Oy making a clesn break belwean
dome and substructure. However, Sehlaich
feets that it was nol successiul, describing
tha two paris as “Fremdes neben Fremden”
whiEh Mas the approsimale senss of “strangs
Betiellows™, |t may b= that the terraced form
of the substructure, which the lower edge of
the dome foliows, appears {o anchor the roof
visually to s base. MNevertheless the interior
view 15 splendid (6.22)

Imadr gl sl dl |
o g

B&.22

MNeckarsulm indoor swimn
pool (K - Bechlar, arehil

imlerior view







5.13
A eethon Dheough e mussum
of the Histery of Hamburg and

s mew grid rood

& Glazs=5rid RApofs

S

Mimtory of Hamburg Nuseuwm Courtyard

Despite the slgght disappamtrment oo
sioned by the Aguatoll dome. the tachr

allempe gave Birth o valuable chncens

., o1l
|atar, wai erecien il tNeé =ame TIMe as [ne
Meckarsulm dame in the swmmer of 1989
PN ELA G - . 1 i . b ek
1} was neaded (O Grovide COvEr over The imtear

nal courtyard of the Museum of the History

of Hamburg, built in the heart of the old

oty

CettwEEn 1914 ang (923 The oty ard nas
N L-2hEos 0 plan with one arm L4 meirss
i wieth snd the other ‘-E metras wide (£ 23
to 6.258), While it would have presented awk
ward o eims to the des:gners of a copwen
igmal r T, Chik3icn Saw Il 258 MosE we
ne opportumity to demonstrate the ability

1 the sysiem used at Meckarwulm (o adapt
[ ) Prehl A mipkes lorn

There | B0 QEEN DroviSIcr 1GF | 1| g thiE

araginal ba
ng. byt contiructhion Nad been dalerrad

waAS Ny 17 Ihe |ale .""-_“::U: nat a Qe

f

T

o

mati 10 B0 ANell DeCause Of 20N Urgent maso

Geecl space for disg

protest stalues aiready im the ool
yarg Trom madern eyels gl aumosprar

B.14
Volkwin Marg s shieich
fod the courlyard snd riol

Ihe micney for (he rod! was provided by a
privale donatlon which, houeh penerous
aregented & Hgnt Dudget for the task in hand
=urtrermore. the historic value of the old
Building reguirad thal any new construchon

TEVE -8 MINEm

act on the exst
fabric, The rea! must thus be Lght in weigh

JE well a5 AfrpeEararce

AN & MEh degrea

fortunate A IR AT
finfagration wat achigvad Delwesn arcni

ecture and engneernng thanks to an idea

stlaparation wilh the architest Volkwin Marg

E.’ & CorfEnTiona! SOution 87 ine TS i i
nave bean to roof 2ach arm of the L with a
parred vault sametar 10 those used m many
SNCPRINE CenirEs Thess consest of & zer:es
T S8IMi-CircLiar L usiany metal) archet |aired
¥ Sirsignt Hnmgiudingl members. Mowaver
thie galution would fave Been urrgsinly and

expensive. and the architectural treatment



of the junction of the two Darrels would have
presented major probleéms. Marg was saek.
ing sometheng totally ditterent; a roof which
would be light, transparent. and flowing;
overlapping the edges of the ald tiled roat,
and séeming Lo haver protectively aver the
cherished building, He described this vision
eloquently ta Schlaich, in a few words and
suetches (6,24), However he made no at-
tampt to impase ary porbicular gesmetrical
farrm or structural system.

This left the engineer frée to go back to fun-
damental principles in search of a shape and
structure that would be hghtweight and eco.
nomical, while meating all of the architect's
requirements and avending the prablem of
the junction in the angle of the L. On the ba-
s15 of his experienca at Neckarsulm, Scmaich
renlized that a grid shell would offer an ideal
solution. The arms themselves could bie cov
ered by the familiar barrel vaults, Howevar,
gnd construction, stiflened by preténsioned
catles, would ensure that they were light in
weight and in appearance, Then to 1olve the
problem of the joint, the twa strictly cylindri-
cal surfaces could rise whiers 1hey mat above
tre carner of the L and flow freely into one
another forrming, in a natural way as a soap
bubble might, the shape of an irregular
dome and emphaslzing the architeciural
importance of this paint in the musaum
{5.28),

Mever losing Sight of practical considera-
tioms, Schiaich and his project engineer

Farl Friedrich arranged the linal farm in this
regicn to minimise the irregulanty of the
mesh slemants by keeping the angle betweesn
crossing slats as close to a right angle as
passible, To ensure that the cylindrical por-
tions retaned ther farm, 1he engineers
devised vartical fans of cables radiating from
& central plate, In funchion and appearance
these are remirscent of the “spoked wheels”
of the Schmahausen coaling tower, bracing
the vaults against unsymmetrical loads
caused by the drifting of snow and its accu-
mulation in the valleys betwaen the old roof
and the new vaults (6,26 +6,33). As usual,
thase technical devices have aesthetic appeal
and were welcomed by Marg as a means of

defining space and emahasizing the threa-
dimensianal form of the roal, The engineers
also realized that. because the heating and
air-conditioning requiremeants for the court-
yard were less strict than those far internal
Spoces, it would be possible to use simple
sheets of flat, laminated glass 10 mm thick
which would be able to bend to follow the
curvature of the steel slats when clamped
directly ta them. However electnc heating 15
provided along the slats 1o avoid condensation,

The next groblem was W carry the weight of
the mew roof to the ground without moedifying
the ald straciune any mare than was absc.
lutely necesaary, For tis purpose, the angis
neers provided & nigid supporbing beam to
collect the forces from the lower edge of the
grid, It was then necessary to bréak through
the ald roof only a1 & small number of dis-
crate points to install props, These rest on
the arigingl reinforced concrete cailing slab
(6.33), This made it possible to fit the new
structure neatly within the inner edge of (he
old roofscape, without interfering with its
darmer windows and other excrescences,
The water fram the new roof drains onto
the old and 14 carriéd away by s éxsting
gutters, Because of the lightness af the new
rond, the brick walls of the original building
are able to carry the additional wesght with-
out any strengthening or modification what-
somver (6.27-6.31)

A porspective deawing of tha roal,
The diagonal cables have bean
emitted lor clarity and the three
=spoked wheeli™ are sapparent

The plan of the Museum
af tha Histery of Hamburg

11

o e

#rgrabres giare -

Copyrighted material







8 Glags-&rid Boofs  History of Hamburg Museum Courtyard

B.27-6.31
The roaf under coRsfruction

6.3%
Datall of & “spoked whesl"

%

633
A suppor! point on the old bullding




4 Glass-Grid Roofs

History of Hamburg Museum Courtyard
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The architectural effect of the roof is evident

in photographs of the interior (6,34 -6.38).

The protlem of diagonal bracing members
competing for visual interest with those of
an orthogonal grid has been solved by the

ightness of the prestressed cables which

here form 2 delicate accompaniment to the

stronger lines of the stesl slats, As usua
muth thaugnt nas been given 1

o

e

- th

}the detalls
from both an architectural and a techmica

standpoint, These are an essential elemeant
m the success of the roof The project s an
excellent cutcome of the guest tor ghiness
delicacy, minimalism, and unobtrusiveness
b ek in structure characteristic of the Schiaict
.~ : Haér @l miafn gartmersmo 1t
{ i s

E 5.8 Major Dregs-
["Ir"_-l_.g"l I archite

=l
=
= ELA

ural terms, Dursting free
of the formal bounds of the comentiona
gaiirid Barred vauil a5 revived Dy posi-mod
ern grchitects in countless suburban shop-
ping centres

It 15 wartn moting that this

; compkex rood
sould Aot Rave been 'j.l;"‘;lE;I'I"I'J ang Dt withe

out the &g of the modern compuier

ts form
& &0 camplex that 11 woldld have Deen iImpos-
gible fo

B
-

determine its geometry and analyze
internal forces using tha old hamnd meath.
ods of calculation, or even to describe it ade-
quately in specifications 1or the Duilder, It 15
one project with which Schlaich is very satis
fied. Cooperalicn bebtween architect and engl
FiEr Wik go ol and the Feys 1o sUCCess Were
the resalution of the geometrcal probiems

of the junchion and the consideration of con-

struction techrigues dunng the structural
dELign process

B.14- 638

The rsol ower the courlyard of Tha
Musaum of The History of Hamburg

{%. Marg. architect), inlerisur view
and detalls






& Gkess-frid Aoofs Stuttpert-Bad Cannctett Mineral Spa

The deseloprients achieved at Hamburg, and
the recogniticn thus gaimed. higws resulbed

in comanissions har sevaral more roofs wWith
simitar function and architectural effect. In
these apphicalnds Rowaver, The dasign team
nas et restncted by cerfamn himitations af
the guadrangular grid soluben used in the
twi projects deseribed Shonee Toe Sie ke

& traly free-form doubly curved surface it 15
MECESSArY 10 usecurved glass, Dacauss the
four corners of each opening rarely hain the
same plape. Single-ayer panes can normally
be bant sutliclently (as for the Hambaing roof)
but when climatic control reguires the yse

of duible-layer, laminédted insulalson gtass
bending is very difficult. Sp

of fhe panes as at Meckarsulm s axpansive

IYEFriCal UM

and af course nol applicable 16 a complelely

friga iy pae The aartnersfip thérstare. 10
anfithesis, investigated the architectural ap
pas] ol vanous simple and straghl ferward
formis of glass-grid construction, exemplified

by tha followmg projects

i rool of the mineral spa at Stuttgart-
Bad Cannstatt concened by the archaisct
T W. Beck-Eriang covers & simple reclangular
Minasal Spa at Stutipari-Bad Cann-
siatt, imterior viesw, 1949

sreaof 20 m by 16 m and the opportunity
WAS 1BKEen 1o use kAl panes of Biant 10 1orm
an attractive, facetied cylindncal shaps

i

The orefile 5 apair stiffened by fant &

cables (6.39-6.41)

&40
The hub connections (o8 the dra-
wing an the cover of this boak)

f.41

Conmections of the prefensioned
calle “spokes 1o he "M



6 Glasgs-Grid Roofs Haustadt/RhEn Clinie, Brussels Flamish Council

CaseE ol a siry ..'_r conerical dome ';.'-r ]

e
clinic at Neustadt,/ Rhon. cesigned with and
Tor the Merg company, tNe  principle of the
kitchen sieve™ (6,11) was abandoned in favour

f Schwedler's pnncigle, with radial and cir-
sumitersntial skats following the lines of labi ; e,
tude and longitude and the whole stiffened by
diagonal cables, The regularity of this system
rmeans that the four corners of each segment  §
] By UM . | S |
& in the same plane, again permitting the

use of flat panes (6.42). All nodes are identi-

al in geometry and all the stiffening cables

niersect al 90 degrees, Therefore, only one

cable could be arranged along each diagonal — -
B.43 .43

The dome al Neustadl/'Bhin = Joinf of slats and cables
similar in layout to Schwedier's

regquining the adoption of & node clamp with
four bolts instead of the preferred SINgHE Dot
possiDie whnen oouble strands are used (6.43

as against 6.17+6.35)

dames

Another way to avoid the problem of hawing
to bend glass is bo use a trangular grid,
oecause the three corners af each ejement
must lie in ane plane. Schiaich sees this as

a "trival solution, & friangular grid does not
require stiffening cables, but the nodes are
migre complicated as each must connect six
slats. At each level the anghes of Intersection
are difterant, requining a large number of di
ferent node geometries. An example of such
a solution is the roof over the courtyard for
the Bernheim Palais at Munich, Another is
the root over the Flemish Council Building
in Brussels (£.44 < 6.45), All glass roofs
gescriped hare, except at Meustadt, were
built by H. Fischer of Talheim, a small but

credative and active manufacturer of spacia

slieal structures

B.44 »5.45
The glass rool af the Flamish

Council In Brusseld
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Singapore and elsewhere
are being designed or constructed, Thesa

nclude a dramatsc rood 400 metres long and
66 metres in span to cover the seven plat

forms of the new Lehrter Bahnhot at Berlin

ts glass-grid shell s stitfened by archeas

spaced at interyals ol
stabilized by cables fo
their moment diagrar
f possible to give the arches a profile which

& flatter at the

anubtments to i

respond with IRe reguirsments 1or tram Chear

r!ll? 51 E -.-q- RS Tulure main railrog

& Glass

£.51-6.53

Thi new Lekrtar Bahnhol at Berlin
(M. wom Gerkan. architect).
Dreawings and model showing the
Fong glass reol ower the platiorms,
It crosses anolher ool in between
two large olfice blocks which span
the raiiroad.

Gr

id Roofs

garlin Lekrter Bahnhof Project




b Glaxw-Grid dome

Hotes to Choptar &

i Fram JBE3 arwardd, the Gonman enginpar Schwgd-
ler itrodlucad dizganald o hin diena strectures,
SapChow bl gred rodds in the loven of cylewdrecal bar.
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e
Fage Project Completed
126 Jaddah Airport Haj Terminal Roofs 1982
Riyadh Stadium Roof 1984
126 Montreal Olympic Stadium
Retractable Roof 1989
132 Mimes Roman Arena Inflated Roof 1988

36 laragoza Arena Retractable Roof 1989

140 Stuttgart Gottlieb-Daimler
Stadium Roof 1993

et Hamburg Stellingen
Ice-5kating Rink Roof 1954

16 Oldenburg Grand
Stand Roof 19094
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Ganaral

Fignesrs of modern large-scale membrane
structures erwisaged that, as i a vacat-
ner's bent, the interipr would be light and siry
wiiba the supparting structure, the props and
guy-ropes and their sccessonies, would be
uripyirusive. However, the increase in scale
presants major problams in enginesning.

The strong woven fabrics employed are aniss-
tropic, having different mechenical proper-
ties in differant dirgctions. This makes analy-
511 of strega and deformation extremaeky com-
plex. T prevent flutier in strong winds and
avoid wrnkhng under load, sspacially in re-
entrant corners, the membrane must be pre-
strasged, The resulting forses ane largs and

i 15 dithcult 1o transfer tham bo masts and
ground anchars. Tha commentional solutod i3
te gather them from the edpes of the mam-
brane with loops of calde suspended from
mizst tops 3nd with heavy curved penmester
cables, The result i frequently stout masts,
thick cables, and bulky connections which
are especially tonspicupus in the smaller
strucbures. Thus, the sase and alaganca of
design expressed in the architect’s tulle
model is often totally lost in execution. Creat-
ing g threg-dimemnsignal farm from a two-di-
mensional material, akin 1o teikonng & suit
from a sheet of cloth. presents further prob-
barns in peecisa computation and Bbrication.
The membrane must be cut exactly to pat-
been, working in the case of englneanng
sbructures oo oa seale of tens of metres. De-
gign of tha seams (o ansire ehrength and
compatibility presents additional challenges.

Theere is wryinpeprian and interasting inter-
ralatisnEhip ameagst the different bypes of
lighiwaight Structure: Detwean manuiacure
and arection processes on the one hand, and
gaomatry and load-bearing behaviour on the
other, Schiaich likes o explain this in his lec-
tures using Figure (7.1). The batter the load
paths offered by a typa, the mora rastricted
is the renge of geometrical forma available,
and s vrsa,

Schilaich's interest in membrane structures
was arpused by his visit a5 a studant to Frei
Otte's studio in Berlin, and later at the Inter-
national Expa in Lausanne” However he falt
that maost sxamples built =0 far, particularly
those in which Otto himsel was not imwolved.,
possessad neither the maethematical clanty
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of sheliz, nor the steuctural clarity of cable
netz i which the lnes of fores ane mmaedi-
#ely visible, To overcams the immediais
proplem of the transfer of tangential forces
from fabric mambranes into edas cablas,
Schlawch initiated research at the institug
aimed st developing 2 new form of reinfarced
memmbrans with an integral belt seam.  In
addition, sensing that the major problem lay
in the nafure of the eveilable Rbrics (pniso-
tropic, difficult {o join, and rapidly ageing),
hie @keo set in train @ study at the Institut
into the practicability of wsing metal sheet
i place of fabriz. This bore fruit in the pars-
balic membranes of the solar concentrators
(Chepter 11),

In the meantime the partnership tried to
avtid major Imdaksamant wath the practical
demign of fabric structures, but a series of
comEmiasions drew them gradually into the
figld, Schlaich notes: "For many years we
wars nvoleed in the design of small maem-
pramsg structures without eng anke 0o eer-
o their nasty details” Their first encoun-
ter ooourred when he 2nd his colleagues were
worling on the Munich Olympie project
(Chapier 5). The grandstand of the Clymaic
Swimming Hall was to be adendad for ths
duration of the games and & temporary roof
was reguired (558 + 5.60). Becausa of tha
shiort time availakle for design and construc-
e, and the fact that the structuee woukd
b wsed for only two weeks, the desgn leam
amployed a comentional approach. Furtber
encounters came in the late 19703, when Le-
onfardt und Andek was called in 1o assaess
wind desmage tv 2 membrane roof over the
open-gir theatre in Wunsiedel and {o proof.
check the designs for strectures in Gaffern-
berg (masar Hailbronn) and Elspe. Thess
COMUTIARIONS mMerely served to reinforce
Schigich's Kw apinion of fabaric rembranes.
Thi caune of the damage st Wunsiedal

was mainly the incompatibility betesen the
extremaly fiexible maternial of the memirane
and the edge cables, It seemed clear that
mambrans structures cowld dedaloD further
only If & guite different structural configura.
tion were used ang i analysis wire Paced
on @ thoroughly scientific footing:
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Lightweight doubly-cured
surface structures categorized
by Schlaich sceording to
grometrical characteristics
and method of manufacture.

Firsd row; A cable met with an
rmatially square mesh, 5 " devel
opabie”. Manuiaciured fla on
thi ground {5.67) it is aobs 1o
»dapt itsal dwreng Sifting ta any
doubly-curved shaps by changes
i the angles af intersection of
ihe cabiles. Only the meshes at
1he edges need to be inrmmed
10 fanil B LRECING SNE0E (5.12).
Thig varsatslity s gained. fow-
R &0 The cost of poor ad-
bearing behavigur and Inw nigid-
riy. because oads at any node
N b8 transmitted basdcalty
arily in técd dirgclsns.

Spcond rgw: A& cable net with
triangular mesh s non-develop-
able and tRes ookt B rmdou-
Tsciured in Situ. o 114 cestined
Torm (5.955, Only a Dirmilen
number of geometnes premide
a desaabde regulanty of node
spacing, These disadvantages
are compensaied by the sdeal
load=tarrying and stitfness
characternitics assaciated with
membrane shall Bahandur.

Third row: Textile membranes,
Ik articles af clething, ars
manadaciured in the warkshop
by cutting initiadly flat paaces

af fabeic bo & predetermingd
patiern and paaning them abong
seams. They may then be lolded,
packemd. and brought 1o The wibe
whery they are attached to a pr-
mary structure which upeally
congists of foundations, sdge
beams, masts, and cables with
cadt steel jaintd. Stretched {or
wnfiated) betwean hege ale-
menis they may. like Souars
AstE, BlOE B0y Pradaiermnsd
torm, including daubly-cured
shapes, isadvaniages asa that
their load bearing bahasepur
deparndd oA the make.up and
arsgniation of the weave and
the type of coabing. and that the
plastic materals employed have
a hmited life.

Fowrth row: Metal membranes
af starniess sieel have greatar
durabi ity and perfect iy con-
rodied matenal characiernshes,
However, they canngt be tolded
Doubily-turved surfaces may
be abtaned from flat sheefs
hreugh plaste delormation of
The rregial WRIAE pAseTIatic or
migcharical beadong (0E.2-18 4)
The rasmge of gerometrees achipy-
able 1% lemitad (o0 triangular
Figts) B acheal g b g 50 all
pehaviour 15 ansured.
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re73
Jeddah Airport Haj Terminal
Building = the tent roots

| Misnsng

o 5200 m

s

sphcs Labilen —

Sray Cables
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Frop } ___.-" I Mlam Mas: B 12T m
Dt -.I 4
Caterarss 1 J"[' b |
.
at 0,00 i. w L\m 5
T4
Riyadh Stadium -

elevation of ane unil

Jeddah Airport, Riyadh Stadium

Schlaich and Bergermann's growing imvolve-
ment then led to imdtations 1o complete the
realiration of three largs membrans roals
which had already been partly designed by
othars. These ware for the Ha) Terminal at
Jeddah Airport, the Soorte Stadium at Bi-
yatdh, and the main Olympic Stadum at
Montreal, Thené is nothing worse in terms

of desigh and administrative-problems than
sfenning in to inieh 8 job staried By L0me-
body alse, and the two partners were reluc-
tant in all cases fo become involved. Howeyer
the challenges presented maant that they
whTe obliged to come (o grips with thes diff-
cult material ahd evenluaily o mastar it in a
number of later projects over which the office
had more complete ocorbnal

The design of the Jeddah Airport roofs (7.2
and 7.3) had been taken to & detalled stage by
fazlur Khan of Skidmaore, Owings & Merrill,

a good friend of Schiaich’s and sevaral himes
a-wisitor 10 his home in Stetten, and Dy Horst
Berger, working for Dwens Corming, the roo!
cantracton The Schlaick Bergermann partner-
shup was invited by Hognteed, the general con-
tractor lor the progact, 1o advise Uham during

Suspenmon Cables

Ftge Cabls

aley Cable

Sasilizing Cablen

75+ 76
Riyadh Stadium =
Litting af the membrane
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the construction stage ard completion in
1982, Bergarmann playved 8 leading robe,
gngd Schlaich notes that they “learned a lot”
abpout the praobiems of membrane sfructures
and thair.soluton. The parinership ook &
larger role in the design of the stadium rool
at Riyadh. This is an extensive struciure cov-
&ring 50.000 square metres and consisting
of 24 idantical units grouped in a circle
(7.4-7.10) The intral concent was due 10 the
English architect lam Fraser who sworked oul
its final form with the American enginesrs
Getger and Berger, renpwned as specialists
in membrane structures. Schlamh and Ber-
EBFmMann were once more called in &t the
request of the contractor, this time Philipp
Helzman &, 1o bring the design 1o comple-
Hen, Given the chance, they would have liked
to miodity the units because stability could
have been ansured wilh a single tension
cable af the rear of sach unil inatead of the
prop included in the original design, and the
whole structure wolld have appeared much
lighter, Because work was so far advanced

it was impraciicatle to introduce these
changes, but Schiach notes that the interior
as onginally designed i5"very pleasant™(7.9),
The partnership gained valuable experence
&h the project, especeally o the mianufacture
and erection of such structures. The bullding
was complated in 1984
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T7=7.10
The tent rool of the Riyadh Stadium
{Horst Barger, conceptual design)
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Maontreal Olympic Stadiam roal -
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Hontraal Olympic Stadium

Sarme time later, Schlaich and Bergermann
wirre asked to advise on the final design of
the retraclable membrane roof for the Olym-
pic Stadium in Mentreal The staciam, Duilt
for the 1976 Games, is elliptical in plan and
ihe grandstands are covered by a cantile-
vered concrale roof which runs araund the
full periphery (7.11+712). It was planned {0
cover tha cantral arena bry @ large mamborang,
attached at its edges to the inner rim of the
granditand roof and hung from a aramats.
cally shaped inclined {ower, Provision was to
B miade (0 drae tha membirans up beatrds
the top of the fower to open the arena to the
sky i good weather, Tha project was con-
civad by e French architect Roger Tailfibert
who had designed o number of swimming
pools in Europe with somewhat simdlar re-
tractable roofs, Howswer, the Montreal roof
was to be on a far larger scale than amything

attempied before. The elliptical inner comoaert.

i rrsrhrane covers an ares of 20000
LOLARE TR,

The announcement thot Taillibert's project
had bean awardad first prize in e compat!-
biam, angl il subseguent consbruction, gae
rise o consideratie controeray whdch culmis
nated in o dabate organized by 1A55 and
published in the magazine of the Amencan
Socioty of Civl Engineers,” b5 apponents
argued that the permanent roof Could hine
bean designed 1o sxplat its potential 1o act
as an ponylar shell, rather thon being com.
posed of massive indibddual cantilevers, Thay
predicted that the complesity of the design
wolld lead to major delays, \Work did indeed
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pragress slowly, Thi worsers' unigns wers
concernad about safety issues and axplodted
thi fact that the building was required by a
specihic deadling, Industnal unrest thus ine
creased the delays and the project soon
became embroiled in political cmirn-.-ersy.‘
Evantually, it provied impossible to compléte
the inclined concrete tower and the refract-
sbke roal in time 1or the Games, Fortunately
the stadium wasg guite sabls without these
facilities Becayse the grandstand roof pro-
wided ageauate cover of that time of the yEar
Corstruction work was halted when anly thie
lower part of the tower had been completed
and halt of the membrane had besn up-
Teligsd,

Atter an interval of filteen years, the City

of Montreal decided ta raise funds from its
tobacco tau 10 completa tha DF'III|ECLT|'IF|

local design and construction firm of Lavalin
was appeinted Lo complete the constrection,
and their Normand Morin asked Schlaich to
act as consultant, It says much for his willing-
niss to confront mwhward problems that he
acoepted, albeit reluctantly. In the case of
Jeddah ang Riyadh, Sehlpich and Berganmpnn
i been comfortable with the basic ap-
proach of those whn hod conceivesd tha pro-
ject, A this cage they had mager misgvings
about the archifecturol and technical con-
ception of the ariginal schome, $0 10 1987
signed a contract in which the partnership
woul act only as advisor, This bed to ane

of the lesy satisfactory experiences of
Schlaich's caresr. Their main contact was
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Frestressing. releasing
and retracting the roof
——— e o T, ®
;
Roof in closed and
prestressed position J,.-' ™
I
- -,
‘..--_-.7- e,
a
The prestress i+ released and 7.80 Z13-716
the attachment bolis along the Cable ancharage at mast top: The kinematic model of the
patimaler 4re removed Prestressing and releasing is done Montreal Stadium showing
by uming hydraulic jacks which shif stages in the exlension of
. the sockets of the suspension cables, the roof {view fram below)
AT Separation of funclions: The thick
sukpention cables are straight
% when stressed. The lifing of the
e e —e B
¥ roof is done now by wsing thin
hakiti ]
The rool is retracied, RERLIRE a0t

lts movemenis are controlled with

the “lassa™ cable looped arcund ifs
lower perimeter
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ot |

Transport ol the mambarans

inte the siadiem (compare the size
of the truck)

b

T.41

Lise Lainey and Rudoll Bergesmann
watching tha unfslding of the mem-
brans fram the masi top

T34
What they Law

.25
Clote-up view ol & QR PERTIGA
Pk

7.28
The same from below

Montresl Olympic Stadium

Thie would morease the force m the mamn
cables which would bé already nedvily Ioaded
by the prestress The valus of snow load nor
mally used in design ior Montreal i51.35 BN
per squars metra of roo! area. The cables
reguired (o support this IGad plus the ore
siress would have besn massye gnd shiff
The minmum rades of curvatigre to whach
& lpaded cabile can be Danf incraases as |is
diameter inoregees. (Also. when acable s
reguired fo move, the munimum radiis of
curdature = almost twice a& large as whan

It 65 ll"l';'r'tel_,- FEGUIFad 1o follow the curve of

i saddke a5 an a feed oot Gr on a bridgs,
thus, largs diametsr cables would have re-
guired farge diameter drums for the winches
and these could not possibly have bean
gocommaodnted in the nepd of the tower

n response to this prablem, the orgnal de
signer had anvisaged a heating system fos
the membrane which would melt the snow as
spon as it began 1o accumulate As & safety
FrEasure e POl Was Mowever designed to
carry-a nominal snow load of 0.45kN/m
The ustifications for using this lower figure
were thal the management of the stadium
would retract the root [ spow storms were
forecast: that the chance of a snow.storm
striking wiile it was closed was therefarg
small, and that. o this did happen, the heat
rig system would dissipate the snow. Based
an these assumplions the desgner arriyed
af 8 drameter for the main suspension cables
of “pnly” 40 mm. This made i possible o

cocommadate 26 winches of the necessary
s.ze within the head of the tower, The overall
dimensions of ihe {odwer wers fized on this
basis and, (ust as importantly, its banding
strength was determined to resist the gull o
40 mm cabigs '5u|]|::||:r':|!'|g ",_ll'll:,' A0.4A5 EhSm
snow |Bed

Thie Stuttgart team was troubled, howeyar
that tha concept did ol make enougn aliom-
ance fof the possibility of Ruman error and
mechanical falure. |1 tha raol were 16 e
SuDjeCchEd to @ sudden snowstorm, the snow
rrEiling system tight not Be switched on

s00n enough. Even if it were, it might prove
uriable to control the accumulation of snow!
it might meit the PYVC covering of

and reducs the strength of its seams; of

the Taoric

there mght De & [ofal power taalure. In this
case, gither the cables or the seams of the
fabric coulkd Tal, lead rig 1o Hestruchisn gt the
roat Schlaich Bergermann therelore stated

Dhal they codld not Sham any fesponsality
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uriess the roaf were designed for the full
standand value of snow load. An 2nalyus
sased on the origingl method of refraction
showead thatl a damater of 95 mm wodld e
resuired for the mamn cables pnder full srow
load and presiress, To accommodate them,
and allew for the fact that @ moving cable
cannol be beant as sharply as a static cable,
the wanch drums would need 10 be 5o matres
in dizmeter, rather than the ong metre arng-
nally proposed, |f was smpossibla to imagine
& tower large enpugh at the top to hold 26
winches of this size. It appeared for & whila
that the design of the rogf mught have to

oe abandoned

A zolufion {o the problem was nol easy §0
firnd, but the secret iay in the fact that the
torces involved 10 retracting the roof wara
much BBss than those reguired 10 prasiress

f and Suppoft the snow lpad. Thus, when the
roof was N pasibian, the 85 mm dismgtar
cables nesd run only from the edge of the
permaneant roof (o the head of the tower
Hare, gach could be attached 10 & heayy [BCK
winich would react against a caliar (7.20)

