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TANITIM

PRESENTATION

Mola, mimari yapilarin davranisini simiile eden
etkilegimli bir fiziksel modeldir. Model, sayisiz
kombinasyon olusturmaniza olanak saglayan
birbirine baglanabilen moddiler pargalardan olusur.

Mola Yapisal Kit 2 ile farkli yapisal sistemler insa
edebilir, elemanlarin hareket ve deformasyonlarini
gozlemleyebilir ve yapilari kendi ellerinizle
hissedebilirsiniz. Bu, soyut kavramlari somut ve elle
tutulur bir sekilde anlamaniza yardimai olabilecek bir
etkinliktir. Bu tlr bir calismanin amaci, modelle
deneyimden yola ¢ikarak yapisal davranis hakkinda
sezgisel bir bilgi gelistirmektir; bu bilgi, 6zellikle bir
projenin tasarim asamasinda mimarlar ve
muhendisler igin gok énemlidir.

Bu kilavuz, Mola Yapisal Kit 2'yi kullanmaniz igin
pratik bir rehberdir ve pargalar ile montaj stireglerine
dair aciklamalarin yani sira, yapisal sistem orneklerini
aclk ve dgretici bir sekilde sunar. Boylece
yaraticihdinizi kullanabilir ve hayal ettiginiz sistemleri
hemen simiile ederek Mola Yapisal Kit 1'de sunulan

GUVENLIK TALIMATLARI

Bu diriin kiigiik miknatislar icerir ve OYUNCAK DEGILDIR.
YARALANMA TEHLIKESI

Yutulan miknatislar i¢ organlara zarar verebilir ve AGIR
YARALANMALARA veya OLUME yol acabilir.

Gocuklarin erisemeyecedi yerlerde saklayin.

Mola pargalarini asla adiz veya buruna yaklastirmayin. Miknatislarin
yutulmasi cogunlukla kazara olur ve su durumlarda gergeklesme

ihtimali vardir:
Kiguik gocuklarin gevsek veya eksik miknatislar bulmasi;

Daha biylk cocuklar ve ergenlerin miknatislarla agiz
veya burunda oynayarak piercing taklit etmesi.

Kullanilmadiginda, tim Mola parcalarini toplayin ve eksik
olmadigindan emin olmak igin tek tek sayin. Kutunun
kapad icindeki gorselleri kontrol ederek, her parganin
adetini ve kutuda dogru sekilde nerede saklanacagini

calismalari daha ileriye tasiyabilirsiniz.

Mola Yapisal Kit 2, Mola Yapisal Kit 1’den bagimsiz olarak
calisir ve yapilari incelemeye baglamak igin 6nceden teknik
bilgi gerektirmez. Kullanimi gok basit ve sezgiseldir; hem
profesyonellere hem 6grencilere hem de konuya ilgi duyan
herkese uygundur. Bu niteliksel analiz araci, yapilari
calismak, tasarlamak ve dogrulamak icin kullanilan
geleneksel yontemlere yardimci bir kaynak olarak
kullanilabilir.

Farkli pargalara sahip olmasina ragmen, Mola Yapisal Kit 2,
Mola Yapisal Kit 1 ile tamamen uyumludur; pargalari
birlestirerek birgok farkli yapi olusturabilirsiniz.

Burada sunulan drneklerin 6tesine gegin ve Mola
topluluguna katilin. Tartismalara katilin, bulgularinizi ve
modelin kullanim yollarini paylasin ve diger kullanicilarin
deneyimlerinden 6grenin. Daha fazla bilgi igin
www.shltensi.com adresini ziyaret edebilirsiniz.

dogrulayin.

Diigen veya ayrilan miknatislarin farkinda olun. Seti saklama
kabina geri koyarken, her bilesenden herhangi bir miknatisin
eksik olup olmadigini kontrol edin.

Her Cubuk (B) ve Capraz (D) ucunda birer miknatis olmak
Uzere toplam iki miknatis igerir.

Her Zemin Baglantisi (GC) tabaninda dort miknatis igerir.
Her Kose Destedi 90 (RC90) gevresinde lig miknatis igerir.
Her Plaka (P) koselerinde dort miknatis igerir.

Her Devam Destegi (CC) gevresinde Ui miknatis igerir.

Her Devam Destegi 90 (CC90) cevresinde iki miknatis igerir.

Her Mola pargasini tanimak igin bu kilavuzun 10 ve 11.
sayfalarindaki gérselleri kontrol edin.

Miknatislarin yutuldugunu distinliyorsaniz derhal tibbi yardim
alin veya zehir kontrol merkeziyle iletisime gegin. Rontgen
cekimi veya hizli cerrahi miidahale gerekebilir. Belirtilerin
ortaya gikmasini beklemeyin; o zamana kadar tibbi midahale
igin gok geg olabilir.

