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KITLE FONLAMASI
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Mola Yapisal Kit 3, 13.06.2019 tarihinde basariyla

tamamlanan bir kitlesel fonlama kampanyasiyla finanse
edilmistir. Proje, 52 llkeden gelen 1.144 destek ile fonlama

sirecini tamamlamistir.
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Mola Structural Kit 3 was funded through a crowdfunding

52 countries.

1.144

campaign, successfully concluded on 06.13.2019. The project
completed the fundraising period with 1,144 contributions from

www.kickstarter.com/projects/mola/mola-structural-kit-3
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Bu projeyi gercege doniistiiren harika destekgilerimize ozel
tesekkirlerimizi sunanz.

A special thanks to our incredible supporters, who are
responsible for making this project a reality.
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TANITIM

PRESENTATION

Mola, mimari yapilarin davraniglarini simiile eden
etkilesimli bir fiziksel modeldir. Model, sayisiz
kombinasyon olusturmaniza olanak saglayan
modiiler parcalar setinden olusur.

Mola Yapisal Kit 3 ile farkli yapisal sistemler inga
edebilir, elemanlarinin hareket ve
deformasyonlarini gorsellestirebilir ve yapilari kendi
ellerinizle hissedebilirsiniz.

Bu etkinlik, soyut kavramlari somut ve elle tutulur
bir sekilde anlamaniza yardimci olabilir. Bu
galismanin amaci, modelle deneyim yoluyla yapisal
davranis hakkinda sezgisel bir bilgi gelistirmektir;
bu, 6zellikle bir projenin tasarim asamasinda
mimarlar ve mihendisler icin oldukga dnemlidir.

Bu Kilavuz, Mola Yapisal Kit 3'ln kullanimina
y6nelik pratik bir rehberdir ve pargalar ile montaj
siregleri hakkinda agiklamalar igermektedir. Ayrica,
yapisal sistemlerin bir dizi 6rnegi agik ve &gretici
bir sekilde sunulmustur. Bu sayede yaraticiliginizi
kullanabilir ve hayal ettiginiz sistemleri hemen
simiile ederek, Mola Yapisal Kit 1 ve 2'de sunulan
calismalari daha da geligtirebilirsiniz.

Mola Yapisal Kit 3, bagimsiz olarak galisir ve yapilari
incelemeye baslamak igin énceden teknik bilgi
gerektirmez. Kullanimi ¢ok basit ve sezgiseldir; hem
profesyoneller hem &égrenciler,

ayrica konuya ilgi duyan herkes igin uygundur. Bu
niteliksel analiz araci, yapilari inceleme, tasarlama
ve dogrulama siireclerinde geleneksel yontemlere
ek bir kaynak olarak kullanilabilir.

Farkl parcalara sahip olmasina ragmen, Mola
Yapisal Kit 3, Mola Yapisal Kit 1 ve 2 ile tamamen
uyumludur; pargalarini birlestirerek birgok baska
yapliy! olusturabilirsiniz.

Burada sunulan érneklerin étesine gegin ve Mola
topluluguna katilin. Tartismalara dahil olun,
bulgularinizi ve modelin kullanim yéntemlerini
paylasin, dider kullanicilarin deneyimlerinden
6grenin. Daha fazla bilgi icin www.snltensi.com
adresini ziyaret edin.

BILIMSEL olarak
dogrulanmis iiriin

v

Tim Mola dogrulama sonuglarini
iceren ylksek lisans tezini suradan
indirebilirsiniz:
www.molamodel.com

Mola is an interactive physical model that simulates
the behavior of architectural structures. The model
consists of a set of modular parts that connect to
allow countless combinations.

With Mola Structural Kit 3, you can build different
structural systems, visualize the movements and
deformations of their elements and feel the
structures using your own hands.

It is an activity that can help you understand
abstract concepts in a tangible and concrete
manner. The aim of such study is to develop, from
the experience with the model, an intuitive
knowledge of the structural behavior, which is
essential for architects and engineers, particularly
in the conception phase of a project.

This Manual is a practical guide for using Mola
Structural Kit 3 and contains explanations about
the parts and assembly processes, as well as a
series of examples of structural systems presented
in a clear and didactic way. As such, you can put
your creativity in use and immediately simulate

your envisioned systems, furthering the studies
presented in Mola Structural Kit 1 and 2.

Mola Structural Kit 3 works independently and
requires no prior technical knowledge for you to
start studying the structures. Its use is very simple
and instinctive and is applicable to both
professionals and students, as well as anyone
interested in the subject. This qualitative analysis
tool can be used as an auxiliary resource to
conventional methods of study, conception and
verification of structures.

Even though it contains different parts, Mola
Structural Kit 3 is fully compatible with Mola
Structural Kit 1 and 2, allowing you to put their
pieces together to create many other structures.

Go beyond the examples presented here and join
the Mola community. Take part in discussions,
share your findings and ways of using the model
and learn from the experience of other users. Visit
www.snltensi.com and find out more.

SCIENTIFICALLY
validated product

Download the Master’s dissertation
containing all the Mola
validation results at
www.molamodel.com


http://www.snltensi.com/
http://www.snltensi.com/
http://www.molamodel.com/
http://www.molamodel.com/

MOLA YAPISAL KIT 3

MOLA STRUCTURAL KIT 3

Gergek bir yapiyl gdzlemlerken, yapisal davranisinda rol
oynayan fiziksel olaylari gorsellestirmek  zordur.
Deformasyonlari ve yer degistirmeleri genellikle giplak gozle
fark edilemez; bu da konuyu gok soyut ve anlagiimasi giig
hale getirir.

Mola pargalari, bu olaylarin gorsellestiriimesine olanak
taniyacak sekilde 6zel malzemelerle tasarlanmistir. Amag,
yapilarin davranisini dokunsal ve gorsel bir sekilde simile
ederek konuyu daha somut ve sezgisel hale getirmektir.

Mola Yapisal Kit 3, kompakt, ¢ok yonli ve kullanimi kolaydir.
Tim parcalar manyetizma veya baglanti elemanlar ile
birbirine baglanir ve her biri, gergek bir yapinin bir veya daha
fazla elemanini temsil eder.

Zemin (G - Ground), »
yapinin insa edilecegi zemini
temsil eder. Plakanin
bir ylizeyinde, parcalarin
konumlandiriimasini
ve yapilarin montajini
kolaylastirmak igin
yapisal eksen isaretleri
bulunmaktadir.

Cubuklar (B - Bar), »

ik
bir yapinin kolon ve kirig ﬂ:mmﬂ‘“m

columns and beams.
m_m,ﬁ'ﬁ'

gibi gubuk elemanlarini i
temsil eder. Pl ]

Cubuk Takviyesi (BS »
(BS - Bar Stiffener) ,
gubuk elemanlar (B)

icin takviye gorevi gorir
ve basing yUklerine maruz
kaldiklarinda burkulma
etkilerini onler.

Capraz (D - Diagonal) »
bir yapinin ince gubuk
elemanlarini temsil eder;
ornedin cekme elemanlari ve =
riizgar kusaklari gibi.e
contraventamentos. B

While observing a real structure, it is difficult to visualize the
physical phenomena involved in its behavior. Its deformations
and displacements usually cannot be detected by the naked
eye, which makes it a very abstract and difficult subject to
understand.

Mola parts were designed with specific materials to allow the
visualization of these phenomena. The idea is to simulate the
behavior of structures in a tactile and visual way, making the
subject more concrete and intuitive.

Mola Structural Kit 3 is compact, versatile and easy to use. All
parts are connected by magnetism or fittings, and each one
represents one or more elements of a real structure.

4 The base plate
(G - Ground) represents the
ground where the structure
will be built. It presents, on
one side, markings of
structural axes to facilitate
the positioning of the parts
and the assembly of the
structures.

4 The springs (B - Bar)
represent the bar elements
of a structure, such as

4 The plastic tubes
(BS - Bar Stiffener) are
used as stiffeners for the
bar elements (B), avoiding
buckling effects when
subjected to compression
loads.

F S

The diagonals

(D - Diagonal) represent
3 the slender bar elements of
astructure, such as tension
members and wind
braces.

Zemin baglantis1 (GC - Ground »
Connection) yapinin temellerini temsil
eder ve yapinin zemine
sabitlenmesinden sorumludur. Her
parcanin, zemin (G) lizerinde
konumlandirmayi kolaylastirmak igin 4
eksen isareti bulunmaktadir.

Metal Kiireler (C -

Connection) yapisal elemanlarin
birbirine baglanmasindan sorumludur
ve bir yapinin pimli baglantilarini temsil
eder.

Kose Destegi (RC90 - Rigid
Connection 90 °) yapisal elemanlar
arasindaki 90 derecelik baglantilari
sikilastirmak igin kullanilir.

Kablo (CABLE - Cable) bir

yapinin halat elemanini temsil eder.
Caprazlardan (D) farkl olarak, halatlar
¢ok esnektir ve basing ylklerine karsi
direng gostermez.

Kablo Baglantisi (CABLE C -

Cable Connection) kablo elemanlarinin
baglantilara (C) baglanmasini
saglamakla kalmaz, ayni zamanda bir
yapinin halat gerdiricisi islevini de goriir.
Kablo uzunlugunu son ayarlamak igin
elemanin bir ucunu gevirmeniz yeterlidir.