A battery of jacks could thus perlorm the
a5k of presiressing the memuorans Ty Fé-
tract the roal, the jpcks wolld first Be re-
leased to rebigve the (ension and Qisengage
trem from their collars. They and the heawvy
cables would then be drawn back down, m
side the hollow shatlt af the tower (717 -7.19)
The cables would follow freely through the
collars and be guided along curved tracks
eguipped with rollars to reduce the friction
loss, Te draw the [Ecks and mam cablies down
the tower, smaller cables with an average di-
amater of 30 mm would suffice, Thess could
be wrapped round drums of 1.2 metres diam-
etar, and it wollld ba possible to accommo-
date the necessary number in the broad

base of The tower winch was Harad Tor mainly
architectural reasons

Lince this major probiem had been £on
guered thers wers many otners (o resolve
Thiz first was to find a way of connacting the
Mmgh-strangth membrang 1o 1he arge-odiame.
ter -&;‘!E& cabies wmist ENSuTing the flexility
fisaded for the retrection process A "lassg”
cAnE WAL inatalled arouna e lower edge of
the membrane so that It could be gathered
up in & controlled fasmion (7.19]) Mﬂ:'l:p' cand
blocks were designed for the cable cornes
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T Testila Meambrane Roofs Mimes Roman Arana
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T Teutils Mambrana Hools lar&gols

& guite difterent solution was evolved t o

YICE 8 DErta § FErTPOa LN E rmaEmBraEre ot

for the 1Bth-century bullring at Zaragoza
apain, [he bullding 1s ciroular in piar

3 Mas a duarmeter of 100 metres. Hare

the Schtaich Bergermann team coversgd the
grandstands with a permanent mambranes

F &

S¥INE an ouler diarmeteér o 4 rHetres
[} 5
Wil t Fie HIFIAgE I e JEFE
§ e e 1) £ L i = ey E
WY 4 Fairolialke e I L 4 TireE
diameter. The structural svsiem of the T

T4
The roof ower the Bull-rimg at

laragora showing anly the aister

permanent pari of the roaf
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spoked whesl (7.42-745). The rim consists
af & stesl Dox-section CoOmMpressian rng
while the 16 spokes are as usual prestressed
cabkes, These are anchorad at their inner
ends 1o two cable terson rings, siluated one
above the other and held apart by vertical
tubular struts. There are thus two sets of
cables radiating from tha inner rings to the
top of the grandstand; one sloping down
and the other sloping up. The membrans of
the permanent, annular reol 18 draped over
the lpwer set

The retractable inner roof is located entirely
within the “hub" (7.43). The upper and lower
tension rings serve as “rims” for two further
“spoked wheel” systems meeting at a single
ctmmon hub above the centre of the bull
ring. The retractable membrane is draped
owiegr the lower cables of Phis iffer Systam
When the roof is open, it hangs bunched up
n the cantre, When the roof is to be closed,
16 small electric motors draw the bottom
edge of the membrane out to the lower fim
ta farm a circular tent (7.48). Once the edge
has been secured to the fim, a jack at the tof
applies the presiress maceissary ta establish
rigidity and prevent flutter (7.47 + 7.48). Visi
tors greathy enjoy the magniticent spectacie
af the apaming and closing of the roof which
Nas Deen irkenad (o the unioiding and closing

of & flower bud {749-7.54)

el
T.43

Cross-section of the outer fized
and inner retraciable roal

Tl
Close-up of the outer roal viewed
from inside the stadium

T.45
The ouler roa! seen from abowe
with Itg cables amd vertical struls
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The retractable roal from abowe
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T.47 748
Wiew ol the presfressing sysfem Cross-section through The

presiressing system at the centra
of the retractable roof




T Textile Membrane BEoofs laragoza

T 4% =-7.54
Closwre of tThe Daragora roal
seen from inside the arena







¥ Tautile Mambrans Roofs Stuttgart Gottlieb-Daimbar Stadium
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Tha Goltlib-Daimisr Stadivm iogl 11 Bugust 1993 the Feld and Track World inky small spread foolings were neaded at

ot Stuttgart Championships werg held at the Gottiieh- IHe Bases of the columns, angd therg was nc

Daimier Stadium (Tormerly the MNeckir Sia nesd fof Dack-StEys or Hes which would have

diurn) in Stutigart. for this event Schfaich reguired Dulky anchor DIDCKS OF [ension pHe

and Bargermann together wilh the srchitects -snchorages, The sparse structural system of
H. Segef und Pariner and Weidl=plan wers masis and cables was econpmical and simpy

commissioned to design a roof to completely  erected. Within 18 manths, the partnership

wer the grandstands, The task was chal tuad designed the [Brgest mMembDrane roos i
- :_ E = -
lenging. Time and monay ware strctly lim Euraps.and construchicn had besn complebed

ited. &rd it was required to interfare as little i budget and on timeé {755 -7.656)

a5 possitie with the contmusd functioning of

1 he outar edee ol the roal o8 gllighcal (n phan
the soarts venue. The site near the river was .
with mamn axes of 280 and 200 meabres and

rsoll But the conventional
crsEis of two vleel bon comprassion nngs
rELoonSe ol oriv nE [led founcdations wWas !
chpported by 40 -steel box columns. The nngs
ruled Gut bacause of CONCErn OwEr the purity : s
[ ihe ge ROWaEIEr nniving the frmowes undulate in elevation to foilow the Yarying
if the il ATer Suon e TRITHILLFS
- . ST T . heigphts of The grancdstands. & steal-cable ter
rmurteral water wells m the Iocality The part = o\
Zien ring s suspended above the inner adpes

&

of the grandstands with 40 radial cadie-gird

refshnip chose (o use a spoked-wheel typs ol

structurs becalss |1 was ioaally suited 1o the
g5 siracoed liEg spo=et DEtWeEaN The nnar
stuation, peing entirely selfcontained from a
=T 2 T et nlal | + Ared HFAe cular cormioressson Fings
; i z : VRS0 TR e 5] i JTTH ik Ll B
- oiral R T r T oy cpe—,
Girucioirg) SOOIt OF view arnd shus Irensie 1

arely wertical ipads o the ground. A & resull




{ The system is similar ta that usad at Zara-
goza oul imeerted, because at Jaragoza
there is gne guter compression and two inner

tension rings). The cable-girders consist of ,,_-———‘-L
upper and lower cables which are connected e & ki
and prestressed against each other by verti ﬂiu i
cal suspender cables (7.56). The tension in " 1 . [

while that in the lower cables increases under

A
1 E
/ 2 L
the upper cables increases under snow load, -;"'f ‘,\'\J i
| I
,,F,-r’" P s if .
e L s '_,.,.Jl.-' 1

wind suction (uplift). The width of the roof
Dabwesn the cuter and inner rings 1s a con- 7.56
stant 58 matres. The roof s divided into 40
panels, each bounded by two adjacent lower
radial cables, the |[ower coOmpressigen ring,
and the inner cable. The total area of mem
brane s 34,000 sqguare metres. Each panel
15 supparted by saven paraliel bied arches
running in the circumferential direction and
spanning between the lower cables of adja
cent cable-girders,

The columns and comprassion rings were
first erected with the aid of cranes. The ten-
£i0f Catrle ring, consisting of eght lockad
Coil ropes, was then lad out on the ground in
the stadium and lifted into position using the
rextended) radial cables of the cable girders
The tied arches could then be installed and
the membrane laid over them (7. 62 -7.65),
No temporary supports were needed for this
process-and there was no interruption o tha
schaduled sports activibies in the stadium

Shortly after the Daimler Stadium, Rudolf
Bergarmann and Knut Goppert (a former
student of Schlaich and one of the coming
younger generation of the pracfice) designed
& simikar roof for the Gerry Weber Cantre
Court at Halle Westfalen but with an addi
fional convertible transivcent central roof
(complated in 1994) and another one, even
larger than at Stuttgart, for Kuala Lumpur,
which is now under construction

Far=7.59
The stadium

1l



T Teatile Membrane Roofs

The edge cable connection

Two tied arches joining
with & lowss radial cable

Stuttgart Gottlieb-Daimler Stadium

T.60 =765
Details of the edge cable. insialla-
fign af the membrans on arches
spanning between the lower radial
cables

a2

T.B6
The membrane roal
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7T Textile Mambrans Roofs

Oldenburg Grand Stand

The root over a grand stand at Oldenburg
(7.72-783) covers 5000 seats, arranged in
21 rows, 130 meters long. Though this design
goes DEcH 10 an Sarier compehtion entry
submitted by Schlaich and Bergarmann at
Karlzruhe, careful consideration was made
of several alternative solutions - DETTI{HE”}'
of cantilevered roofs decked with trape-
Zoldal steal shepting suspended from stee|
cables, as frequently built in recent years
More satisfying aesthetically and costing
ittle mora, the pretent solulicon was chosen,
using a steel tube. cable and membrans
struchure. Pretensioned memoranes have

to be strongly curved i order (o take up
pads economically. The anticlastic surface
curvatures should be similar in bath dirac-
tioms where, as here, roughly egual lcadings

L TR s dm

T+ 733

fram snow of wind suction can be expected.
Under these boundary conditions the long
form preciuded a single membrane, thus
there are 14 rectangular or trapezoidal ele-
ments, connected at upper honzontal level
by ther adjacent edges along radial struks
and each tensioned downwards toa low
pairt. The rectangles are 9,25 x 23 m in plan
and their lpwer points are 4 m below the hor-
lzontal edges: roof projection is 176 m over
seating area and 5.4 m behind. The horizon-
tal struts are cable suspended from masts;
11.45 m high and held down by anothar set
ot cables. &t each end of the whole rool a
triangular cable truss in plan collects the
horzontal forces (o a point carried an steal
trestia supparts

Oidenburg grand siand rocl
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T Teutile Mambrang Reofs Oldenburg Grend Stand

T4 -TTE
Plan. saction. view ol
Didenburg grand stand roof
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The assambly procedurs was as follows
Erection procedure

(277-7.80)

= firstly the masis were erected with tha
cables exact in length, thers Deng no
adjustment devices (1olerances required
tar the reinforced concrete * 10 mm and
mast construction * § mm);

then pre-assembly of the membrane near
site with compression struts and tension
cablas;

i

lifting ot pre-fabricated segments into
position and securing support cables
to masts;

connection of end cable trusses between
roof and tresties and gradual tensioning
of cables (ca, 150 kN per cable) with
continual momtoring of overall geometry
and of prestrassing forces,

= graduate tensioning of membranes at
low paints;

- final stressing of whole structire via
end truszas and tresties);

= gonnection of stainless steel rainwater
tubes to the low points

148
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T Taxtile Membrang Hoofs Oldenburg Gramd Stamd

Cldenbarg grand stand roo
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Highway and Railway Bridges

Project
Calcutts Hooghly River Bridge

Akkar Bridge in Sikkim

Evripos Bridge

Obere Argen Crossing

Kirchheim Overpass

Kelheim Westtangente Bridge
Kimpfelbsch Bridge Proposal

New York Willilamsburg Bridge Proposal
Prince Edward Island Link Proposal
Strait of Gibraltar Crossing Proposal
High-Speed Train Viaducts

Berlin Haval and Humboldthafan
Railbridge Projects

Ingolstadt Danube Bridge

Stuttgart Nesanbachtal Crossing
Macau-Taipa Crossing

Saint Paul Hississippi Bridge Propossl
Hong Kong Ting Kau Bridge

tomplaned
1971=-93
1988
1992
1590
1593
1988
1987
1988
1988
1990
19%0...

1994...
1994 ...
1994 .
1994
1992
1994 ..

apyrght



B Highway and Rallway Bridges

Hooghly Calcutta

During his early years with the Leonhardt und
Andra group. Schiaich did not becomea heav.
ily imvalyed in (he design of large bridges be-
causs this was well catered for by established
partners. However, in 1966 the group was
engaged o prowide expert advice to an Induan
contractor in prepanng a tender for a large
bridge across the Ganges al Allahabad (8.1
and B.2), Becouse of his strong parsonal
intgrest in India. Schlaich was happy whan
Leonhardt accepled him as project engineer
and e was able to commence work on the
design with a group of Indian colleagues.
Amongst these was Sharad Joshi and the two
soon became firm friends. (0 1968 he was
sent to Indua to spend two weeks diSCUssing
the Allahabad project with the government,
getting to know the country, and meeting its
people. However, (o the dismay of Leonhardt
and Schiaich, the regional authorities consid-
ered the proposed use of high-guality sus-
pansion cables and oartally prestressed con-
crete 1o be dangerously in advance of local
practice, and he was unable to persuade
them to accapt Leonhardt's dasign for the
bridige. However, his strong interest in India
had been reinforced and whenever an oppar-
tunity arose Schipich went there, “initially at
a total inancial loss", to seek imvalvement in
projects far bridges

About 1971, another Indian group suggested
a collaboratron with Lesnhardt und Andra on
a project for @ bridge at Patna. In response,
Schlaich establmhed himssll in Bombay
whers he and Joshi developed o special form
of multiple cable-stayed bridge with decks

in prestressed concrete (8. 3). The Allahabad
and Patna bridges were to be approximately
fowr kilormetres n length and Leonhardt

and Schiaich had hoped (o s&e them 8s pro-
totypes for future bridges which would be
suited to the special prablems of India™s wide
rivers with their immenss scour depths, when
they rise rapidly during the monsoon season,
(For further discussion of these two Brdgs
types see “Prince Edward 1sfand Link™)
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It was during this pariod that the gowernment
of Bengal invited intgrnational consultants to
submif tenders for the checking of the design
of a large second crossing over the Hooghly
River at Calcutta, This provided an opportu-
nity far Schiaich to become involved on be-
half of Leonhard! und Andra and so estab-
lished him ana path which was to lead 1o the
design af several large cable-stayed bridges.
This aspect of his career developed paraliel
to, and almost independent of, his other
work, it was of course precisely the field in
which he could learn most from Leonhandt,
whose achievernants in bridge design, espe-
cially that of cale-stayed bridges. had
brought warid fame.

Tha fiest bridge across the Hooghly (a branch
of the Ganges delta) consists of 4 sernes of
massive russes built under the British ad-
ministration in 1943, In the 19605 a group of
Indian contractors aperating under the name
BBCC tendered to construct a second bridge
10 & design by the renowned Brtish consul-
tants Freeman Fox and Partners, Thair propo-
sal was for & 457-metre cable-stayed bridge
with two stesl Dos-girders incarparated in
the deck. BBCC won the contract to build the
Bridge but in 1971 the validity of the design
principles then used for steel box girders
came into question following failures ina
number of countries. in Britain an investiga-
tory committee recommended the adoption
of revised guidelines and the strengthening
of many recently-bullt box girder decks. The
Indian government therelore decided that
the design for the new Hooghly Bndge should
be reviewed. The consultant responsiole for
superngan would also act as “proal engi:
nest” and double-check the computations
and drawings of the designers. The contract
for theses tasks was then opened o world-wide
compatition. The Government furthar speci-
fiad that masimum use be made of local
products, espegially stesl, in arder to provide
work for local industry, and that tabour-inten-
sive methods should be used whene possible
for tabrication and construction. The stee
was to be rivetted rather than welded. to give
frax imum employment to lecal fabricatars.

Because of nis (nterest in India and in cable-
stayed bridges, Schialch was very keen to ob-
t8in the commission for Leanhardt und Andra
1o act as proot engineér for this design. His
wven fually successful negotiations with the
suthorities required several visils to Calcutta

Copyrighted material




over a period of more than a year, As men-
tioned above, proof engimedrs take a large
share of the ulfimate responsiliity for the
structure and fhus haye a sirong stake in
having their own ideas accepted I they have
& sarious diferance of apinion with the de-
signers. At the time, the system was almast
unknown in the anglo-sakon world, British
engineers ware accustomed to working en-
tirely on their own and taking full and diract
responsibility for their designs, It was inayi-
fabie that there would be friction between
the twa groups: Leonbandt and Schlalch sug:
gested 5o many changes to the FFP design
that they were in effect demanding & com-
plaie re-wordtng. There was much Invely disgu-
tation before the two groups of engineers
began to develop a mutusl respect which
firally lgd to friendship, Later, if &0 ecep-
tional development. the Indian gevernment
propoted that the twd groups exchange roles.
FFP would Becorme the proof enginesrs for
the design, while Leonhardt and Schiaich
would put into effect their own design idess
and superyise the construction on site, This
was sccepted by bath parties, and new con-
fracts were signed.

Inthis context it (5 worth meéntioning, that
Schiaich and Bergermann some 15 years
later smployed Tony Fresmar, the grandson
of the founder of FFR for the cable erection
of the Hooghly bridge, simce they had worked
withi him garller and successfully at the in
fated roaf in Wmes for which he designed
and supervisad the lifting equipment -

a small world!

Wher Schlaich and Bergermann separated
tram the Leanhardt und Andra group early

in 1880 they wers confent that ther formes
colleagues were guite willing o get rid of
what had by then become a "burdensome”
project and ware happy to take the Hooghly
bridge with theminto their new praclice.

It toow & iiftle longer for Schiaich o persuade
tha |ndian authorities to agres that this major
bridge should be handed over 1o the smaller
and younger practice It was at that time the
only cable-stayed bridge in Southern Asia
and in the 1570s still the largest in the world.

Rivers like the Ganges in india
tegulrs calssan loundalions 50
o more metred i depth to tesivt
scoar, Thus for standard girder
bridges, requiring plors ot fre-
quent intervaly, the loundations
avn extremaly costly, Widely-
Spated plers are Moné eConomi-
cal, wnd Vhis leads to the use of
large spans with cablo-siaped
decks

8.1-83%

Cabla-stlayed bridges lor rluers
regulring dewp calssen bounda-
tlans

TTI T i T T TR TTad

T

g

iR

Standard girder bridgs
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A A
i

The Fatna proposal in 1981 -
nole the lsngiludingl eraws-bracing
botwern adjacent pylons
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a7-8.4
Construction of the loundations
wtairted in 1978

y of the concrate. i addition to the nsiSIEnceE on the use of steal for Lhe oy
promised cost eavings due to stmplicety vould resuft in unnetessary cost and delsy
f construction, the composite deck also but without success
offersd improved districution of concen :
hie deck 15 1astenad to the adutment at ona
I 15, and reasen damping
| End anby 50 that i1 15 free [ expand and o

N tract ower ite Ul lengt a b F _F'-h_-_;‘\-l_."-
n & further adaptation to local condibions Holding-down cabkes carry the
the cables were Sesig ir ughly simplified wertical component of the tension in the

nstruction as paralle! wire bundles buiit uo atles down into t wall founda

from lacally manwlacturad prestressing wire tions (B.5). The end supports and the myler
To avold the cost and maintenance problems  frames are based on gairs of
ASE wWItH sliding Deanng ThiE i launcgations with 8 diymeatar ol 24 metres
5 not supoorted on the cross-ginder where il COnnE; Y e Cross-bearms (8.6
FASEES TR t g .;:.__ oS \rE r'-:;.__"!‘ netres gl Coniraling 8m ahd geat well
anfiraly fre g cables. Th ndre and launched
eliminated the high bending moments w into t : o float there while ther height &
WoLld fiave developsd n the desp gili- ‘a5 Bl i 72 metres, THey were sk ]
finaf girders o they had recelved knife-sdge by admitting water until they penetrated the i

T L Eic S5 rders The river bed. After this [hey were gradus S Tl

pyions are sipped sightly inwards  with concrete o displace tha 1
g0 {hat the Cab:es Imay remain 10 theverlics 83 s0hd TouUnNgdan ¥ IIE
plame (B.4). Schiaich spent several night-long. by the contractor, Gamm
sessions attempling 10 conving
Bangal Minister for Public W

-

T —t 8 S w = Launching the steel caissan

B X " . af @ pylen fosindation

o : J 1
i -— B.5
1 End plers and means of
== ” anchoring the backstay cables
, = C L : {deinil soe B 13)

Lnr:r!nhrl‘ and yenking

2 pylon caiss.on

& V.l B8
One af the loar pylon loundation
— - T PN Peaitioning af ihe calssan by

Aatation




8 Highway and Ratluway Bridges

R

B.ao
Tha pylon head

8.11

Arrangement of the deck -

o steel grid with a eampotite
congrete slab

Hooghly Calzutts

Bz
Anchorage of the supperting
My cables o dock
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Bridge cables are aormally cut to an exact
[angth o ansure that they carry ther de-
signed tension ance the bridge is complete
Howaiir, aome minar adjustiment i usually
readed, png this is dene by Applying jeoks
1o the ends of the cables, This 1s o didficult
task wiugh cin i dangerous in unshilled
hands. Canventhonally, it s carrisd out at the
ends of the cables where they penetraie the
deck and are ancharae Dakow i, often from
platforms slung alongside or underneath.
The work thus occurs at many locations,
wiclely spread plong the lungth of the bridge.
Schlmich and Bergermann desided 10 use
simple fixed anchornge al thase paints trans.
ferring the cable force directly into the web
of the L-heams and thus ensuring a smooth
tew of torces (Fig 8.11-8.13), Becsuse the
caples are anchored (0 simple plate sxien:
siong of the waebs, which protrude above deck
lewal thers s ng weakening of the deck, the
#nchorsges are easy to inspect and maintain,
and they are well adapted for instahation

i laloud with & medium leval of skill, The
more comples anchorages for e prestress-
ing of the cables were plaged al the top

ol the mast, in a specially widened housing.
This means that the skitled work, and its
suparvision by engineers, is concentrated in
a single location. A prajection of the housing

513 ==}
Archotage o the backsiay
enbles nl deck
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n the longiudinal direction salves the prob-

FEfrt At arehi i1 the dlmoast werhical cablas

Latl arg faguired next Lo the pylon Lo supEort

the deck &s it passes through the legs (8.10)

The characteristic shape

=il ik =
1 } .Ii_' '.I':"

ising de

fifed by thess funcharns has been moknamed

the flowerpot” by Schialch's close friend

René Walther who is himseal! g highly gifted

and exparanced designer of cable shayed

-'Jr-d.:.glz"- achlarch considers that in addition

to s practical acvantages, thit clearty de-
kS

ied terrmiraticn of the cables at the pylo

legs is better from an aesthetic point of view
than the usual direct penetration imlo a piain

Dox SEClion 1&g

Construchon of the Hooghly bndge did not
start untid 1978 and suffersd many delays
being finally completed in 1993 (8.14-8.38)
To Schiaich™s great pleasure, the composite
deck system has proved advantageous Tor
cable-stayed bndges i developed economies
and has bean uted by other designers. (An
example |s the 462-metre Annacis Bridge it
vancouwver.) Not surprisingly, he states that
Bergérmann and he, whe carried the main
burden of the project in its later vears, could
wrile &n antire book about the Hoaghly pro
ECT the mitial batiles with Freeman Fox over
tha design and their later frisndship; his
fights with the local bureaucracy, tha battle
against corrupticn

gnd the final desigr

thig edolutan of the farm

details; and then the
FErgtny pariod of construction, The meeling
of two Qitterent cultures Turthar nlivanad

pracetdings Ll'gl"'-.rr"_“"'l'- Schiaich Ber-

B.l14+B.1%
The stew| grid of the side spans
AdvaRCEs OvET IEMPoray SUPROrts

germann und Partner, especiaily Winch Gill

manm, Hermann Meler, and Uirich Otto, wene
based in Calcutta for many years and some

ol them brought homa [ndian wives

Schiaich toak his farmily 1o IndE on many
oECasians once syen all the way Oy car, He
recalls, "we got o know Indwa and got m

yolved in the whale third world problem ™
el e IAarns with wim

Mt L] e genal-

oped p special relationship was T M. Subba
Man, one of tha contractars on the Bridge
wing was in IS8T gwarded an nonorary doci
rate by Ihe Uninversily of Stutigart. Sharad
Joshi moved to live in Stuttgart for severa
years and played an active rols in the design

= FmE
F: 1 NS i S

of the Hooghly bridge. Schisic
iove for this structure. He descnibes it as
beauliful modern bridge [built] with indige-

rics thbrd workd technalggy” and declares

M | am oroug of ::rﬂ".-r.g ana happy above

that, then it is this bridge!™ in 1393 his enfire

uRersity Inshitut travelled to India 1o give a

well-attended course on design of reinforced

COrcre ri' ISIE ‘!!':l._. '.'t"'_"u':!rl'-l':"" mael

Working on the siesl grid



A Mighuay and Raileay Bridyss Heoghly Calewtta

A pylon segmant in [he shog wilh Pylon hasa in the workshop

Liirkel Dyl Trsann im the green hat
aed Sharad Joshi at loft

Pylon segiments on /18 &5 4o8n
From deck lovel

B.a7-8.30
Pylen construction

Fyion assembly using & specially

Buhlt derrich

B.23
A Pylon head during construction
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8 Highswsy and Ralleay Bridges Hooghly Calcutta

Bz~ 30
Scenms of the constroction of
the main span composiie deck

Thee troely cantilovering spans
edge oot oeer the ¢lwer

Berges deliver pegments of tha
Erid 1o be litted inta position
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A carpenier preparing the form-

work for the concrets i lab

The workers' view of ihe dock
wnd 1he river below

H. Bergermann, W, Meior, and fheir
Indiam collgaguus with & cabile
specimen delivered lor Inwpaction

afer testing to rupture

Aiwwlting ol & connectien in

the freely camtl levesing maln

pngltudingl girdar
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§.32-8.36
The campleled bridge

B.37
The heroes ol 1he censtruckion

B.38 [owarleal)
The secand Hooghly bridge
in Caleufia
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B Mighway and Railuay Bridges

B.a0
The Akkar Bridge v Sikkim
General arrangement

Akkar

8.19

Akkar: the old suspension bridge
sloping and listing keavily under
the weight ol a truck

L7

In 1580, while the Hooghly saga was in
progress. Subba Rao combined with Schiaich
to design and build the Akkar Bridge in Sik-
kim, in the Himalayas, replacing the old sus-
pension bridge (B.39). This was after the es
fablishment of the Schilaich Bergermann
partnership, and he feli able to take am unin-
hibited interest in bridge design. The aim in
the Akkar project was once again {o adapt
the relatively advanced concept of the cable-
stayed bridge to the special conditions of a
third wiarld country - with the added problem
of a remote and mountainous location. To
avoid the importation of large quantities of
high quality steel, the deck and pylons were
designed entirely in reinforced concrete: the
first cable-stayed bnidge of this type in Asla
A special type of cable was required. simpile
but strong, which could be manufactured in
Sikkirm. This was developed by Knut Gabriel
whio since his irnvalverment in the Munich
Ulympic roots, had acquired many years of
FESEATCH EcpanEnoR N cable siructures at the
Inatitut in Stuttgart, It consisted of a simple
bundle of parallal wires kept in shaps By 8
lomg lay twist, so that the conventional sheath
can be dispensed with. To protect the wires
from corrosion, the cables are filled and
painted with polyurethane Connections at
the-ends are farrmed by pouring molien Zing
nto the sockets to fully bond the cables. The
-'_1-_'[.|j_-:r' team Saw this project as an opportu-
nity 1o demonstrate the feasibility of con-
crete cable-stayed bridges in Asia after the
frusirating years spant brying 1o obiain ag-
ceptance of the projects for Allahabad and
Patna (8.2 + 8.3). The bridge was complated
n 1988 (8.40-8.47)

B.41
Teafisverssl amd longitudnal
section of the deck



Conmstruction al the deck as bal
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B.44-8.47
Manufactore of the paraliel-wire

calyles on uite




The flexibility of the thin deck permitted
further elegance in design, As we have seen,
the deck of the Hooghly bridge had been sus-
pended from cables where it passed through
the pylons to eliminate the need for sliding
bearings and reduce bending stresses. These
advantages had been "paid for™ by a mare
complex pylon and an increased number of
cables, The Evripos deck was so thin that it
could tiex more easily over the cross-girder,
without developing high stresses, The more
simple solution of supporting it directly on
the cross-@irders was thus indicated. How-
ever, this implied the use of sliding bearings
which present major problems in mainte-
nance and durability. In Schlaich’s opimion
“the best bearing is no bearing”. The idea was
therefore concewed of simply connecting the
dack maonolithically ta the cross-bars and
pylon legs and making the pylons suthcantly
slender to flex slightly in the direction of the
span, thus parrmitting the movemant neces-
sary to accommodate changes in the length
of the deck due to temperature change and
shrinkage of the concrete. Thus in one stroke
the design team was able to provide a system
which was simpler, cheaper, and more dur-
able than the corventional. The flexibility of
the pylons in the longitudinal direchion is
carefully judged so that there s still enough
sliffness and strength to cope with possible
forces due to earthquakes -
eration in the design of bridges in Greece.

Im the ather dirgction they are sufficiently
strong 1o resist lateral forces due to wind
load on the bridge. Because the Evripos deck

d major consid-

B.52+8.53

slab was more slender than any yet bullt, the
aerodynamics of the bridge weare tested in a
wind tunnal to check for the type of flutter

which destroyed the Tacoma Narrows bridge.

Thesolid and flexible coancrete slab was con-
structed together with the cables, starting
trom the pylons and working in both direc-
tions, using the classical free-cantifevering
method. Although the contractor had never
bafare built a bridge, this task was complefed
without problems. With the dedicated and
practically-minded Andreas Keil as project
Engineer (Now the youngest partner on the
practice] the bridge was completed in 1992
(B.54-8.56). Schiaich sees this design a5
“thie ultimate on simplification” and thus a
major step forward in the partnership's quest
to demonstrate that the cable-stayed bridge
miy oné day prove to be the standard solu-
tion for developing countries such as India

B.54-B.56

¥Wiews of Evripos bridge during
fres cantilevering consiruction
and sfter campletion in 1962

The calle ancharage at the deck
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priate to place a heavily-laaded pylon at this  B58 -ﬂ-}-‘Tt T = "T e i S
end, The best solution was 1o suspend all A stwdy of alternative pylon loca- -
the cabiee from a single pylon stuated on the o™ and cable arrangements,
crest of the southern siope. Now, the fore E# Falr Enfummon i e Aeind o 2=
pe =) ” e of the pylon. The cambination of s NN T I A [
generated in a cable-stayed bridge Increase .. cioving from above and prog- 1 :
as the slope of the cables decreases, and the  ging from below (lowest disgram) S o g A e
overall costs are rougnly refated (o the mag-  halves the pylon height without T =
mtuce of the forces, The mast of a single-gy-  increasing the cable forces T
lon bndge should therefore be twice as igh = ) 10 O ) | >

a5 the masts of & two-pylon bridge to keep ' -
the slope of the cables and thus the costs the

sama. However, tfus would have necessitated e F‘i
a masi projecting from the valley far above e = B I = ' -
the trees and visually dominatng the sens
tive location (8.59), Once again thae designers : ;
found that external tactors were forcing them e D S S e _=-“"'"_": =
into & situation whare the height of the struc-
ture must be less than the engineering opti- T T T T T J'_': T -
mum. To add to the difficulties, they were
faced with the then novel problem of design- _
ing & cable-stayed bridge with a horizontally e o O B TS
curved deck, Although the 3000-metre radius -
suggests a fairly gentle curve, it meant that .
the end of the bridge would be displaced B it Mo It i e —
11 m&tras to the side of a line drawn straight
through the portal of the pylon, Howeer, ;f
as we shall see in the discussion of the e S N U et = =
partnership’s footbridges, they find great BEO
satisfaction in fackling complex three-diman- The range of slternative
sional probiems of this type. salutians studied for

the Obare Argon crossing
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Crous séctions al thres locations
along the mals span sbowing ihe
vertical and the ¥-shaped props.
and the supporting cables

B.62

The inveried saddies st the
towar end of the veitical snd
the V-shaped props

Ubere Argen

The eventual salution for the brdge was im-
flugnced by the design of the shorber viadict
spans an the northern side. Here, the desi
EriETs Concern for Tha emvirgnment and ther
taste for minimalism and lightness led them
io adwvocate a "russed girder” form af con-
struction (B.58). A span of BE metres was
chosen, using asingie-cell hollow sleal box
for the superstructure, and enbancing (1s
resislance [0 BeEnding wilh & Sngle under.
siing cable and prop. The: latter provides

a form of somewhat soff support to the mid-
die of the girder dividing its span Into two
43-metre intervais. The main span of the
bBridge was then set at 258 metres (a mulfipia
of Bo and 43) 50 thal it would be possible

to use the sama single-call box deck By pro-
viding some form of support at the standard
43-metre intervais. This was achieved by
FURMifE 3 cable under the lEngtn of the deck,
starting at the end furthest from the pylon

to support three props with the desired
spacing. From its Iowest point the cable fol-
lows the natural slope as it begins to rise
lowards the masl. wWherg \ passes through
dach level it provitles a fourth support. The
fifth pooint % Supeorted Dy & separade, con-
ventional cable attached directly 1o the pylon
Faad. With this solubion, i Becamé possible
to uae a low single pylon without incurrng
the penalty of increased forces in cables and
deck (B.59% The singie, centrally-piaced
cable and progs proved well adapted to the
three-dimensional play of forces, Becauss

of the curvature, the main cables pull shighthy
to ohe side, producing lateral forces on the
pylon. The pylon therefore has theformof a
Iatter A wiich provides betler resistance than
the corventional H or portal shape (8.57

and 8.63), For the same reason a V-shaped
prop was used under the deck of the main
span, 86 matras from its far end (8.61).