Miknatis yutulmasinin belirtileri genellikle spesifik degildir
(karin adrisi, ates vb.) ve saatler ila haftalar iginde ortaya
cikabilir. O zaman hasar ciddi olabilir. Tedavi edilmeyen
miknatis yutmalari badirsak tikanikligi, perforasyon, kanama,
enfeksiyon ve éliime yol agabilir.

Evcil hayvanlardan uzak tutun. Kalp pili ve manyetik olarak
hassas esyalardan uzak tutun.


http://www.snltensi.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 2, 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
2 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

SAFETY INSTRUCTIONS

Mola Structural Kit 3 contains small magnets and it’s NOT A TOY.
INTERNAL INJURY HAZARD

Swallowed magnets can damage internal organs and have
resulted in DEATH and SERIOUS INJURIES.

Keep away from ALL CHILDREN.

NEVER put Mola parts near mouth or nose. Magnet ingestions
are often accidental and there is a possibility that they will occur
from:

1. Young children finding loose or missing magnets;

2. Older children and teens playing with magnets in their mouth
or nose and imitating piercings.

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

Mola Structural Kit 2 works independently from Mola
Structural Kit 1 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 2
is fully compatible with Mola Structural Kit 1, 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.

When not in use, locate all Mola parts and count them
individually to be sure that none are missing. Check the images
available on the inside of the box lid to verify the number of units
of each part and the correct place to store them in the box.

Be aware of dropped or separated magnets. Check if there is any
missing magnet from each component in the set when returning
it to the storage container.

Each Bar (B) and Diagonal (D) have two magnets, one at each
end; each Ground Connection (GC) has four magnets at its base;
each Rigid Connection 90 (RC90) has three magnets along its
perimeter; each Plate (P) has four magnets at its corner; each
Continuous Connection (CC) has three magnets along its
perimeter; each Continuous Connection 90 (CC90) has two
magnets along its perimeter. Please check the images on pages
10 and 11 of this manual to identify each Mola part.

Seek immediate medical attention or contact the poison control
center immediately if you think magnets were ingested. It is
possible that x-rays or prompt surgical removal will be required.
Do not wait for symptoms to appear as it is feasible that by then
it will be too late for medical intervention.

Symptoms of magnet ingestion are often non-specific (abdominal
pain, fever, etc.) and can take from hours to weeks to appear. By
then, the damage can be severe. Untreated ingestions of
magnets are likely to cause intestinal blockage, perforation,
bleeding, infection, and death.

Keep away from pets. Keep away from pacemakers and
magnetically sensitive items.
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MOLA STRUCTURAL KIT 2

Gergek bir yapiyi incelerken, yapinin davranisinda
rol oynayan fiziksel olaylari 6n gérmek zordur.

Deformasyonlar ve kaymalar genellikle ciplak gozle

fark edilemez; bu da konuyu oldukga soyut ve
anlagiimasi gtig hale getirir.

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

Mola Yapisal Kit 2, kompakt, cok yonlii ve
kullanimi kolaydir. Tim parcalar miknatislar ile
birbirine baglanir ve her biri gergek bir yapinin bir
veya daha fazla elemanini temsil eder.

10

Zemin (G — Ground), yapinin inga »
edilecedi zemini temsil eder. Plakanin
bir ylizeyinde, pargalarin
konumlandiriimasini ve yapilarin
montajini kolaylagtirmak icin yapisal
eksen isaretleri bulunmaktadir.

Zemin Baglantilan (GC — Ground ’
Connection), yapinin temellerini temsil
eder ve yapinin zemine
sabitlenmesinden sorumludur. Her
parcada, Zemine (G) dogru
konumlandirmayi kolaylastirmak igin 4
eksen isareti bulunmaktadir.

Metal Kiireler (C— »

Connection), yapisal elemanlar
arasindaki baglantidan sorumludur ve
bir yapinin mafsalli (pimli)
baglantilarini temsil eder.

,ﬁl
“

MOLA YAPISAL KIT 2

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, making 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.

The Mola Structural Kit 2 is compact, versatile
and easy to use. All parts are connected through
magnetism, and each one represents one or more
elements of a real structure.

4 The Base Plate (G - Ground) represents
the soil 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 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

Ground (G).
R 2N 4 The Spheres (C — Connection) are
£33 responsible for the attachment
N~
- between the structural elements,
[ representing the pinned connections of
~ a structure.




