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CLASSIFICATION OF STRUCTURE SYSTEMS IN INFRASTRUCTURES AND BUILDINGS (1/2)
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CLASSIFICATION OF STRUCTURE SYSTEMS IN INFRASTRUCTURES AND BUILDINGS (2/2)
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DEFINITION OF FORM-ACTIVE STRUCTURAL SYSTEM

» Non-rigid, flexible matter, shaped in a certain way and secured by fixed ends, can support itself and span
space: form-active structural system.

» Distinction of the form-active structure systems then is that they redirect external forces by simple normal
stresses: the arch by compression, the suspension cable by tension.

» The structure form of form-active structure systems in the ideal case coincides precisely with the flow of
stresses. Form-active structure systems therefore are the ‘natural’ path of forces expressed in matter.

» Any change of loading or support conditions changes the form of the funicular curve and causes a new
structure form. While the load cable as a ‘sagging’ system under new loads assumes by itself a new tension line,
the arch as a ‘humping’ system must compensate the changed pressure line with stiffness (bending mechanism).

» Because of their identity with the ‘natural’ flow of forces the form-active structure systems are the suitable
mechanisms for achieving long spans and forming large spaces.
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RELATIONSHIP BETWEEN STRESS DIRECTION AND STRUCTURE FROM OF CABLE (1/2)
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RELATIONSHIP BETWEEN STRESS DIRECTION AND STRUCTURE FROM OF CABLE (2/2)
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Flexibilitat ~ flexibility Wegen seines geringen Querschiittes im VerhAlinle zu <elner Lange kann dasSell kelne
Biegung aufnehmen und verdndert ceine Form mit jedem neuen Belastungsivsiand,

becavse of its small cross sechion in relation toits length, the cable cannot resist
bending and thus changee ite shape. with each new laading condition

O_......._.___._._.......'.........._..._..

Structural Design Laboratory (SDL) < 5““

Seoul National University



LEVER MECHANISM OF SUSPENSION CABLE

Durch Ase Moment der Horizontalreaktion My
wird der Untersthied der Momente Me und Ma
avsgealichen und Bleaung avsgeschlozsen

due tothe moment of horizontal reaction Ma
the disparity of the momenis Meand Ma i
compensated and bending is elininated
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INFLUENCE OF SAG ON STRESS DISTRIBUTION

cable siress S and horionial et H of a suspension cable ave. inversely proportionsl
boils 529 h-’ if e sag ie zero, cable siress md horizontal thruet will become infinite, i.e.
the cuspension cable camot resist to the load
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GEOMETRIC FUNICULAR FORMS
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CRITICAL DEFLECTIONS OF THE SUSPENSION CABLE

Aue toits snall dead weight in relation 1o ite pan and because of I
flexibilitu, the cuspension cavle is very susceptivle to-
wind uplift, vibrations , asymmetrical and moving loads
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STABILIZATION OF SUSPENSION CABLE

AN

| — —

7\

Sabilisierung des Trageelles
stabilization of suspension cable

Erhohung des Eigengewichtes increase of dead welght

ciffening through construction seinverted arch (or zhell)
Versteifung durch Ausbildung as umgekehrter Bagen (oder Schak)

spreading againg cable with opposite curvature
Verspanmng mit gegeneimnig gekmimmten Sell

fostening with transverse. cables anchored fo ground
Verspannung mit bodenweromierten Querseilen
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RESTRAINING SYSTEMS FOR PARALLEL SUSPENSION CABLES

Ruckhalfe-Systene fur arallel-Trageeile
- Redraining sustens for parallel suepension cables

Endetheiben end panels
Nb__——-;’/’/
biegesteife Schelbe butiress Horizoniltrager horizontal beam
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RESTRAINING SYSTEM FOR STABILIZATION OF SUSPENSION POINTS
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STRUCTURES FOR SUSPENSION POINTS

formokiiv  + Torn-aciive

Stiize mit Schrdgsell  column with obiigue cable

Schrdastiiize, mit Ceil obligue column with colole

vekiorokhv 7 vecior-active

Fachwerk-Rylon frusced pylon

schinittakiiv + seclion-aciive

-\____/—

Eingespannte Siliize Pixed-end column

Biegesteifer Fahmen rigid Troame

flachenakiiv ¢ surfaceaciive

Sehheiben-Freiler shear wall butirece

Structural Design Laboratory (SDL)