Kablo Klips Baglantisi (CABLE

CLIP C - Cable Clip Connection) halatlar
arasinda farkli tiirde baglantilar
yapiimasina olanak saglayan ¢ok yénli
bir elemandir.

Coklu Kablo Klips Baglantisi

(M CABLE CLIP C - Multiple Cable Clip
Connection) tek bir Kablo
Baglantisina (CABLE C) en fazla bes
kablonin gok kompakt bir sekilde
baglanmasina olanak tanir.

Kablo Halkasi

(CABLE R - Cable Ring) halat
yapilarda yaygin olarak kullanilan
halkalari temsil eder ve bir noktada
birden fazla halatin radyal olarak
baglanmasina olanak sadlar.

2200

S

4 The base connections (GC - Ground

Connection) represent the foundations
of the building, responsible for the
attachment of the structure to the soil.
Each piece has 4 axis markings to
facilitate its positioning on the

base plate (G).

The spheres (C - Connection) are

responsible for the attachment between
the structural elements, representing
the pinned connections of a structure.

The Rigid Connections (RC90 - Rigid
Connection 90°) are used to tighten the
90-degree connections between
structural elements.

The ball chain (CABLE - Cable)
represents the cable element of a
structure. Different from the diagonals
(D), cables are very flexible, presenting
no resistance to compression loads.

In addition to allowing the connection of
the cable elements to the connections
(C), the cable connections (CABLE C -
Cable Connection) also perform the
function of the cable tensioners of a
structure. Twist one side of the element
to make final adjustments to the cable
length.

The Cable Clip Connection (CABLE CLIP C
- Cable Clip Connection) is a very
versatile element that allows different
types of connections between cables.

The multiple cable clip connection (M
CABLE CLIP C - Multiple Cable Clip

Connection) allows, in a very compact
way, the connection of up to five cables
to a single Cable Connection (CABLE C).

The Cable Rings (CABLE R - Cable Ring)
represent the rings normally used in
cable structures, allowing the
connection of several cables, radially, in
a single point.
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MONTAJ IPUCLARI

ASSEMBLY TIPS

Bu boélim, modeli kullanirken, tasirken ve saklarken size This section suggests some assembly tips and techniques that
yardimci olabilecek bazi montaj ipuglari ve teknikleri can help you with the handling, storage, and the use of the
Onermektedir. Ana konu, Mola Yapisal Kit 3 parcalarini bir model. The main point is related to the behavior of the magnets

araya getirmekte kullanilan miknatislarin davranigi ile ilgilidir. used to compose the pieces of Mola Structural Kit 3.

DIKKAT / ATTENTION

~ Mola Yapisal Kit 3 parcalarini manyetik olarak hassas esyalarin uzaginda tutun.
A Keep the Mola Structural Kit 3 parts away from magnetically sensitive items.

KULLANIM VE SAKLAMA
HANDLING AND STORAGE

Cubuklar ve Caprazlar (B, D) uglarinda miknatislar igerir ve
bu miknatislar parcalarin birbirine baglanabilmesi icin uygun S
sekilde yerlestirilmistir. Bu nedenle, her cubuk veya gaprazin

uglan zit manyetik polariteye sahiptir. iki parca arasinda itme

kuvveti olusursa, parcalari miikemmel sekilde baglamak igin N

birini ters gevirmeniz yeterlidir.

»

The Bars and Diagonals (B, D) have magnets at their

extremities and these magnets are positioned so that the parts N
may connect to one another. Thus, each bar or diagonal has

ends with opposite magnetic polarity. Therefore, if there is

repulsion between two parts, simply invert one in order to

perfectly connect them.

Kose Destekeleri (RC90) cevreleri boyunca miknatis igerir
ve parcalarin kolayca baglanabilmesini saglayacak sekilde
konumlandiriimigtir. Her parganin gevresinde tek bir manyetik
polarite bulunur; baglamak igin zit polariteye sahip pargalari
birbirine yaklagtirmaniz yeterlidir.

The Rigid Connections (RC90) feature magnets along their
perimeter, positioned to allow the parts to easily connect. Each
part presents a single magnetic polarity in its perimeter and,
for their attachment, simply interpolate the parts with opposite
polarities.

VAN
A2

Kablo Baglantilari (RC90), cevreleri boyunca yerlestirilmis
miknatislarla pargalarin kolayca baglanmasini saglar. Her
parcanin gevresinde tek bir manyetik polarite bulunur;
parcalar baglamak igin zit polariteye sahip uglar birbirine
yaklastirmaniz yeterlidir.

%m

The Cable Connections (CABLE C) feature a magnet at their
extremity, positioned to allow the parts to easily connect. Each
part presents a single magnetic polarity in its extremity and,
for their attachment, simply interpolate the parts with opposite
polarities.

MONTAJ
ASSEMBLY

Herhangi bir elemani konumlandirirken, yapiya baglanacak
ucundan tutmaniz onerilir. Bu, parcanin diger elemanlar
tarafindan gekilmesini dnler.

While positioning any element, it is suggested to hold it by the
extremity that will be attached to the structure. This prevents
the part from being drawn by other elements.

Parcalari kutudan gikarirken, elde zaten bir parcaniz varsa,
ozellikle Metal Kiireler (C) icin, almak istediginiz parcalari
tutmak amaciyla miknatisi kullanmaniz 6nerilir.

To remove the parts from the box, when you already have a
piece in hand, it is suggested to use the magnet to pinch the
parts you want, especially the Connections (C).

YUK UYGULAMASI
LOAD APPLICATION

Mola Yapisal Kit 3 ile monte edilmis yapilara ylik uygulamanin
ideal yolu, ellerin kullaniimasidir. Bu sayede yapilan dokunarak
hissetmek mimkiin olur ve kullaniclya yeni bir &grenme
deneyimi saglar.

The ideal way to apply loads to structures assembled with
Mola Structural Kit 3 is through the use of hands. In this way, it
is possible to feel the structures through touch, providing the
user with a new learning experience.

Mola Yapisal Kit 3 ile halat elemanlarinin davranigini analiz
etmek igin, yiikleri yapiya ayrica Metal Kiireler (C) ile
Kablo Baglantisi (CABLE C) ve Kablo Klipsi Baglantisi
(CABLE CLIP C) kombinasyonunu kullanarak
uygulayabilirsiniz.).

To analyze the behavior of cable elements with Mola Structural
Kit 3, you can also apply loads to the structure by using the
Connection (C) in combination with the Cable Connection
(CABLE C) and the Cable Clip Connection (CABLE CLIP C).

13
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MONTAJ IPUCLARI

ASSEMBLY TIPS

Mola Yapisal Kit 1 ve 2'den bilinen yapisal elemanlara ek
olarak, Mola 3 yeni bir kablo elemanlar seti sunmaktadir. Bu
béliimde, kablo elemanlari ve bilesenlerinin kullanimina iliskin
bazi talimatlar ile montaj ipuglari yer almaktadir.

KABLOLAR VE PARCALARI
CABLES AND COMPONENTS

Burada sunulan her bir yapisal sistem 6rnegi igin belirli kablo
uzunluklari 6nerilmektedir. Kablonun tam uzunlugunu, bilye
sayisini tek tek saymak zorunda kalmadan &lgebilmek igin, bu
kilavuzun arka kapaginda yer alan kablo 6lctim cetvelini
kullanin. Kabloyu istenilen uzunlukta kesmek igin kesme
aracini kullanin.

ONEMLI: Bir yapiyi monte etmek igin kablolari kesmeden énce,
ayni uzunlukta daha 6nce kullaniimis kablolarin elinizde olup
olmadigini kontrol edin. Bu sekilde kablolari daha verimli
kullanabilir ve bu kilavuzda sunulan tiim yapilarin montajini
gergeklestirebilirsiniz.

Specific cable lengths are suggested for each example of
structural system presented here. Use the cable measurement
ruler, located in the back cover of this manual, so you can
measure the exact length of the cable, considering the number
of balls, without having to count one by one. Use the cutting
tool to cut the cable to the desired length.

IMPORTANT : Before cutting the cables to assemble a structure,
check if you already have cables with the same length
previously used. This way, you will have a better use of the
cable, allowing the assembly of all the structures presented in
this manual.

Kablonun Mola Yapisal Sisteme baglanmasi, farkl baglanti
elemanlarinin birlestiriimesiyle yapilir. Bir kabloyu (CABLE)
sistem metal kiire ile (C) sabitlemek igin, Kablo Baglantisi
(CABLE C) ile Kablo Klips Baglantisini (CABLE CLIP C)
birlegtirin.

The attachment of the cable to the Mola Structural System is
made by combining different connection elements. Combine
the Cable Connection (CABLE C) with a Cable Clip Connection
(CABLE CLIP C) to connect a Cable (CABLE) to the structure
Connection (C).

Bir Kablo Baglantisina (CABLE C) en fazla bes kablo
baglamak igin Coklu Kablo Klips Baglantisini (M CABLE CLIP
C) kullanin. Tek bir Kablo Baglantisina birden fazla Coklu
Kablo Klips Baglantisi da takabilirsiniz.

Use the Multiple Cable Clip Connection (M CABLE CLIP C) to
connect up to five cables to a single Cable Connection (CABLE
C). You can even connect more than one Multiple Cable Clip
Connection to a single Cable Connection.