Sehigich s cantent that the team achieved
an overall design with a "conbinuous logic
and rhythem™ and avoidead, i ENis BEoCcEton,
the extensiea fan of cables sean in conyen
tional cable-stayed bridges. Only two cables
and one back stay appear above dack lavel,
discrastly close o 1he southern Siope and
pylon (8,633, Thus an overail impression

of discretion, hgniness and elegance 1s
achieved in elavation, The deck of the brndge
i5 identical 1o that of the narthermn vaduct
thus ensuring visual canbnlity and harrmony
The motorist, not really expecling & bridgs
because fhe shallow and Hiat valisy is almost
completely filled with treas. receives only a
Heeting impression of an architectural (or
structural) event on passing through the py-
lam. Thie Riker in hs valley Below s nat dis
turbed By the many piers ol a conventional
wiaduct and 15, Schiaich hopes, reassured by
fhe evident structural logie and diScration

of the cable-propped girder,

The partnership won first prize for this de-
sign agamst competition which ingluded
Leonbardt umd Andra. Schiaich notes that

he felt a muxture of pleasure ard embDarrass-
ment &1 this success, recognizing that he
owad much to his former parinars in lerms
of his professional development. However,
he feels that such situabions can hardly be
avoitdad. (This has been confirmed now that
some 0 Mg Qwn profagess Raye futt him and
are competing agamst hom in a similar suc-
cegssiul tashion!) He feels that this process is
easeniial to fthe education of new generations
of designers. bul because of the unavoidable
friction of such transissns 11 must remam

a very spetial moue wilthin the profession

Unfortunately, the design was ngt to be
realired a5 Schiaich and Bergermann had
planned, Having awarded the prize, the
Verkehrsrministerumn demandad significant
changes. Il 15 thar policy that, wherevar pos.
5ible, the dual carriageways of the autobahns
should be carred over bridges and viaducts
an paralleland completely separate strud
tures. The reasgn is that, If major mainte
nance or replacemant works become neEces
sary, it will be possible to direct traffic over
ane of the structures while the ather |5 re-
palred or even replaced. The design team
strongly delanded [hair orginal concepl, but
the authority insisted onoa re-design of the
approach viaducts in the form of duplicata
carnageways winth wirs (o Be supporied

on comernticnal prestressed concrets box




girders to achieve a certain economy by use
of the "Incremental launching™ technique, It
was agreed, however, that the anginal design
should be retained for the main span. The
designers felt thal the homogeneity and light-
ness of the original concept had been lost,
but the autharities argued (“rightly” as
Schlaich had to admit) that due to the topog-
raphy and the cover of the large treses, the
oridee would never be seen as a whole; that
from a distance, and for the motorist, the
final design would appear no different from
the original: and that only hikers close to it
would be troubled by the increased number
al piers

Hans Kammerer, who was a member of the
jury, was consulted as architectural adviser
to alieviate the resulting aesthetic problems
He had considerable expenence with bridges,
especially in co-operation with Leonhard! in
the design of a propped-girder bridge ower
the Meckar at Weitingen. However, he could
do little more than assist in solving the prob-
lem of the formal transition from the single
stegl holiow Box 1o the dual préstressed con-
crete girders

E'L.rIl'IE the construchon pernoad, the complex-
ity of the structure and the multi-national na-
ture of the contracting team exacerbated the
difficulties of cooperation between designer,
chent, and contractor. (Contract conditions
and professional practices differ significantly
from one :c.u.r-r.-_g to another :IT!'.I-_I cantractor
decided to diverge from the method of pre
stressing tor which the designers had made
provision, and a representative 15 quoted as
stating that the bndge was “maore difficult”
than had been expected, The resulting prob-
lems and cost overrun wene unfortunate at

a time when Schlach and Bergermann were
attempting to persuade German road and
rail aubhoriies 1o adopt a less conservative
approach to the design of bridges. Despite
these problems, they ams happy with its
overall conception. Schiaich writes that the
propped girder solution makes the load-bear
ing benaviour evident to the observer. It ap
pears highter in companson to 8 solid-web

gifder and appeals Lo the intellact. “We ac-

cept whnat we understand, and hind agresabls

W = m]w] = L =

bt He arguss that we

expect the form of & certain type of structure
i this case the cable-stayed bridge) o be
modified to suit difering situations and re-
guirements, and that we take an intellectual
delight in the way the designer has respon-
ded to this challenge. He describes Obare
Argen as “certainly a novel design; showing
that difficult constraints offer opportunities
for innovations”. Jungen Saidel, at that time
a partner in the practice but recently ap-
pointed Professor at Munich, handled this
difficult job. The bridge was opened to the
public i 1980

Schlaich was particularly concarned by the
fact that such a complex bridge would not
have been necessary If the traffic engineers
had fully appreciated the problems posed
By the instability of the southern slopa
Having fixed the location of the road on the
assumption that a conventional viaduct
could be Duit, they committed the structursl
enginaars to a complex and costly salufion
This axperience encouraged him and his
collzagues to astablish an interdisciplinary
research feam devoted to developing an

hohstic view of strectural design

BE3

The Obere Argen crossing
in its environmenl. The
convenlional parl staris al
the right end of the preiure
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The atiginal cable-supported
schame for the Kirchhelm overpais

& design for a cable-supporied
vl bridge st Monich (1582]

8.6%

The préstressed concrete wrsion
ovarpass as buill. Comparison af
bending moment diagram and fgrm
of ihe beidge

Myron Goldsmith's design for a
bridge acress theTiber in Rome.
Schlaich notes that this has been
hig “drgam bridge” since Galds-
mith gase him the photograph and
all the drawingt in 1955
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As can be seen in his design for the Obere
Argen bridge, Schiaich is fascinated by the
techmical and aesthetic gualities of the cable-
supported girder {8.66). He sees thisas a
more efficient form of external prestressing
than the comman one (popular in Franca)
where the cables are enclosed within a box-
girder and gre {kerafare limited in the dis-
tance 10 which tney can gescend below deck
level and provide the leverage fo resist high
bending momenis. He was encouraged by
the fact that he colleagus and frisnd Chri-
stian Menn had independently started ra-
search on this system at the ETH in Zurch
and nad clearly confirmed its efficiency

Fealing that motorway overpass bridges
urgently needed maore variety and that this
system could e one possitie approach, he
had keld dispussions with the state ropd
avthonties for some Tour years, urging tham
to et his office design one for them. Finafly
in 1987 the chiet enginear £ Hoffmann an-
nounced that he had found & suitable oppor-
tunity in the widening of the autobahn near
Kirchheim. The freeway here passes through
8 cutting, and a new farm access bridge was
to be provided linking the helds on sither
side. The situation gave ample clearance over
the road for the cables, The office thersfone
prepared a design in which inward-sloping
IEE} supported a cenbral span of about

42 metres (B.64). The deck was to be a salid
slab gnly 40 ¢m in depth, stayed by two
undersiung cables each supporting five short
props. The cables would be well clgar of the
tegal limit on the height of lorry loads. Rose-
marie Wagner, who had recawed har docto-
rate at the Instiful working on just such "hy-
bricl structures”, was Keavily immlved in the
design which was worked oul in full detall

Copyrighted material




B Highway and Rsiluay Bridges

B0
The Kelbelm Westtangente bridge
during construction - general view

&n

Falsewark and lormwork for the
pedestrian lunnels 1I|n'|-u‘h Tha
shutmenis

8.7
Keiheim Westiangente!
views ol the completed bridge

B.73
& pocial bridge shaped according
to thir banding mament diagram

Eelheim Westtangente, Edmpfelbach Froposal

The recently-completed canal joining the
rivers Rhine, Main, and Danube passes
along the former course of a stream called
the Altmuhl which ran by the old walls of
Kelhelm in Bavaria. The construction of

the canal interrupted the former fines of
commumication, snd 3 need arose for a new
brndge tocarry diverted traffic around the
town cantre on 3 by-pass road known as the
Westtangente. Schlaich Bergermann and
Ackermann und Partner were engaged as
consultants because of the success of the
suspension bridge which they had designed
tor a pedestrian crossing outside the town
gate (Chapter ). As in all overpass bridges.
there were conflicting needs to prowide ade-
guate clearance underneath the deck and
at the same time minimize the lewel of the
raad surface to limit the cost of the approach
road embankments. Thus the economically
optimum design would have a deck much
more slender than usual. Corventional beam
bridges were ruled out.

The design team prepared several structu-
rally etficient designs including cable-stayed
versiens with slender decks, but the author-
ities were reluctant to accept any kind of
superstruciure above deck level, The team
finally responded with a structure which in
outward form is somewhat like a classic
arched canal bridge, but structurally acts
rmore 23 a frame composed of a slender
prestressed decs cantilevenng from heavy,
Integrated abutments (8,70-8.72). In this
way it was possibla to keep the depth of the
deck to & mere 1.5 metres at the centre

The deck structure is a shallow hollow box
wilh four compartments separated by three
relatively wide webs. The total clear span is
about 70 metres on the skew

Although the massive appearance of the
abutments is somewhat reduced by the cir-
cular pedestinan tunnels provided for the
“towpaths”, their weight and solidity conflicts
with Schlaich’s normal technical and aes-
thetic aims. He triad to improve its form oy
smaping It as later in Firchhaim, according
fa the bending moment diagram. thus rediac
ing its-dead load and simultaneously adapt-
ing it better to the requirements for shipping
Clearance. However, this "pigbelly girder”
was firmly rejected by Ackermann (8.73).

1ED

Schiaich finds comfart in the appealing
sculpiural gualities of the bridge as finally
built, particularly the interesting visual &f-
facts created by the fact that the tunneis are
Skew 10 the abutmants. He s also content
with the extreme slenderness achieved in the
deck and particularly with the fact that this
is @ bridge without any moweable bearing or
expansion joint, making use of recent knowl-
edge about the ductinty of structural con-
crete, including what is technically described
as its "softening” after forming hairline
cracks. Mevertheless, he fieels that this and
Kirchheim is "at best a beginning, and not
yet & salistactory conclusion” of this line of
development,

The project for the bridge over Kimpielbach
near Plorzheim is somewhat hard to place in
the context of the office’s other designs, but
it is certainly close to Schiaich's haart. In the
late 1980%, it became necessary to replace an
existing bridge at the site to permit widening
of the Stuttgart-Karlsruhe autobahn, As
wsual, two parallel structures were demand-
ed, one for each carriageway. The freeway
would at this point pass over a shallow valley
containing a state highway and two railway
fines. It would thus be a major feature in the
landscape as seen from the local road, At
the request of the City of Plorzheim, the
Landesamt fur StraBenwesen organized a
competition amongst six selected desgn
offices based in Stuttgart, including Schiaich
Bargermann und Partner,

As usual, the team'’s main obyective was to
rmakeé the bridge as lightweight and unintru.
sive a5 possibie, They rejected the idea of
using an arch above the deck or & suspension
system bacause, to motorists on the lower
road, these would have had a “monumental”
appearance, towering over the already ele-
vated deck. Furthermore, they felt it would
be hard to locate the four pylons needed for
cable-supported decks on the Yops of the
embankments without gnang the impression
thiat they had been arbitranity speared into
the landscape. The proportions of the space
oeneath the decks posed further problems
The underside of the decks would be 36 me-
fres above 1he lower road, whike their com-
Bervid wadth (e the direction of this road)
wiould be 41 metres, The team felt that their




The bridge was to be built in twa paralled
halwes, as though split down the middle, so
that the old bridge could continue to functian
as lang as possible during the construction
pencd. The two Ralves would be built either
side of the existing bridge without interrupt-
-ing tratlic, and then - within a few days - slid
sideways into position after the old bridge
had be=n dismantled. In their final position
they wawld remann shghtly apart and the
intervening space wauld be covered by trans-
parent grid-like decks which would support
the rails for trains. This solution was con-
ceived also because of its favourable asro-
dynamic charactenstics.

Unfortunately, because of the financial prob-
lemis of the city of Mew York, it has been
necessary to shelve the project indefinitely
and to repair the existing bridge.

B.E3

et s

B.BE3
Caonstruction procedure with
minimum traffic interruption

The praposed arrangement of the main cables ower-
came & major disadvantage of suspension bridges
which formerly had twa vary thick main cables,

one on each side of the deck. Replacement of these
cables could mot be carried out without severe dis-
ruplion Lo traflic. In the Williamsburg design there
were 12 smaller individual cables (locked coil
ropes)on each side of the deck 3o that a single
cable could be remowed and replaced i1 necossary
with a temporary loss of only one twelfth of the
total strengih. allowing normal traffic flow. Other
advantages were that the main "cable” would
appear transparent and lighter, and that the same
type cables which make up the main cable could
also be vsed for the hangers and inclined stays

Maw pylon legt: temporary positeon

44 Yol
11 1

Mew pylon legs: hinal pasition

N

d 131 1
LT 1=

B.Ba

The proposed design of the re-use
of the existing foundations for the
pylans
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Aftar construction af Tthe Aew
prlens alongside the old bridge.
the new maln cable would be hung

Sections of the glrders for the
mew dock would be fleated put
and suspended at mid-span

Construction of the new deck for
the side spans including installa-
tien of the inelined stay cables

Plan of the two halves of the new

bridge either side of the old, with
the new main cables deviated and
already attached 1o the old anchor

" blocks (8.85)

Plan of the completed new bridge.

~ After the old bridge had bean dis-

mantled and the new halves slid
inte position the cables would have
been straight

8.85
The pew main cables rest on
the back af the old anchor blocks
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The Hoating bridge proposal

for the Gibraltar Straits Crossing
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Crossing of the Strait of Gibraltar Propossl

In & proposal for & 12 wm crossing to link
Prince Edward Island in Canada to the main-
land (8.86), Schinch and Bargermann re-
vived the ideas developed for the two Ganges
bridges in India dating back fo the 19605,
The Allahabad design of Leonhardt (8.2) had
Been somewhat similar to Morandi's Lake
Maracalbe Bridge in Venezusla, thaugh much
smaller and simpler and imvolved repeated
Wnits, Bach carrying two cabie-supported
cantilevering arms. In the Maracoibo and Al-
Iahabad designs. the legs of the pylons werne
spread n the direction of the spans in order
to cater for the overturning efiect when trathc
was accurmnulated on anly one of the arms, In
their design for Patna in 1971, Schlmch and
Joshi realised thiat stability im this direction
could be achioved more simply by means of
cables running from the top of each pylon
and attached 1o the adjacent pylons at deck
laval (8,3, This had obviated the nesd for ax
pensive splayed legs. An additional idea for
Prince Edward Island, worked out in conjune.
tiom with Lavalin of Maontraal, was to prefabr
cate 380-metre-long segments of deck and
use a floating crane to lift them into position,
S0 4% to be able to build the bridge during the
short penod when the crossing is free of (e
(8.87), That such ideas make sense was re
cently damonstrated by the construchion of
the Western Storebell Bridge in Denmark,
Schilaich and Berger.mann developed these
ideas sven further in a proposal for a eross-
ing of the Strait of Gibraltar. The basic con
cept 1s similar, but the pylons in this case
ware to be mounted on their final submerged
carssons, which would serve a4 pontoons
and, after baing Nloated with the J00-meatre-
bridge unit on top in their final position.
would be anchored with cables to the seabed
(8.88+ B.89)

Copyrighted malarial




B Highway and Railway Bridges High-Spesd Train Viaducts

g
Jre— =

B.90+8.91

It makes no sense (o eraggarale
spans, especially for low:level
bridges close 1o the ground

B.92

Shorter spans make it possible

to reduce the depth of the deck,
permitting the use of open wec-
lions, while exible steel columns
eliminate the need lor bearings

E‘_..I—r_rm==]_..—‘5 % - Ba93
- ==

1 if Typical cross-section of a
-
< | standard box girder bridge (B.90)

H | and of short span bridges (B.92)

As a result of the construction of new lines

for high-speed trains, the Bundesbabhn has
become involved n the design of mamy mneéw
rail bridpes and viaduets." For much of their
bargthl the redi lines must be elevated onky

a few mietres above the surrpunding tields.
Traditionally this has been achieved by plac-
ing the lines on earth embankments. but
thase form a conbinueous barrier across the
countryswde. There has therefore been a
tendency in recent decades o use heavy
preastressed concrate box girders resting on
squat prers (3.90+8.31), Schlaich feels, pre-
dictably, that there is no need for such solid-
ty of construction. He has argued his case
forcefully through a number of :r.anne-ls.;!

The design of the concrate viaduets is greatly
nfluenced by the langituding| expansion and
contraction of the deck due to temperature
CNange. Expansian joints must be provided -
thig wary mimnmum beirng & singhe pont at one
abulment. However, 1f long lengths of deck
are made continuows. a large amount of
movement 15 concentrated at a small number
of nts, 1115 then difficult 1o make provisicn
for this i the design of the rails ard their
immadiate supports. The traditional solution
was to provide an expansion joint at every
pier 50 that limited movement would cccuwr at
a large number of joints. The technical “cost”
of this solution was that the girders spanned
simply from pier to pier and the bending
stresses were higher than they would be in

& continuows structure, thus requiring a deep
girder, Also, each pier must alone resist the
horizantal braking and acceleration forces
caused by vehicles on the girder which was
attached to it. In recent years the number

of joints has been reduced to every third pier,
thus relieving the problemn but not really
solving it




Further probléems arise because the massive
boxes must be cast in stages. The *floor”

is cast first and hardens. Then the walls are
added,; and finally the deck. Each new por-
tion shnnks after casting and tries to draw
the previgusly-hardened portion with it, The
latter 1s unable to follow this movemant com-
|'..'I|&|!B|}f and so tension cracks are lkable to
develop in the new concrete. These must be
controlled by heswy local rmntorcemant Thus
the massive naturea of the boxes causes the
material, in a manner of speaking. to work
against itself, Although such sifuations
cannot always be avoided, they offend the
engineer’s sense of what is appropriate and
logical in structural form and Righlight a
nead for drashic Fedigian in -:I-E‘s.lgfl 1I1|I'|Ii_||'|g

achlgich’s counter-proposal 10 achieve a
more ightweight and transparent structural
solution starts with the fact that at low
Reights the Spans May also e small. say
half of the now standard 44 metres, and that
the girders must be made continuous over 8
hmited number of spans o reduce bending
moments (B.92 + B.93). These two measures
permit the use of girders at least twice &5
slender and with open double-T cross sec-
tionis, the webs supported directly by thin
steel columns, thus shrminating torsion
{8.94-8.97). The braking forces may then

be transmitted horizontally ta a stesl trestle
situated at the middle of each unit. All other
piers in the-section may be made as slender
as possible, so that they can flex to follow the
movements of the deck. The resuit 1s a highly
transparent structure which ensures min-
mal intrusicn in the visual environment

Hans Schober was responsible for working
out this proposal with the help of Ot Alcher,
a graphic designer and inventar of the logos
of companies such as Braun, Lufthansa.

and Erco. Aicher was an admired friend of
Schiaich and teacher of his daughter Sibylle,
the graphic-designer of this book, and his re-
cent death foliowing a traffic accident was a
sad loss,

Artist's comparizon of
abridge as presently built
and a% proposed

B.94-8.97

Proposals for bridges for

tha high-speed rail netwark
with stesl trestles and double
columns at the joeints (ons pair
wach side of the joint)

T

¥
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B Highway and Railuay Bridges Berlin Havel and Humboldthefen Projects

Anather teresling ral bridge in hand at the
time of writing is the Havel Bridge in Berlin,
This 15 & shew seven-track bridge of anly

Bo metres span - aimost a3 wide as it is long.
The original proposal was to use a seres of
tied arches side by side, The tied arch is

in principle a visually “clean” structure, but
when it was applied in this situation the
result was a junghe of steel struts (8.98).

I e The alternative proposal of Schlaich, a con-
i | e e | TR 2 § tinuous girder with the height of the webs
] [ ] .' " ! ' '. |.[ [ [ I | varying in accordance with the bendmng mo-
TR P e W bR R SRR TR 6 b ments, makes a theme out of this “addition

- on the skew” (B.99) and may have a chance
to be built thanks to the strong support of
Heinz Durr, the president of the Gerrman Rail-
reads and of M, von Gerkan, the architect of
The Inltial propadal the adjacent Spandau railway station, on
which they are working together, Hans Schao-
ber, Thomas Moschner and Jan Knippers are
i O “'-‘-,.‘:%b_ e T —hﬁﬁ—%h taking care of these projects,
i e higda . ix -—l-:‘-l'—-dr-'-'-":li'-'c-l n.-ll.-ll—ll--l il i ‘..:.-.- f:““‘“ S i
Lo £ o SIELE B2 TE T T With the same architect, they are working on
the Lehrter Bahnhof project at Berlin. This
includes a seven-lane rallbridge over the
The aiternative proposal Humboldthafen which is to have a concrete
deck supported on steal arches with cast
steel nodes (8.1040)

B.98 - 890
The rabl brigge over
the Hawel in Berlin

A.100

The rail bridge over the
Humiboldthalen adjacent
1o the Lefhrter Bahnho!
i Barlin {dee 5.51-6.53)
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B Highway and Bailuway Bridges [Ingolstadi

As mentioned in Chapter 2, Schlaich was

for many years a strong advoecate of desi@gn
competitions for bridges and other utilitarian
structures, n the hope of inducing a mare
creative approach amongst enginears. Partly
as a resull of his efforts such competitions

becarmea popular in Garmany in the sarly
19905, Schigich und Bergermann submitted
a8 numbéer of brdge designs, neluding pro-
jects at Schormbachtal (B, 101), Wiesiauttal
Hellbrann and Mannheim (8.102). It isironic

thist thi jures generally chose more conser-
Vative propasals, However, thare have Geen 8.101+8.103
successes on two recent occasions. Two snsuccessiul competition
eniries far highway bridges
ter the Schornbachial and

mamf the Meckat a1 Mamnheim

In January 1954 the partnership won & oo
petition for another bridge at Ingolstadt,
croasing the Danube and pazsing through
beautiful parkland. Schiaich worked on this
design with his saon Mika Schiaich, also a struc.
tural enginesr, who sfer studying in Zunich
and warking in Spain, recently joined the of-
fice for this auspicious start in company with
Michael Werwighk. The engineers work in con-
junction with Hurt Ackermann and tha land-
scape architect Paler Kluska (B.103 4+ 8.104)

Bao3+H8.104

The road and pedestrian bridgo
ouet the Danube af [Rgolsiadi
{under construction). The concralbs
deck of the roadway i+ supperiad
by undersiung cables and the fomt-
paths follow the wertical curve of
tha calsles,




and Bailuay Bridges Stuttgart Nesenbachtal

82.105=-8.107

The Nesenbach valley road

and pedestrian bridge at

Stutigart (under design)

ne 1994 the nartner bnpether with
fon + 4 nds o Pl M
" TR i ST ey v
M r g I g LaF P s o

Stuttgart, crossing th

e Mesenbachtal at a

_l_l" _r o r'l_-II‘ Lr r___. [E '_"-.-_ f _l-'."_I
els on either side of the valley, The bridgs
must carry a Toatpatn e The road ar
arrigrs are reguired | e pr
feet f & Lo O & vl e at the
e | e e the bridoe and on tha athar o
eanle =i v . I:. oy JE *Hi oe
1IN walley, o L e dasigner af
[0 AINGw TOF 5T 1 Tt BRI 1ed
J B modern heawy | ridge & by, The
roce-sartion of the jge continues that of
the tunnels (8.105 = 8.107). Michasl Potzl whi
recElved e legree at Schiaich's
I TiFiiTE th= r BT B .' =)
As we will s8e even morg in | it chag
LT, b 'I-E- Fiappe | e Ati il )
favourable place for satree bridge design
thanks boa vary apern-rrunded sdministration
E&E -3 note & Chapte ) HEcl
g5 “The client's contribut to the ari
{ &kt “fursl #RAgIf&EfIRE W e i #ir g
deserve o be emphasize




In 1889 Schiaich was approached by his
Porfuguese colleague |, L. Cancio Martins
b adhisd R o &n albernalne design lar
A second l:fﬁ'l-llﬂg. several Rilometres long
betweaen the pensinsula of Macau and its
istand Talpa, over the South China Sea.

Martins himzelf was invited by the contractors
Tedxera Duarte/Construcoes Tecnicas in orded
to secure this job for them. The original ten-
der, similar to the first Macau Taipa connec-
tior, handled the three approach sections on
gither side and between the two main open-
ings for navigation with series of prefabri-
cated prestressed I-girders of 35 m-span and
1.7 m heqght. The navigation SpaEns were to De
formead with presiressed concrete box gird-
ers, completely different in character from
the point of view of construction (8.108).

Since the key to economy was obviously the
prefabricated girders, delvered exiremaely
cheaply from casting yards in the People’s
Republic of China, Martins and Schlaich
(once they had decided to “lve™ with them)
proposed to use them for the full length, thus
also creating a more homogeneous appear-
ance for the bridge as whole. The miain open-
ings are muliples of 35m (Le. ... 35+ 105+
35+ 105+ 35.... repeating ... 35+ 105+ 35...).
For these the prefabricated beams are sup-
paorted by a primary cable stayed structure
of wertical masts, external hornzontal struts
at deck level and transyerse beams spaced at
35 m with the cables replacing tha "r'r':IE-SII"IEI'
piers. The pretabricated beams, of constant
span and hedght throughout, are readily
adapted to the regular short spans and the
larger openings as it makes little difference
winether thesr ends are supporied by pers

or by cables (8.108-8.111)

After the final design had been dong in ool-
iabaration between Lisbon and Stuttgart, the
bridge was completed in 1994, Schiaich felt
that aesthetics had of necessity been sacri-
ficed for econcmy and practical reasons,
espacially as the masts could not be wall
propartioned since the portion below deck,
about 45 m high, was prescribed by the navi-
gation clearanca. Howewer, whan he was able
fo see the bridge recently together with Ber-
germann and his son Mike, they were happily
surprised about the floating, even light ap-
pearance of this undulating white bridge
against 8 blue sea and shky, “After all", he
comments "what really counts in this less
privileged part of the world - it was probably
the cheapest bridge of such .28 aver built”

& Highway and Railway Bridges Hacsu-Taipa Crosasing

0 i Pl

Griginal proposal and
aliernative design as bulli

B.10B8-8.111
The second Macau-Taipa
connection (completed in 1994)
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Highway and Kaleay Bridges Saint Paul Missisppt Bridge Proposal

ver the Mississippi River in Saint Paul, Min-
nesota. The commission was to replac
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In Auglist 1994 the parinership was informed
that it= desigh far the Ting Kaw Bridge in
Hong Kong for a8 group of confractors hisd
peen successiul, This large b-lsme. 1177 m
ONg chbple-stayed bridegs will cannect tha Neaw
Territaries and 1I'l_-':'",|‘|t: Yi lskand and join ke
new road cum rall [ink between Kowloon and
the new airpart on Lantaw fsiand wihich in
tludes the Taing Ma sustspnon bridge and
{hhia Kap St Mun cable-stayed Bridee. The in-
nicvative degen of the Ting Kau Bridgs [B.115
{o'B.116), which corvinced the client not only
as the lowest Bid but stzs viguaily, feguted
framm Bargarmanm's dea ol ubhzmg 8 shallow
i the roddle of the Bambler Channal for =[]
port. Thus only one costhy pile foundation ex
posed ta ship impact 18 neaded rather than
two closer to the bonks for & “standard” cabile
stavad bridige desien or two piers anshore
with & costly 1000 m span belwasn therm

The longitudmal bracmg of the central 194 m
high tewsar is reminiscent of the Patna Bridge

design {8.3). In the transverse diracthion the
{hree masis gre braced like $he masts of &

sailing srop (8.116), The total 384 stay cabies

&0 Sull Train tha 108 af the three masts o

taur nclined cable planes. They carry & com
posite deck Since the bridee is 1o bs com
plefed in time for the return of Hong Kong 1o
Chiria i 1997, Bergermann s design team
with Mike Schtgch gs propect gnginean gnd

& [AfE= Craw Meve o Time (0 waste

Inthese e g desgnsg, i sdihtian ol
course-to Rudol Bergermann, lkeading roles
have bean piayed by Hans Schobar, Andraas
Kail, Thomes Fackler, ER-Araby El-Schenawy
Dorothea BErebs, fan Kmpopers, Thomas
Moschner, Michasl Potzl and Mike Schisich
while Jocham Bettermanm, Vallkwin Schigsds
Peber Schudfpe and Thorsten Bethig, the = Eon
Strukteura” ara an intagral gart of any bndge
projest
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B1is+8.116

TheTing Kau Bridge. Hong Kang
wilh lwa makn PN ol &75 amd
A48 meires and iwo side SPATE
of 137 metres aach




8 Highway and Railway Bridgas

Motes for Chapter 8

! ag a result of tha changes inlroduced by Leon-
hardt and Schlaich the contractors argued that
their griginal contract was ne longer apphicable snd
brought clams for gxtra payments, This was ona of
the majos reasons for the long delay in completing
LanstrustE.