13 N\

Seoul National University



SINGLE PARALLEL SYSTEMS WITH STABILIZATION THROUGH ROOF WEIGHT (1/3)
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SINGLE PARALLEL SYSTEMS WITH STABILIZATION THROUGH ROOF WEIGHT (2/3)

Dach vonTrageeil dbaehdngt  roof euspended from cable Eigengevicnt  Aead weight Windzog wind wplift

N1 1
Trag-und Stabilierungemechanisnue === :@‘ —t— y4 r{} {17 {7 {}: \\
- slispensionand dnbilization mechanism \

4

Structural Design Laboratory (SDL) 15 5““

Seoul National University



SINGLE PARALLEL SYSTEMS WITH STABILIZATION THROUGH ROOF WEIGHT (3/3)
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BEARING AND STABILIZING MECHANISM OF PRESTRESSED SYSTEMS

Trageell unter Shbilisierngeseil

suspension cable below
Sobiliation cable

Trageell ber Sobilisierungezeil
spenslon calie Avove
stabilizaton cable

Trageell teile Uier teils unter
Htabilisierungsseil

suspension cable partly above

partiy below habilization cotle

Tragmechanienus / bearing mechanism Stabilisierungenedanismus | stabilizing mechanien
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SYSTEMS WITH SUSPENSION AND STABILIZATION IN ONE DIRECTION

Systeme mit gleichgerichieten Trag-und Stabilisierungecilen
aydlemns with suspension and stabilization in one Aivection =
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FLAT PARALLEL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (1/5)

Suspension cable and
stabilization cable in one plane

Sabilisierunggsell tber Teageeil stabilization cable above suspension cable

Shabilisiermngesell unter Trageell stabilization cable under suspension cable

f Stabilisierungeseil teils iiver felle unter Tragseil stabilization cable partly above partly Yelow suspension cavie
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FLAT PARALLEL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (2/5)
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FLAT PARALLEL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (3/5)

Siabilisierungeseil viver Traggeil
-~ dhabilization cable avove suspenslon cavle
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FLAT PARALLEL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (4/5)
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FLAT PARALLEL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (5/5)
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Siabilisierungeseil unter Traggeil _ gabilization cable below suspencion cable

Sabilisierungszeil tiver Tragseil Sabllization cble above suspension cable
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FLAT ROTATIONAL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (1/2)
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FLAT ROTATIONAL SYSTEMS WITH STABILIZATION THROUGH COUNTER CABLES (2/2)
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Tiag- und Shavilisierungemechanismue
suspension md siabilization nechonion
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ROTATIONAL SYSTEMS WITH ALTERNATING TECHNIQUES OF STABILIZATION (1/2)
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ROTATIONAL SYSTEMS WITH ALTERNATING TECHNIQUES OF STABILIZATION (2/2)
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FASTENING SYSTEMS FOR STABILIZATION WITH TIE-BAR AND SPREAD-BAR (1/2)
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FASTENING SYSTEMS FOR STABILIZATION WITH TIE-BAR AND SPREAD-BAR (2/2)

—

Durch geneinsame V:zmenglwvg von Zugbdndern und Spreizstaloen i die. Ver- By jointiy applying tie-bors and spreader-bars for sialsilication of fimet-
Spannung wird dlie eindeutioe. Zuordnung zv Tragsell oder Staldllisierungsseil ional cables the separaie distinclion of suspension cable and siabilization coble
avfgelost, Beide. Funkiionsseile werden mit jedem Belasiungstall leansiorich is dissolved: Both fimctional cables ave stressed with each loading condition
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PARALLEL SYSTEMS WITH ALTERNATING TECHNIQUES OF STABILIZATION (1/3)
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PARALLEL SYSTEMS WITH ALTERNATING TECHNIQUES OF STABILIZATION (2/3)
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PARALLEL SYSTEMS WITH ALTERNATING TECHNIQUES OF STABILIZATION (3/3)
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SUSPENSION CABLE AND ARCH — SPANNING MECHANISM (1/2)

Y2 Eigengeuicht ||| <1
Y2 desd weight

|

Suspension cable

horizonial reaction

Seilkraft
cable grezs

vertical veaction

Trageeil suspension cable

Do Tragpeil kann nur Zugkrifte avfneh
men. Unter Eigengewicht nimmt e Aie
Oestalt einer Keltenlinie an

the suspension cable ie able o Aevelop
only tendile drezes, under s own

weight it acsumes the shape of & catenary

Y7 Eigengewicht
9
Yo desd weight

<=

i

|

Funicular arch

vertical reaction
Sidakraft
arch dres

horizonial reaclion

Sitzbogen

Doe umgekehrte " Trageeil® nimmt nur
Druckkrafte auf und zwar von der gleichen
Orope wie die Zugkrafteim  Tragseil. Die
Shifzlinie eines Bagens unter Eigengevicht
it daher eine umgekenrte Keltenlinie

the ‘cable’ turned upzide down develoys only
compregive sireses of the same magnitude
smthetendle shresesinthe cable.  the
funicular shape for an arch under its oun
weight thus is an inverted catenary

funicular orch,
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SUSPENSION CABLE AND ARCH — SPANNING MECHANISM (2/2)