In addition to the structural elements already known from
Mola Structural Kit 1 and 2, Mola 3 introduces a new set of
cable elements. This section presents some instructions with
handling and assembly tips related to cable elements and their
components.

METAL KURE KABLO BAGLANTISI KABLO KLIPS BAGLANTISI KABLO
CONNECTION CABLE CONNECTION CABLE CLIP CONNECTION CABLE

O o

COKLU KABLO KLiPS BAGLANTISI

T

METAL KURE KABLO BAGLANTISI
CONNECTION CABLE CONNECTION

Dogrusal kablo baglantilari yapmak icin Kablo Klips
Baglantisini (CABLE CLIP C) kullanin. Bu eleman, farkli kablo
parcalarini birlestirerek daha uzun kablolar olusturmaniza veya
bir kablonun iki ucunu tek bir Kablo Klips Baglantisina
baglayarak halka olusturmaniza olanak saglar.

Use the Cable Clip Connection (CABLE CLIP C) to make linear
cable connections. This element allows the reattachment of
different cable segments to create longer cables, or the
connection of two ends of a cable to a single Cable Clip
Connection to create rings.

Kablolar arasinda dik ve edimli baglantilar yapmak igin Kablo
Klips Baglantisini (CABLE CLIP C) kullanin.

Use the Cable Clip Connection (CABLE CLIP C) to make
perpendicular and sloped connections between cables.

Kablo Klips Baglantisinin (CABLE CLIP C) merkezi deligi,
yalnizca kablonun ucundaki bilye dedil, kablodaki herhangi bir
bilyenin bu elemana baglanmasina olanak tanir. Boylece
kabloyu tam uzunlukta kesmek zorunda kalmadan yapilar
monte edilebilir. Tek yapmaniz gereken, kablonun bir kismini
Kablo Klips Baglantisi disarida birakmaktir. Ayrica, Kablo Klips
Baglantisinin merkezi deligini halka olusturmak igin de
kullanabilirsiniz.

The central hole of the Cable Clip Connection (CABLE CLIP C)
allows any ball of the cable to be connected to this element, not
just the ball at the end of the cable. Thus, it is possible to
assemble structures without having to cut the cable to the
exact size. All you need to do is leave a portion of the cable out
of the Cable Clip Connection. You can also use the central hole
of the Cable Clip Connection to make loops.

Kablo Halka (CABLE R) kullanarak bir yapinin tek bir noktasina
birden fazla kabloyu radyal olarak ekleyin.

Use the Cable Rings (CABLE R) to add several cables radially to
a single point on the structure.

iki Kablo Klips Baglantisini (CABLE CLIP C) iist {iste getirerek,
kiiglik bir pim veya vida (Kita dahil degildir) ekleyin. Bu sayede
kablolar arasinda gapraz sabit baglantilar olugturabilirsiniz.

Overlap two Cable Clip Connections (CABLE CLIP C) and add a
small pin or screw (not included in the Kit) to make
cross-shaped fixed connections between cables.

15
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01

2 =
x - Kablolar, dyle ince ve uzun yapiya sahip
~ yapisal elemanlardir ki esnek hale gelirler ve
C ;
- bu nedenle yalnizca cekme kuvvetine karsi
) galiirlar.
) x go Asadidaki gorsellerde de gorilecedi gibi,
X

geometrik dzelliklerinden dolayi bu tiir yapisal
7 elemanlar basing ve edilme kuvvetlerine karsi

direng gbstermezler.
O

T

Kablonun davranigini temel diizeyde anlamak
icin, onu izole sekilde inceleyecediz. Asagida
gosterilen yaplyl monte edin ve bir baglanti
elemani kullanarak kablonun ucuna konsantre
bir ylk uygulayin.

TV
i
"W
—————
 —

1x sesssnssssssssnsssssssnsessnss 60 balls
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GEKME
TENSION

Cables are structural elements that are very
slender, to the point that they turn flexible,
and, consequently, work exclusively in tension.

Notice in the images below that, due to its
geometric characteristics, this type of
structural element presents no resistance to
compression and bending.

For a basic understanding of how a cable
behaves, we will analyze it in an isolated
manner. Assemble the structure pictured below
and apply a concentrated load on the cable
end using a Connection piece as load.

BASING
COMPRESSION

|

Taban plakasini ellerinizle tutun ve kablonun,

uygulanan yiikiin yarattigi cekme kuvvetine karsi
direng gostererek dogrusal bir sekil alacak sekilde gerildigini
gozlemleyin.

Hold the base plate with your hands and notice that the cable
stretches out, taking on a linear shape, resisting the tension
force provoked by the applied load.

Taban plakasini diiz bir ylizeye yerlestirin ve kabloya
uygulanan yikiin basing etkisi altinda higbir
direng gostermedidini gézlemleyin.

Position the base plate on a flat surface and observe that the
cable presents no resistance to the applied load when
subjected to compression.

Kablo uglarini ellerinizle tutun ve destek noktalarini ayni
seviyeye getirin. Yapisal elemanin egilmeye karsi direng
gostermedigini, uygulanan yik karsisinda sekil degistirdigini
gbzlemleyin. 1. ve 2. adimlarin aksine, bu durumda kabloya
etki eden tek kuvvet kendi agirhigidir.

MESAFE
SPAN

Hold the cable ends with your hands, positioning the support
points at the same level, and observe that the structural
element does not present resistance to bending, assuming a
deformation in response to the applied load. Notice that, unlike
steps 1and 2, the only force applied to the cable is its own
weight.

UZUNLUK
LENGTH

Asadida, iki destek noktasinin ayni seviyede oldugu varsayilarak
yukarida sunulan érnek igin terminoloji verilmistir.

MESAFE: Destek noktalar arasindaki mesafe.

EGILME: Destekleri birlestiren izgi ile kablodaki en diisiik
nokta arasindaki dikey mesafe.

UZUNLUK: Kablo tarafindan destek noktalari arasinda
olusturulan egrinin uzunlugu.

Bu kilavuzda sunulan tiim érnekler icin, kablo uzunlugunu
belirlemek amaciyla zincirdeki bilye sayisi dikkate alinacaktir.

Burada gosterilen durumlarda goriilebilecegi gibi, kabloya
kuvvet uygulandiginda kablo, yiikii tagsimaya olanak taniyan,
dengeli ve kendiliginden olusan bir sekil alir ve yalnizca gekme
kuvvetlerine karsi direng gdsterir.

Mola Yapisal Kit 1'de de gosterildigi gibi, cekme kuvveti cok
ince yapisal elemanlar tarafindan absorbe edilebilir ve bu da
ok hafif yapilarin olusmasini saglar. Bu nedenle, kablolu
yapilar, az malzeme kullanarak biytik agikliklari gegme
kapasitesine sahiptir.

Kablolarin uygulanmasi, basit gati destek sistemlerinden biiylik
cati sistemlerine ve kdpriilere kadar farkli yapisal sistemlerde
gozlemlenebilir. Asagidaki 6rneklerde bu uygulamalardan
bazilarini gosterecegiz.

Below is the terminology for the example presented above,
considering that the two support points are at the same level.

SPAN: distance between support points.

SAG: vertical distance between the line formed through the
supports and the lowest point in the cable.

LENGTH: distance of the curve formed by the cable between
the support points.

For all the examples presented in this book/manual, we shall
consider the amount of balls contained in the chain to
determine the length of the cables.

As you can see in the situations depicted here, when force is
applied to the cable, the cable acquires a spontaneous,
balanced shape, allowing it to support the load, resisting only
the tension forces.

As presented in Mola Structural Kit 1, tension can be absorbed
by very slender structural elements, resulting in very light
structures. As such, the structures with cables have the
capacity to bridge large spans while consuming little material.

The application of cables can be observed in different
structural systems, from simple stayed structures to large roof
systems and bridges. We will show some of these applications
in the following examples.
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CABLE - SUPPORT REACTIONS
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* ONCEKI GRNEKTEKI
KABLOYU KULLANIN
USE THE CABLE FROM PREVIOUS
EXAMPLE
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Onceki drnekte gbsterildigi gibi, kablo esnek
bir yapisal elemandir ve yalnizca gekme
kuvvetine karsi caligir. Kablonun davranigini
izole sekilde analiz etmeden ve dikey ylikleri
nasil tasiyabildigini anlamadan &nce, bu
yapisal elemanin bagh oldugu yapinin geri
kalanina hangi tiir kuvvetleri ilettigini
anlamamiz gerekir.

Bir yapiya belirli bir yiik uygulandiginda, bu
yiik yapisal elemanlarda i¢ kuvvetler ve destek
noktalarinda destek tepkileri olarak
adlandirilan dis kuvvetler olusturur. Bu
nedenle, hem yapisal elemanlar hem de
destek noktalari bu kuvvetlere dayanacak
sekilde tasarlanmalidir.

Asadida gosterilen dizilimi monte edin ve
yapinin davranisini ile kablonun destek
tepkilerini gézlemleyin.