? On 4 June 1992, the Sutgewtscnsr Rundink braad-
cast a TV doclmentasy on the Heaghly bridge and
on Schiaich’s crusade in the cause of Solar Energy,

3 The Strut-andTie Model course was hetd in New
Dehlr

4 Schigsch notes that the anly real pllernatne i lo
owerlap the cables. anchorng each ana an the fas
side of tha mast to that from which it comes. How.
ewer, {has requires that the calbles be distributed
widhely over the height of the mast. resulting in the
~semi-harp” arrangemant, as at the Sunshina
Skyway Britlge al Tampe, with ils “unfavourable
cable angles and high bending moments in the
e

5 gas 1. Senlach: “On the Detaiting of cable-slayed
Bridges”, Seminar an Cable-Slayed Bridges, Yoka.
hama. Japan. Dec. 18991

E The resposisitde authority was the Landesamt fur
Srafenwesen of Baden-Wurttermberg, under the
supervition of E. Hoffmann

7 fr account of these problems I5 given o &n artcle
n Npw Crrd Engonaer (NCE). 23 March 1989, 0. 31 1o
34, The Schiach/Bargermann design enmsaged that
the geck would be built on bagcally harizontal false-
wark, Thar under slung cable would then be pre-
stressed fo rdne the props and cause them to take
a share of [he weight. During this process the cable
wauld strgtch and the lowsr ends of the props would
v Marizonlaily. With B an mand. snd also 1o
arsure & Clear visusl soparadion of the praps frdm
e b, the detegiers theselare provided carfully
dotailed steel hinges at their upper ends ta accomae-
date the resuiting mtatron, Howear the caontraciar
preferred to develog the prestress in the cable by

a totally different procedure whach, amangst other
Things, would elimendte the need e (he hinges.

The cech was constructed on falsewsrh which hacd

a pranounced, cakculated. downward curvature. In
1his condition the tp of the decl, at the end farthest
from the pylon, was several matees below it hinal
positon, Thir cable was 1hen installed and secured,
and the end of the deck was packad wowards. Thia
caused the deck to straighten and extended the
cable, induoing the required prestress s cabie and
struts, However, this process was ifseff complas,
partly becausa it was nacessary for the end surfaces
af the deck segments be non-planar.
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Begar, wrlersparnte Trager macht das Tragver-
hatten anschaulich und erscheint em Vergleich zum
Vollwandirzger schlankers, Man akzeptiort, was man
weritelit, und empfindel als angenchm, was leichi
wirkt. Man erwaried, dall ein Bauwerk auf sich
findérnde Randbedmgungen angemessen reagiert.”
J. Sehlaich: “Zur Grstaliung der Ins\:nil::urt}nutqn
oder Die Baukunst st untelbar”, Der Baomgeriesr, 61,
1586, n. 51

% Thesa ideas are summarized in J. Schlaich:
"Bruckenbay - Baukuitur?”, Dve Bauvtechmi, TO
[1933]. Hatt |, editonial, oo L

19 see 1 Schimict: “Rabert Masltart - und wirl”,

E. Schunck and E. Bamm: Roberd Maiflar 1872 ta
1949, estubition catalogue, Fachgabiet Planung end
Egnslrukiion irm Mochbau_ institut fur Baustatik,
University af Stultgart, 1991

" Spa for cunrmple M. Bill: Fobert Wadlart Girsber-
per, Zurich, 1955, Pubhshed in English os Fobar!
Maitlarl: Brdges and Construchinms.

2 See for example Siruchral Enginoonng
Internatmon, 21992,

2 gae pg. L Sciaich: “2ur Gestaitung der
Ingensurbauien ader Die Baukunst ist untelbar”,
Der Baumngeruew. 61, 1986, p. 49, &r 1. Schlaich:
"Bruckenbau - Baukurtur?”, {he Bautechmik, 70
19930, Hefl 1. editoral, o ]

Copyrighted material



Salectad Publications by Jarg Sohlnseh And
ca-authors (f g up Eo §5408 1o Chapter 8
Highway and Rallway Bridges

migath faar

QLB "Betonnohlkpstanbrucken™ (Germmn sditinn)
“Concréle Box Gircer Bredpea™ (Englath edition),
with M, Sehgad, IVEH. Slrutlurs) Englngsnng oo
maads 1 unil &

0982, “Cabla-6ioyad Bradgi wilh Compotita
Stiffening Girders - The Socond Hooghly Aridges -
Calewlta® with R, Borgermann, Proc, of tha Sino-
Amerscan Spmp. on Beridgie aerd Strunc fureal Enguneining,
Pk (942

BaR4; "Dig Hooghly Brucke e Kallwlts « Eing
Sehraghabelbruche n Verbundbauweise™, with
R, Bergaemann, Festachnm fodk, 1004

O5/RL: *New Parallid Wire Bundie for Cablestayed
Bridges”, with /. Bergarmann, Catvg Stayed Broges,
Frocmrdings ASCE Comvantian, Nashwelta, Tinsnee,

O848 “Shme Subpectng Fermiarks on Calble Bradgs
Cremsgn®, with R, Bargermpnn, Procasdings ASCE
Lorwng Bamenar 1588, Bodges, Mew Yok Oy

0688 “Talhialas whtkd i pannte SEhefgkabalbruche
utser des Qbore Argen”, mil J. Seicol and O Sandme,
Frvapart; 13ih Cangrass of WMASE, June 1988, Hersn-
e, Finnfamnd,

GE/88; ~Soone Hecont Cable Stayed Bridges®, o
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% Pedestrian Bridges

Ganaral

The footbridge is one of the jevels of the art
of the structural engineer, Generally, form

[~ and strechure are one. In désign, the engineer

a.1

Comparison of he erection of
back-anchared and sell-inchared
suspensbon bridpes with

that of cable-stayed bridges

Sae83

Comparison of defloction
af different cable bridges
with pariial live Joad

_-!-'r-h _._._.-'W_'-rﬂ‘-(‘
Fra, - M, -

in-ll:.

R R N
[
abilitifigdatet] Fhpamntalandanag i pppme—i=

=
] —_ e

e ——

n %

Deck suspended from parailel
hangers H), deck suspended
feam inclined hangers H,.

and cable-staged dech 5.

is oftan free to work alone, or 3t {ast take
the legding role in delining form, Trade-offs
Detwes enginesring 1actors and sesthetics
iy be mads conscicusly and with reason-
able foreknowkedge of their effects on techm-
cal complexity and cost. Thére s lass pres-
sure ko accept clurmsiness in structural action
or didail fer the Sake of Rarriceny witbin e
design group

Schlgich and his colleagues have made & ma-
jor Contnbutian to the develbpment of this
particuizr art-form in regent decades, Their
guest for lightness and transparency. and
thew favpured means of design and construg-
tine1, hiannr grven thare fomthridgee a claarly-da-
fined, almost personzl elignsture. The farms
they use are not always the cheapest ior the
small spens of footbridges. but they have en-
sured that the additional cost s always prsh-
fiable pn the grounds of increzsed elegance.
wisual and techmicalinterest, and adeptability
to topography and functional requiraments
ingluding durakilify. In Schizich’s words:
“Whomeer masters these load-bearing systerms
is able te adjust them to all requirements of
location and function {stairs, ramps, and ap-
proaches) and is sble ko make these bridges
increasingly slender, light, and transparent.”
The design taam has devaloned a shull in
combining skander reinforead concrate slabs
with High strength steal cablas which has ail-
lowed them to achieve axiremma freedom of
form - curved outlines in plan end elevation:
constantly changing wadths, and bifurcating
elevated walkways, In addition to the cable
stayed bridge they nawe smployed bath types

5. -
—'\".'Hr 'l._l" .
i,
srris LiSiidinisnns i pamm
b B [
a8 -
—

u
Cable tress with paral ¢l hamgers Su
Cable truss with inclined hangers &,

188

of suspension bridge: the "back-anchored™
anid the vatt-anchored”, In the former, the
ends of the main cabes are vavally anchored
to massive concrete Blocks capable of re-
sigting the imvard pull. The masts and main
cables are erectad hrst, and as fhe dechas
progressely assembled its elements may
b immadiately supparted from the main
cebdes. In the self-anchored varsion the ands
of the main cables are attached to the ends
of fhe deck. The deck sorves as e honzontal
strut, resigting the inward pull of the cables
and obvigbng the need for anchor blocks.
However, this means that the main cables
cannot support any weight undil the deck hes
been assembled, so that the dack must ba
supported from bebow during its construc.
tian. Tha Cable-stayed brgdge combines the
best features of both types of suspension
bridge, Oncs the masts have Dean erected,
the deck may be constructad by a cantilever-
ing procass (Chapter 8], with cables being
progressively installed &5 the deck grows out-
wirdd froam the gylons, The bridge is sell-an-
chvored at all tirmes during this procese If
SUPPOrs for tha deck consbruchion e
feasitde, {he self-anchored suspension
brigge is squncalznt fo the catle-stayed
brickgs {2,1),

There is g generpl perception that cabde-sup-
ported brdges are suited onky 1o medivm

1o lerg=s spans, greater than abowt 200 metres,
Wi ahall see that this lirmt 13 someawhat arbi-
trary and shoukd at least ot be appled to
padestrian bridges.
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Once again, the 1977 Bundesgarienschau
(BGS) in Stuttgart provided Schipich, at that
Tirme 2l & partmer with Leonharat und
Andra, with an apportunity to put his ideas
infn practice, The city has rmany. beautitul
parxs and gahdans wihich were ance salatad
froim exch other by Dusy thoroughfares in
cluding multi-lane roads, rallways, and tram
lnes. Hanes Luz, the landscaps architect for
this cccasien, conceived the idea of linking
the gardens by a series of footbridges. Being
the eousin of Schilaich™ wile; Luz furned to
hirm o advice on the practicability of the
scheme. [T was decided that lour bridges
could advantagecusly De Dunll 10 provige im
proved access 10 a park called the Lowed
Schighgarien. Two of them connactad this
with anothar park, the Rosenstelnpark, and
they therafore became known in the office
a5 the Rosenstein-park | and “Fosapstain-
park |1° (pedestnan) Drdees (9.4, 9.15)

Af the southern boundary of the park, a dual
carriageway, Naving crossed the Meckar river
on the Konig-Karl-Bridge. descends abruptly
mtd & tunnel, Between the CEFFRAEEATYS |5

2 dual fram track. For 5 short distance yet
another tramlme loops alongside the road as
it approaches the tunnel (3.5), This was the
area to be bridged: a maze of refaining walls

lght pales. masts, overhead catstes, fogt-
paths, rail lines, and traffic lanes, To further
complicate matters,; two service tunnels car: i T i et
Py sewage, elactricity, and falephone links + te

rurn pacallel to the road, one o them dirgctly

beneath the sauthern gnd of the proposed »
bridge. As-a resulf, it was essential to sup

port most of the weight of [he Drdge a1t the A

pther side of the road. At the same time f Harth 4 i - Sawth
was important to impose some sort of aes T — = -

ihetic ufdy on the visual chads bebow, s .5,- ‘ £
Schlaich and Luz realized that both technical — fanl i f

atid aesthalic tactors favoured the usa of

a sangle redativsiy tall mast, situatsd a1 the
nartharn end, which could wsually dominate
ihe light poles and framway standards. Un r : 1
1S DCCASIDN (Ners Was N restncnon on the 1 1 1 | =
height of the structure As we have seen

.4 +08.5
Rusenstein | pedesirian bridge
15977




Ancharage of the inclined
Rangers atthe deck

5.46-9.8
Rosenslein I, detalls

% Pedestrian Bridges

Stuttgart Rosenstain I

the honzontal cable force in 8 single-sded
back-anchored bridge wouid be langer than
that for a symmetrizal brides, 1t was there-
tora decided 10 wse the selif-anchorsd system,
taking account of tha fact that the deck cowld
comensntly be propped from road level dur-
ing construction, Once the mast and sables
were installed, the whole aystem coukd then
[ prastressed by jacking uivards at the
ase of the mast (9.02+ 3.03) Thes methiod
of prestressing hes become 3 characteristic
of Sghlmch Eergermann seli-anchored sus-
panEn Struchures.

The elegance of the structural concention
requirgs somae axplanation. In cable sup-
ported bridges, the most commaon aystam is
1 arrange the cabdes in twao vertical planes,
one gach side of the deck, a5 in tha Hooghly
tridgz. These may be suspended from in-
dependent masts either side of the dsck,

of frorm the legs of portal frarmes. Lass frp-
guently, single masts are places on tha cen-
tredine of the bridge, with 2 single vertizal
plane of cables anchored along the centreline
of the dick (85 0 the Brotonne Bridge). For
Fosenstein L in the interesta of structural
and wisual simplicity, the designers adopted
the concept of the single mast but atiached
th Ioanr ence of the cables to the edges of
the deck. The two cabbe syatems thus hawe a
slope in the lateral direction {54+ 8.5, asin
Ting Kau Bridge, B.116). Tha main cables are
ciamped to the saddle at the fop of the mast,
ang this enabites them to hold the top of the
miast i position in all direchons, reducing
its tandency to buckle, and thus permitting
a mure slender profile (2.6). In the region of
tha mast, the dech is widined to flow argund
. In pddifion to satisfying a functionn! need,
this Incraasas the lateral slope of the cablas
at thes critical point, 2od provides more £osi-
tive support to the top of the mast.

When they are serang this function, the
cables exert & sidewaws pull on the degk
tending to bend it horizontally. The stffrass
of the deck in the harnzental plane is thus an
imiporiant factar in stabilizing the antire
systEm. To reduce vartical detlaction unider
nan-uniform load, and to monemlze vibes-
tions, the fenger cables are alsa inclined

in the lgngitedingl direchon {9.2),

Tha deth is elegantly arched in profile {o
provide the reguired clearancs for the tram
trachs wilhoul necessitating the supense of
building up the approaches, The shght arch
also parses o reduce bending mormeants in
ihe deck as it spans between hanger support
ponts, Compraasive sirdsses indussd in the
deck by the inward pulf of the main canls
frovm bath ends counteract the undesirable
tensile strésses induced by bending, The
protlem of temperature change is sabved by
ancharing the deck to the abitmaent at ane
end only. To permit the necessany movement,
the mast s hinged 2t its base 2o that i i3 frae
ta rotate shighthy in the longitudinal direclbon.
The mair cables clamped to its top prevent

it fromm dverturming. For reasons of sconomy,
it was decided not to use & cylindrical fubular
mast, ot io make a sguare hollow Cross-so0-
tion by welding four plates togethor, The mast
is taperad in both direchions, being widest at
deck level. Thiz gives it # betier appearance
than & straight mast and is technically more
afticient in ferma of material usage although
sormiwhat morg sepensiee because of the
added complexity of fabrication,

Because one span of the bridges is ongar
than the ather, thers is & tendency for the
aorthern end o Iift under most conditions of
Irzding This grodlern was solved by shaping
the abutment in the form of & concrabe box
wich was fillad with soil a5 the bank was re-
stored to s former shape. With crowd losd-
g on e northern span, thers would alsa be
a tanger of {he southern end lifting. Howevaer,
the forces imahsed e ara mech smaller,
and an arbculated link 15 wsed which allows
friv Rarizonial mosrment.
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Already in this, his first pedestrian bridpe
Schiaich and his colleagues paid particular
altention to the technical and visual details.
These were made very simple for economy
standard clamps were developed for the con
nection of the naNgers to the mamn cables 3t
changmg angles (9.7} The hangers penetrate
the slab that they could be anchored beneath
it and stressed from below (5.8), At later
bridges that idea was abandoned for a com
bination of reasons connected with appear
ance and inspection and manbenances
Hangers within gasy réeach of passers-by

are formed from stain

mast was paintsg white 1o -'I:E\.Tl"!g._l:-_i."'. it froam

ess steal strands, Tha
the deck and increase ifts visual dominance
The incidence of natural light onthe squars
cross-section, which is onented diagonally

fo tha main axis, produces a two-tone effect

due to shading, This heightens the imares-
sian of slenderness, while the sharpened
cuthne lends it an ausiera classicism, A cover
placed owver the saddche at the top of the mast
to protect it from weather s used to housa
iights o illuminate the bridge (9.4+ 9.6)

and creates a feature at the top of the mast,
further reinforcing its visuai importance
Handrails gresent a major aesthatic problem
mhe design of hght foslbnidges, The camven-
tonal Dalustrade, even wihen mads of steel
sections, can visually dominate the real struc
ture, The Rosensteinoark | handrail, while
mard wisually inbrusive than in later bridges,
15 succassfully owershadowed by the grand
scale of the mast and suspension system

Concrating the deck an lormwork

This bridge exemplifies Schiaich’s gift for
concepluahzaton and analysis of thres
dimensicnal static systems and architectonic
farm, and bis readiness o move away froem
comventionsl soluhons, Althougn 1T was prob
ably the firsl suspension footbridge to be
budt in recent Limes, there |5 a fine balance
amongst competing technical considerations
and between the technical and the visual
The balance i& tilked more in favour of the
technical than in the fater footbridges where
thers was an abligation o keap the masis low
and hidden by trees. Thus the mare efficient

Rosensteinpark | profile seems more “heaped

up’ in comparson: the mast is higher in rela
tiam to the span. and the main cables have
a steeper slope in the longitudingl direction
Schlaich knew this was a “test case™: an op-
portunity o prove that a hight, elegant, and
tunctional suspension bridge could be de-
signed and canstructed for not much more
cost than a conventional one. As Rosemarie
Wagner puts it, this was when he “built

pridges rather than designed them”

Jackimg the mast base

The mast top during construction

-
eyl

Cable clamps

B.9-0.13
Rosensiein | Details of consiruction

L 1Nt the deck from The Rodrmwork
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Rosenstein 11 bridge

Aftar crossing the suspanson brdga, the
pathway to tha Schiod continees pwir 4 2mall
cutting <ontaining 2 dowble line of trem

tracks, Here there is no roadwey, and no pub-

i secens aneath the Roscnstein ) Bndge.
The designers were therefore aie to sdopt
a totally dgiterent solution to bndgng the
gap while making i1 tacharcally amd wizually
consistant with the larger bridge. They de-
cided {0 support a concrete deck direcily
on two segging cables {9.14). It is desirable
tw chirose & length of cable winch perrits a
reazonable amount of 2ag because the force
generated by a given weight of deck de-
CPAASEE &% thir SBE INCrEaies, However in
thus cpoe The sag possible was Deouted by the
level of the abutments in relation to that of
the high tersion wires for the frams. and the
g 1o brvat the shope of the deck to the six

per cent required bo permit access by the dis-

A I was therafore neceassry 10 accept
relatively high {ensile forces, and resist them
with massive phubments on the same prince-
phe aa thoae vasd in the other bridge: lprge
concrate booes weightad down by the earth
they encloge Thare ie, however, an aesthetic
sdvantage in that the figt slope st the end

of the bridige is 0 harmony with fha slope

of tha ratural ground a6 « rizes towards the
Rosenstein palace.

Fderd

The flenibility of simple cabile suspension
syslems presents a challange for the da-
signer, A cable carrying & uniformiy diskrib-
uted Ivad zdopls a shape knewn g3 the cat-
erary which i3 iear 8 ape Siose b a paral-
gla. However, if it1s lpaded on only & part of
its langth, by a singls vehichs or 2 crowd, ity
shiapds will change dramatically, and contines
{o change a3 the weight moves across the
spen. This can e most slarming to aryone
walking across this simplest {orm of Suspin-
sipn bridge, The designers realized that &
continuous congrete deck slab wauld sigam-
cantly stiften tha bridge tut woubd be sub-
jected to high bending siresses as a resull,
These could be countered only by incregsing
its thickness gnd hence jts weight, and thus
incraasing tha forces i the cables and abut.
rents, Worse, the increased stifness would
in turn cause increasad bending stressas &0
Hat, as offen happans in deslgn, a wcious
circle of increasing weight and stress would
be set bp, [ this went far encugh, the brndge
woukd change in nature from 2 light suspen-
sipn b b & Radwy Eirdar bridgs, retulting
it the very clumsiness which Schiaich ak-
hors. It was therefore decidesd to take the
pppogite brack: $o ensura that the deck was
complately flexible, and to vae ofther mesans
o reduce deflection,

The deck woukd be formed from individual
precast concrete slats 100 mm thick and

1 metre wide separated from gach othr By

@ 10 rm gap, Comatruchion would be much
simpler, drainage would De frae, and the
shght friction between the units and their
conneckions o e cables would prosde
some damping of vibrations, To further con-
trol deflection and vibration an additional
cable was included, running under the cen-
traling of the bridge, and curved in the Oppo-
stte direction to the man cables, using pairs
of diagonal ties (9,3). This cable couid be
anchorad part way down tha sides of the
cutting, and pratansined to hold the deck
doemn gt severzl points along its length The
result re a threa-dimanzmonal “calHe truss”
situated bensath the deck, The tensile pre.
stress is carefully calgukated 1o ensora that,
with about 60 par cent of maximum pedes-
trizn lead and makiomum tem perature expan-
sion of tha cabiles, all rarmizin taut . For feas
sons of econoimy, the designers decided not
to prestress the bridgs 1o ensure fautness
untder b full § kKN-parsguare-rmaetre nve load
specified in tha German code of practice.
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Stuttgart Cannstatter Strafis

Duaring the first year. with vegetation still scarce

gartenschau (BGS

Cannstatter Stralle

r & wh wWINg

&.18-8.23
Cannstatter Stralis bridge




by the nesd [0 provide cleargnce for vemniches
on the road beneath. Thus, as usual, thers
wias @ nesd to minimize the depth of the deck
while shil providing the necessary strengt
in bending. Also, to avold coptaminabion of
Slutllgnl"-'h FEnowREed mheral Sprngs whict
flow eloee beneath the road surface at this
poanl. the Toumsal ions wehe 1o bie Repl very
shaliow, while the waler-logged nature of
the soll would permit hugh settlement, calce

lated to b= about B0 cm

Te meet these exacting conditions, Schlaict

and Luz im collaporation with B Winkler de
vised & bridge in the form of what was essen
tially a wide, thin sh&et of concrals, arching

ower & tpan of 50 melres with & thechness

of anly 4060 mm (9.18 -5.23). To increase its
stitiness and strength it5 longer edges are
foided slightly upward. The structure thus
consists of three curved planes [oined slong
hear sides. The width of the central surface
15-50x metres at the crown, splaying out 1o

11 metres at the abutments. The canted
splay out as they

rtear the abutments. The whaole structure thus

olanes on either side alsa
Behrdas mora like a complel doutly-Eurved
shiel| than a sumpke &reh, and this form pros
Vides The Netestary '.‘.I‘-jlr'.%"- aELiclE THE
small thickness of construction, The arch
is converad i earth which forms the walking

surface and helps stabihze s shaps

The most efficient shape for a simple sreh
with g uniformily spread loaa (due o ks self
waighl sred full crowd Ioading) i=-a parabala
Howeyver, the imost impartant ioad on the
Canstatter Stralie arch Is the weight of the
garth It carries, and this is much greater at
the ends than in the centre. Crowd loadings
ayen ai mid-span haye lithle aMect in compar

s, The most efhicient profile for the bredge

thue has a flatter curve near the crown and

B much slesoer curve &t 1ne aitments thar

goes a parabala, and this cormesponds vary
well with the reguirements for fratfic clear
ance. Thus, the designers wers able once
again (o conceive a SCheme in which, nght
friarm Hhe atinrt 01 the design process, has
rnarny exising betwesn the technical, fune
tiondl, and assthetic determinants of form
The poor foundation condibions wers over
come by preloeding the area to induce settie-
ment prior to installation of the bhdge and
by jaining thea feet of the shell with prestrees
ingder the road and en

NG 1BAODNS, Diiried

casest in concrale

The arch iooke goad when sesi
fraen the gardent, Bulaf 15 possible
planned. 1o pass over it from one part of the
Schlofgarten to the other without the normal
fealing of crossirg a bridge On either sids

of the walkwiy, troughs are integrated into
the folded-up part of the slab and plants
have been encouraged to grow over the sides

schlach i pleased to be able to describe i
A5 the "f.-.—_!:‘a-.le'.,_ 2

Thig fourtt Lr-ilg-.- ouill o provide access (o

fie Schlofgarten for the Bundesgartenschau

-

—

BGS) of 1977, the Heinrich-Baumann-StraBe
bridge, belongs to guils a diterant tamily of
structural forms and = described laler i this

chagtes

The pure arch

In sammer: the green bridge
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Wiew and seclicn ol masi top

o

Seclion through deck:

Walkway in between pipes

Neckarsulm I and 11

9.24-9.29
Meckarsulm bridge i

The masl lops bélore

being painted white

Backstay tie down

il

In the garly 19805 a need arose for two light

DNages [0 Carry [ nelines oyer the I'.I-_.':l'-_"!r

3 wr mrd o i b B Fran i
VT arndl [N akjace ECEar Canal sUppiy
ng Not water for the Community Nealing

gystermn of Meckarsulm: The farger, with 2 fo

fal length of §42.5 metres carres two B0 cm
oipelines and a lootpath over both the river

P

and the canal. The smaller, with a ength a

102.5 metreés, has no tootpalh and crosses

onky the cangl and an adjacent road. It is V-

cal of Schiaich's approach that the bridges

Deing in the same vicmity, are sirmilar in gen-
eral layout in the interests of harmony, but

cantly if impodrtant details |

differ A=l

FETlact thedr difterant Tunctions 5nd Iacatisors

In both cases it was possible to place-a sup
paort near the middle of the total length, of
the Dridge, the eccentrcily being Just enodugt
! the -\'_ln.l'.l".".l\.l_r'.' W IEr
nly the smaller span is loaded, The design
ers thiss chose to use a singte pylon in each
-ase. For the narrower bridge I, they se-
iected the elegant single-mast solution, with
the mast placed between the two pipelines
{9.30). This has the disadvantage that if one

of the pipes 5 emphed 1

W AEINTaRENCE
purposes, wnile the other remains operative
and full of water, the load 15 unbatanced ir
the fateral direction. The structura '-_.-":'.'."T:

T aolE to resist this Decause the cables slops

nwards from deck fevel to masthe

an the Rosenstein | bridge. However, thera
5 some “cost” in that the mast must be

strengthensd o cope with lateral bending

moments. As at Rosenstein |, it is built from

wElided plates 1o Torm an uncompromising

snarp-edged square section orieniet diago-
nally o the langitudinal axis. Onge again
the iateral inclinghon of the cables enhances

Stamlity and permmils & Rarrower Cross-Sec
tian than would otheryiss have been pos



For the wider bridge |, where the pipelines
are separated by the footpath, the twisting
maoment due to the emptying of one pipe

15 much greater, The design team therefore
chose to use fwo distingt, verfical planes of
cables and a comantianal portal-frame pylan
(5,24 -9.29}). The out-ol-balance load an

one side of the bridge may thus be carried
aimost directly by the cables and mast on
thal side and the miasts and cross-pace may
be extrermely slender

For the decks, the aim was once again to
achigve a minimum thickness. Clossly-apa-
ced cables support two simple, siandard
rolled-dteal -sactions which in turm CArTYy 8
cancréte siab. In both Dridges steel beams
and concrete dech act compositely to resist
bBending, The decks also serve a5 horizontal
girders, spanning from abutment to abut-
ment to resist lateral wind forces and, through
the cables, brace the mast in the lataral di-
rection. Once again. the ends of the bridges
are Ded down using " pendulum” Tinks [(9.28)

The need to adjust the tension in each cable
mn site wat elirminatied i1 & aepeciment
which the designers were encouraged to try
because of the refatvely short span of the
bridges: While still m the fabncation shop,
{he cables were prestressed to ovarcomse

their non-linear behaviour at fow ioad. They
were then cul {o the sact lenglh reguined by
fhe geometry of the bridge, 1o an acturacy of
1in 10,000, As & result, thers was no nesd for
turnibiickias or gther expensive means of ad-
justrreent on site. and the connections at deck
and pylon head were greatly emplified using
standard open spelter sochets, The mast
heads have an outiineg somewhat reminiscent
of the “flowearpot™ heads of Evripos, Hooghly.,
and Akiar. The whole system was prestressed
by pulling dewn on the pendulum tension
anchor at one end

Much thought was ghven fo colour schemes
for the two bridges The cables and pylon

of the larger bridge are colourad white-gray
to minimize their intresion in the skyling
Because the pipes are desper In side eleva:
tion than the deck; they tend from a distance
to rob the bridge of ils slender appearance
Thiey are therefore painted silver grey (o maks
clear that they are aload rmposed gn, and
gistinct from, the girders which are dark grey,
The smaller bridge Tolfows in colour the adia
cant Auvdi-car tactory, For thes industrial envi-
ronment, the designers gave both brdges

AN approprialely purposive air, Although they
have a cerfain funchional severity, they are
slander and classic in line. Fram certain an-
gles. feitinating and probably unintendad
visual plays of form and lighting appear
Construction was completed 1in 15985

Neckarsulm Bridge |

Meckarsulm brides 1)
{the smaller one)
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¥ Pedestrian Bridges

Looking up river, with the pork
at leli and the vineyicds ol right

tuttgart Maz-Evih-See

pa1+pm2
Max-Eyib-See bridgn

MNECKEAT e e

The bridge across the
Max-Eyth-5ee recreation park in Stutigart

15 ane of Schlaichs personal tavountes, The
topograghicat setting presented bath fechnd-
cal and asgthetic problema, On are side of
trid Frgsr A stéep virdyards which slope
directly 1o the rver Bank. On the other |es
a relately flat, wooded portion of the radre
ation afea surraunding the lake The bridge
wiE needed o provide a direct Link from Lhe
sublrts above the vineyvards to (he recrea
fian area, Deladed funcimnal reguirements
were a5 usual challenging, A clear span over
[]

e MNecEar arnd the adlacent

W Eaths wolld

armount to 114 metres. The oroge had o

& RIEN enaugh 1o provids Clearance Tor

river traffic. mcluding fresght Darges plymg

Between the North >2a and the '.-'.'..'.'.E'd"
FLERYS upEirearm of 1the '.-rl'l'._‘_.- andd Tor large
gl ghl-adeing launchas Al the sams Lirme i
miusE orovide access down 1o the Tootpaths
o elther bank. connect with a steep path in

& gully running dewn tHrough 1he virEyards
and jom a path leading towards the Dank

frem the recraation area




achigich was entrusted by the City of: Stult
gart walh the probect n e snvironmant ety
SENSIEIVE &rea on The understarsding Tha

ne would maintain a reasonable balance
batween a=sthetics and cost.~ He carried out
the early conceptual work on the Bridgs in
1378, but if was not until 1987 that the City
nafily allccated the funds for its construction

Gnen the objectives of muimimizing the im
Pacl Gn TNE SCEnEry anit respecling the differ-
ing topography and greenery on aither side
af the river, Schiglch’s matural responss was
to emvisase a light and transparent structura
whiCh meant either & cable-stayed oF 8 sus
pension bridge Tey damomstrate the aesthetic
banafits
;-I‘Ir;tl:'r'.n'_ul""aglzl- comparing this so Ltiein Wtk

dattermann in the office prepared

the maore comeentional-and saomewhal cheapss
aiternative of -an unstayed hollow prestressad
concrate girder of =ubstantially reduced span
(9.33+9.34). The requirement for river clear-
ance meant that the deck of sny bridge
would appear promiinantly against the back-
E’-‘i:uf‘l(! ot the vingyarads, and sven the slan-
ger prasiressed concréte beam appeared
unacceptandy imtrusie

Mo architect was formally imvolved in the pro
ject, but Schlaich discussed it at lengkh with
his sister, Brigitte Schilaich-Peterhans, when
she paid a imely visit to Stuttgart, She paid
careful attention to the placement of the
tridge and of the agproach paths so that the
yigitor descendng through the vineyards
woUld oE Bhie o appreciatie the entire form
of the structure. It was agresd that the
SWEEDINE liNes nf & suspeEnsion bir g ol
be more suded to the lacation than the Angu
larform of a cable-stayed bridge, even

i [T gh if wiolid be someawnatl more Sxpan
sive. As 3 result Schiaich f2it 1t incumbent o
hiem 19 justily this chiolce by a particularty
fie design in bdth assthelic and lechrnical
terms.” He and his sister felt at first that the
bridge should respond in some way 1o s
mghly unsymmelincal satting: the steen vine
yards on the one side and the flat park-like
rECIEEtIOn dres on he other, One way 1o
gchigs this would be-to rake the profile of

the bridge also pnsymmetrical by using o

pylon at one end anly, Thvs presented two far
ther alternatives. If {he masl wikne placed on
1 vineyand side, it would b oyershatowed
by the chiff and the main cabiles would slops
in thé same direction as the vinegards. B the
Masi Were placed on e ODONSe SHHE Ne
reyprse slope of the caples would act as a
counterpoint to that of the vineyards and Il
rugnt Dé poss:ble 1o conceal the mast in a
growe of trees which was comeniently located
riEar the bank

=chlaich employed a simpie survey technigue e
to studhy the eduahion. He sant to the site :
witn his yOUNE 50N Bk -] Haehiwrr-Tllaa Bal-
ipons and long pieces af string. The boys |et
out the string until the ballpons reached the
REght of the treed, and then tied a knal
when Schisich gave the signal. This allowed
him 1o build models and study the visual ef
fects of pylons ol varying heights. He tned

out 8 number of arrangemeants for {he cable

8.35+5.34

Compatitive photamontages of|
that & symmeirical suspansion Dridge offered  _ , pay girder bridge

systerm and Tinally came to the conclusion

{he best solution. This decizion was based of only 75 m span

rH.';-'r'I:,. & IBERMEal grournds - ._|_-r_.|-'||-r- W - i suskpension bridge

of 114 m span

-

supporied oy our spetahst Lnowiedge !