Kose Destekleri (RC90 — 90° »

Rigid Connection), yapisal elemanlar
arasindaki 90 derecelik baglantilari /4
sabitlemek igin kullanilir, 4\0

Devam Destegi (CC — Continuous >

Connection), iki farkli eleman — kolon
ve kiris — arasindaki baglantiyi Ay -
sadlamak icin kullanilir ve bu b -
elemanlarin tek bir eleman gibi
galismasini mimkadn kilar.

Cubuklar (B — Bar), bir yapinin »
kolon ve kiris gibi gubuk elemanlarini
temsil eder.

Caprazlar (D — Diagonal), V.
bir yapinin daha ince elemanlarini
temsil eder; 6rnegin gergiler ve
rlizgar gaprazlar gibi.

®

g

Plaka (P — Plate), yapinin déseme, »
tastyic duvar ve gati gibi diizlemsel
ylzeylerini temsil eden rijit
elemanlardir.

4 The Rigid Connections (RC90 - Rigid

Connection 90°) are used to tighten
the 90-degree connections between
structural elements.

4 The Continuous Connections (CC —
Continuous Connection) are used to
enable the connection between two
distinct elements - columns and
beams -, making them work as a
single element.

4 The Springs (B - Bar) represent the
bar elements of a structure, such as
columns and beams.

( The Diagonals (D — Diagonal)
represent the slenderer elements of
a structure, such as tensioners and

wind braces.

4 The Plates (P - Plate) are rigid
elements which represent planar
surfaces of a structure, such as slabs,
bearing walls and roofs.

11
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MONTAJ IPUCLARI

ASSEMBLY TIPS

Bu bolim, Mola Yapisal Kit 2 modelini kullanirken This section suggests some assembly tips and techniques
parcalarin tasinmasi, saklanmasi ve montaji konusunda size that can help you with the handling, storage, and the use
yardimci olabilecek bazi montaj ipuglari ve teknikler of the model. The main theme is related to the behavior
Onermektedir. Ana konu, Mola Yapisal Kit 2 parcalarini of the magnets used to compose the pieces of Mola
olusturan miknatislarin davranigi ile ilgilidir. Structural Kit 2.

TASIMA VE SAKLAMA
HANDLING AND STORAGE

Cubuklar ve Caprazlar (B, D) uglarinda miknatislar (3
igerir ve bu miknatislar pargalarin birbirine baglanabilmesi

icin uygun sekilde yerlestiriimigtir. Bdylece her gubuk

veya caprazin uglari zit manyetik kutuplara sahiptir.

Bu nedenle, iki parga arasinda itme (repulsiyon) olusursa, N

parcay! ters gevirerek mikemmel sekilde birlestirebilirsiniz.

The Bars and Diagonals (B, D) have magnets at their N
extremities and these magnets are positioned so that

the parts 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.

N S
Kose Destekleri (RC90) ve Devam Destekleri (CC, ‘ ‘
CC90), cevreleri (o0 Qo
boyunca parcalarin kolayca baglanmasini saglayacak
sekilde yerlestirilmis miknatislar igerir. Her parga evresinde Q g
tek bir manyetik kutba sahiptir ve pargalarin birlesmesi igin, 3 N

zit kutuplara sahip pargalari birbirine aralayici olarak
yerlestirmek yeterlidir.

The Rigid Connections (RC90) and Continuous Connections

(CC, CC90) 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.

Plakalar (P) de gevreleri boyunca baglanti yapmayi
saglayacak sekilde yerlestiriimis miknatislar igerir. Her plaka
tek bir manyetik kutba sahiptir. Plakalari Gst Uste dizmek igin,
zit kutuplara sahip pargalar birbirine aralayici olarak
yerlestirmek yeterlidir.

The Plates (P) also feature magnets along their perimeter,
positioned to allow connections. Each plate presents

a single magnetic polarity. To stack them up, simply
interpolate the parts with opposite polarities.

DIKKAT / ATTENTION

~- Mola Yapisal Kit 2 pargalarini manyetik olarak hassas esyalardan uzak tutun.
~ Keep the Mola Structural Kit 2 parts away from magnetically sensitive items.




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.

Kutudan pargalan gikarirken, elinizde zaten bir parga
varken dider parcalari almak icin miknatisi kullanmaniz
Onerilir; 6zellikle Metal Kireleri (C — Connection) igin bu
yoéntem tavsiye edilir.

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 spheres (C - Connection).

YUK UYGULAMASI
LOAD APPLICATION

Mola Yapisal Kit 2 ile monte edilmis yapilara yiuk
uygulamanin ideal yolu, elleri kullanmaktir. Bu sayede yapilari
dokunarak hissedebilir ve kullaniciya yeni bir 6§renme
deneyimi sunabilirsiniz.