Asagida gosterilen dizilimi monte edin;

kablo uglarini ayni boyuttaki iki kolonun
st kismina baglayin ve kolonlarin
tabanlarinda Sert Baglantilar (Rigid
Connections) kullanin. Bu durumda kabloya
uygulanan tek kuvvet, kendi agirhgidir.
Dikkat: Kablonun yarattidi gerilim nedeniyle
kolonlarda hafif bir ie dogru deformasyon
gbzlemlenmektedir. Ancak bu deformasyon,
yapinin gorsel olarak analiz edilebilmesi igin
hala cok kiiclktiir. Bu nedenle, kablonun
destek tepkilerini daha iyi analiz edebilmek
igin, bir sonraki adimda verilen talimatlara
gore aciklik ortasina yogunlastiriimis bir yiik
uygulanacaktir.

DENGELIi YAYILI YUK (KABLO AGIRLIGI)

As shown in the previous example, the cable is
a flexible structural element that works
exclusively in tension. Before conducting an
isolated analysis of its behavior and
understanding how the cable is capable of
resisting vertical loads, let us first understand
what kind of forces this structural element
trasmits to the rest of the structure to which it
is connected.

When a structure is subjected to a certain load,
this load provokes internal forces on the
structural elements and external forces on the
support points, called support reactions. As
such, both the structural elements and the
support points must be designed to resist
these forces.

Assemble the sequence pictured below and
notice the structure's behavior and the cable's
support reactions.

Assemble the sequence pictured below
connecting the cable ends to the top of two
columns of the same size with Rigid
Connections at the bases. In this case, the only
force applied to the cable is its own weight.
Notice that the columns present a slight
inward deformation due to the tension
provoked by the cable. However, this
deformation is still too minor for us to be able
to conduct a visual analysis of the structure.
Therefore, to enable a better analysis of the
cable's support reactions, we are going to
place a concentrated load at mid-span
according to the instructions in the next step.

UNIFORMLY DISTRIBUTED LOAD (CABLE OWN WEIGHT)

]

*
w
i '.num.«mmmmmm)

Agikligin ortasina konsantre bir ylik
uygulayin ve kablodaki gekme
kuvvetinin kolonlarda biiytik bir
deformasyona yol actigini gozlemleyin.
Kablonun kuvvetini ¢dzlimledigimizde,
kolonlarin dikey kuvvetlerden
kaynaklanan basing kuvvetlerine ve
yatay kuvvetlerden kaynaklanan egilme
kuvvetlerine karsi direng gostermesi
gerektigini goriiriz.

Apply a concentrated load at mid-span and

notice that the tension in the cable provokes a

major deformation in the columns. By breaking
down the force of the cable, we see that the {

)

©

columns need to resist the compression forces
resulting from the vertical forces and the

bending forces resulting from the horizontal
forces.

DIKEY YUK
VERTICAL LOAD

Kablonun yarattigi gekme kuvveti, daha

rijit kolonlar veya gekme elemanlan
tarafindan absorbe edilebilir. Rijit Baglantilari
kaldirin, her kolonun st kismini temellere
baglayan iki Capraz ekleyin ve kolonlarda
burkulma etkisini dnlemek igin Cubuk
Takviyesi kullanin. Bu durumda kolon yalnizca
dikey ylkleri tagimaktan sorumludur, yatay
yukleri ise gekme elemanlari karsilar.

DIKEY TEPKISi
VERTICAL REACTION

I
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?
y
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USTTEN GORUNUS
TOP VIEW

The tension provoked by the cable can be

the tension elements. Remove the Rigid

absorbed by the more rigid columns or through }'g}
Connections, add two Diagonals connecting the {

top of each column to the foundations, and use

the Bar Stiffener to avoid the buckling effect in @
the columns. Notice that in this situation the

L)
(o)
Nolhdion

column is only responsible for resisting vertical
loads and the tension elements are responsible
for resisting horizontal loads.

DIKEY TEPKisi
VERTICAL REACTION

|

DIKEY YUK
VERTICA LOAD ¢

USTTEN GORUNUS
TOP VIEW
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KABLO - FUNIKULER SEKILLER

CABLE - FUNICULAR SHAPES
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CAPRAZLAR
DIAGONALS
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Asadida gosterilen yapiyl monte edin ve kablonun,
yalnizca kendi agirligi etkisi altinda—yani kablo boyunca
dengeli bir yayili yiik uygulandiginda—katener olarak
bilinen egimli bir sekil aldigini gozlemleyin.

Kablolarin rijitliklerinin digiik olmasi
nedeniyle, belirli ve kalici bir sekilleri
yoktur.

Onceki 6rneklerde de gdrdiigimiiz gibi,
kablonun esnekligi, bu tiir yapisal
elemanlarin destek kosullarina ve
uygulanan yiike bagl olarak farkl sekiller
almasina olanak tanir.

Kablonun belirli bir yiike maruz kaldiginda
aldigi sekle funikdiler sekil denir.

Asagida sunulan 6rnek dizilimini monte
edin ve kablonun funikdler sekillerinin,
yiiklerin destek noktalarina iletilirken
izledigi yolu nasil tam olarak temsil ettigini
gbzlemleyin.

Kablonun izole sekilde analizine olanak
tanimak igin, yatay kuvvetleri absorbe
etmek amaciyla Caprazlari kullanin ve
dikey kuvvetlerden kaynaklanan burkulma
etkisini 6nlemek icin kolonlarda Cubuk
Takviyesi kullanin.

KATENER: KABLO BOYUNCA DENGELI YAYILI YUK

03

Due to their lack of rigidity, the cables do
not present a specific, permanent shape.

We were able to see in the previous
examples that the cable’s flexibility
permits this sort of structural element to
take on different shapes depending on
the support conditions and load applied
toit.

The shape assumed by the cable when
subjected to a certain load is known as
funicular shape.

Assemble the sequence of examples
presented below and observe how the
cable’s funicular shapes represent
precisely the path traveled by the loads
to reach the support points.

In order to allow for an analysis of the
cable in an isolated manner, use the
diagonals to absorb the horizontal forces
and use the Bar Stiffeners to avoid the
buckling effect in the columns from the
vertical forces.

Assemble the structure pictured below and notice that when
subjected only to the load of its own weight, in other words, a
uniformly distributed load along the cable length, the cable
assumes a curved shape known as catenary.

CATENARY: UNIFORMLY DISTRIBUTED LOAD ALONG THE CABLES LENGTH

‘5

BAR STIFFENER

4
ll | CUBUK TAKVIYES]
-7l i

i
|

Asagidaki gorsellere gore farkl konfiglirasyonlarda
konsantre yikler uygulayin. Yapisal elemanin, uygulanan
her yiik durumuna karsilik gelen funikuler sekli alarak nasil
uyum sagladidini ve sekil degistirdigini gézlemleyin.

UCGEN
4“' TRIANGULAR

<« Py

TRAPEZ
*h TRAPEZOIDAL

o

[‘ I
-

|
e e

Kablo, yatay olarak dengeli bir yiik uygulandiginda
parabola olarak bilinen edimli bir sekil alir. Parabola
egrisi cok benzer olmakla birlikte, yan sayfada gosterilen

katener egrisinden biraz farklidir.

COKGEN
POLIGONAL

«— Pk

Apply concentrated loads in different configurations according
to the images below. Observe the way the structural element
adapts and changes shape, taking on the funicular form
corresponding to each of the applied load conditions.

COKGEN
POLIGONAL

< Py

—
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PARABOL: YATAY OLARAK DAGITILMIS YAYILI YOK
PARABOLA: UNIFORMLY DISTRIBUTED LOAD HORIZONTALY
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When submitted to a uniform, horizontally distributed load, the
cable takes on a curved shape known as a parabola. Though
very similar, the parabola curve is slightly different from the
catenary curve shown on the side page.
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KABLO KIRISI

CABLE BEAM
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¥ ONCEKI ORNEKLERDEKI
KABLOLARI KULLANIN

USE THE CABLES FROM PREVIOUS
EXAMPLES

USTTEN GORUNUS
TOP VIEW
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CAPRAZLAR
DIAGONALS

04

Kablonun esnekligi ve geometrik
kararsizligi, bu tiir yapisal elemanlarin
geleneksel yapilarda kullanilmasini
daha zor hale getirir.

Kablo yapilar, yiiklerin siddeti veya
yoni degistiginde sekil degistirmelerini
Onlemek icin mutlaka stabilize
edilmelidir. Ayrica, bazi durumlarda
rlizgdrdan kaynaklanan dinamik ytkler
titresimlere ve salinimlara neden
olabilir; bu etkiler de mutlaka
engellenmelidir.

Kablo yapisini stabilize etmenin farkli
yollari vardir: yapiya strekli ylkler ve
rijit elemanlar eklemek, kablolara bagka
kablolar araciligiyla gerilim uygulamak
veya Ongerilmeli membran yapilar
kullanmak.

Kablo kirisini analiz ederken, yatay
kuvvetleri karsilamak igin diyagonalleri,
diisey kuvvetler nedeniyle kolonlarda
olusabilecek burkulma etkisini 6nlemek
icin ise Cubuk Takviyeleri (Bar
Stiffeners) kullanin.

Asadida gosterilen yapiy
monte edin ve yalnizca kendi
agirhdindan kaynaklanan yiik
altinda kablonun, “katenary”
olarak bilinen kavisli bir sekil
aldigini gézlemleyin. Ardindan
ellerinizle bir yiik uygulayin ve
kablonun ek bir yiik altina
girdiginde seklinin
dedistirilebilecegini ve
herhangi bir yéne
kayabilecegini gézlemleyin;
bu, kablonun kararsiz bir yapi
oldugunu gosterir.