A WFIGEE BUS0S ndsd trom Gy one 5de Needs

énginears are not, 0 such a sfuation, it da

pending only ¢n our intuitive understanaing

af farm. We can (and mast) ullow reaso

5

a prlary twice as mgh, and cabiles bwice as
E.TF".I'IJ.: as one which has & rmast an Both
banks and a main cable sganning the river
symmetrically. People can grasp what iz
Iogical. and find 1t more agreeatide than that
witneh = difficult bo undersiand and appears
farced. And sa, that s hirw it was done!”
The mast an the park bank = almost con
cealed in a grove of freas The mast op the
aother side shows its strong. straight lines
Sgairst the backgrsund of the vingyards
contrasting with the delicate tracery of the
cable ystam, Tha mast colowr, almost white
but with & slight tinge of grey. was chosen
to enfiance thase contrasts 5o that the mast
iooks more substantial. The mam cables wers

gleo panted whife, & gecigion wich Schilzich

9.25+8.36

The bridge as buill with its main
cable not yot painied white and
afier painting 11 while,

considers unfortunate becawse f results in
a surpgrisingly strong confrast with the back-

ground (9.35+9.36)
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5.40
Approaching the bridge
through the park

8.37-9:39
Details: cable clamps and handrall

S41=9.47 .83

The vineyard side The park side




In oraer 1o minimiae the reguired thickness
of the deck siab and control static and
dynamic deformations, the design team
adopied 8 Ccriss-crossed srrangement of i
agonal hanger cables at very Close spating
£9.32), Thiz parmittaed a slab thicknass of
arly 300 mm and allowed the use of small-
diameler, and thus less-visibls, cables. To
ensura that the visual rmpact of the handrail
was not grester than that of the deck it was
canceyed a5 a wirg missh clamped to twd
longiiudinal tenwored cables, one Strung al
randrall haight, and the other at dech level
{9.37-9.39)

Whereas the bridge Is symmetricsl batwean
e two maats, as |8 Ihe river (fsalf, the treat-
ment of the two ends of the deck beyond
the masis is quite different. responding to

the comiples reguiremsnts FPERQIME ICCERS,

and the ﬂlH&rlﬂE scemc qualibes of the ap
proaches (9.32, 9.40-9.43) These features
exemiglify the freaddm of formal conception
and its relabion to mastery of structurai
actigon which characterize the partnerchip.
The team exploited the fact that the deck

ol & back-anchorad suspensian bridge does
not Balance the cable tension and therelfors
Al curve guite freely (R alavation or glan
This contrasts with the self-anchored variety
WNErE tNere 3re Srong reasons for Keening
ihe deck completely straigni -

F.dd
The cast s1eel masi top
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T - LIt
BT g . S e B
S il - . —
545

Cable clamps
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Hormge

1

5,51 -9.54
Kelheim foothridge

214

The cable-supported footbridge at Kelhaim,
completed in 1987, is the partnership’s most
dramatic 11 fermes of Torm and technical
conception (9.51-9.59). As wea saw in Lhe
previous chapter, the need for a new bridge
arose with the construction of the 47 m-wide
Rhine-Main-Danube Canal along the coursa
of the Altmuhl right outside the city walls
(8.70), The medieval town centre was for-
mierly connected to an adgining suburb by
a road which ran straight through the old city
gate and crossed the Altmuhl by means of a
small bridge. Traffic was now to be diverted
araund the town centre, and the former tral
fic bridge was to be replaced by a footbridge
which would span the canal proper and the
two towpaths either side, Clearance raguire-
ments for barges travelling on the canal
rreant that the deck af the new bridge miust
be well above ground level. To provide access
for the disabled, lengthy approach ramps
wialld be reguired

in 1981 a competition was cailed for design of
the new structure. Ackermiann and Schiaich
were gmaongst those invited to take part, They
agreed that the brndge should be a light-
waight “high-tech” structure which would re-
flect the contrast batween the ald town and
the modern cangal, The situation was some-
what unisual in that the bridge would be
built before the canal was excavated. Thus
during construction it would be possibie

to support the-deck from ground-level using
simple props. This suggested that a salf-an-
chored cable suspended bridge wilth & cast-
r-%ilu, post-tensioned presiressen Jeck
would be both practical and economic. The
mmed:ately abwvious way to mest the func-
tianal reguirements was to place the bridgs,
with associated spiral ramps and S1ars. on
the line of the old traffic bridge directly in
front of the city gate. Most cther entries to
the competition adopted this solutien, using

|
-
L

Section of deck at midspan




a comenticha E!'d'!r Sysberm. in canirast

Ackermann conceived the |dea of runnin

i

the sccess ramps parallal Lo the canal wuntil
ihey gaired o sufficient height to cliear the
parge tratfic, thus snitbing the bridge deck
away from this important architectural axis
To keep the deck thin, in order b0 keep the

ramps a&s short as possible, a carventinnal

[51]

seif-anchorad suUspens

bridge was inifally
erwisEged with 2 pylon at each end and a

airaEnt deck oined to the fops of the ramps

n an abrupt 90 -1-!_-Erl-'- Turem

Schisich nowewer, was not hal By owith B
sudden chinge in dirgction. He recounis
thai he was warding an the grotlem af home
o avening with rough sketches spread out
on the floor, trying to “round off the cormars
in some way", when s son Miks, who had

just commenced studying enginesring said

to him "why don'f you make it an-arcin plan

and suspand i7" This “neve” SUgpestion

wirlld Rave been dismissad immadiale

Ely by
MmNy eNgnesrs DaCause of & preconcepl:m
thal a seff-anchored suspension Gr cabile
stayed Onoge must be stranght To resist tha
caple thrust through 1S deck and befause of
the extremely daunting thearsetical challengs

of nomying and analysing a three-dimean

sional cable sysiem capable of supporiin

B " supporting o

deck in the form of 'a semi<circular horizonta

arc.  AlEo, comventional wasdam helds that
girders curved in plan are always subjected
to Bgh torssonal forces whilch ars difficult

calcutate and must b resisied & ¥ Massive

Bifk-like Cross-seciinnsg

Behilarh knaw that in this case the scheme
could be made to work, He had earlier mads
a special theoratical study of curved baams
n comnEctian with his work on circular
TiWtowers ™ He realized that the semi-circy
lar deck could be suspended from hiEngers

lncatesd on Ghe sde only. THis eScantr
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9.55+ 0,56
Details of the mast and cables

Kslhaim

suppart would ensure thal wiheEn 1He struc-
Ture was carrying full oniform crowd loading
(and its own welght) i would be subjected to
a state of complately pure bending i the
circumierential direction. Theére would be no
tarsian at all, and the deck wolild need only
nominal torsienal strangin to cater or minor
nar-unifermities of [Sading wn the longitudi-

nal dirsction, ﬁ!‘lﬂlﬁlﬁ. would shil be compias,

but torsson (which is especially cnitical Tor
concrete structures followng routine crack
formztion in service) would not dominate
design. With hangers attached to only ane
edge of the deck, the cable system would be
greatly simplifisd both visually and techifi.
cally. The mast heads could be situated oves
the quarter-points of the circle, and B single
risdin cabde could be anchored on the inside
of the curve at the tangent points. It would
then “cut the corners”, curving shightly in
plan urder the varously inclined gull of the
hangers, Thus as heppens surpritingly affen,
& nahve suggestion inspiréd a creative re-
spORsE N somecne who was mentally pre-
pared o respond 1o it The scheme was dis
cussad with Ackermann who agreed on 15
architectural marit

In grofer 1o reduce the weight of the dech, a
holowed out cross-section was chosen which
cambsnes nigh resstance (o lengludimal
bBending moment with good torsional ress.
tance (9.53), Its overall depth 1< BBO mm -
relatwehy thick lor a Schisch Bergermann
footbridge — with kerbs af either side fo con-
i 2 walking surtace &f paving Blacks. A
thickeming adiacent {othe msds kerd serves
as an anchorage for the hanger cables. The
outer edge s carefully shaped to réduce its

appareni depth. The soffit slopes up st a shal:

low mngle and the deck is cantilevered side
wiys 1o provide a narrow vertical face only
2B0 mm in depthy,

The schems was submitted in this form and
won first prize in {he competition, Howeer,
a6 often Rappens in thess cases”, subse-
guent evants impaired Me punty of b orig-
nal concept. Urged by conservationists, the
authorities decread that the slander masts
rrust noy e T‘llﬂhl‘f than the ancient and
massive towar in the town wall (8.57), This
wias 3 full four metres lowsr thar Schigich
hiad wanled them for a combmation of

216

technical and agsthetic reasons. Because the
location of the fest of the masts could not be
waried, ha angle betwean the sioped masls
and their backstays becames very small and
the forces therefore very large. The resulting
reduction in the sag of the main cable gener
ated much higher forces in all members

This in turn required more bulky clamps,
anchorages and suspension points, To obtain
as much sag as possible between the level

of the masi-head and the deck, the hangers
af midspan were made extremely short,

As a result, they must incline at an angle of
45 dsgrees i order (0 reach the edge of the
deck: much stesper [han the structurally
desirable aptimum {9.58).

Schlaich feels that the curve of the mam
cable is now too flat from an aesthetic, as
wiell ps a technical paint of view, The contrast
between the original design ideas and the i
nal nature ot this suspansion sysiem, so suUs5-
ceptible o changes in gagmetry, sSre obvious
To make matters worse, he is not at all happy
wilh the shape of the cast heads of the
masts (the saddles) (9.56+5.509), He said

in 1987 that he would give a great deal to be
abne to change them because, being 56 prom-
inent. they spoil the whalg affect for him. He
was thus by na means completely happy with
the bridge mmedately after s complation
such feslings aré comman in créative peopls,
espacially whan they have just completed

5 work, because they sre all too conscious of
the difference between ther original wsion
and whal it proved possible to actueve i rezl-
ity. This is especially true when, as must
happen fraquently in srchitecture and sngi-
regring, many of the major differences are
due tothe fact that the designer did nat have
total control of the process of creation,
Mevertheless. the international community

o sbructural engineers hHave no such Qualrs,
and this bridge is recognized as the technical
&nd aasthetic masterpiece that it is.

The full sermi-circle of the curved deck is
internally prestressed n the circurmierantal
diraction. The prestressing tendons are ac-
centric in the vertical direction 1o counteract
the vertical bending moment in the cantilever
[(9.55). The three:dimiensional Sospenson

L-opyrignted materal




systemn, the elegant mimimal support of the
geck, the complex studies of bending versus
torsional moments, and of wind effects and
wibrration. the developenent of high-guality
cables, castings, and other details make

this indeed a *high-tech” structure. Schiaich

notes that much credit is due to Jurgen Seidel

who was project engineer in the design office

To turn fo aesthetlics, the saddie at the mast
heads does look a hittle awkward in com-
parison to the rest, particularly gs the profile
of the fin on its back is for some reason not
smoath. Observers with & heightened imag
nation might sae the Neads of two prirmedal
hepsts looming over the deck (9.56). The
rampos seem unnecessarily heawy They are
aut of Heeping with the hghtness of the
Dridge itsalf, and block the view of the canal
awer some distance (9,54), The bridge itself
i5 quite anather matter. The first glimpse

of the arc of the deck is startling. It seems
to leap from the abutments and soar weight-
lesely above the canal, The sense of micwe-
ment Is beautifully counterpointed by the
inward inclination of the pylens. There is a
further counterpoint befween the thin, but
ermphatic white band of the deck, and the
even mora slender black linas of the masis
and back stays. The third element of the
composibion 15 the complex arc of the main
suspension cable and the regularly varying

angles of the hangers. The full aesthetic value

cannot be conveyed by photography. If is &
heady expanance for the padestrian to follow
the curve of the deck. There is & wonderiul
sense of freedom, almost of wheeling
throwgh the air ke a bird: risng. turning,
and descending. To delight the eye and the
intellect, there is the constantly-changmg
visual interplay of masts, Stays, SUSDEnSION
cable and hangers, both within themselves
and against the backdrop of the ciby and
surrounding countryside,

The spatial balance of the suspension sy
stem has a unigue effect when we compare
it with the flat fan-shape and garnest direct-
ness of the cables of a conventional bridge
The interplay between cable forces and the

bending strength of the deck is 50 complex
that it s ditficult even for an engineer to
grasp the mode of structural action. Thus the
cables al Kelfherm seem destined mora to de-
fine space than to support the load, There is
an apparent nonochalanoe in ther attachment
o only one side of the deck. Thess factors
tombine to give the impressign that the salid
concrate deck hovers above the canal almost
without external assistance. The design team
put a great deal of time and affort into detail
ing the handrail in order to ensure that it
woild not detract from the lightness of the
gech. However. the bridge will never ook
ouite as wonderiul &5 it did just before the
handrail was installed!

5. 57-9.89
Kelheim foatbridge (with
Kurt Achermann, architeck)




Schilaich noticed howewer that in the archifec-
tural model and drawings of the future build-
ing there happaned 16 be, for architectural
effect, large columns located at esther side of
the first-floor opeming 1n the facade (9.64
and §.65). These would provide excellent an-
chorage for the main Suspenson cables. ffter
hé had explaingd his concagt Lo the archi
Lects, they managud to persuate the clignt
that it should be adopted, despite the latter’s
concern that the cables meght spoil tha view
from two of the hotel rooms. The dimensions
of the columns and reinforced concrate
frame of the building could not De changed
aft this [ate skage, but calculations showed
that it would be possible to reinforce them

to withstand the extra load. The suspension
cables splay aut near the hotel because the
width of the opening between the columnsis
much greater than that of the fookpath. Asa
result, the hanger cables are inclined inwards
towards the edge of the deck.This makes

for go0d lateral stabihity and provides the
pedestrian with a sense of SeCuUrly INsHie

a "cradie” of cables. At the hotel end, the
hanger cables are cut dway, and a Secondary
suspension cable is provided which runs back
to deck level. This avoids the extreme differ
ences i the length of hangers that would
olherwise Nave occurred, and S0 avoids cer-
taim technical problems of load-sharing
Making the far ends of the suspension cables
almost tangential to the deck provided a ben-
eficial compressive prestress ta the concrete,
permitting & thickness of only 260 mm

RS usual, il was necessary 10 provide slender
linkages at the far end of the deck, hinged
at top and bottom to parrmat longitudinal &x-
panision and. though normally subjected to
tension, capable of Carrying an socasianal
small compresswe [oad. Architectonic ar-
rangerments at this end of the bridge led to
the Iurul-"ag-es Deing L.r'ur,u.‘all:,r I-:';rg and rl.l||'r
sxposed to the cbserver. They are therefore
miade from thin flat steei plates with eye-bar
Ringes and are pretensoned 1o pull down
against the man cables under all loading con-
ditians pecent full crowd I-;:-a-:jlng when rrl-'::r
rasist a slight comprassion (9.62), Because

ol their sléenderngss they are equipped with
vertical stitfener piates toincrease resistance
to buckling in this situation: An extension of
the deck spans from here to the massive stair
structure which leads the padestrian o
ground level on the park side

Once'maore, great thought was given {o the
design ol the ighting and handrails. and to
& number of nnovative detals. For the first
time all anchorages and nodes were mads
from stainless steel plates or cast steel to
avoid the need for maintenance, especially
pamting. In Schiaich's experience. coats of
perally applied paint can very soon Dlur

the crispness of his office’s precise detailing
However, normal stainless stesl develops ex-
tremely dangerous intercrystalling corrosion
due to the chiorides used for de-icing roads,
Special attention was therefore paid to the
chaice of alloy, There s nsufficient space o
discuss fully the finer ponts of design, but if
miust be mentioned that the Stuttgart strut-
and-tie theory of reinforced concrete played
a special role, acilitating creatne detailling
of the anchorages which connect the cables
o the deck DYy means of & toothed connector
and of the reinforcemeant of the deck slab

in this vicinity (9.61 +8.62), These anc hor-
ages were forerunners of those used on the
Ewripos bridge (B.52+-8.53),

This bridge is yet another excellent example
of s designers art on Doth the technical
and architectural |&vel, From a distance it is
almost irisiDle agsinst the isual Cluther of
the streetscape. Viewed from nearby, i1s
swesping honzontal and vertical outhnes
seem to grow naturally out of the hotel, like
thie imo ot a trée. The deck also servas as a
canopy and provides extenswe protection 1o
guests arriving at the kerbside below. The
aniy unfortunate aspect s the stair structure
at the Schiloflgarten end. A massive, sguat
cylinder of brick and concrete, it 15 intended
o retlect the constructional materials and
surface characteristics of the hotel, and pro-
wide 8 visual countergatance to it However, it
g out of kespang with the ightnsss of the
bridge, and greatly defracts from it

9.64 -9.66
The Neckarstralle featbridge

Ak seen with the hotal
imthe background

Hx seen by pedestrians walking
through the first flcor of the hotel
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? Padestrian Bridgas Stuttgart Kochenhofsirafe

A similarly transparent bridegs crosses the
Kochenhofstrale in Stuttgart 1o 1Nk 5 largs
CAr-pare #itn the '!.':II_!"_ ursids ol the =illes
barg. For once, the site offered many sdvar
lages: on bolh sides of the road the ap
proach paths ke on high earthen ambank
ments. Alkhough clearance reguirements
precluded the use of an arch, the deck of

a suspensian brdgs could ba lacated well
aboye the trathic. with its main cabiles eco

g - ! LEUB A i mom l'.-.':h|:- DRACK-anCIHred :|‘_.|':5: g farm g

e« i
.__u'.:_“_-:_\-'!'-ﬁ

—=p = concrete "boxes” burled in sgil. The designers
therelone CROSE [0 USe IWO Main Cables, sup-
porting the deck afong both edges (9.67 to
9.73), Masts were placed 81 one end anly

gril, 4% usunl concealen B5 MUCh as potsible
in nearby trees. Mainly for aestbetic reasons,
the masts were ieaned slightly outwards. This
causes the mam cables and hangers to slope

mwards towards the deck, To maintan sty

bility the tops of the masts are tled fogether
with a latarsl cable, creating a symbalic en-
trance to tne nridpe. although if 15 doubiful
whiether this was & conscious intent. The high
Cleararce oved Thé road made f possible to
use nveried prestressing cables under the
deck, 5= 51 Rosensteinpark Bt 11 this case
anchored an one sige anly, Dart way Sown

thie ambanement. These siabilize the Sysiem

and reduce gdellechions and vibratmons. 45 a
result, it was possitle to keep the fhickness

at the siab to 130 mm. A& very Sample torm of

composite slesl and concrele deck was used
to-simplify faprication. At 2.5 metre intervals,
CrOSS girders are suspendad from the main
cables by nangers attached to their ends
Rastirg on the cross girders are two longriu-
ainal siesl Bngle Sseclhinns which farm thes
edges of the deck and corrugated metal
sheating spans from one cross-girder o the
next. Thus a shallow steel box was formed
imto which the conorete could be poures

L]

¢ L

g9 6y +a 68
The Fochenholstralle footbridge
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¥ Poadestrian Bridges Stuttgert Hellbronner Strafie

Seen from the adjacent hlgh-tise

bullding with the ramp lesding fa The design of the adiacent similar; but
tha tram station al leht smaller bridge over the Heilbronner StraBie

was alsd Peavily InTluenced Dy extarnal fBc
tors, especially with regard 1o access (981 1o
8.86). In this case, the main span 5 almosi
straight and its support cables are unabile

to provide the tension in the northerly direc
tion nesded 1o stabilize the mast aganst the

southaard pull of the cables carrying the

spur. Thie baltance of forees in plan has there

tore been achieved m guite a ditferent man-

Wit the Mordbahnhao! crossimg
in the background

rar The main span i a self-anchared susoen
S0 Brigge, whols [He spur 18 suppartad Dy

& back-anchored system, The single mast is
placed completely 10 ane sids of the masr
deck, 1o the norih. This removes the nesd far
the problematic hole In the deck, Mear the
5.51-5.86 tramm stop, the cables supporling the spur are
The Helibronner Sirals crossing attached at ground level 1o a concrete DIOCs
caoncealed below the deck, Tha southward
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$ Pedestrian Gridges

g.87
Flan prepared by the landscape
atchitect Prafevser Hams Log

§.8E+5.89
Lowentor cable-nel foothridge

850
A wiaw ganatared
bip eompulas

Stuttgart Lowentor

Another tacility reguired for the 1993 Inter-
national arden Exfibition was & fostondge
to crogs the busy NardbahnhofsiraBs near
thie Lowentor gate and connect the Rosen
stempare o the Leibfned schen Garten, The
canstruction of a tunnel was considérad byt
found 10 be too sxpenswe, Unce more, Hans
LigF and Schiaich aimed {6 mfrude ad littls

a5 poasibla on the landsoaps, but it this Case
decidad to refiect the nearby terraim in the

“hHilks™ and “valleys™ of a point-supported

cabla-net surface whch would strefch across
the road. suspended oEbween Two rows of
masts (5.87-9.92), Climbing plants would

e encouraged 10 cover the net and provide a
form of artificial landscaping. obscuring the
view of the road Delow and gving the mpras
2100 ol a continuous stnp of garden, From-a
techmical point of e The ret would allow

A ceérimin degree of freedom in the placement
of the supports —an importan! consideration
in & highly congested site. The foatpath would
taks the torm of a then conorils S8l Su

ported just sbowe the nal on shorl BroEs

Unice the basic idea Rad been formulated
there was much developmental and detailsd
work 1o be dona By Thomas Fackler im the
design office. Daspite the power ol modern
computers i was found preferable in the
bl '_.1._1,E|;*;. 10 work towards an oot imum
structural systam by means of physical
models, Because a cable tat iz flexble and
adapts to partial crowd loading by changes

ifs shape greal Carg wik reguired (O ensSuUre

that thess would pot overciracs the stiffer
concrete sian, Much effort weni into the de
sign of the saddles for the tops of the masks
and the nodes at the low paints, whera the
rat e pulled dowrwards agains] concrate
foundaticns, 1o ansure thal f remans taut
under gll congifions of IGading A spacial
suppart = a8 short prop designed io resf on
ine cable nodes - was developed [a carry the

concrete S0

Sehlmch 98 b Py to Mave had tHhe chance 1c
build such a bridge, Ui he would have pre-
ferred 0O have ulihzed the conceot if & more
Ccongernial lpcation, The Lowsntor nat is
cramped by the excessmely restricted nature
of the site, Once agam there was 3 limila:
fion on Aeight imposed by the level of the
Approaches and the iz per cent imd o the
siope ol amps. It was necessary bo &t the
niEt just Dalow deck level, Bul just above tha
high tension wires for the trams. and to

avoird the horizantal afma of numatous strest
ights, It is woven over tome of these and
wnder oiners, To provide clearance for trams
and hagvy goods vehilzs white awad ing
thiese other obhstacles. sedden changss ol
diraction are necessary and the fowing larm
charpctenstic of cable nets 5 lost. Because
of the shortage of points sultable for foot-
INES. ons mast s located closs 1o the wall of
A nearty howuse whers its inclination 15 lm
iTad and It appesrs somewnal moongruously
wurrounded by parked cars. Advaniage is
taren of a narrow median strip to locate the
foating of another mast and e ground an
chor for its associated stay cable The force in




the stay cable must thus follow the ling of the

median $trip and this does naot suit th

b

i
ance of forces af the head of the mast. This
maans that the edge cables of the net at that
point cannat be placed in their optimum po
SiteiT arrd MUl CArTy TUch figher Toroes

To avoid encroaching on clearance limits, the
low point™ of the net (s pulled doswn much

more sharply, and 1S much more IBCallzea

L - & .‘.
Prar would have bean desirable Tor best 385 h f""r""-'

thetic effect, Thus the balliance of concep-

e N L
— - ok b i : e L ?

tion and execution cannal be fully expressad f’ﬁ =
Decsuse 07 The severe constraints of the site ¥ | - e & P * '-’ ‘.;
Mevertheless the cable-net bridge 5 exciting ! s ¥ i ‘-1] - '-}'__"‘.E
r ] - i . - T

visually and technically. Its Wull effect will not J‘I - _‘.# Fﬂ&#
- ." ._:} ']

Ba evident until if has been coversd wikh Heg k1 { E

station oty
SChi:gich was aware of the imilaiions of the
i

tite when he concenved the scheme, bul &t

N auprl 1o Seizd the oppartumty to give

some indication of its potential: "It we can
get the idez across to peopie. perhaps we
shall get a change to do it alsewhera” ILis
interesting fo speculals whathar he cable
net bridge concapt was inspired by his e
penence of walking over the ragfs of the
Munich Hympie Stadiume while they were _
i

F e it

# . =
urder construction. MoR-SNQneers who use

the bricge are surprised 1o note how stiff and bk [ o

= R L z s — e T ]

intlexible such a LEnt cable nel can pe when Py S e U T "'M W

shaped Inho &N Fpproprnate form and pre e ; — e
- —J # : -

tensioined

551 +9.97

A fow-point bn the nel ehere
inin pulied down by a lensioned
anchor rod. & row of deck props

may be seen
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Padestrian Bridges Plorzheiml and II

9.93
Plorzheim |

ot

A pair of cable-supported pedestrian bridges
buill across the Hiver Enz at Plorzheim for
the city's 1992 Landesgartenschau (LGS) hark
back to Schiaich's earlier designs, Plorzheim |
(9.93+9.95+3.97+3.98) is closely related
to Rosensteinpark
ent detail, Plorzheim Il (9.94+9.96+9.99 to
5.103) 5 a development of the Hochenhof

though with guite differ-

.'.rl-.'IE-:' out 15 mare than double the larigth
(B8 .4 m) and symmetrical, with masts at
gach end. The lower prestressing cables used
to hold the Kochenhof deck down have bean

amitted. Even so, Plorzheim || has a slender

T S v : ) g e cancrete deck with a maximum thickness of
e o - 180 mm, The masts, now again simple tubes
T | = were leaned out markedly, to provide visual
I = |
e ! interest and simplity the anchorage of the
B hanger cables to the deck, and ware stiffensd
by the addition of bracing cables. A test
2.94 carfied out with & group of “volunteer pedes-
Piorzhaim | - ok =
trians showed 8 bulhd-up of ateral vibra-
tions which some of them found uncomifort
able This type of lateral vibration is vary
unusual and had rarely been seen before
5 | T
* TS = & . It increases with the numbear of usaers be-
- e TR, LY g e : R
i " cause they tend to synchronize thair steps
i elh f B2 | # to sccord with the motion of the bridge, In
; " ¢ fact this vibration was only observed once
'J.'_'. i A . .
' . !I. more at Plorzheim, and that was during the
L] - n -
: i i B ] - Qpening ceremony when [EaL= bridge was full
. L | o gt f 16l
| s ¥ ¥ of people
- T i i P
b Lk - 1]
- i i alys a
i ;
£
§" .'j;“ ey
ts I ‘ =
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5,970,598
Plorzheim |