» Arch/suspension cable combination

Shitzbogen/ Trageeil  -Verbindung
arch Jsuspension cable combination

DieVerbindung von  Trageeil wnd Siiizbagen
164 keine horizoniale Reaktion aus,dadie
horizonialen Komyponenten, beider entgegen-
gezelzt sind und einander aufheben

the combinalion of suspersion cdble ard ardn
will not praduce any horizontal reaction since
the horizontal components of both have op
posite direction and nallify each other
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LEVER MECHANISM OF FUNICULAR ARCH

/1
Durch doe Moment der Horiontalreaktion Mu
wird der Unterschied der Momente Me und Ma
avegeglichen und Biegung avegesthlomen
dvetothe moment of horizontal reaction M
Thedisparity of the momenis Mpand Ma s
_________ s ompensated and bending s elininated

Structural Design Laboratory (SDL) 35 5““

Seoul National University



GEOMETRICAL FORMS — DEPENDENCE ON LOAD CONDITION

Eigengenicht dead weight

(LTI, AT, AT

farabel
yaravolo

horizontale Qleichetreckenlagtcontiruovs horizontal load

S.‘!IlllllllIIImmmuulllllllllll!w

ellipse

21 den Auflagern unehmende Siveckenlast
continuous load increasing foward dvuiments

v
Dreieck
Triangle
Einzellast in Mitte yoint load in center
v ¢
trapewid / \
' zwei Einzellasten o point loade
Vv
WV v
Vi v
polygon

symnefrische Einzellogien  symmelrical point loads
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ARCH SYSTEM CHARACTERIZED BY METHOD OF HORIZONTAL THRUST RESISTANCE

N\

erdverankerter B ﬁ‘ (B foundation arch
Mehrfeldvogen confinuous arch
el N
abgw‘rdater&\k_' J bultressed
Lugeeil-Bogen | . tied arch
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INFLUENCE OF ARCH RISE ON HINGE STRESSES (1/2)

I S =z |
%
1 Y2load Last
Bogendruck arch rise |= % span
arch ghress Scheitelhdhe = | Y2 Spannweite
<> r::>
horizontal reaction = 1 4
Der Horizontalachvb eines Stittvogens st umgekenrt | |
proportional zu seiner Scheitelhdhe., Zur Schubmine N telast ood | ‘rvy
derung sollte die Scheitelhdhe 20 hach wie maglich
gewahlt werden.
arch vise
Heheitelhdhe =
the thrust of an arch i inversely proportional 1o ite ‘ N JL
Hee,  for redction of fhruet fhe arch rise showd be o>
26 high o6 pousivle horizontal reaction = 112 ' AN
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INFLUENCE OF ARCH RISE ON HINGE STRESSES (2/2)

Yo loct load
| A ]
<]
[ archrise |= /4 span
Scheitelhdhe = (%4 Gpannueite
A <> 2> U
horizontal reaction = 2 G
%2 logt load
Bagendruck arch sfres I JC ]
N
N m
: . . Arch tise = B opan
horizontal reaction =4 4} Scheitelndhe = Ve Spannueite
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COMPARISON BETWEEN BEAM MECHANISM AND ARCH MECHANISM

Bagen-Mechanismus
arcen mechaniem

Widerstandemoment
resisting moment

Tragbalken-Mechanismue  beam mechanism

S Hebelarme
lever arme

s
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RELATIONSHIP BETWEEN SUSPENSION CABLE AND FUNICULAR ARCH

Trageeil-5ustene \V/ Shitalinien- Systeme

suspension aystens funicular arch systens

Suspension systems Funicular arch systems
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BENDING DUE TO DEVIATION OF CENTER LINE FROM FUNICULAR CURVE