The flexibility and geometric instability
of the cable makes it more difficult to
use this type of structural element in
conventional constructions. Cable
structures must be stabilized to prevent
them from becoming deformed
whenever there is a change in the
intensity or direction of loads.
Furthermore, in some situations,
dynamic loads from wind can also
provoke vibrations and oscillations that
must be avoided.

There are different ways to stabilize a
cable structure: by adding permanent
loads and rigid elements to the
structure, by applying tension to the
cables through other cables, or by using
prestressed tensile membrane
structures.

To analyze the cable beam, use the

Diagonals to absorb the horizontal
forces and use the Bar Stiffeners to
avoid the buckling effect in the columns
due to vertical forces.

Assemble the structure pictured below
and notice that when submitted to the
load of its own weight alone, the cable
takes on a curved shape known as a
catenary. Apply a load with your hands
and observe that the cable is an
unstable structure, as its shape can be
altered and displaced in any direction
when it is subjected to an additional
load.

CUBUK TAKVIYELERL
BAR STIFFENER

Altinda yer alan ve uglarini kolon tabanlarina baglayan
germe kabloyu ekleyin, ardindan dikey kablolar ana
kabloya germe uygulayacak sekilde baglayin; boylece bir

kablo kirisi (cable beam) olusturmus olursunuz. Gerekirse,
yapidaki gerilmenin korunmasi igin kablolarin uzunlugunu
ayarlamak amaciyla Kablo Baglantilarini (Cable Connections)
kullanin. Kablolari bagladiginizda, yapinin istenen
konfiglirasyonu korumasi igin gerekli sertligi saglayacak yeterli
gerilmenin olustugunu gozlemleyin.
Dikey ve yatay yiikleri ellerinizle uygulayin ve kablo kirigin
dikey diizlemde (kablo dizlemi) ok iyi calistigini, ancak yatay
diizlemde daha fazla yer degistirme gosterdigini fark edin.
Yapinin tim yonlerde desteklenmesini garanti altina almak
icin, diger diizlemlerde de yapisal elemanlar eklemek gerekir.

ANA KABLO
MAIN CABLE

e - |
¥

¢
L.

Kablo kirisin farklli konfiglirasyonlar alabilecegini
gozlemleyin. Dikey kablolari c¢ikarin ve asadida
resmedilen yaplya gore edik kablolarla bir diizenek
olusturun.  Benimsenmesi  gereken  dlzenleme,
projenin agikligi ve tasarim ozelliklerine bagh olacaktir.

., 4

-

Add the underlying tension cable connecting its ends to the
base of the columns and then connect the vertical cables to
give tension to the main cable, thus creating a cable beam. If
necessary, use the Cable Connections to adjust the length of
the cables so that the structure remains properly tensioned.
Observe how attaching the cables provokes enough tension for
the structure to take on the rigidity needed to maintain the
desired configuration regardless of the applied load.

Apply vertical and horizontal loads with your hands and notice
that the cable beam works very well in the vertical plane (cable
plane) but presents greater displacement in the horizontal
plane. To guarantee that the structure is braced in all
directions, it is necessary to add structural elements in other
planes.

-

v ; DIKEY KABLO
Y ; VERTICAL CABLE

"...._. =

ALT CEKME KABLOSU
UNDERLYING TENSION CABLE

Notice that the cable beam can present different
configurations. Remove the vertical cables and assemble an
arrangement with inclined cables according to the structure
pictured below. The arrangement to be adopted will depend on
the span and characteristics of the project design.
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HALAT AGI - EGER FORMU

CABLE NET - SADDLE FORM

20x = Bir kabloyu iki ydnde stabilize etmek igin,
c farkl diizlemlerde ikincil kablolar kullanmak
C gerekir. Bu amagla gesitli konfigiirasyonlar ve
I kablo adlari olusturulabilir. Burada, kablonun

12x mo bir eyer (saddle) seklindeki yapi ile nasil

2x O stabilize edildigini inceleyecegiz.

v Eyer seklindeki kablo adi, karsit ydnde gift
egrilik gosterdigi icin antiklastic yapi olarak
siniflandirilir ve bu sayede her yonde sertlik

" ©
sadlar.

Asadida verilen sirayi takip ederek s6z konusu
yaplyl monte edin.

4x 20bals % Asadida verilen yaplyl, ana kablonun

Ax m— 40 balls uclarini kolonlarin iist kismina baglayarak
2X s 60 balls monte edin. Kablonun yatay kuvvetlerini
absorbe etmek igin Caprazlari, basing
elemanlarinda burkulma etkisini 6nlemek igin
ise Cubuk Takviyelerini kullanin.

¥ ONCEKi ORNEKLERDEKI
KABLOLARI KULLANIN

USE THE CABLES FROM PREVIOUS

EXAMPLES

USTTEN GORUNUS ‘\ -
TOP VIEW CUBUK TAKVIYEST e

BAR STIFFENER

05

To stabilize a cable in two directions, it is
necessary to use secondary cables in different
planes. Various configurations and cable nets
can be created with this objective. Here we will
analyze the stabilization of the cable through a
saddle-shaped structure.

The saddle-shaped cable net is classified as an
anticlastic structure, as it presents double
curvature in opposite directions, guaranteeing
rigidity in all directions.

Follow the sequence presented below to
assemble the structure in question.

Assemble the structure presented below
connecting the ends of the main cable to the
top of the columns. Use the Diagonals to
absorb the horizontal forces of the cable and
the Bar Stiffeners to avoid the buckling effect
in the compression elements.

el =

: CAPRAZLAR

DIAGONALS

Cipwoa
©
©
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Dort kenar kablosunu, kolonlarin tst kismini Zemin
Baglantilarina baglayacak sekilde asadgidaki resme gore
ekleyin. Ardindan, ana kabloya paralel iki kablo ve ikincil
kabloya paralel iki kablo daha ekleyin.

KENAR KABLOSU
EDGE CABLE
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Add four edge cables attaching the top of the columns to the
Ground Connections according to the image below. Next, add
two parallel cables to the main cable and two parallel cables to

the secondary cable.

[
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Dikkat edin, sisteme ne kadar gok kablo eklenirse, o kadar gok
kesisim noktasi olusur ve bu da yapiy! daha stabil hale getirir.

Notice that the more cables added to the system, the more
points of intersection are created, thus making the structure

more stable.

Attach two Ground Connections to the central part of the base
plate and add the secondary cable orthogonally crossing the
main cable. Observe that the point of intersection between the
cables becomes stable and that the greater the tension in the
cables, the greater the structure's stability and rigidity.

Taban plakasinin ortasina iki Zemin Baglantisi takin ve

ana kabloyu dik aglyla kesen ikincil kabloyu ekleyin.
Kablolarin kesisim noktasinin stabil hale geldigini ve
kablolardaki gerilme arttikga yapinin stabilitesinin ve
sertliginin de arttigini gézlemleyin.

ANA KABLO
MAIN CABLE
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HALAT CATI SISTEMI

06

CABLE-SUPPORTED ROOF

12x Kablo, genis alanlarin kapatilmasinda zorluk
oldugunda siklikla kullanilan bir yapisal

1x elemandir.

Malzeme tiiketimi diisiikken genis acikliklari
gegebilme avantajina ragmen, gatilarda kablo
kullanimi, kablolarin olusturdugu yatay
kuvvetleri absorbe edebilecek uygun tasiyici
yapilarin bulunmasini gerektirir. Bu durum, 2.
Boliim'de (Kablo — Tasiyici Tepkileri) gosterildigi
gibi agiklanmaktadir.

Stadyumlarda ve blytik ¢atilarda genellikle
kullanilan gok ilging bir ¢dziim, gekme ve
basing halkalarindan olugsan bir sistemdir. Bu
yapi, kolonlar tzerinde tasinan dis halka ile iki

6 x
6 x

12x

g@ﬁogéowﬂ

12x

e ———— L

— halkayi radyal bicimde birbirine baglayan bir
E———— kablo agina asili ig halkadan meydana gelir.
6x 20 balls % Bu ¢dzum, yatay kuvvetleri absorbe ederek,

yalnizca tagiyici yapiya diisey yiklerin
iletiimesini saglar.

¥ ONCEKi ORNEKLERDEKI

KABLOLARI KULLANINRIORES Bu yapisal sistemin nasil calistigini
USE THE CABLES FROM PREVIOUS

EXAMPLES anlamak igin énce yapinin bir bolimiini
inceleyecegdiz. Asagida aciklanan sirayi
takip edin ve kablodaki gerilmenin diisey

USTTEN GORUNUS ve yatay yukleri taglyici noktalara
TOP VIEW aktardigini gdzlemleyin. Bu ilk durumda,
(@—@ hem diisey hem de yatay kuvvetlere

karsi koymaktan kolonlar sorumludur.

ONMIQ!
Yandaki sekilde gosterilen yapiyi,
kablolari agiklik ortasinda birlestirmek
iin Kablo Halka pargasini kullanarak
monte edin. Bu parga, yapinin tamaminin
montaj sirasindaki devami igin gerekli
olacaktir.

,‘.