.99
Ploreheim |1: Before the railing
wai unfpriunately painted white

5.99-9.10%
Plorghelm l| feotbridge

fcontinued owerloaf)
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n-a line of develppment which parallels that
of the cable-supported footbridgs, the
partnersiin’s guest for mimimalism has led
them to refing the art of suppertng thin
multi-span strips of concrete above the
traffic on delicate tubular steel props which
branch like the boughs of a trée (9,117}, Thera
are certain urban environmaeants which call
dafinitely for one form rather than the ather
The dacks of propped-siab bridges must
have greater bending strength than those of
cable-supported bridges, bacause il 15 nei-
ther comenient Nor econamec 10 provide sup-
port from bDelow as frequently as it may be
provided by cables from above. It would be
possibie to throw a simple girder bridge clear
across a wide road and its adjoiming pave-
Ments, but the girders would De extrérmelky
deep and therefore oppressive. Schlaich's
solution has been to provide slender unabtru-
Sive supports at relatvely frequant intervals,
as conditions aliow, and adopt a "high-tech”™
appraach to design and construction to
achieve a similarly slendar dech (3oe also The
high speed rail bridges mentioned in Chap-
ter 8 and illustrated in B.54 -8.97)

There is a technical advantage in making

the columns as slender as possible, The deck
may De made conlinuous over the whole
length of the bridge and anchored at one end
only. As the deck lengthens and contracts
wilth tamparature changa, the tops of the
columns move with it The columns flex and
develop banding strésses. However, slendesr
columns offer less resistance to this move-
ment and develop lower stresses, The thick
ness of such & column I8 determined only

b the need (o prevent buckling under the
weight of the deck and crowd loading. The
continuity of the deck over the tops of the
columns has anather advantage: it reduces

¥ Pedestrian Bridges Stuttgart Helarich-Baumann-Strafls

the bending stresses in the slab, permitting
an evef thinner cross-section. The closer
the supports, the thinner the deck may be
Thus wea arrive at a concept of a very thin
deck supported on slender colurmns which
s totally in keeping with Schilaich’s personal
philosophy of structural design

The pedigres of this family of footbridges
starts with the Helarich-Baumann-Stralie
bridge, connecting a residential area of
Stuttgart with the lower Schiofgarten, and
buitt for the Bundesgartenschau (BGS)

af 1977 {9.109-9.111). A similar bridge was
alsg built at Stetten, The maximum span i
the first bridge is 33 melres across two lanes
of traffic. To obtain maximum resistance

o bending, the “handrans” are low concrate
walls, made integral with the deck slab to
torm a bearn of trough-shaped cross-section.
With the aid of prestressing, it was possible
to keep the tolal depth to | metre, gviNg

A span-to-depth ratio of 33. Thera are sin
spans, and the deck is fized to the sbutments
at each end with the expansion joint placed
if the milddle of the bridge. The calumns

are iongest at thes point, whers the greatest
movament takes place. and so the maxmum
flexibility occurs where i 1s most needed

The facets of the side walls are elegantly
shaped, however in reality the weathered
concrete appears neavy and something of
the desired lightness is lost
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9108 -9,111

Heinrich-Baumann-Strafie

footbridge
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§.112-9.114
The Simdellingen losthridge

Pedeastrian Bridges Sindelfingen and Untertdriheim

P—l &
R
-~ . -
L}
1
cast sleel joint

S.115
One of the twa Unierticrkhaim
teothridges

For a footbridge 2t Sindelfingen with a simi
lar tunction, built in 1986, Schiaich aban-
doned the uplurned concrate walls, and re-
duced the height of the deck by providing
more freguent support (9.112-9.114). The
longest distance between columnsg 15 16.7
metres, and the shortest is 7.5 metres, The
columns themselves are slender pipe sec
tians with 8 madimum diameter of 267 mm
Those adpacent to the main span have four
branching arms which further reduce the
effective span of the slab. Advanced cast-
steel technology was employed to produce
the joints which make the branching form
possible, and the flanges which connect the
tubes to foundations and deck. Schilaich was
concerned at one stage that the supports,
ke the fingers of an upturned hand. ooxed
somewhat “childish”™ on the engineering
drawings. However, he 15 content that they
work really well in reality, The concrete slab
is prestressed, with a fhickness of anly

300 mm and has a single expansion joint nof
gquite at the middie of the bridge. Inappear-
ance, the brade 5 very g and simipla, st
in & section of suburban greenery whch i
tries in no way to dominate. It is an excelient
exarmple of the reticence of Schiaich Berger-

mann architecture

The two footbridges at the Rarl-Benz Platz
in Untertiirkheim, built in 1981, are a devel
ppment of the Sindelfingen bridge to swit

an urban strestscape (9.115). Here, the thin
supports, and even the ribbon of the fool-
path, becime 051 in the visual jJungie Once
again, the structure is as unoblrusive as
possible. The approach paths trace curves in
three dimensions, another hallmark of the

partnership’s designs. Hans Schober was ir

charge of these projects
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5.93) —wilh ihe yellow crane - kn
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¥ Pedestrian Bridges Stuttgart Pragsatisl I

A recent, further devslopment of this theme
5@ footbndge dasignated Frag;u‘l‘tel I, it
across the Pragstrale for the 1993 Interna.
tional Garden Exhibition in Stuttgart (9.117
to 9.:21) Here the deck i3 straight and
thereiore somewhal fess infereating than in
the other two cases. The columns, with thair
Oranchmg arnmms, Nave Decome veritabile frees
with many complex cast joints. In side gle-
vation, they appaar to arch over the roadway
to support the deck, so thak the profile inten
tiarially echoes the arch of the adjacent
F'h?:g‘,.HTTl%l =" '-1r;r..:g-_- ol the HailDrormer
Strafis, (see also 59.116)
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Pre-assembly of & tree-calumn

from tmbes with casl steel joints

5.117-5.10
Fragsatiel |l Tootbridge

[a7]
Taed
ich




The Pragsattel | footbridge. alsa bullt fod
the 1993 Exhibition, spans the Heilbronner
oiraie where if passes through a deep cut-
ling, providing an ideal site for an arch
(9.122-6.124), The span 15 38 metres and the
tormy chosen 15 known as a Stabbogen, simi
lar in principle to Maillart's famous concrate
road bridge at Schwandiach in Switzer-
lard."® The structural ¢ oncept is slegant be
Cause the Twi major structural elements pro
vide egch other wilh mutual support. The
arch hielps carry the weight of the deck and
ii5 logds. whili the deck provides most of the
stiffness required to prevent the arch from
buckling under axial comgressive force
achiaich likens the Stabbogen to an inverted
suspension bridge. Companng Pragsathe! |
and Pragsatiel ||, we can see that, as n 50
many of their projects. the partnership has
approacned the same structural farm from
two opposite directions. In the Pragsattal |
bridge. the solidity of the earlier arch forms
nas been dissalved ko a gair of thim steel
pipes, while in Pragsattel 1] the thin vertical
tolumns ol the Deam bridges have grown
Dranches and grs tanding o bacoms filigrea

AromeEs.

The structurai concept of Pragsattel | s inge
mous. Schimch had been tascinated by it for
mamy years playing with various passibilities
and ’-E"FIF'J._! BE M RS g Wit the rl_g.'11 G-
portunity cccurred to pul it into effect, Once
Again, therg 15 a sublie thres-dimensional
phay of formand force The arch is composed
of two fubutar steel members meeting at the
supports, out splayed oul towards mid-span
The deck is supporied from these by props
Atich appear vertical in the elevation, but are
inclined at varying angies when the pridgs is
SEen In cross-section. It 1s allowed to expand
and contract oubwards from mid-span, i1s

far ends supparied on shding bearings. The
props have sufficient Hestitnlity 1o accommo-
date the movement, while the arch itself ad
[usts 1o expansien and confraction by & skight
rizing and falling. The white deck siab, whose
gxtent 15 detarmimed by Wwunctional reguire-
menls, gominagtes the farm, and the dark red
migtal supstructure which supports it seems
insunstaniial in compariscn. Fragsattel | and
Il ware designed by Uirch Otto im the olfhice

¥ Padestrian Bridges

Stuttgart
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It would be possible to dewote an entire book
to the Schlaich Bergermann footbridges 12
Soime more have been completed during the
coming into being of this book, such as at
Minden over the Weser, close in character to
the Max-Eyth-See bndge. Beyond thosa al
ready mantioned, Thomas Moschner. Xavier
de Nettancourt and Kirsten Martin were the
designers. Two of these bridges deserve
special mention because their utilitarian
aestheatic sets them apart fram most of the
other suspended footbridges. A small access
bridgs ("enly 32.5 m long™) at Bad Winds-
heim spans the tracks near the railway
stabion to connect the car-park 1o the spa
gardens {9.128), Thiz bridge was designed
in cooperation with the architect Eberhard
Schunck, a formar colleague of Schlaich™s at
Stuttgart University, and was built in 1988.
The suspensicn system here is composed of
steel flats rather than cables, and 15 some-
what reminiscent of the “link chains of early
ninateenth cenfury bridges. Howeyear, thea
lINMAZES &re few in number and CREnge direc:
tion abruptly, in & direct display of the agui-
librium of forces. As usual, the end of the
shorter span must be held down by & pen
dulum link =o that it doees nat [ift when tha
longer span is fully loaded. The deck of this
bridge is 50 slender that when this situation
cCocurs, the shorter span bends visibly up-
wards. It is therefore tied down by specsal
inkages attached at its mid-point and an-
chored to the ground. The workmanfike form
of this bridge and the sparsity of material
employed relate wall 1o the utilitarian nature
fits immediate surrounaings: the staton
and the railway yards

& small bridge at Herrenberg (s of quite a
different nature. It crosses a main road to
connect a shapping cenfre to a car park and
15 therefore coverad and provided at one
end with a lift and stair, The design concept
was to make the bridge as transparent as
possible 36 as (o interfere as little as possible
with the medeval townscape (9.129-9.131)
The bridge was designed with the architect
Hans-Georg Henhardt and the sanginasr
responsible in the design office for both
oridges was Dietger Weischede.

9.128

¥ Pedestrian Bridges Bad Windsheim and Herrenberg

The Bad Windshelm footbridge

8119 -9.131
The Herrenberg enclosed
foothridge
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The moveable bridge at Kiel
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10 Suspended Buildings and Roofs

Fage PFroject Lomplated
246 Hamburg Finnlandhaus 1965
247 Hamburg Hochschule der Bundeswehr 1874

Munich Bayerische Riickversicherung 1978

2.2 Karlsruhe Europahalle 1984
250 Memmingen Ice-Rink 1988
251 Mbnchengladbach Grandstand Roof 1977

Dachwig Factory 1993
#5352 Stuttgart Bus Shelter 1982

Stuttgart Tram Station Canopy 1993
255 EBtuttgart Katharinenhospital

Courtyard Roof 1992
254 Ulm Rajlway-Station Canopy 1992
255 Hannover Fair Hall & 1995

7564 and Hall 26 1996




10 Suspended Buildings and Roofs

10.1-10.4
The Finnlandhaus in Hamburg

The cant|levering strusture
on top of the core

Hamburg Finnlandbhaus

Many structural engineers have some interest
in architecture, but when this goes further
and extends to dedicated collabaration wath
architects n the shaping of architectonic
form, they can make a substantial contribu-
tion tg the holistic quality of bulldings which
goes far beyond their conventional duties o
structural design, Although menbion 15 made
of fruitful collaboration between the Schlaich
Bergermann practice and various architects
in the different chapters of this book includ
ing Chapter 12, it would be beyond the scope
of this book to delve into this aspect of the
parinersnip’s work in detail, However, brief
mention & made below of a number of pro-
[BCTS N winkch the struciure s more gomimnant
thar in corventional small- to medium-sized
buildings and which may be summanized
under the title "Suspended Buildings”

An episode which Schiamch now sees as being
ol somewhatl minor imporfance was s in-
walverment in the design of suspendead multi-
storey bulldings in the 19604 and 19705, The
concept appeared to offer great advaniages
fo both architects and enginesrs, |T argse
because the sire of the columns ma narmal
building is governed by the need to provide
sufficient stitfmess o prevent buckling under
compressive foad. As a result, their cross.
saction is-rarely stressed to the full capacity
of the material. However the core of many
buildings consists of a large rectangular or
circufar cancrete shatl whose overall dimen
sions are determinad by thie need to enclose
the stair wells and lifis. The central shaft thus
has stiffness and strength to spare. Designers
réalized that Dy projeching massive arms
from the top of sucha shaft and suspending
the outer adges of the floors Iram Therm on
Rangers, the full weight of the building could
be thrown onto the core (10.1). Because the
hangers woukd be 10 tension there would be
ro danger of buckiing and the strength of the
matenal could be fully utiized

gy

M

-1 s

A proposed construclion process

246

The concept alsa simplified the problam of
thinning out the calumns on the ground floor.
in prestipe offices and hotels it is comven-
tional to provide grand enfrance halls with
tali, widely-spaced columns. With a cormen-
tional structural system this creates difficul-
ties for the engineer. The closely-spaced col-
umns of the upper floors must be supported
on heavy “spreader beams” or trusses at
first-floor level to distribute their load to the
fewer columng avallable to carry if to the
ground

There were also advantages in construction
The core could be erected speedily using the
sliptorm technigue. Working surfaces and
formwork for the stabs could then be ass8m-
bled conveniently on the ground and hoisted
to the desired level to hang suspendad from
the outriggers, The site at the bottom of the
building could be kess cluttered, providing
froe gocecs o delivery trucks and eliminating
the need to annex local streets and land for
storage of materials and parking

Schlaich's imahverment in such buildings
started in 1963 with the Finnland-Haus in
Hamburg, his first project with Leonhardt
und Andra (10,1-10.4.}, The partner in charge
was funo Boll {under whom Schlaich alsg
later tackled the Qlympic Competition, 5.2).
and the architects Hentrich and Petschnigg.
Their justification for employing the system
was that the congested nature af the sur-
rourding streets would have sernousty inter-
fered with construction work an a conven:
tional building.

Although the promise of this form of con-
struction was not fulfilled. Schiaich is happy
about ona aspect. The roal struciure of the
Finnland-Haus incorporated large concrete
shear walls cantilevered out to support the

|
|
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10 Suspendad Bulldings and Bsofs Hamburg Hochschule. Bayerische Blck

tension members. Their design provided as engineer's contribution 15 clearly evident w* * R
5

early opportumty to use the “strut-and-tie (10.5+ 10.6), Each pavilion stands on four

-oncept as later developed at the Institut in - columns. spaced 21.6 metres apart, The two

Stuttgart (12.1). The walls were assumed tc upper stories are borne primarily by {

[N - [= §youy <
contan a seres o1 digonal memobears Carmy- :H'i'l.".".!"‘:-i..':"Z.'-E".--;i'_.-a'_"'-ﬂ.' I
ng tension, whila the o&lling siab ang part suspanded from these is a secondary grid

f the walls acted as compression members,  from which the two floors are in turn sus

t was then possible {o calculate the forces panted by steal tie raods at 7.2 metre inter

r the thedrelcal Tensnn members, and vals, [he ground Hoor 18 free of loadbearing
pasifion presiressing cables 1o carry MET -arnponents except for the four main c

1 3 L
Finally the team used the concept 55 a too il

) 4G 1 casalo u 10.5+10.6
lesign in changing the physical form of A offica b e Hochschule der Bundevmahr
AN oTNCe DIoCK des|gned Dy the arcnifec

the wall to accord with the ennsaged tlow of x in Hamburg
3 Iwe Kiessler for a Munich msurance com

forces and thus creste a truss comprised of . ;
B T pany, the Bayerische Ruckversicherung

W% erected i 1970 annl lated extended (10.7
rn a series of buildings for the Hochschule and 10.8). The rationale here was that be
der Bundeswehr in Hamburg, built betwaen cause of the restricted site, the eptranca

1974 and 1978 the shificalion was a nead funnal 1o 1he undergero
19/ T LTPE: PLISEIT G 1 - 1 -l =1 LL¥ LIRE -

for flexibility. With the rapid expansion af ter-  croached on the plan area of the building

mary egucatizn in the 19/0s, the authorities TR *IME 11 difficult to position nvantional

damanded bulldings which could be aas

= . i i T .
adapted ana extended. [ he architect

Wischer & Partner, responded with 8 desigr

for a series of isolated blocks, sguare in plar

.. eSS O :,F'_: meires. | ne-struciural

Plan and s&ction

o = == s

—————— A & W BB = aa
1 '

Tt 1

e o o T T —
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10,7+ 10.8
The Baperische Rickwersicherung

Section, W with liler ariemsicn

wffices in Munich



10 Suspanded Buildings EKarisruhe Europahalle

10.5

Matisra tells us, Vhal with
incroasing size a sirocture
becomes more clumsy

YRR ETIRRES RO
A
ol

i
P §

o, 18
The Europahalie in Karlsruhe A mgre sutcessiul slary in recent decadeas

! has Deen The develogment of suspandad
16.10 roofs for farge-span Duildings, To ensure suffi-
Uitiemate spam ol a beam carrying cient strength and stiftness, the depth “a” of
Hs own waight and requirsd ratle a beam must increase with its span "L" and
ol dupth "87 o span L the required ratic of d/L is by no means con-
stamt, &5 rs ueually assumed m the “rules of
thumb™ wsed for prelminany design (10.9
'\ f’ : and 10, 10) Yin wide buildings such as facto-
L ries and sports arenas, rog! Deams tend to
_ fy b Mdery, clumsy-looking. and eapensve
S There 15 & large volume of space below Lhe
roaf, withun the depth of the beams, wihich s
heated and alr-comditionsed 1o no advanlage
Cine salution o these problems s o extend
| ! the columns above tha roof line to form
- masts. Slaping tie rods. attached to the tops
ol the masts, provde the roo! beems wilh
i I additional points of support. This greatly
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reduces ther effactive soan and hence their
reguined depth. The system fas been muach
fvoured by architects m recent years. As
often happens, its adoption has created a
styla, and this has besn taken up and used
by somig archifacts in cases where there is no
economic justification for it. Unfortunatzaly,
many archifectural critics are unaware of
this, or are unconcerned by it, and are happy
o classity &l such bulldings ae "Righ-tech ™"

In 1978 the city of Karlsruhe selected & group
af local architecis to take part in a limited
competition for the desgn o a large mukti-
purpose hall known as the Europahalle
Fchilaich and Bergermann were asked by one
of the entrants, G, Kasimir, 1o join hirm as
struciural enginear, The reguirement was for
an appraximately rectangular column-fres
space af 56 m x &8 m. Thenfluence of the
partnership's axperience with bridges 12 im-
mediately evident in the bwa large masts at
each &nd af the L:|.||Ir_1|r|§ and in the SWEEDINg
linesof the fwo maln cables (10,11 - 1015},
The rool members fake the form of trusses,
spaced al intervals of & metres. Becaues
t"IEj- e SuUpDorted Dy sscondary Catles &t
two intermediate pomts along their 72-metre
span, they need be only 1.25 metras desp
Borrowing anather concept fram, tieir oot
brid@es [he enginasrs (8nsioned the whoke
roof system Dy acking the masts upward
agamst the restraning force of the cables
before packing their bases. (Their first use
of this technigue was in the Rosensteinpark
tootbridge, Chapter §)The architect insisted
that the brackats needed af the base of the
mast to lacilitate (Bching should be kept as

a permanent teaturs (10.15)

Untortunately, the building was not to retsmn
its planned form, In the crigingl design the
roof sloped dewnwards on all sides. This was
in Kgeping wikh the line of the =fay cables and
pErmitied @ clear view ol the cable systam
from &l approaches to the bullding, making
It possiDie Tor the publc o understand how
thi clear interngl space had been created
Shortly before construction was die to com
mence, the chient gacided that extra sealing
should be provided, Basimir responded by
tilting the roof of one of the longer sides so
tnat it sloped upwards instead of down
allowing him to tuck a second tier of seats
direcly undernaath the slope. The increased
histght of the eavag N obscured the susped-
sion system from view on the very side of

the bulding trom wihech most visitors would
agpraach it

In Schigich’s opimon, the unity of the con
cary had Bean spoiied and most of 1bs visial
rmpacl g3t He argued that archifect and
engmesr should it Qawn and start all Gwar
again, concewing & Suspansign Systermn and
EfvElamd praperly adapied ta the new func-
tional reguiremants. He felt i would now

b rhare fogical to run the main suspension
caboles poross T wWidtm of the ardth Fatieer
than along its length. But all alternative pro-
posaly were ruled out by the client becausea
of the limited fime avallable for campletion
ol the project. Despife this, the image of the
Bullding, usually photographed from s Det-
1Er Sides, At DEComE vary popukar with 1he
Pubhg

245

10.13-10.15

Details of mast and cables



10 Buspeanded Buildings arnd Boafs

|

Hemmingen Ice-Bink

The structure of the lce-rink In Memmingen
learly shaows the technical advantages of
suspension rools approprigtely appled. The
origial mitention was (o span its E-melré
width with laminated mber Deams Tour me-
tres deap and spaced at si-metre Intervais
This systerm would have created a roof space
I Cavernous voids betwesn [he D=ams. In
1986 a member af the cily council, who had
associated with many Schiaich Berger
mann projects, offered to-approach them to
sae 1 analternative sglubion cowld be found
Although reluctant {0 become involved part
way through a design, 5

AP [ T=lg |'li_',""‘."':! o

help. As usual, after preparing & number of

aiternative propotals CILgINE ore |Moiving

cable nets, he wanied o St down with the ar

ok
o

T gy LT e
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gnsure harmomy between structural system
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Beselopment of the concept

and final crows section

10.36-10a8
The caspended roof of the
ice-rink in Memmingen. 1588

and architecture.” Gnce again, the client and
the architects were (understandably) unwill
g Lo abandon all af their cormpleled work

It was therefore accepted that the basic farm
af the architectural amelope should remsair
unchanged. After & study of saveral alter
native structural systems (10.16) the design
tearm sotiled for & seres ol brodge-like mamn
suspafis|lon cables runfing Scfoss he widlh
af the bullding. These have sloping hangers
which support ronf girders-only BO cm deep.
Thus the external appearance of the roof

wis improved and the infernal volumse greatly
reduced, with consequent savings in heating

costs and lighter appearance (10 17+ 10.18)

schlmch STl feals that the Dland, Dox-like
formrof the building envelope ciashes with
the bold lines of the structure. There is in
deed a strange contrast. It is covious that
when the hieggnt of the rool was lowered

oy SOrme Tour metres, the walls |ast much in
ctature. Mo attempl ssams 1o have baan

mads 10 compensats tor this, and the masts

Datakle of the masis,
booms and cablies




tower above them, The convantional detalling
al the facade, though suiled 1o the original
tmber roof structure, cannot compsate on
visual terms with the austeére metal suspan-
sion system., Schlaich comments that he
would rather not have bean involved, but feels
thatl “the final building is a lot batter than

an abaslutely Blunt box. You just have to do
what you can”, This is a situation over which
he and his friend the architect Kurt Acker-
mann have agreed to disagres. Whereas
Ackermann insists that ane should get in-
wolved in a project only o complete contral is
assured to guarantes overall guality, Schlaich
can imagine being satished - as in this case -
if e has helped to mMprove a project. &ven

if the final result is much less than it could
have bean, Schilach summarizes AcCkermann's
position as " Afles oder mrchts - all oF nothimg:
and his own as = Mehrals nichts = more than
nothing!” He sees 10 this an axistent|alst
chiolce whilch miust confront evary designer.

Wihen it was decided to erect a rool over the
existing grandstand at the Bokelberg soccer
stadium in Manchengladbach. the municipal
design office responsible for the project
found itselt tacing major proolems Far obwi
ouws reasons, the front edge of the rool could
nat ba supported by heavy columns. An alter
native was to cantilever it out from the back
of the old grandstand, Howewer, calculations
showed that the existing structure would be
unable to resist the additional forces, There
wiould be high leverage dueto the weight of
the roof and wind forces in the upward and
downward direction, 1 was therefora neces-
sary to design a lightweight roof which would
HTIROSE rIfmum granty Io&d aon the suD
structure and would somehow be prevented
fromi “taking-off™ in sirong winds

10 Suspended Buijldings and BEsofs Monchengladbach Grandstand, Dacheig FACTOrY

achiaich, still with Leantardt wund Aandra But
dlready working with Bergermann, was called
in for adwice. Working without architectural
input, they devised a system consisting of
two large masts placed clear of either end of
the grandstand, with a suspension Cable and
hangers to resist the gravity load of the front
afl the roof (10.19). The masts would serve
also to carry the floodlights reguired far
night games. To deal with wind uplifi, they
employed a mirrgr-image system, throwing

10.15
The grandstand reof ol
Manchangladbach, 1977

g downward-curving cable along the front of
the stand. This causes a minimum of Inter

ference with the view of spectators

At this point, mention should be made of
same minar structures where the sngineer 5
cantribution 15 visible. Schiaich notes that
although these are less spectacular than
some of the larger struciures with which we
have dealt, they are in many ways maore im-
portant because they are so close to the
people. They include a factory at Dachwig for
& clisnt who wanted a lange-span structure
tor funchional réesons but also of distingtve
form to provide corparate identity. These dual
airms wera achieved employing the same 11at
siee! members a5 Nad Deenh wsed at the
Windsheim footbridge. Fritz Bacher was the
priject enginesr (10.20+ 10.21)

10.20# 10.31
The Dachwig factory roof during

erection, 1993




10 Suspended Buildings and Hoofs Stuttgart Eatharinenhospital Courtyard Roof

10,26 -10.28
The Katharinenhospiial,
Stutigart 1993

Twa suspended gtass rools are worthy of
miantian. The courtyard of the new sntranc
hall and mult-purpose ouilkding of the
Katharinenhospital in Stuttgart, designed oy
architect . Wischer and completed in 1952
hat a glass root with & span of anout 20 me
tres. Schizich sees the bullding 85" imposing
m its clean and restramed aporoach which
rmakes it i these days of Dost-modern

junk, one of the best built in Stutigart A re-
cerif years” (10,26-10.28), The struciurs of
the central roof, enginesred by Hans Schobar
consists of a composite deck and 2 *flnating”
suftening systam. [ts cable girders are prg-
tensioned using the stab of the surmunding
root asa tensioning frame. Because the
members of these "trusses” are thus sub
acted (o mmnimiam comprassion, they can
fave extredmely HEnt sections combared wilh
cablas. The resulting bransparency of tha

rool contrbutes 108 pleasant ambience for

patients ang start

The courfyard with its glass rook Tha frant af the buklding

] i
Cross sacibon

Pl
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10 fuspended Buildingn and Rools Hm Aeilway-Station Canopy

The railway station at Ulm was completely
destroyed (n the war and has recantly hean
fefurbished by the architect H, Gaupp ina
flrmned modern idiom which respects the

historie cathedral and iis |62-metre sgirs.