Stutzlinie /7, funicular curve

funicular curve

et LT
negative ©

n@%w Biegung hegative w%

Jede Abwelchung der Bogenmittellinie vonder Siitzlinie bewirkt, A der Bogen cich entweder hebt ader senkt, und verursacht dadurch Blegung
any deviation of the arch, center line from the funicular conpresion line will cavee either himp or s4g of the arch resulting in bending
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BENDING DUE TO ADDITIONAL VERTICAL OR HORIZONTAL LOADING

Laet % lond
- Bogennittellinie arch center line

- Jede Zusatzlast bewirkt, o die Bogenform sich andert und somit die Mittellinle von der Stitzlinie abweicht. Es entsteht Biegung

any additional load !uill- cavee deflection of the arch and hence devistion from the funicular line of compresion resulting in bending
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THERMAL CHANGES AND FOUNDATION SETTINGS

Temperaturveranderungen thermal changes Fundamentzelzungen foundation seftinge

Ursprungliche Siitzlinie original funicular curve

ursprungliche Stizlinie
origingl funicular curve

Pusdennung (Kontraktion) durch Temp. anderung verursacht Biegung verschobene Belastung durch ungleiche Selzungen bevirkt Biegung
extenslon (contraction) dve fothernal changes  introduces bending different loading covsed by vunequal seffing  produces bending
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COMPARISON BETWEEN TWO-HINGED ARCH AND THREE-HINGED ARCH (1/3)

otigina arch center line

Iusatzbelastung  in Mite %
additional lavd  in midgan

oriq{inad arch center hump
ursprungliche ba@elnlinie

Anhebung

Blegemomente:  Aropenbild
bending: relative magnitude.
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COMPARISON BETWEEN TWO-HINGED ARCH AND THREE-HINGED ARCH (2/3)

H]]]I[[[[]I[@DIU]]I[I]]ID

Absenkung 249

Aphebung  hump

positive Biegung  bending _

Einseltige Zusatz- Belastung
additional  halfepan lasdirg

Biegemomente:  Qrdpenbild
bending: relative magnitude
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COMPARISON BETWEEN TWO-HINGED ARCH AND THREE-HINGED ARCH (1/3)

ypische Tragwerkform
m twpical cruciure form m
3 .
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LONG-SPAN SYSTEMS WITH TWO-HINGED ARCHES (1/3)

Frdveravikerte Bagen mit avifliegender gewdlbter Dachkonstruktion  Form der Stiitzlinie: Keltenlinie Schelfelhdhe= Y5 Sppannueite
foundation arches with curved raof shudure ontop  funicular curve: catenary arch rise= /5 opm
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LONG-SPAN SYSTEMS WITH TWO-HINGED ARCHES (2/3)
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Abgeshebte Blgen mit abgehdngter horizontaler Dachkondruktion  Form der Ghintzlinie = parabolisches Rlygon Scheitelnohe= Y5 Spannweite
buliressed arches with, suspended horizontal roof siructure  funicular curve: parabolic polygon archrice= Yo opm
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LONG-SPAN SYSTEMS WITH TWO-HINGED ARCHES (3/3)
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Avgesirebte Bdgen mit avfgeselzter horizontaler Dachkonsirukiion — Form der Sitzlinie: panabolisches Falygon Scheitelhohe = Vsémmxudfa
buitrezed arches svipporting horizonial raof sructure alop  funicular curve: parabolic polygon ardhrise= 5 zpan
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LONG-SPAN STRUCTURE SYSTEMS WITH THREE-HINGED ARCHES (1/3)
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Avgesirebte Brgen mit avfliegender gendivter Dachkonshruktion  Form der Shitzlinie: Keltenlinie 4cheitelhohe = V7 Spannweite
bullresed arches with curved roof chructure alop  funicular curve © catenary arch vise= Y7 span
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LONG-SPAN STRUCTURE SYSTEMS WITH THREE-HINGED ARCHES (2/3)

Krelsformige exderankerte Bdgen miraro;em'\nq*er frelgestnlteter Dachkongruktion  form der Stitzlinie: unregelndiges folygon Scheitelnohe= o 6Vm:anme'rta
seqmental foundation arches with, suspended free-form rof shrucure  funicular curve: irregular palygon arch Hee= Y5 spmn
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LONG-SPAN STRUCTURE SYSTEMS WITH THREE-HINGED ARCHES (3/3)
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erdveranierte Bdgen mim):fqeedz’rer horizontaler Dachkongiruktion  Form der Stiitzlinie - parabolisches Rlygon 5cheitelhohe = "/s Spannueite
foundation arches supporting horitontal roof strucure alop — funioular curve: paravolic polygon arch vise= Vs spow
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