Assemble the structure pictured on the side
using the Cable Ring piece to connect the
cables at mid-span, since this will be
necessary in the sequence of assembling
the complete structure.

The cable is a structural element often used
when there is a challenge in covering large
areas. Despite the advantage of overcoming
wide spans with low consumption of material,
the use of cables in roofs is a system that
requires adequate support structures to
absorb the horizontal forces that cables
provoke, as demonstrated in Chapter 2 (Cable -
Support Reactions).

One very interesting solution, generally used in
stadiums and large roofs, is a system of
tension and compression rings. This is a
structure composed of two concentric rings,
with the outer ring supported on columns and
the inner ring suspended by a net of cables
connecting the two rings in a radial format.
This solution is capable of absorbing the
horizontal forces transmitting only vertical

loads to the structure upon which it is
supported.

To understand the way this structural system
functions, first we are going to analyze a part
of the structure. Follow the sequence described
below and notice that the tension in the cable
transmits vertical and horizontal loads to the
support points. In this first case, the columns
are responsible for resisting both forces.

"
4
Madiie m.nu..l-m.ﬂi-ﬁl‘

Bir Metal Kireyi kullanarak
acikhidin ortasina tekil bir yik
uygulayin ve kablonun olusturdugu yatay
kuvvetler nedeniyle kolonlarda meydana
gelen deformasyonu gozlemleyin.
Kolonlarin, yatay kuvvetlerin olusturdugu 3! #
momenti taglyamadigini fark edin. l

Apply a concentrated load at mid-span
using a Connection piece and notice the
deformation of the columns due to the
horizontal forces provoked by the cable.
Observe that the columns are unable to
support the moment provoked by the

horizontal forces.

Yandaki sekilde verilen yapiyr monte
edin ve ardindan, kablolar Kablo Halka‘ya
baglayarak asagidaki gorsele uygun
sekilde radyal bicimde bir kablo ag
olusturun.

Assemble the structure presented on the
side and then create a radial-shaped cable
net, connecting the cables to the Cable Ring
according to the image below.

Kablolarin uglarini Gstteki ig halkaya
(gergi halkasi) baglayarak yapinin
montajini tamamlayin.

Finalize the assembly of the structure
connecting the ends of the cables to the

top

of the columns according to the image on
the side. Notice that the structure is
composed of two concentric rings: the outer
ring (compression ring) and the inner ring
(tension ring).

Bir Metal Kiire pargasi kullanarak merkeze

5 ylik uygulayin ve yapinin nasil stabil

kaldigini gézlemleyin. Kablolardaki
gerilmenin i¢ halkada gekme, dis halkada
ise basing olusturdugunu fark edin.

Bu sayede cati sistemi dengede

tutulur ve kolonlara yalnizca diisey kuvvet

iletilir,

Apply a central load using a Connection
piece and observe how the structure
remains stable. Notice that the tension in
the cables provokes tension in the inner ring
and compression in the outer ring. This way,
the roof system is maintained in
equilibrium, transmitting only vertical force
to the columns.

DIS HALKA
OUTER RING

L LLLLITT TR,

§ iy s 400 B
TR

BASING HALKASI CEKME HALKASI

COMPRESSION RING

TENSION RING

DIKEY YUK

DIKEY YUK VERTICAL LOAD
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ASKILI HALAT KOPRUSU

CABLE-STAYED BRIDGE

tower, according to the structure presented in

16x = Kablo ile desteklenen koprii (kablo kdpri), The cable-stayed bridge is a kind of bridge
c yikleri kopri tablisinden dogrudan bir veya suspended by individual cables, known as
(@] daha fazla kuleye aktaran bireysel kablolar stays, which transfer the loads from the bridge
2x (stays) ile asilan bir képri tiirlidiir. Bu deck directly to one or more towers, which, in
16x mo kuleler ise, bu yikleri temellere iletmekten turn, are responsible for transmitting these
16x O sorumludur. loads to the foundations.
6x [~ Bu, farkl konfigiirasyonlar sunabilen gok yénlli  This is a very versatile structural solution
bir yapisal ¢éziimdur ve genellikle kablo capable of presenting different configurations
8x @ diizenlemelerine gore siniflandirilir. En yaygin that are generally classified according to the
iki form, kablolarin birbirine paralel arrangement of the stays. The two most
24 X v diizenlendigi arp (harp) tasarimi ve kablolarin common forms are the harp design, in which
63X mA kulenin tepesinde tek bir noktada birlestigi the stays are organized parallel to each other,
8x w——— yelpaze (fan) tasarimidir; bu érnekte sunulan and the fan design, in which the stays
8x w————— yapi, fan tasarimina uygundur. converge at a single point at the top of the
—

Asadida detayl olarak verilen sirayi takip

) .

zi ederek kablo ile desteklenen kdpriiyi (cable- this example.

4 40 balls % stayed bridge) monte edin. Follow the sequence detailed below to
x .

x gg E::: * assemble the cable-stayed bridge.

* ONCEKi ORNEKLERDEKi KABLOLARI

KULLANIN
USE THE CABLES FROM PREVIOUS
EXAMPLES B
4 KULE
TOWER
%

1 iki yapiy1 yandaki resme gére monte edin ve kuleye &
ankraj kablolarini ekleyin. Kulede burkulma etkisini e
onlemek icin Cubuk Takviyelerini kullanin. Ardindan, 1

Zemin Baglantilari yan sayfadaki gizimde belirtilen A —
mesafeye yerlestirin. S N
Assemble the two structures according to the image on

the side and add the anchor cables to the tower. Use the

Bar Stiffeners to avoid the buckling effect in the tower.

Then position the Ground Plates at the distance indicated

in the drawing on the side page. ¥ 1

-

Her Coklu Kablo Klipsi baglantisina liger adet kablo
ekleyin ve bunlari kulenin tepesine baglayin e )
(daha fazla detay igin yan sayfa 32'ye bakin). | i A
Ardindan, képri tablasini montaja baslamak icin 4 1 "
yaply! kablolarla birlestirin. % e
¢
Add three stays to each Multiple Cable Clip Connection ¥
details, see page 32 on the side). Next, begin assembling
o

and then connect them to the top of the tower (for more
the bridge deck connecting the structure to the stays.

KABLOLAR
STAYS

3 K&pri tablasini adim adim monte etmeye devam
edin ve acikligi tamamlayin. Kopri tablasi diizleminde
Caprazlan capraz baglama sistemi olarak kullanin.

Continue assembling the bridge deck step by step until
completing the span. Use the Diagonals in the bridge deck
plane as a cross-bracing system.
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Kablo ile desteklenen kopriide etkili olan temel kuvvetler,
kablolardaki gekme ve kulelerdeki basingtir. Bununla birlikte,
kablo ile desteklenen kdpriiniin tablasi, sadece (izerindeki
trafik ylikiine karsl koymakla kalmaz; ayni zamanda
kablolardan kaynaklanan yatay kuvvetler tarafindan iletilen
basing yiiklerini de absorbe etmesi gerekir ve bu durum
kirisleri kule yapisina dogru sikigtirir.

Bu drnekte, yapiy! stabilize etmek igin ankraj kablolari
kullaniyoruz. Ancak, kablo ile desteklenen kdpriiler, kulenin
her iki tarafinda kablolar ile de tasarlanabilir; eger tasarim
simetrik ise, yap! dengede kalir ve ankraj kablolarina gerek
kalmaz.

ANKRAJ KABLOLARI
ANCHOR CABLES

The main forces acting on a cable-stayed bridge are the
tension in the cables and the compression in the towers. Still,
notice that the bridge deck of the cable-stayed bridge, in
addition to resisting the load from the crossing traffic, also
needs to absorb compression loads transmitted by the
horizontal forces resulting from the stays, compressing the
beams against the tower structure.

In this example, we use anchor cables to stabilize the
structure. But cable-stayed bridges can also present stays on
both sides of the tower which, if symmetrical in design,
provide equilibrium to the structure, eliminating the need for
anchor cables.

KULE

Son olarak, gerekirse TOWER

AR RS D 0 0

el L L R LR Y

yapinin dogru hizalanmasi
icin Kablo Baglantilarini
kullanarak kablolarin
uzunlugunu ayarlayin. Bunu
yapmak igin parganin bir
tarafini gevirerek kabloyu
uzatabilir veya kisaltabilirsiniz.

Finally, if necessary, use the
Cable Connections to adjust
the length of the cables so

that the structure is properly
aligned. Simply twist one of
the piece’s sides to increase or
decrease the cable length.

USTTEN.
GORUNU MESAFE
TOP VIl DISTANCE
o @ o | o
GROUND o o
PLATE \

e

@

TSI L

Gerekirse, yapinin monte edildigi ylizeye Zemin Plakalarini
sabitlemek igin yapiskan bant kullanin.

If necessary, use adhesive tape to fasten the Ground Plates to

the surface where the structure is being assembled.

Képriiniin kablolarini kulenin tepesine tek bir Kablo Baglantisi
ile baglamak igin Coklu Kablo Klips Baglantisini kullanin.
Asadida adim adim takip edin:

1. Coklu Kablo Klips Baglantisini agin; yay ucundaki kancay!
yandaki gizime gore serbest birakin.

GOKLU KABLO KLIPS BAGLANTISI
MULTIPLE CABLE CLIP CONNECTION

2. Kablonun ucundaki topu yayi olusturan ilk halkaya
yerlestirin ve kabloyu istenen pozisyona gelene kadar
gevirin.

3. Kablolari uzunluklarina gére dogru sirayla

~ = \ “0‘\‘ bagladiginizdan emin olun.