-1
=l

— e . the Meghast Gothic-style spire in the warid

|
f

and harmonizes with the modern fown hall
desgned by the New York architect Richand
Mejer, Gaupp's design included an extensive
canopy iri front of the main doars of the
staticn o provide profechion for CRE S S RS
- n transit (10.29-10.32). The structure pro
posed By Schlach, with K. Frednch and

F Sirricsn e el AT R e b
Thi struciursl scheme i a2l Nas projecl enginders, 15 a purs, W

IM PO e BT O sliflened hanging rool, similas i prcciple 10

the Plarpheim |1 tootbrides, stabilized anly
by the dead load o its 10 mm thiok glass
pansls which réest on B0 «© 40 mm sieal strpe
spaced at one-metre intervals. Edge beams

with & wing-line cross-sectod oollect tha

forcas from the strips and distrioute them

to A-shaped striut and Lie Sl pports

1035 -10.32
Thu susponded glass camopy in
Frant ol the Lm rallway sbation

1932




10 Suspandaed B,

ngs and Roofs Hannovar Falr Hall &

he farrgrounds at Hannower will provice the
etting for the Expo 2000. Compared witt
tormer avents, there will be only very Tew
tempaorary pavilions built specitically for the

wurpose, Rather, the Hannover Falr plans t

privide permangnt facilities which will bs
ywallable to different nations or large indus

trial exhitiiors as required, In that LT

AICT 148 nd Partner be &

volved in bwo large exhibition 1S, W F

wiere both nearing pletion at the time af

writing

Hall 4, recenved first

with the architect v

Marg und Partner of Hamburg. The Schiaict

dergermann office was represented by Sver

Plieninger as project enginear, with Thorste

During construction

Compatition model

Interior wiew

10,33-10.35
Exhibiticn Hall 4, Hannouer Fair




10 Suspandad Buildings and Roofa Hannowar Fair Hall 24

The architect of the other Hannover Fair exhi-
bition hall, Hall 26, is Thamas Herzog and
Fartner of Munich. Frank Siman was the pro
ject engineer, with Hansmartin Fritz as de
signer. Coverir g & [olal area of 22071100 md

its thres egual bays are cowered with wnstiff
eNed SUSpeEnded rocts, NANEINE Detwasr
A-shaped strut-and-tie supports (10,36 to

10 A5 ), similar an principls ta the Ulm can
opy. Stesl strips 30 mm thick and 400 mm
wide af infervals of 5.5 melers span 55 me
bere with a sag of 7 meters. Wooden panes
rest an ihese stesl strips and are sxpacted 1
avoid aerodynamic exditation throwgh thelr
wasight ard natural damping. Wing turns|
lesls were Carried out B0 canhrm gréedctions
of wind loads on this unusual reof shapes
whICh was 8150 choden to provide natural sen

tela T

A suspended roof s predestinad for wide
spans: if creates a functignal internal height
and permits targe glazed argas for dayhght
whilsl excluding direct sunlight, The main
Column-Tres SpRCEs afe separated by marrow
planied areas under tha steel pylons which

Wil prowde access and reCreaton,

Despite s size and striking form, this hall

I
|
3
.
|

15 pot monumental and has 2 broght and at
maspheric interor, Structure and form ars

& clearly recogrizable entity

10.35 = 1039
Eshibition Hall 26, Mannover Fair

56
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Solar Power Plants
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Metal-Membrane Roof Structures
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i1 Solar Fower Planta

Population Explosion, Living Standard, Environmant, Energy

Bz we saw in an earler chaplers, Schizich s
greatly concerned by the poverty of underde-
veloped countries and by the threats o world
pesce and the enwrgniment posed by the
papulation explosidn and aur reckless pursuit
of ecanomic growth. He sees the sngustral.
1250 POWEry unable 1o mars & rational araly-
=5 o the situation and lacking the will and
determination to make significant efforts

fo avert disaster, His frustration iz evident in
the forceful anguage be used i an sditorial
for the journal Ove Bautechnii in 1992,
Chaosing as his starting pont the atest pre-
pocupatisn of the Busingss world - “Lean
Froduction” = e 3865 technblogy becoming
a goal in itsal! and aske “Are we out of our
mings? Have we nothing better to do after the
fell of commumnesmn and the end of the cold
war than to further stimulale a damaging
trade war in consumer goods? Will ro one
gaa that we are burther alienating the Third
Waorld = gapriving three guariers of mamking
of thewr anly capital which s their cheag ia
pourand thet through this madress we shall

they are, the more children {hey feel they
need. Since coal, oil, and other foss(l fuals
are tido expensive far the vas1 majority, and
we mmay not export atomic power stations,
they miust cut dawn thair forests o satisty
their immadizte neads for energy. Thus.a vis
cious cycle 1= estabiished (11.1). Therd World
counthes are torced mto & new form of cole-
nial ggpandency o ensure jobs for their péo-
pke and & minimum of economic security.
Howewdr, they cannot ba expectad 1o accept
g Sitieatron of increasmg misery indefmitaly,
and are linaly one day o decde {0 taks by
force what is currently denied to them

Schlsich sess the potential of solar energy as
ore way af breaking out af the cycle It offars
the fethmical ardd aconomic prersgusines for
a naw world snergy economy. “In the Third
Warld there are adequate dry, unutilized ar-
eas and three timis the guantity of sunlight
28 hare [in Germany|. With a fraction of the
resources which have been expended so fer
o for exampie nuclear energy or manied
space-fliight, we could have attained a much

The higher the slandard af living
in b ctsntey the more snergy il
comumes wnd The smaller (il
populstion intrasse, Therelors

& popt country nedds anergy bo
&low down iis pepulation incresse.
The graph compiied fram World
Hank Stotistics 93 s tnken from

1 Schiaich, Des Auleinderafteerh.

fuin the earth?™ =, When we think of the
emaciated chibdren of Africa, it is pure cyni-
cism 10 concern purselyes with "Lean
Production’ when we shauld be working dut
how to hefp their parents achieve jobs and
human dignsty through 8 worltwide frRvrhiton
of work”™ He points out that peopie m under-
developed countries mus! S=e children g% 4
form of proyisian for their old age. The poorer

higher stage of development of solar-energy
use Howsver, we still have anly small proto-
types In Germany .. &l the development ot-
curred in the 19705 Since then, Pe notes. in-
itatiwe nas faiked and & coor has been
sigmmed. Howeser, If ramains sssenfal fo
build prototypes ol & size approaching full
Deutschs Verlagsansiall, 1994 scale Schisich asks, why gdoes this not hap.
(English: The Solar Chimmey, pen! The axpanse would besmail in comparn-
Edition Menges. 19§5) son to that of many other developmentad pro-
jects, 5o pur mactivity cannot be-due 158

T g B e shortapes of money. "8 it because the dea of
4 - 0E 3 Py an 2xplosive doubling of the world papulation
within 35 years and its resulling /moact on
nature and elimate exceads the limits of our
comprehenson — 5o that we ga and sHck our
; neads in the sand? I& 1 impossabie 16 under-
T . stand the simple and obvious connection
betwaen population expiosion, iving stan:
dard, environment and energy - of do people
suniply fot-mmake Lirme Q consider the status
and opportunit:es of solar technology?™ *Has
T . pariiamentary democracy reached its and in
the same wiy &3 communism? . 15 1 inca-
pable of tackling long-term problems: pro-

[ T el | L1 ]

[ ]

+ 30
& ducing merd politicians rather than states:
men with imagination, COurgge and & sensa
1 r L of long-term global responsduliky ™
L] 1]
b el o e e R & s fcrmiare sk g Capets (L 4]
262

Copyrighted material
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“1f 1= ncumbent wpan us engineers 10 Comea
ot of pur shells and bring our technical
competence to bear whare today the politi-
clans ride in g vecuum, tied to the agron-
stringd of an irresponsibie [energy ] oDy,
“Thers can be no more excuses ... The misery
g there and the Cansaduencet AFe i rewsr-
sible. Facing this challenge, and demanding
that society show its credent:als in making
the necessary effort, 15 a pressing task for
politics.” Spurred by thess considerations,
Schiaich has visited many politicians and rul-
&rs at home and abroad to convinee them of
the nesd 1o imvest money in solar energy. and
above all 1o act befare time runs out, This he
was gbie to do following his volvament, &t

g practical ievel and over a long penod, n the
developrment of two promising types of solar
power plant, Ha has nol only guided the
evalution of efficient and economical forms
of construction, but has invested a greal deal
of energy and enthusiasm in working with
meachanical H-ﬂEII'IBEFE and economsis on the
overall concepts, The twa types of plant he

at opposite ends of the spectrum. Thie first
takes the form of a reflector dish which con-
centrates the sun's rays on a Stirling motor
supported at its focal point. The wes hare
was to develcp a plant which wauld be chesp,
sturdy, and simple. so that it could be owned
and oparated by at least the wealkthnier Tarm-
ers in underdeveloped countries. The second
type exploits the phenomenon of ratural
thermal updraft ina chimney to dove wind
furbines which generate elecincity. This prin-
ciple may be apphed af varying scales, but
lor greatest efficiency the chimneys should
be as large a3 is practicabie

The form of the solar concentrators grew out
of Schigich s desire o find mproved means
of constructing mambrane roof structures.
He felt that for certain applicabions where
translucence was not reguired, Thin metal
sheet promised greatér durability than
fabrics and a mode of structural behaviour
which would be more consistant with classi

cal theory and thus easier for the design
enginesr 1o grasp intuitively. However, there
were still major problems to be solved, Metal
meambranes cannot ba folded like fabne
mambranes [(7.1). It »s therefore diffrcult to
fabricate doubly-curved surfaces fram them
and to transport and erect them, As a result
gnly a small number of such rools had 1o
that date been built. These wers formed from
relatively narrow sheets of thin metal which
could be rolled up for transpart, Howeser
when they were unrolled and joined along
ther sgges, the strocture shill cansisbed of

a series of flat sirigps with the seams appear-
ing as awkward discontinuities. In 1968
Ludkovsky Bad erecied zn experimental
dished metal roof with a diameter of 26 me-
tres in wiech he Had found a soluton 1oty
probiam, He smoothed aut theé [pinls by o
Iading the roof to the extent that the metal
yielded and stretched. (Mild steal will “yisld”
at high stress and flow almaost like plasticing
iz a considerable extent before 1f ruplures )
By exploibing this property, Ludkovsky was
able ta attein a smooth, almeost ideal shape
approdimating a segmeni ol a sphers
Significant work in this figld was also done
by Yeremeyew, especially in conmection with
the Moscow Ulympie Structures and Oy
Kawaguchi in Japan,

This sugpested that & sirmilar résult could be
echieved by applying forces from the edges
of thin metal sheet to form a "sail" or strong
infernal pressdre to nflalea "cushion” made
of thin steel sheet (11.2- 11.4). However, it
waubd ba necessary o Chocds & Stesl winich
couwld stretch a great deal after yislding with-
out rupturing. The research was carried out
by Switbert Greiner at what was still called
thie Institut fur Massivizau, He used metal
sheal 0.3 mm thick joimed Dy & specially de
veloped welding technigue (11.5), From this
an experimental " pheumatic cushion™ five
metres in digmeler was Duilt for testing pur-
poses (11.6 =11 B), It was discovaned that,
with sufficient pressure, the mambranes
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11.2=11.4

Small scalea model fests on farming
daubly-curved surtaces from plane
migtal shewt utilizing the plasticity
of thin s1ainless siésl Lheel

By mochanically applying forces
fram the sdges af am open surface
o plane steel sheet assurmes

a saddle shape

By preumatically applying forces
froen the inslde of @ closed surface
u palyhedron becomes a sphere
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11.5-11.8

Larger scile model test on forming
o cushion Irgdn flal steel sheel 5 m
in diamaoter

Welding 0.2 to 9.5 mm
stainless steel sheet

A 0.3 mm stainless stesl sheel N
metres in diameter welded lrom
wlrips (afd theis heavily wrinkled}

[
L
C

Two sheels are clamped
between two sleel rings

The interior s inflated snd the twe
sheets deform plastically

The cushion. with a small interior
prEssure 14 easily able 19 carry
Swithart Gralner and hig gl fraend

Metal-Membrane Congcentrators

forming the cushion adopted an extremely
precise “surface of rotation”™ with exactly
circular eontours (11.9 +11.10)

Fchlaich felt that there must be more reward-
ing applications for such precision which
would, i a way, be “wasted” on conventional
ronfs. The dished shape would be ideal for the
reflectors used in fefecommunications and
radar, butl he was parficularly attracted by the
thowgnt that it could De used 1o support the

sphencal mirrors us=d 0 selar concentrators

{11.11-11.14). At the tirnie, thess ware com-
posed of many individual facels labariously
attached to a complex framework (11.15). In
contrast, the than metal dome formed by the
inflation process was extremely simple and
Economical

Thus began another of Schilaich’s oftan
lanely missions to convince others of the po-
tential of his ideas. He had a useful contact
in M. Simon of the engineering firm MAN
and if 1979 paris of the Stutigart “cushion”
were Lused to canstruct a prototype solar con-
centrator in the grounds of MAN's head of-
tice in Munich (11.18}). Unfortunately, the firm
did not see sufficient commercial promise in
the collectors and later withdrew 118 support
Mevertheless, Schlaich was able to build &
rumbes of prototype plants (1117 -11.18)
Thesa included a complete generating
system for the European Research Centre in
izpra using phaotovoltaic cells to convert the

solar energy into alectricity. Construction was

carried out 1N collaborabion with the famows
Jeppelin metalworks in Friednchshafen

11.9+=11.10
Contour | ines of

the 5§ metre :u':h:nrl//‘_ s
i

: \

Centour lines at am internal
pressune of 0.2 KPa. The wrinkies

are still reflected in the poor

shape. The s8¢ and rise are 100 mm
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A major breakthrough occurred early in this
process with The realization that the photo
woltaic cells Could be reglaced by the robust
atirfing engine directly coupled fo a genera-
tor and mounted-at the focal point of the
mirrar.” This idea was tested in the USA us-
ing conventional 12-metre mirrors built from
facets (11.15)
encouraged the design team to refine the

The success of thesa trials

scherme. The most challenging problem was
1o suspend the heavy motor and gensrator
axactly at the focal point of the mirror with
o form of structurs which would be
E-rmr-g and ngu‘] DUt would not throw 5|gr'|.'|-
cant shadows, The whole assembly
pawer plant, and support system = must

be sufficaently light to be Dilted and rotated
about honzontal and vertical axes to follow
In adchition i
had to be cheap and capable of resisbhing the
harsh conditions of & desart amvironment.

TYIFFGT,

the movements of the sun

Contour lines at a pressure af

30 kPa and with sag and rizse of
B00 mim.The contour lings are
pariecily circular




113 -18.14 11.18=-11.38

Crawings prepared i The Hrat exparimenial metal
1979 1o demonsiraie and membrane sun-tracking concen:
propagate mambrans tratary

techrology

1115

A lacetied iype of selar cancen-
trafor (Bublt by Jet Progulsion
Laboratory/USK)

1136
A five-metre dish built
fwr tha Fiem MAN

1117
Brick burmers with
s necandary divh

iia8

A water pump utilizing solar ceils
Tar conversion of lighl energy

1o electricity (the lirst complete
varsion 9f the sretem bulll with
the Zeppelin company in 1981}
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11.19-11.22
Fabrication af 17 m diamaies
dich capcaniratons

With assistance from the German Federal
Ministry of Research and Technology and
the King Abdul Ariz City for Scignce and
Technology in Saud Arabia. and after many
weeks af negoliations n Riyadh and Henn
from 1981 onwards, Schiaich was finglly abie
'F tosee & large scale realization of thes dream
.

Vot e | 10 11.22)

| s FEEFEETE

Thm Brillignes with sehich 1l '5!'r|r._gen‘. crite
fia were met cen e seen in the structure
illustrated 7 11.23-11. 26 The principie of
the beyels wheel s again employed, The
rirm, comprised of steal tubing, supports the
power plant and 15 braced by spoke-like pre

stretsed cables which prevent it from buck-

fing unddr the load. The mirror is suspended

by tubuligr stesl arms trom {he s and
treese an turm are susporied on a slendsr to
Bular tramewofrk with a crreular base which
permits horzantal retaton, Perhaps the

mos] tascinaling part of the design @5 the
e e way Inowinch g thin sh=et of metal s formed

= T ' [T ‘1 into a aphercal surface strong enough 1o
; suppart the alaments o1 murrr glass T
el y - : N shee! isinfact the upper suriace ol a shallow
' drum. In the workshop, 8 flat circular shesl
af metal s clamped (o the tlaor zround (15
" periphery by @ strong oorcular nm and gas
- Womstr s = el ng = | ket. Air pressure s apphed underneath the
. — —  gheed b caubs the metal to yeeld and flow, to
Lahe up the form of & shallow dome The fim
and curved membrane then become one sur
EJ_'F'} i e J . face ol the drum with the mgrnbrane dished
= == 1=l . iFararEs. AiF 15 pumped oul 1o &stabHsn & Vi
| | -' [ .-!.. -.“'__._;'_“_“: 11 A uwm, and {hs preserves the exacl shape of
F |4ttt . e membrane gnd gives (T e stabillity o re-
section theaugh = Wit .
TRBE T and stresses due to routine handing. The

sist the weight of the mirror glass, wind loads

mirror gless is finally sftached in the form

— — ol thin:sirips bomded 1o the meial Surtace

The firsl ol this new bresd of solar concan
Erator was bullt 8t Lampoldshausan neal
FElBfamn in ]_I}Bj._ mainly to et Ihe a55Em
W A TTTITTE | bly procedures., Its mirror concentrator di-
il ":_ IRRNNE==. 1"_" i ameter was 17 m ard 115 2.5 lonmie anergy

o 1 corarier provided &n autput of 50 kW, Two

further units srere nstalled 0 Sauds Aralkia m

| i A BT E

19.35 L& ek Ths E‘l‘f-l.'.u;:!ll'_':n.l af tha mirrars
and the mechanical plant, A sef-contained
Priaamathe formiing ol mutal control syslam povernad the levwsl of the wac
e Ll L W WL i The gruam, The preduciion of siecinc-

ity and the rhcvertients of he mirfor neces
sary to follow the fun




IL33-11.1%

L 26 (ovatEal)

Twa 17 m diameier metal-mem-
trans dish concentrators with
Etirling engines and geserators
operating in the Solar Village near
Rigadh, Saied) Arahia snce 1985
The electrical outpul iy S0 ks

par umit
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.5 m Dish Stirling Systeams

JRer

| prtrol and a var st EriE e are
recuiren, even i the |giTer sulteg nil

i i I T
FEduCtion i attrmiency. & profolype unit wa

grounds of the Unwersity in Stutigart

Yathingan, with 2 7.5 metre diameter concen-

AT trator and & 9 kW V160 Stirling engine pro
.?’ -I_.-‘I:_,."F luced by -\."::-: { Ann Arbor, Micl 1Ean

- & 2= = = R
e ErCErE S F e e Al
¥ LIl =1 LR .7 == Ll FIIRAL A LRI [P
£ ‘..1' E?.JII
- ) | k 11t T L 2 BT 1= L wers st
W L
R segarate from those necessary 1
y o L 5
g r 'l? - L w118 & i ! r Foe paErrmil }-5
tateo veterm at i s rEnge of fcire

11.37 r . 2
Camparison af simplified polar = e NS ._ .. . ‘_ el
{abave) wilth arimuthal iracking L..I:'.-"- RERE BRI S Sh e
(bwlow) o

gergermann und Farfner have acguired ail

the grawings and the proguchitn

eenceE and am gaveloping the angmes in

doparabion with SOLLU, & |lGcal engine manu

3 first trial in
(11. 36}, three prototypes of this

nave Sireaily Oee

Ly 1 REraling suc

A
Almera. Soamn |

P TR SEnnEra: W re

T '
refd re

it NaEve rscaniec wWirle A ._.; 111 i

A7 +11.348), Further step

N ODEEriHETREML Wil Qe § Rybridees ths

11.28

The V160 Stirling engine with i

solar receiver tu be suspended al
thi lacal paial of 1hs concentratos

11.29

The improved fabrication
pringlgle ol ke 7.5 m diamaler
dinkh concentralors with wate

ballast {sae 511.37)

— 11,80-11.38
Fabricaliom and meisllation

al the 7.5 m desbeés

o fhat when sur

el 1va Parrier o

light is i =i iR

be able Ea utilize

EoS 10 Neds e ST I |-'|:":|| £ TNus
W 1IT18 Ehe Feegjuifermient LN T] BrpensiheE Sior
sge batterias. It wouid be {ar beyond he

e o this ook 1o report on de

5 e d8ta

Metal meambrans technology 15 a Gy
to bulld cheap and precises hellostals whic
ire medced in largs nuEmbers for |@F Eirdyer
L1139+ 11.80] e parinership. gevelo]
TR 8N dES@m (1 TS §rsd 14 e ot

NnieEr TneE

gusd@ance ol YWolteanyg »chiel

3 physieis], sy Raifigr Bemg. Bran Hufil

Tl T M i LA Ll |‘.||:i'.\-:_|..l.I:'
et This Righly milisd ledm also super
dises constraction o the Tiekd. At the time of
HWTITITIR. & M F Doy e | [ IS EAC s

b - ler of Gurmmear +cH Fia ¢ F.
far fTurtner cevelapnm f ang product
I kE WY ('L e |I:r




1136
Tha fersl camplele 7.5 m-syslam

with Stiling engine and penerslor
installed ot Slutigart 1959

11.37+11. 38
Three 7.5 m-spslemy operating

a1 Almeria. Spain since 1992

11,39+ 11 40

The firal metal-membrane heliostat
buailt in 1991 (2 = 7.5 m} {right) and
a mere advanced type. buill with
SteinmmiliEe in 1594 (o = 14 m} (lal)
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Divswing ol a 100 MW plant with
A cable-net or membrane skin
chimnmy

11.42
Orawing of a 100 MW plamt
willh a concrele chimney

11.43

The peinglple ol @ wolar chimney,
The sun heats the alr under

= large circular glass-roaied
“coliecior™ - a sorl of groen:
house. Convection caukes the air
fo e suched [nto the chimmey,
cresling & vertical dragght,

This drives lurbines snd heoce

a genarator inslalled ol the base
of the chimney

Solar Chimmays

Several yeasrs after the design of the Schme-
hausen cooling tower (see Chapter 5} a
French engineer named Edgar Nazare ap-
proached Schiach to suggest that the tech.
nigue could be modified to form tall chim-
neys whose natural updraught could be used
to drive wind turbines and generate slectric.
ity. Schigich realized that chimneys of great
heght could be made by placing a number
ot “coaling towers" on top of each other, the
whole being stabilized |aterally by guy ropes,
and became enthusiastically imvalved in the
project. The scheme was stalied for a while
whan détailed investigation of its thermody-
namics by Ginther Schwarz at the Unmversity
of Stuttgart showed that the updraft of a
simple chimney would be insufficient for eco-
fomic power generation, Hcrwevl.;n by & fortu-
nate coincidence, Siman of MAN had inde-
pendently @pproached the team with a simi-
lar proposal which included a sort of large
greenhouss (a circular area covered by a low
roof of transparent foil or glass) at ground
level to heat the surrounding air before it en-
tered the bottom of the r:nlmna‘_.n.!l"rehmnr:ary
calculations of what they called a solar chim-
ney suggested that the cost of the slectricity
would decreasa exponantially with increasing
size of the facklity, & 100 MW plant with a
chirmnay about 1000 metres high would re.
guire a “grasnhouse”, or collector area. of 10
square kilometres (11.41-11.43)"

After much persuasive etfort, the Bundesmi-
ruistenium fur Forschung und Technologie
agread in 1979 {0 allocate DM 3.5 million 50
that a prototype coulld be erected for testing
purposes. The design team were anxious 1o
build the largest prototype possible wiath this
sum of money 0 ordar 1o provide accurale
modelling of conditions in a large plant and
to give the best proof of the viability of the
concent. Thair aim was therefore to develop
a simple, cheap, and hghtweight structiire
whtch could be assemblad and dismantied
quickly and easily, with a minimum of skilled
labour, Plastic was chosen for the roof of the
greenhouse, and the exposed metalwork was
provided with only nominal corrosion protec-
tiom, aming for a “desrgn life”™ of between
three and five years. With these economies.
it wae possible to build a chimney 195 metres
high with a collector some 250 metres in di-
ameter (11.58 +11.59, 11.61). The chimmnay
had a diameter af 10.metres, and the collec-
tor roaf was 1.85 metres abave ground level
Schlaich found a suitable site at Manzanares,
in Spain, whera sunshine was reliable and a
sufficiently large area of reasonably cheap
land could be obtained, devoid of houses.
Construction took place over the years 1980
and 1981 (11.44-11.54)

Many problems of delail were encountered

and cvercome during the operation of the
plant. One of these was that wind vortices

rear the base of the chimney ripped the
plastic roo! panets of the collegtar,

F
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1184 #1145
The plastic colleetod, The soll
undermeath b4 iprayed black

1146 +11.47

Fabrication of the initial plastic
culbecter ool (diameter 250 mj
by wnckilled laboor.

273

114841049

Erecting the 158 metre kigh
10 mutre dlameter guyed
tube from corrugated sheet
wsing an incremental lifting
meihod
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1150
Fabricalicmal the

later glass collector roal

13.8%
The glass coliector ros!
from dnder neeaki

Solar Chimnays

1153

Logk iag ram ihe log
gown Inte The chimney

Tha lramiilios batwesn colleclos

roof and chimney

1158

A wiew info the chimnay fram
Ehe baga looking up (shawing
alwo Bhe turbine wilh the lour
adjsistanle blades)

After a few years supdsure to sunhight, the

plastic became bntile And lost some of its

translucency. These problems werg solved

=
Oy replacing the critica wachicns with glass
WL L"—.!'l..""-”—".: BNy wiEll &0 ThET S1ass wall
e thie fival solufion for large scale appiice
Pan (11.50-11.51 ). QDccasional rain showears

prowed sufficient to clean the ropt

schlaich successtiully applied far a number
of additional grants which made if possible
O meep the plant Tuncliorimg 1or gl Years

rEUgnly twice as |ong as had ongimnally beer
planned. | he obearved benanour af tha
system, including the magirmum output al
S0 EW, was in good agresmant with thecre)-

zal pradictions: This was ta the credit of a

-

rumber of dedicated enginesars in the offica
Tl Qe '1";|:.'r Harl Frasdret, Willesad
Haaf, and Jurgen Kern, in @ later stage under
the guidance of Wolfgang Schial - and tt

Leontiardts enthusiastic supEort

Finally, corrosine Gl IO mMaks SErious in-

radds on the unorotecied guys, and the pe

collapsed during heavy starms in the spring

a -'-*H":.l FoweyeaT, The Meaasuraimen]s [asaT

pss and the dependability
firmed the thermody

Detailed thermodynamic

!:.'l.".-.""- At | .-:r:.. |.":.'.'E'I' Ealar ERm iEyE eould

Qe an SCOnomIC praposiiiGn, espetially I

it the solar chimney ara that Drilliant sun
SEirHE 15 ot reguired for s oferalon (if
wiorks well on cloudy-bright days), thas a
matural thermal slorage capacily within tha

ol under the "gresnhouse” roaf, gnd it

|:|:
De Trint Dy local iIndustrnes in develoming
couniriEs, Thus praviding ncreased ampboy
ment as wall as cheap anergy, The propect
and its ratronale are reporisd i datanl i

Schiaich™s latest ook Das Aufvimdbrgiwenk

ar Chamney, arsd thars is no nead 1o

a il tanr Anbeaile Hag
prEsent turther getans here
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Annual energy production (GWh/y)
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275



11 Solar Power Plants

Solar Chimnays

11.58+11.5%

View of the completed 50 KW
prololype in Manzanares, 5Pl1l1-
1982

11.60

Presantstion to the Saod) Arabian
govar ament ollicials of a lame-
tipnal mode| of & walar ehimnay,
1980

275

Unfortunately, the pessing of the oii-crisis
af the 1970 has lad governments to raturn
o thigar norrmal short-term view of planning,
and the mongy available for solar ensrgy
research in the technic ally adivanced warld
M Dewn greatly raduced. Daspils ths,
Schiaich =till strives ardently 1o corvinge
governmeanis and those directly m control
of rezearch funding fo imvest in the bright
future of this form of solar energy. One part
of this battie is the attractive small book
Erneverbane Enemgien nutren (Wernér Verlag)
which he and his daughter Sibylle produced
in 199] o advance the cause of all farms ol
solar anafgy




1163
The labe of the Manzamares
prototype of 8 solar chimnay
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Motes (o Chagter 11

¥ J, Senlpich: “Bedmarungiesplosion, Enrgio
vt U I®, Ovn Brstactinuk, 1993, Hilt 4,

* Thay Surling enging was enanied in JEIG by tha
Stotarman Robart SUrling il was s widsly i
e 1Sath Century, it works wilh 5 conatant gas vol.
urven (uslially Wlum oF hypdrogen) which moves
ack antl fartn petwesn two chambert during oper.
atkon, applying prestwie 1o 8 poor of pislons, In il
solar-girgy Appliction, th gos 0 oné cylindar ig
anpanced by the henl conctntrabed by 1Re Mmoo
wlW Iy rarees il femparatung to balwhan 700 and
10048 dagrires. Minement of (he pisions compresies
i a3 en LR oihar chambear And Lhés o3 Loakedd Sy o
rpRnEratar B9 ot mowes from the hot 1o the cold
Aicht, Thet proce4s rf ihen sbndriad, An andepindent
control SyS-tem 14 NECe1anry 1o goern Lha dec Range
ol tweal, Aee Errod et of ERECIrE 1Y, R (R TR0
rresnt o 1ha miercn 566 &, g O, Whlker Stitagople
Maching, Clarendon Proys, Twford, 1573,

T it was discomred lates that, ke rmamy good didens,
theg oo Baen dassrbed B0 woirs belory, but g
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12 Endividuality in Structursl Englnoaring

The aim of this chapter i5 8o discuss some of the special
qualities which are charactershe of Jorg Schlaich’s approach
o enguneening and in the process learn somathing mare
obout the art of structural design, As Boas become apparent
in preceding chapters, the physical lws which govern the
behaviour of matenals and structures lave plenty of room
for ndividuahty in design, The sibuation may be summanized
a5 follenws,

= Enginesning 15 by no means simply 3 matter of function
and fechnology, Palitics, ecanarmcs, ad the dyramics of
Faimian relatisnships within the design team pliy & large
part in shagng autcomes,

= (n the tachnmal 5106, the body of knowledge availahle
ig wast pnd 1z continually changing and deweloping. Each
engineer mual chart his or her gan path of discovery and
learning,

- Dasign enginears must grepple with the physical world as
they find it. 10 all i complexity, They cannot dissect itin
this laboratory as doas the rasearch anginesr or sclentist,
Each structure is *on invention followed by a profotype”,
Scrantista pramarily occupy themselves with what exists:
engineers develop something nie and then superase its
tatarscation and construction,

=Thers = 2 great need for competently-designed conven
tional structucas and comsedarable cammergiol, Dureay-
cratie, and socipl pressure 1o reman within the confines
of witabhahed practsce.

It is pertment to azk what qualities anel attfudes mark the
sort of anginear who is willing ta break through the many
constrants and do sormething diflerent = 10 tackle the analy
w18 and design of uncomsantional stroctiures: ta devslop nes
theorotical and practical techniguaes: and to attempd W alter
tha parceptions of 3 wholg industry, of government, and of
the general pubhe regardimg stepctures, Diviously, there
must e strong motivition, Ambitien s an important (actor,
bk third must be much mere o sense of mission, often in
apired by ethical and maral pringiples; & lively sense of ouri-
Caity: o fsacination with structures as obijects; ond o disaptia-
fachion wilh corwentional ways ol dolng things, These are of-
ten accompanied by Mrang comvchions, lorcelelly expressed
and couragegusly defended, which must of course be backed
up by o high level of knowledgs and expar se, Engineering s
an unforgrang discipline, An arehitect may choose Lo gnora
the “rutes” of classical proporbion, or gven design o building
which i inconvenent ta 18 ulars, and no rreparable harm i
dane, An anginedr canndgt infrings the “laws™ of nature, I a
structure collapses the rasult may be death ar heavy linangial
Ioiss. Engineers who are nnovative must be prepared to carry
thir s ting burden of respansibility. They muost thus prepara
thomsehes woll 1oF there ehoaan rale ardd b Sacure in the
background knowledge and emparsnce passed on to them by
thew pradécessors, feachors, ane Iﬂbr“ﬂ'i.‘"ﬂy’ must con-

282

tinue 1o 2mass informalion snd expanance assduousty dure
i their caraers throwgh simple obesrvation and axparionos
i design and consfruction, and through reading, research,
and inberaction with colleagues, Thay must lullil ther respan:
wibility Yo improse bechnology through innavation, and yet
owoddd unddue rigk for the wsers of their streciunes., (L olve
Sus from the loregoing account of hes projects that Lo
Sehlaich 1s Just such an engineer.