L ] - .
E “ \‘ "l‘ Onemli: Montajin hassasiyetini garanti altina almak igin,
- l\ L% ‘\‘ kopriinlin en uzun iki kablosu igin Kablo Klips Baglantisinin
- o.\ we . disinda dort kablo topu birakin; asadidaki gizime bakin.
-, x »
E ‘l " 'x‘ Use the Multiple Cable Clip Connection to connect the bridge's
e 3 W b stays in a single Cable Connection to the top of the tower.

Follow step by step as described below:

1. Open the piece (Multiple Cable Clip Connection) unclasping
the hook at the end of the spring, according to the drawing
on the side.

2. Fit the ball at the end of the cable in the first loop of the
spring and twist the cable until reaching the desired position.

3. Be sure to connect the cables in the correct order according
to their lengths.

KABLOLAR
STAYS

Important: to guarantee precision in the assembly, leave four
cable balls outside the Cable Clip Connection on the bridge's
two longest stays, according to the drawing below.

; KABLO KLIPS BAGLANTISI
\ CABLE CLIP CONNECTION

BASING
COMPRESSION

1,

L TR ET TS TS o |I§J

TABLA

A

31 32
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ASKILI KOPRU

SUSPENSION BRIDGE

24X =
@]
C
18x wmo
18x O
12x [/
NG
L3 qur—
8x AW
8x M
8x L ——— ]
———
4 ———————
2x 10 balls %
4x 20 balls %
4x 60 balls *
2x 110 balls %

* GNCEKi ORNEKLERDEKI
KABLOLARI KULLANIN.

USE THE CABLES FROM PREVIOUS
EXAMPLES

Bu drnekte, asma tabla
yalnizca kuleler
arasindaki agiklikta
kullanilmigtir. Ancak
asma koprilerde,
askilar sadece merkezi
aciklikta degil, kulelerin
her iki tarafinda da
bulunabilir.

Ana kablonun aldigi
funikdler (kavisli) sekil,
tablanin askilar
araciligiyla uyguladigi
yuikiin bir sonucudur.

In this example, we use
the suspended deck only
in the span between the
towers. But suspension
bridges can also have
hangers on both sides of
the towers, not only in
the central span.

Notice that the funicular
shape assumed by the
main cable is a
consequence of the deck
load applied through the
hangers.

Asma kopriler, biyuk acikliklar gegme ve
malzeme kullanimi agisindan en verimli
kopri tirleridir. Onceki drnekte sunulan
kablo ile desteklenen képriiniin aksine,
asma kopriiler, tablayi ana kablolara bagh
dikey kablolar (askilar) araciligiyla asilmig
olarak karakterize edilir. Ana kablolar,
tablanin ytiklerini kulelere iletir; kuleler ise
bu yikleri temellere aktarir. Ana kablolarin
uglarindaki ankraj noktalari, kablolardaki
cekme kuvvetini absorbe etmekten
sorumludur.

Asma kdprilyl monte etmek igin yan tarafta
detayl olarak verilen sirayi takip edin.

KULE

TOWER

Suspension bridges are the most efficient
when it comes to overcome large spans and
also in terms of the consumption of material.
Unlike the cable-stayed bridge, presented in
the previous example, the suspension bridge
is characterized by a deck hung from vertical
cables (hangers or suspenders) connected to
the main cables, responsible for transmitting
the deck loads to the towers, which, in turn,
transfer the loads to the foundations. At the
ends of each of the main cables are the
anchor points, responsible for absorbing the
tension from the cables.

Follow the detailed sequence on the side to
assemble the suspension bridge.

=
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ASKILAR
HANGERS
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Asma kdpriiniin tablasi dikey kablolarla asili oldugundan,
kiriglerin kablo ile desteklenen kdpriilerdeki gibi basinca
maruz kalmadigini gézlemleyin. Yine de, elemanlarin ince ve
esnek yapisi nedeniyle bu tiir yapilar dinamik yliklemelere
karsi oldukga hassastir ve bu durum tasarimda dikkate
alinmaldir.

Genel olarak, tabla yapisi hem {izerindeki trafik yilklerine
hem de riizgardan kaynaklanan yatay ytiklerle karsi
koymaktan sorumludur. Kopri tablasi icin yapisal ¢6ziim,
kafes kirisi sistemlerinden capraz baglama ve gergi teli
sistemlerine kadar cesitlilik gosterebilir. Benimsenmesi
gereken sistem, projenin agikligi ve tasarim ozelliklerine
baghdir.

ANA ASMA KABLOSU
MAIN SUSPENSION CABLE

ST UL L]

I
e e

Gerekirse, yapinin monte edildigi ylizeye Zemin Plakalarini
sabitlemek igin yapiskan bant kullanin.

If necessary, use adhesive tape to fasten the Ground Plates to
the surface where the structure is being assembled.

Observe how, due to the fact that the deck of the suspension
bridge is suspended by vertical cables, the beams are not
subjected to compression, unlike in cable-stayed bridges. Still,
due to the slenderness and flexibility of its elements, this type
of structure is very susceptible to dynamic loads, which must
be considered in the design.

In general, the deck structure is responsible for resisting the
loads from crossing traffic as well as the horizontal loads
caused by wind. The structural solution for the bridge deck
can vary from truss beams to cross-bracing and guy-wire
systems. The system to be adopted will depend on the span
and characteristics of the project design.

ANKRAJ NOKTASI
ANCHOR POINT

SAMLLLE T I T PR

USTTEN MESAFE
GORUNUS DISTANCE
TOP VIEW

@ 1

GROUND
PLATE

@

34
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Ankraj yapilarini ve iki ana kuleyi monte edin.

Kulelerde burkulma etkisini énlemek igin
Cubuk Takviyelerini kullanin. Ardindan, 6nceki
sayfadaki gizimlerde belirtilen mesafeye iki Zemin
Plakasini yerlestirin.

Assemble the anchor structures and the two main
towers. Use the Bar Stiffeners to avoid the buckling
effect in the towers. Then position the two Ground
Plates at the distance indicated in the drawings on the
previous page.

Ana kablolari ekleyin ve kulelerin tepesini yapinin
uglarindaki ankraj noktalarina baglayin.

Add the main cables, connecting the top of the towers
to the anchor points at the ends of the structure.

Dikey kablolar (askilar) Kablo Klips Baglantilari
aracilidiyla ana kablolara baglayin. Aralarindaki
yatay mesafeyi belirlemek igin bir Cubuk kullanin.

Connect the vertical cables (hangers) to the main cables

through the Cable Clip Connections. Use a Bar to define

the horizontal distance between them.

Tabla kiriglerini ekleyin ve ardindan képri
tablasini, yapiyi dikey kablolara baglayacak sekilde
monte edin. Kopri tablasinda Caprazlari capraz
baglama sistemi olarak kullanin. Son olarak,
gerekirse yapinin dogru hizalanmasi icin Kablo
Baglantilarini kullanarak kablolarin uzunlugunu
ayarlayin.

Add the deck beams and then assemble the bridge deck
connecting the structure to the vertical cables. Use the
Diagonals in the bridge deck as a cross-bracing system.
Finally, if necessary, use the Cable Connections to
adjust the length of the cables so that the structure is
properly aligned.

A
"_‘_‘_‘—" 1 -

A,
b )
A,
;i 4
S
i L‘ - » ‘i
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GERILME BUTUNLUGU

TENSEGRITY

-

=3
x
]

Gerilme, cubuklarin birbirine degmedigi ve kablolar
tarafindan uzayda tutuldugu, gerilme ve
sikismanin siirekli etkilesimiyle dengede kalan
halat ve cubuklardan olusan bir uzamsal yapi

18x e e
turudr.
ex Siirekli bir gerilme halinde olan yapilari
3x tanimlamak igin R. Buckminster Fuller “tensegrity”

terimini yaratmistir; bu terim “tensional integrity”
(gerilme biitlinliigl) ifadesinin kisaltmasidir.
Tensegrity yapilari gesitli konfigiirasyonlar
I gosterebilir. Asagida gosterilen sirayi takip ederek
¢ gubuklu bir tensegrity yapiyl monte edin.

o’Q05§>O”

9X 20 balls %

* GNCEKI ORNEKLERDEKI
KABLOLARI KULLANIN

USE THE CABLES FROM PREVIOUS
EXAMPLES

Tensegrity’yi  daha iyi

6grenmek igin R.
Buckminster  Fuller ve
Kenneth Snelson’in

calismalarina ve yayinlarina
goz atin.

To learn more about
tensegrity, search for the
works and publications of
R. Buckminster Fuller and
Kenneth Snelson.

Yapinin yukaridaki resmine gére, g ayni kabloyu bir
eskenar tiggen olusturacak bigimde birlestirin.

Connect three identical cables to form an equilateral triangle
according to the image of the structure pictured above.
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4
&
y

o
=

B

=

2‘)
%OHIl}ll’”ll”uu“t”’l”a]”

~ ..