Amongat the most noticeable quolities of leading designers
in Ay held arg £trangth o characher and sell-confidence,
This gives [hem tha ability 1o lead tenms: o motreste otbors,
{o st cantlicting information and sovice, and 0 set clear
gools towards which athers can work with efficisncy. In engi.
neenng design, comviction nlone i nod snough; leaders must
bz right in abzolute terms on essuss of sofety ond rensonable
economy. Even 50 there 15 room for wide difterances of opin.
o o less eritical matters. Schlaich's cormiclions about the
sooigl and professionsl obhgations of cesigrers have led him
mitd & numbier of contlicts with engineers in govarnmant and
industry and with promenant architects, Inspired perhaps

fry the ezample of his crusading fathar, he confrants an isdue
{and the people concarmed) haod on snd has been chargad
by at least one of his acversanes with arrogance and in-
sonsitivity However, he does not enter contlict willingly, He
respects sncerity, tachmical competence, and rational argu-
menl, and moderstes his comments i he leals the person
concernad & particularly sensitee 1o criticism, His ol
and sesthelic principles, Kia concarn with mninalizm and
fig dalight in making his slructurea Haraly visible are hordly
those of an epoct, The foqtbrides sl the Kachenhofsteg,
Sindellingen, and Pragsattel, and hes project for Lhe jook-aut
tower o the Killesberd are good ecamples. Hm views arg
tempered also by an swarenoss that soll.confidenca in design
must be bosght with o lifetme's patient stucty and experi-
anch and & fomiliar respect for the lpws of noture, He de-
clargs that angineers must be around 50 yaars old Detorg
they can concanss Ltraciural lorm with the someg freedom
and conliderce that architects bring to thair prr;prrs.a:lg.] He
is reathy to criticizd Fos oan wark, pointing out aspects that
ha feals wikh munedsight could have been improved and 15 un-
utally willing 10 diecuss tha origin of his kdeas ond give
cradit bo others for providing gome 1ntal spark which he was
able to turn to advantage, He says, with growine corviotion;
“1 arn just o noemal angineer - thers 12 nathing spscial abat
e, And that 14 good, because it 1 schicved something useful
and beautiul, then many more Sstructural engimeers - &l of
tharm = can, if they oty want aocd strive for il ond that couwld
b to the best interaat of socwety”
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Schiaich i particulariy keen to acknowledge that the high
reputation of the prachce depends greatly on the work of

his long-standing partners and the many talented engineers,
designers and office statf who have participated for varying
periods [(sorme throughout the entire hie of the practice and
Schlaich's tenure of the chair at the Institut). Many specialist
consultants have aiso contributed greathy. The names of most
of these have appeared in preceding chapters. However, at
the end of the day, the leaders of the prachice must weigh
the sometimes confliching advice offersd by colleagues,
specialists. subordinates. politicians, regulators, and critics,
miake decisions on intangible matters, and accept final re-
sponsitnhty for the form, cost, and final performance of the
project, At this point it may be necessary to overrige opposi-
tion, if diplomacy and persuasion do nat wark.

Research into the personalities of creative people suggests
that an rmpartant factor s a certan psychological toughness
which makes it possitle to cope with intellectual tension, This
shows itself in an holistic wiew of design m all its complexity:
taking accownt of and weighing disparate factors such as
mechanical properties, fabrication, and construction along-
side funclion, aconomics, and aesthetics; an acceptance that
conflicts of evidence and values can never be completely
resolved: and & drove 1o continue exploring alternative pos-
sibilities long after others have given up. The less creative
designer tends to cut short the process and make premature
decisions in order 1o relieve the mental stram of coping with
the vastness and complexity of the problem and the informa-
tion which might be brought to bear an 1t

Schiaich's interest in aesthetics and his work with architects
will be considered later in this chapter. On the purely techni-
cal side, his holistic approach is evident in his determination
to win a more general appellation for the Institut, and s n-
sistence that structural form, load-bearing behaviour, and
tabrication and construction procedures (Form - Tragwarhal-
ten = Fertigung) should be considered together in the concep-
tual stages of design. Construction methods are described
in all the papers and brochures concerning the partnership’s
structures. Being actively imvolved in research, Schiaich
enjoys the complexity of an intricate theary, but at the same
time has an extremely practical approach to construction.

(A result, he says, practitioners think he s too theoretical,
while theorists regard him as a practitioner.”) His broader ap-
proach makes him willing and able to cross the traditional
boundaries which compartmentalize the theory and practice
af angineenng. This 15 unusual in a country where many de-
signers and researchers specialize in one material and even
in one form of construction only. Schlaich feels that too marmy
af these specialists burn aut thesr brilliant ideas within a pe-
riod of about 15 years, and then go on to refine and polish

them without making further mar advances. He feels that
designers who take wp the challenges of different construc-
tion materials (such as steel, concrete, and timber) and dif-
ferent forms (cables, shells, gnds) are better able to maintain
active production of imnovative ideas. In his work on solar
energy Schlaich has (of course through collaboration)
crossed the more formidable boundaries between structural
and mechamical and electrical engineering. This adaptability
allows hum to transier knowledge and experience from one
field to another a5 in the case of Ris movement from the de-
sign of shells to that of cable nets and on through membrane
structures to grid roofs, The process is assisted by hus ability
to grasp the assential nature of complex problems, extract.
ing simplified concepts which are sutficiently correct, it ap-
plied with understanding, to sere as a toal in the imtal con-
ception of original structurées.

It should be mentioned that Schlaich's halishic approach en-
compasses the details of his structures: an aspect to which
he devotes great care and innovative effart. The great pioneer
of modern architecturs, Mies van der Rohe, sad that “God

15 in the cetails™, and most engineers would agree with him.
Cecacianally, an imspired structural form - a el bant general
solubion to a given problem - fails because it is impossible

to resolve the questions of detailing which are inherent in the
cverall concepl, |n his paper on the detailing of cable stayed
bridges, Schlgich writes: “This by the way is the cardinal
poant of sysléematic detailng: don't start arbitrarily but lock
out for the most crucial detail, burdening it with as few boun-
dary conditions as possible. and derive from its solubion the
less ertical ones* Expanding on this, he states: ~“This means
that it the most crucial. dfficult detail in the whcle structure
is nat burdened with beundary conditions resulting fram
ather details, it has a chance to become simple, The less diffi-
cult details may be able to bear some ‘burden” from other
details, without themselves becoming overly comphcated ”
He cites as examples the cable-to-girder and cable-to-tower
connections developed by the parinership for theirr briciges.

A willingness to face the full complexity of significant factors
and value-judgements in engineering problems leads most
profminent designers to the opimon thal there 14 very rarely

a single optimum solution. Schlaich shares this view, "It ap-
prars to be forgotten that for avery engineermg task there are
a practically unhmited number of solutions and that, be-
cause of this, it is never possible fo make a choice according
to purely functional considerations. Of necessity, it must be
hit upon subjectively™

Thus hie argues that dessgners should discard the grinciple
that form must urrguely follow funchion in its narrowest
sense. If structures were adapted to suit a broader range of
needs and accommodated to the local environment in each
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12 Individuslity in Structursl Engineering

case, thi natural and inevitable resull would be the varisty
of form which ne considers so desirable.”

In practical design. the oppartunity for individuality stems

a5 much from the profusion of canflicting regquirsments as
trom the weaith of equally economical solutions. Any solution
must contain trede olls. As Schlaich puts it advantages must
offen be "Bought” (erkautt) at the cast of disadvantages else.
where in the structure. [0 discussing the relative merits of
farp and fan-shaped arrangemants of cabiles on cable stayed
briciges he states: “The harp which is mare Beaubiul in the
case of two cabile planes must be paid for with ‘unnecessary”
bending [stresses] in the pylon and, in contrast to the fan,
wiflh greater Compressve lorces in the beams and a grester
amaunt af caud-rli."i It the “optimum " solution s one in
which the “value™ of the advantages is maximized, snd that
of the disadvantages 13 minimized, the designer must use a
worl of “creative accountancy” {o compars the merits of al
ternatwe solutions.” Such accounting will depend largely an
the individual's system of valuss, and this introduces a fair
measure ol subectivly into enginearing design and 11s crity.
ciam, Itis the manner i which good designers keep their
personal pocounts which distinguishes the wark of ane from
that ol anather,

Schlmch tends to ses n tensions of opposites only & fuslher
opportunity for creatnaty. An example is the paradox that
structures which operate gtficiently in (mechamcal) tension,
such ng cable nats and mambranes, must generally be sup
ported by masts which act in comprassion and must be sta-
bilized against vibralions with perimeter beams or s stiffen.
ing girder. All ol these iast act in bending wiich s the least
afficient way of resiting load and their cost and appearance
detract from the overall effect. However, in his words: It s
just thes comBumation, this antithesis, which results in a crea-
tive challenges for the designer and which rewarda him, il ha
succeeds, with a natural and sesthetic structurs" OF COurse,
& crealive designer conlronted with a contlict of require
mients is often able to conceve of a radically difterent way of
doing things which circumwents all the major prablems wilh-
out infroducing rew ones. Schlaich s a master of this sorl of
“eanfhct resslution”, It also requires a certan mental tough-
nEss 1o Combing a sénse of adventure and a desire lor voriaty
with the rosponsibilities of an engineer. Many angineers be-
ligve that pncorventional and untried salubions shauld nat be
used unkess unusual circumstances make this unavaidable,
Schiaich is convinced, however, that it is the duty of the de-
Signer = to society and to the prafession - to advance the art
of structural engineering even in small steps by introducing
and teating inndvalions, caubiously pushing current tech-
rigues to their limits. DiscusSions with callengues aticut pro-
posed initiatives in design. after all considerations have been
caretully waighed, are often concluded with the gomment
“Warum esgenthch nicht?™ - "Well, atter all, why not give it a
try?* Conmnced that the goal of total ophimizaton is un-
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achievable, he declares “Long Ine variety ... uniformity is bor-
ing!"" Naturally, he introduces his innavations in a respon.
sible fastion, with great forethought and caraful prior investi-
gation and testing. He feels thal designers should be willing
to accept o small degree of fisk, prowvided that poss:ble ad-
verse consequences will be minar, and econamical remedial
masures can be loreseen to deal with them should they
AFisE.

An impartant factor i creativity & the ability to make full use
af the subconscicus part of the mind. In the imibial, concep-
tunl stages, when designers are searching o deling & farm
which can be subjected to rigorous qualitative and quantita-
tree analysis. they must be gulded by intuition based, if it

i5 to be effective. on years of sxperence. Psychologists Say.
however, that the conscious mind can store only “seven (fems
plus or minus nree” Thus, when design engineers bring their
mental resources 1o bear on comples problems they must
place great reliance on subconscrous thought processes,

The results reveal thernselves as “hunches” or “leslings”,

A designer will say thal & suggested solution "does not feel
right’", or that anather "just clicke”. Thus the experenced
designer 15 able to postulate solutions which at least have

a high chance of success No solution works perfectly in s
riw state, and the process of “ironing out” inherent difficul:
toes 18 arduous and Hime-consuming, It is the chiel designer’s
innate sense of appropriatensss that minimizes the effort
Ist o propasals which eventually prove fruitiess.

Many designers ses the imitial stages of concepnion &g a sorl
of dialogue between themselves and their artefact, When a
particutar ling of approach proves fruitless, or @ new possibil
oty 16 revealed by thair investigations, they feel that the build-
Ing ar sfruclure is trying to “tell them something” The fa-
mous architect Lows | Kahn felt that when he was desigring
# building it was “telling him what it wanted to be™ ' Schisich
has a similar attitude to matenals and ther associated forms
of canstruchon, though he teels that seme tell him more
than othirs. He notes that coble structures are sspecially
good i1 this regard. & high degree of discipling is imposed
on the designer by the fact that the cables and their attach-
ments are fully exposed (whareas conventional prestressing
cables are buried in concrgte) and must be largaly standard-
ized to achiwve simplicity and econamy in fabrication, Within
this discopling Schiach tries ditferent schemes, alters vanous
parameters, and then tinds: “Suddenly everyihing seems to
fail inte place - the spacing of cable sockets, and thus that

of the cables. Even tha handrml fitsin, It all seems bo fit
togather beautdully. It just goes like that, [He snaps tis fin.
gers] | like the discipling of stesl, | like arder, The discipling
impases an order” He ramarks that the foatbridge at Plorz-
Rgim “te19™ tum not to lean the masts outwards again,
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Doe of the Hesld condraele shells,
awphetical dome ohly 1.5 em thick
sl on A sguare with sides 7.3 m
long. Designed by Dischinger of
Dytkerholl and Widmann, 18337
Uirich Finstermalder and Anfon
Tedesks are part of the load

12.3
Friday's Masgue. lslahan,
1xh century. A challenge lor
tower And vhell designers

tal understanding of available theory, & wide gxperignce of
practice. and a gredt deal of subconscious ragsamng, play an
important fole in stecning a course Defween (hess exXtrames.

As we saw above, one method of dama this (which s not of
ter usEd) is to assess the likely conssgquehces of “petling it
wrong and to make some provision lor modification of the
structurg whils it 18 in sarvice, if this proves necessary, Wimd
affects on bBuildings provide & good example. The wind is ran
Zom ard unpredicEable @nd although our edperisnce gives 5
reasonable understanding of s behaviour, our theory must
be couched m sfatishcal [or “stochastic™) terms. Schiaich re-
grefa that thede “lell you ndthing - you cannot get a fee| for
what o6 going on”, Treatng the wind as & seres of discrete
gusts of variable number,. a3 he did in 2n early paper. allows
the designer 1o gt & fesl Tor thie sensitivily of the structing
Then, as Schlach says “depending on how you feesl about 1f -
how confident you are of the situation, and what the conse
gusnces garo ikaly ta be, you can chobse ahd vary the mumbes
ol pusts and their intarvals which you think ars mportant
and proceed. (Atter such ar inr:al and trensparent design
analysts, & corfirmation with the stachastie black box ap-
proach s ol course apprapriate.) A similar technigue may
be applied 1o study the sensitivity of 8 structure 1o theminos
datects in paometry which causs coliapss due bo bucklhing
Maodern computsar pr Ograms ate ablie 10 simakate the incrass
ng deformation of @ structure as it buckles and to repeat
thes procedure many imas for diferent imial valees of fho
sl2e of defects. Thus the designer of a shell may postulate
defects ol gradually increasing magmiude and check
wilvether 11 hacomes hlgh!:r' sErailive williln thig rargia Tha ra
sult shows what level of iclerance must be specified to ths
buiider ar, It this degree of accuracy is not economically
achievable, indicates that the form of the structure must be
micdified o achieve the necessary stitfness by other means
Although Schlaich has strang reservations about sxcessive
dependence on compiders. he saysthat. in cases such as
1his, they dre s blessag

We s how Schigich put such intulton fo good use m the
early stages of design of the Munich Qlympic rools, There
was & strang body of opimien that the rool would suffer e
CESSHE HOTAHons i SIrOng wikds The expert commities ad-
Wigan thal DeCsuss HRgarous arahyes cauld nit thed be car
red auf, the roofs should not be bult. Schiaich™s hunch was
thal the cable net wae £0 comples, with o many ditferant
curvatlures, different graas, 2nd different l2ngths of calles,
EUyEs Slinfs. ahd masts, thal any exdcitation spplhied at ooe
ot would be reflected back from g nearhy edge af o Quite
different frequency. Excitabion by a large number of random
latalized gusts widuld This redull, 22 He puts i1 0 a e
gquensy salad™ inwhich conflicting vibrations would cance|
rather than reinforce aach other and the cumulative yibrs
tions would remain small and safe. After making the decisian
10 g0 ANER0, Sehilaich was carelul bo canfirm this mituitive ap
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pfoach by conducling testd on & model pansa| of the rogl and
to previde tor additioingl stiffening cables should they prove
necessary. The actual roo! has lived up to his expectatians

An important characteristic of Schiaich's approach to design
and research & hiz commitiment o fundamental theory Ly
htanmy résearcheare star to sdplore & topsc by making a largs
rumber of tests and then by studying the relationships
between the paramelers observed, make generalizations to
arrive at a hypothesis. While there must be some reasoning
in the choice of the tasts - one cannol deyise tests without

al least 8 vague idea of what one rmight be laoking tor - it is
indesd possihie 1o arrve at & new vision ol phanomeana for
tuitously in fhie way However, Schipsch feels that the strategy
i wastedul and advocates the Poppenan approach of devel
ohng & clear theoretical position and then attempling to
prows (| wrong. As examples, he guotes the development of
the strut-and-tie madal (which has resulted in “transiuvcent.
peneral models™ and " consistent dessgn™ ) the trumph of
theory n the design of the Hamburg hypertiolic paraboloxd
shell roch; &nd Ris tight for & utilarm EurcpeEan code of prac-
tice far concrete which works rom the general (o the specHic.
He deciares “case-by-case solutions are dangerous™ and
commerds the woadorm of the old saying that “nathing =
more practical than o theory™. At the same time, hrs theorets
cal slance (2 by no freans slitist - as & shawn l:uy the practical-
ity o hle designs, Wis ntenet in the <5l al the lgchnician,
arid tha hamaly analoges which he usas to (lustrats bis led
tures at the Utmiversrty

schila:ch shares with many igading designers, past and
present. a passion tor certam techmigues-and forms of Cons
STrUCTIOn wiieh 15 ot entiraly rational * Innovatrans in &g
neaning are gsually introcduced and perfected because.an
indwiclusl or group of people develops a lascinalion with
srrmeE ew oF unusaal form ol construction: and, for no clear
SCONOMIC PEERON. Mvasls the e and effort neceszary 19
soivs its partcular prablems and overcome s drawbacis,
Evertually, the new form must indeed be put 1o the test in the
market-place where clients and the general pubhic will weigh
its practicarand pesthetic qualities against its cost, Howewr,
withiout the-initial somewhat irrational enthusiasm thers
would be no cliance for (s test 1o taka pigoe

An axample of ths s Schlmch’ attempt 15 revitilize the
design and constructcon of the concrete shall rool. As we
have ssan, he became-enamoured of it during b stutden)
days in Berlin, attracted like 0 many other engineers to the
Desuty of s mathemehical complaxty and the purity of ds
structural action, as well as s archdactonic qualities, The
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concrete shell was pionesred m the 19205, Nounshed in he
19505 and 19605 when it enjoved great popularity with-archi-
tects, and has now almost disapoeared, apart from the Dol
lant projects of Heinz Isler in Switzerland (2.9] “ In 1983
Schiaich wrote of this trend: “Without shells we abandon

e visry geeerbial Wiy ot :_u_.-l:lma and the concrete II'I'!1II.'\.-1"']|
gives away, perhaps not its basis of existence, but ane way of
making friends, which today means a greal deal, With shealls
thie concrete worker learns his handicraft, without which
there i35 no guality e Hawving listed new possibihtmes-offered
by preumatic formwors, IMmproved ":.‘.l'lﬂll'lg of fimber, or use
of new materials like glass-fibre reinforced concrate, ha can-
Einiead ".'J-;I:Jlng o [hese athvianiages a litthe vision ang the wil
to construct light and gracetul structures, and with The con
currence of clients who gvaluale a propect in the light of gual
ity and not only diréct price, one can hope for a new evalua-
Happily, clients now accept the
price of inspiration, knowing that the authorities gnoe their

tiom of concrete shealls

approval more readily 1o projects with a pléasing appearance

Concrete shells with a thickness of a few cenbmetres amn
genuing hghtwaght stroctures, 1§ s & poty 1O have o s&y that
this technigue is no longer used, We must correct this situation
[Authar's E-‘TEIZ|1EI!||‘.1:!._:! (12.2+512.3)

Like affar pioneers Schlgich is '.m.lll'lg (s} pay tor the intellec-
fual and emotional rewards of tackling uncomventional and
challenging projects. Consulling firms rarely make a cash
profit on these jabs &nd, as Schlach SEys rueiully, “must co
some ‘bread-and-butter” projects 1o survive” “ e i happy
that his office is now so well established that it can afford
ihe satisfaction of tackling more projects of intrinsic intarest
and imvestigating all projects morg thoroughly than & usua

The way in which enginesrs interact with archibects provides
an interesting insight inko their approach to a number of cen
tral issues, |t reveals the depth of their commutment o sound
engineenng prnciples and thewr interést in matiers of archi
tecture and aesthetics: The balance achieved depends fo a
considerable extent on their pcrganizational and sacial Skills
In previows chapters, we have sesn Schiach at work in the
ares of bridge design: a field in which the engineer 15 arifher

n complete control of the project, or takes a leading role
in-for n".-'.:r.d-.r'.E_.F1 Hiwever, in the design of habitable struc
furés, the architect is universally recognzed a5 the prncipal
partner. The resulting interachion offers many rewards for the
enginger, but these are combined with many challenges and,
quite often, a great deal of frustration. With his interest in
form and sesthetics and his strong ideas on the moral duty
of the enginear, Schlaich s keen to make a positive inpul as
a pariner, rather than a servant. He particularly feels that on
questions of structure and materials, the architect should
take the advice of the engineer. O course, architects are not
always happy about this i

Schlaich prefers to work with an architect whao iz wiliing 1o
lock mitally &t the larger 155ues and explain in oroad terms
the functional and aesthetic effects desired, then leave the
engineer tred (o devise about Tive proposals birg aclly consis-
tart with these. if none of the proposals meets the architect’s
nesds, it 15 up 6 the engrineear Lo et more wibil 6fe 19
faund which is broadly satisfactory to both and can form a
starting point for refinement. Schiaich sees excellent exam
ples ol thes sort of cooperalion o s collaboration wilh
Volkwin Marg on the Hamburg Museum roof design, with Kurt
Ackermann in the design of the Kelhesim bridges, and more
recently with Meinhard von Gerkan on the Berlin railway sta
fions. However, other experiences hdve not been 50 Rappy. 85
R has bean approached by architects who wished to present
Firr with @ predetermined form in the hope that he would be
able and willing simply 1o "make i stand up’. Schiaich finds
this particularly galling in the case of bridge design, a field
in which architects are asserting themsehes in competitions
He notes that architects who try o “design 3 bridge, can gam
inspiration -'_|r'.|_-|.' by laat ng If'hrl:ug"l journals and looking at
previous examples. They cannot, like an engineesr, examine
the consiramts and opportunities offered Dy the IGcation n
the light of fundamental knowledge and experience of bridge
ergineerifng and deyvise an o r|!‘.:r"-;-|i form winsCh respands pro-
pErly 10 a unigue sifuation in all k5 aspecis = In this case
they should limit themselves to prowiding comment and cnti
cism on the architectural aspects of 1he bridge and on s re

LTl

In the design of buildings, Schlgich has gained much
satistaction from warking with anchitects for whom he has
great respect (12.4-12.7, and Chapter 10). Nevertheless
Schiaich still fesls that, in manmy of the projects on which he
Mas wisrked, Mo real m[egra’_ur;r: af structure and architecture
was achieved

In particular, he thinks that German architects and engineers
hawe not acmeved the same resuits with suspendead rools

as their Britesh Counterpants Decause coDperation Detween
the two professions in this area has been less effective 2
(Schiaich’s wiew may be coloured by the fact that he normmally
has freedom to combine structure and “architecture™ in pro
pects such as brdges and cooling towers. | comparison, tha
design of buildings in conjunction with an architect must in
wilve compramise and restrichion I'v'lar:-,r ENgINesrs WorK only
im the field of build ng and =0 hayve no such yandsb H |,|E.;I|II-\.|
which to judge.)

WhHER '.|'l|:|§5 =i SEFIOLS]Y WIONE Enginears are Elaced N a
difficult position. Is their duty to try to achieve whaltever the
architect desires, or should they stand by ther principles -
particularly if they think that the architect is not acting in
the best interasts of the chient? Withdrawing tram the project
s always an option, but there are contractual problems, and

rmuch affort may have been imvested 0 design, analysis, and
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The Hochschule der Bundeswahr,
Munich, 1980, Arehitects: Hainle,
Wischer und Partner

1.5
Spa wisitor center Bad Salpullen,

1583, Architocts: Fritr Auer and
Carlo Webar

12.8
The new Bumdesiag a1 Benn, 1993,

Architects: Ginter Behnisch und
Pariner

W

e 3
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The Bioveriahrenctechnmik
labpratories 8l Stultgart, 1993,
Arehitects: Kurl Akermann

und Pariner
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128
Changi Alrport. Singapore, 1581,
Hangar roof desigmed by .5, Law

The glass dome of the Bawree
in Paris. 1811

12.10

The glaws deme ol ke Gallaria
Wittas o Emuanusis || in Milan,
iBE7

arawing by both parties. Architects meet similar problems
with clients who wish 1o overrule their decisipns and Kuet
ACkermann tells Schiaich that the designer must be ruthiess
and pull st at any me rather than compromsa bis princ
ples. Of course this s preferably done as early as possible,
Schilaich has himseft taken this extrerme step when he found
It impossible 1o work with an architect on an entry for a
competition for a bridge in Pans. On the other hand, he soes
nothing wrong in heiping colleagues out, if asked to do 5o, in
aroer 10 ensuns that on impariant structine will work, 28 m
the casae of the huge hangar at Changs arport in SingEpare
(128}

Like mahy members of both professions, Schiaich has given
midchn thought 1o what can be done to improve collabioralion
Hi5 ieas Nave been pulbished widaly " It seams obvious
that matiers would be greathy simplified f both tasks could
ke handled by the same person, but Schiaich s sure that we
ghall never agmin ses fhe “master buldder” af the middle
a@es He writgs: “Whoever wishes to practice his profession
as eNgineer in earmes! must acquire 0 much knowledge. and
E'I'.'I‘I'I'.-uh"l.ﬂ"j' ranew if, that it 15 impossible for fom also to ac-
qQuire the knowledge of thearchitect, There are atready too
mary dilettantas 18 e has graat respect for the archifect’s
socal responsibility and “would never dare to enter his fjeld”
by, tor axample, trying to undertake the planning of a house,

Schiaich shares with mary leading designers a disinclination
te falk about the way in which his aesthelic valyes appsar

in fis projects, perhaps fedling thal intellectual analysis may
destroy the very guality i1 1= trivng fo grasp He has, however,
inciuded some mention of the subiect in hes writings

*Obwiously, when it comes to design of larm, nothing can be
proved., - and thers are tew rules. Good form s-above all 8 sub-
jective challenges to each individual 8ngineer, an appgeal to
hrs samse of respomsibalty, nes industrny, and s imaginaticn,
Secause even it there are no learnabile rules for good design
of form - i art can nof be |eamed - (hire aré nevertheless
cledr pathways that everyone can allew: 1o make thi [oad-
earrying dystem resdable’! 16 have the building respoand
appropriately 1o i1s naturad surroundings; [1o chotse] varety
msiead of monotony of form; ightness instead of clurmis:
ness. and the correct use of matetals m accordance with
thelr proparties rather than pure gfficiency of praduction
(Matarialgérechtighelt statt reiner Ferfigungstechnik }."?5'
Eisewhare he wrote: "Thera are means 2ccessible to all ciwl
ENZIAEErs o ofie |LE—TIE-EF|?|.|ﬂlj |:|-E'5.IE!'I i the rrEi'lt thraechion
Because no ons -Cot dowbt that all that s hight, transparent,
and filigres evokes a more positive response than that whick
i hapyy, massive and awkwarg - Al That 15 varied and ped
harmonibus, and possesces alan, attracts people more Yhan
manotany, unidarmity-and confusion” ™ Schiaich sees this
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principle axamiplitied in the lightness of grid domes such as
that of the Hamburg Museum. Related to shelis, cable nets
and membranes they developed Trom his admiration of the
glass architecture of the nineteenth cantury (12.9+ 12,10}
and his study of the work of designers like B, Fuller and

Frei Otta, inspured by “an extreme displeasure with ail that
15 associated wilh ungainly, awkward buildings” = 1y can be
saan that his design philosophy, with its moral overtones,
blends with his assthetic principles Cnngadmmu the wider
meaning of the term “aesthatics” (the appreciation of what
15 “gomd”) this 15 as it should D He $aye that he “phiysically
sutfers” tram the “architectural junk-yard” that lis home
town of Stultgart has Decome in recent years and 15 at & loss
to understand how this has happened when it possesses one
of the Dest architecture schools in the country

Ore farmultation of the functicnalist aesthetic (albeit a
narrow onelis inal ngorous adherence o principles of engk
negting eiciency will automatically iead to wisual beauty.
Schiaich’s position on this i1s complex, Like most experienced
enginsars, he knows that it is not Lrue, but wishes that it
were. He points out that his solar refiector power plants, de-
signed o be as cheap as possibla and light in weight, have
an appealing sculptural guality, They Isok good “even though
of ralher because” formal considerations played no rala in
theit design., s this a lucky coincidence, he asks, or could 1t
De thal it s impossibie to design without paying at least sub-
conscings attention 1o conformation? ¥ His Rosenstainparh |
toatbridge and the brndge a1 Nantentrach both suggest that
a reduced emphasss on formal qualities can give rise toa
severe form of beauty, even though it cannot guarantse (4

Un the pifher nand. he recognizes that bealty can exint at
soma remove fram function, [n the design of the Schme
nnusen cooling tower Schiach was happy to find that the
mare dasthetic solubon coukd be shown to be the maore func
tanal When low, heavy road bridges ware proposed to cross
the Neckar near Heilbronn, be Tought 1o show that & solution
which corresponded with his aesthatic prifcmples could be
mzda a8 econamical as the comentional one. His Evaurite
example of a structure which is irratianal but visually pleas
Ing is a wiaduct at Schwieberdingen whose arch s shaved off
at the lop by the geck (12.11) From & structural peint of view
this 15 nedther frame propoed girdar, nor arch - but he finds
it beautiful all the same! Howevar, he feelt it is mpearative
that the designer take care not to lose touch with the essan
tial discyplme of the medium m which g works and s forn
bDetween (he desire to create beagtiful form &nd the respon-
sabudity of buidding rationally and econormically,

Schlaich's populist senbimients combinz with his sesthetic
principdes to-demand that the load-beaning behavicur of a
structure should be clearly expressed so that the average
persan can understand or “read” it without difficulty, An e
arnple at the level of detsil is his srticulation of the ground

e it { 1 ats ~ |
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The office of Schimch, Bergermann und Partnar nas a world-
wide repGtation for its innovative structuces of stnking
aesinetc guaity, The work ranges fram cabie-net and mem:.
brane roots through bridges of 5 unigue nventiveness 1o new
duvices for e wtllization of solar energy. This account of
their work concuntrales an their lehdes Jotg Schinich without
ising sight of hit gortnership with Rudatt Bergaemann

and & stasdfast team of desigmers and researchers: ased

in s consuiting office and in his Institute for Conceptual
and Structural Design at the Uniersity of Stuttgart,

Schlaleh's holislic approach 1o struciural engineenng cam-
binas scidrice, pragmatism. and maticulous atlention 1o
detail with concern for the natural and buiit ervironment.

It embraces the thaoretical “Barkin® tradition &f Frane
Dusctunger and the pragamatic *Stutigart” traditon of Emil
Marsch, maintalned by Schiaich's mentor and tsachar Frita
Lespkhardl, Sonbaicn's drive 1o combing scieniific thaary
anginedring design, nd aestretic art has Hnks to the great
Garman fradition of the Warkbung and the Balfeaus.

The range of struclures is improstively wids and varied

Iry the cdesign of wbilitazian structurss Sohiaich and his tsam
Mawe made & major cantribution to the ait of strutiiral
enginearing, taking responsibility for sl aspects of design
ang achiming cioss integrabion of ils fechnicsl and sesthalic
components. in architectural design Schiaich is moreasing:
Iy woUgHt By praminent architects who value » spirted
advocacy of the enginesr's point ol view,

Alan Holgate & Professor in the Departrment of Cwil Eng-
neering ot Monash Unnersity in Malbourne. He has made

a special study of the ideas which intluance the design of
siruztures and of the interaction between structural eng
nearing and architecture. His writings Include The Art of
Stroctunal Design and Assthelicyof Builf Form, both published
by Chitorg Uruverdity Press.
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