';

&

-

09

Tensegrity is a type of spatial structure
composed of cables and bars that remain
balanced through the continuous interaction of
tension and compression, so that the bars do
not touch one another and are maintained in
space by cables.

To describe a structure in a continual state of
tension, R. Buckminster Fuller created the term
tensegrity, a contraction of the term “tensional
integrity.”

Tensegrity structures can present various
configurations. Follow the sequence pictured
below and assemble a three-bar tensegrity
structure.

SIS PR )

Ust béliime, es uzunlukta (i cubuk ve cubuk takviyeleri
ile birlikte yeni bir kablo Uiggeni yerlestirin.

Add three Bars of equal length with Bar Stiffeners and a new

triangle of cables to the upper part of the structure.

Kablo ve gubuklardan olusan ag, sikistiriimis elemanlar
(gubuklar) arasinda herhangi bir temas noktasi olmamasina
ragmen yapinin dengesini saglayarak sirekli bir gerilme
halinde kendini korur.

Her ne kadar bu yapisal ¢6ziim saf ve bagimsiz olarak nadiren
kullanilsa da, gerilme biitiinligi ilkeleri diger yapisal
sistemlerle bir araya getirildiginde, 6rnegin cati sistemlerinde,
gesitli uygulama imkanlari saglar.

Apply a load to the structure with your hands and notice that
that the network of cables and bars maintains itself in a state
of continuous tension, guaranteeing the equilibrium of the
structure even without a single point of contact between the
compressed elements (bars).

Though this structural solution is rarely used in a pure and
isolated form, the tensegrity structural principles offer

different possibilities for application when associated with
other structural systems, as in the case of roof systems, for
example.

Gerilme:
“gerilme denizi icinde sikismanin kiiciik adaciklar”

R. Buckminster Fuller

\, -
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KOSE DESTEGi
RIGID CONNECTION
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Yapida burulma olusturmak igin st iggeni gevirin.
Montaji kolaylastirmak amaciyla, gubuklari
merkezden gegici olarak birlestiren lic Kése Destedi pargasi
ekleyin.

Provoke torsion in the structure by twisting the upper triangle.
To facilitate the assembly process, add three Rigid Connection
pieces, temporarily connecting the bars at the central part.

VISTA DE TOPO

s TOP VIEW
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Tensegrity:
“small islands of compression in a sea of tension”

R. Buckminster Fuller
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s
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Alt (iggen baglantilarini Ust Giggen baglantilarina baglayacak

lic yeni kablo ekleyin. Kablolarin uzunlugunu ayarladiktan
sonra Kose Desteklerini cikarin; boylece gerilme bitinlGgu
yapinizi tamamlamis olursunuz.

Add three new cables attaching the connections from the lower
triangle to the connections of the upper triangle. After
adjusting the length of the cables, remove the Rigid
Connections and now you have a tensegrity structure.
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SEKIL BULMA

FORM-FINDING

16X =

-
X
@Qog§oo
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4x

40 balls %
4x 60 balls %
1x 110 balls %

* ONCEKI ORNEKLERDEKI
KABLOLARI KULLANIN

USE THE CABLES FROM PREVIOUS
EXAMPLES

USTTEN GORUNUS
TOP VIEW

© O

Gosterim, Giovanni
Poleni tarafindan
yapilan ve Robert
Hooke'un
benzetmesini temel
alan gizimden
uyarlanmigtir.

Illustration adapted
from Giovanni Poleni’s
drawing of Robert
Hooke's analogy.

10

Sekil Bulma (Form-Finding), bir yapi igin ideal
formu belirlemek amaciyla kullanilan bir
tasarim yontemidir. Farkl form bulma
yoéntemleri vardir; bunlardan biri, ingiliz bilim
insani Robert Hooke tarafindan gelistirilen ve
kablonun bir kemer ile davranisini benzeten
“asili zincir” (hanging chain) yontemi olarak
bilinir.

3. Bolimde gordiigimiiz lizere, kablo yalnizca
gerilme altinda galisir ve funikiler sekli,
yliklerin destek noktalarina ulasirken izledigi
yolu tam olarak temsil eder. Bu sekli ters
gevirerek, ayni yiik diizenine saf sikisma ile
dayanacak rijit elemanlardan olusan yapilar
icin ideal formu bulmus oluruz.

Form-finding is a design methodology used to
find the ideal form for a structure. There are
different kinds of form-finding, one of them
being the process known as the “hanging
chain,” created by British scientist Robert
Hooke, an analogy for the cable's behavior
with an arch.

We saw in Chapter 3 that the cable works
exclusively in tension and that the cable's
funicular shape represents the exact pathway
traveled by the loads to reach the support
points. Therefore, by mirroring the cable's
funicular shape, we have the ideal form for a
structure composed of rigid elements to be
able to resist the same load configuration
through pure compression.

r

KATENER
CATENARY

Yukaridaki yapiy! kurun ve Zemin
Plakasini ellerinizle tutun. Sonra yapiyi

fotograflayin ve goriintlyi aynalayarak,

asagidaki gorsele gore ayni yiik altinda bir
kemer igin ideal formu gorin.

Assemble the structure in the image above and
hold the Ground Plate with your hands. Next,
photograph the structure and mirror the image
in order to see the ideal shape for an arch
subjected to the same load condition,
according to the image below.

KEMER: SADECE CEKME
ARCH: COMPRESSION ONLY

i i
- -

ZINCIiR: SADECE GERILME
CHAIN: TENSION ONLY

3. Béluime déniin ve funikiler sekillerin gorsellerine bakarak,
bu benzetmenin kabloya uygulanan her tirli yiik durumu
igin gegerli oldugunu gdzlemleyin.

Turn back to Chapter 3 and observe in the images of the
funicular shapes that this analogy can be used for any load
condition applied to the cable.

USTTEN GORUNUS
- TOP VIEW

oo

;

’
t\

The hanging-chain method can also be used for spatial
structures and not only for isolated elements in a single plane.
Assemble the cable net presented in the image above and
connect it to the Ground Plate. Hold the plate with your hands,
photograph the structure, and then mirror the image to see the
ideal form for the structure in question.

Asili zincir ydntemi yalnizca tek diizlemdeki

2 elemanlar icin degil, uzamsal yapilar icin de
uygulanabilir. Yukaridaki gorseldeki kablo agini
kurun ve Zemin Plakasina baglayin. Plakayi
ellerinizle tutun, yapiyi fotograflayin ve gorintiy
aynalayarak ideal formu gorin.

ORIJINAL YAPI
ORIGINAL STRUCTURE
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Bu yontem, mimar Antoni Gaudi tarafindan projelerinde,
0Ozellikle Gnlli Sagrada Familia tasariminda kullanilmistir.

Method used by architect Antoni Gaudi for his projects,
including his famous design of the Sagrada Familia.




UYGULAMA

PRACTICE

Bu kilavuzda, kendi basiniza denemeniz ve insa
etmeniz icin ¢esitli yapisal sistem ornekleri
hazirladik. Bu ornekleri tanimlarken ve
aciklarken amacimz, sunulan problemlere kesin
¢oziimler vermek degil; bagimsiz, dinamik ve
arastirmaci bir calisma yolunu onermektir.
Buradaki fikir, kendi arastirmalarimzi ve yapisal
¢oziimlerinizi gelistirmenize imkan taniyacak
temel kavramlari gostermektir.

Mola ile de yapilabilecek egzersiz/alistirma
onerileri olarak:

Mevcut binalarin yapisal sistemlerini yeniden
olusturun.

Ayni mimari formlar igin farkh yapisal
alternatifler deneyin.

Proje tasariminin bir parcasi olarak
deneysel calismalar gelistirin ve incelenen
yapinin davranisini aninda simiile edin.

Benimsenen yapisal ¢oziimii optimize edin;
deneme-yanilma yoluyla belirli bir yapisal
sistemin stabilitesi icin hangi elemanlarin
gerekli oldugunu bulun.

Bu kilavuzda sunulan orneklerde kullanilan
kablolar1 yeniden baglayarak farkli yapisal
sistemler olusturun.

Mola 3, Mola 2 ve Mola 1 parcalarini
birlestirerek bircok farkli yap1 olusturun.

Mola Yapisal Kit 3 ile harika deneyimler yasayin ve
bunlar #molamodel etiketiyle bizimle paylasin.

SNLtensi, Mola Model’in Tiirkiye resmi distribiitoriidiir.

We’ve put together in this manual a series of
examples of structural systems to invite you to test
and build them on your own. When defining and
describing these examples, our goal was not to
provide final answers to the problems presented,
but to suggest a way to study that is independent,
dynamic and investigative. The idea was to show
the basic concepts required for you to develop your
own research and structural solutions.

As suggestions of exercises that can also be
performed with Mola:

Reproduce structural systems of existing
buildings.

Try different structural alternatives for the
same architectural forms.

Develop experimental studies as part of the
project conception, simulating immediately the
behavior of the structure under study.

Optimize the structural solution adopted,
finding, through trial and error, what elements
are essential for the stability of a particular
structural system.

Reconnect the cables used on the examples
presented in this manual to create different
structural systems.

Combine the pieces from Mola 3, Mola 2 and
Mola 1 to create many other structures.

Have great experiences with your Mola Structural
Kit 3 and share them with us using #molamodel.
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