The ideal way to apply loads to structures assembled with
Mola Structural Kit 2 js through the use of hands. This way,
it is possible to feel the structures through touch, providing
the user with a new learning experience.

hY
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WHAT'S IN THE BOX
@ @ @
@ @ @
@ @ @

@ @ @
@ @ @

»
%
%




a m oo m e 0 om0 a8 0 0N
| | \ | \
; , |

| | | |
| | | |

” , ,_ ,; ,4 A
Littt iiLtiti

o o o0 0 oo oo omoaa L

i{:\ilitiLiLt

i
w

|
|
m
m

15



16

KONSOL

CANTILEVER
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Konsol, uclarindan birinin bagka herhangi bir eleman

tarafindan desteklenmedigi yapisal bir eleman olarak
tanimlanir. Bu ¢dziim, catilar, tente sistemleri, balkonlar,
kopriiler vb. yapilarda yaygin olarak kullaniir. Ozellikleri,
binalara biiyiik gorsel hafiflik kazandirir; sanki yapilar havada
suzlllyormus gibi gérindr.

Bu tir bir ¢6zimil anlamak igin asagidaki &rnekleri monte
edin ve konsollu bir dizlem ¢ergevenin davranigini
gozlemleyin. Cergeveleri tek bir dlzlemde inceleyebilmek
icin, yapiyl diger yonde desteklemek amaciyla iki Capraz
kullanin, asagida gosterildigi gibi.

A cantilever is defined by a structural element that has
one of its ends not supported by any other component.
This solution is widely used in roofs, marquees, balconies,
bridges, etc. Its features convey great visual buoyancy
to the buildings, since they seem to float. To understand
this sort of solution, assemble the following examples and
notice the behavior of a plane frame with a cantilever. To
make it possible to analyze the frames in a single plane,
use two Diagonals to brace the structure in the other
direction, as shown below.

Dikkat edin: Bir konsol kirigin
deformasyonu sirasinda, yay spiralleri
st kisimda birbirinden uzaklasir ve
alt kisimda birbirine yaklasir; (st

kisimda gekme, alt kisimda basing CEKME

olusur. n
Bu, basit mesnetli bir kirisin o (\ \ I\
davraniginin tersidir. o W\ \ b
Note that with the deformation -

of a cantilever beam, the spring
spirals move away from one
another at the top part and move
closer to one another at the bottom
part, featuring tension at the top
and compression at the bottom.
This is the opposite behavior of a
simply supported beam.

Bu ilk 6rnekte, bir konsol kirisin kolona sabitlendigini

goriyoruz. Konsolun ucuna yiik uygulandiginda,
kiris kendiliginden edilir ve ucu asadi dogru hareket eder.
Sonug olarak, sabit wucgta, kolonun moment iletimini
karakterize eden bir dénme tepkisi olusur. Dikkat edilmelidir
ki, cercevenin Kkirigleri arasinda déonme siirekliligi yoktur; bu
nedenle konsol kirise uygulanan herhangi bir yik yalnizca
kolona iletilir. Aynmi sekilde, basit mesnetli kirise yik
uygularsak, bu ylk konsol kirise iletiimez.

In this first example, we have a cantilever beam fixed

to the column. When applying a load at the end of the
cantilever, the beam curves itself and its tip moves down.
As a result, at the fixed end, there is a reaction to rotation
that characterizes the moment transmission to the column.
Note that there is no rotation continuity between the
frame’s beams, so any load applied to the cantilever beam
is transmitted to the column only. In the same way, if we
apply a load to the simply supported beam, the load will
not be transmitted to the cantilever beam.

Bu ikinci drnekte, kiris kolona sabitlenmis olmasinin
yani sira, cerceve boyunca siireklilik de saglar. Bu
sekilde, hem kolon hem de kiris, konsola uygulanan
yikleri absorbe eder. Kuvvetlerin birden fazla yapisal
elemana dagiimina dikkat edin.

In this second example, besides being fixed to the column,
the beam provides continuity along the whole frame. In
this way, both the column and the beam will absorb the
loads applied to the cantilever. Note the distribution of the
forces to more than one structural element.

Devamli Baglanti pargasini kullanarak,
konsollu bir basit mesnetli kirigin
davranigini analiz etmek miimkiindir. Bu
durumda, kirigin kendisi donmeyi absorbe
eder ve yalnizca dikey yiki kolona iletir.
Ayni  durum, aciklk ortasina  yik
uyguladigimizda da gecerlidir: momentin
kolonlara iletilmedigine dikkat edin.

Using the Continuous Connection part, it is
possible to analyze the behavior of a simply
supported beam with a cantilever. Note that,
in this case, the beam itself absorbs the
rotation, transmitting only vertical load to the
column. The same happens when we apply a
mid-span load: notice that there is no moment
transmission to the columns.

»
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DEVAMLI KIiRIS

CONTINUOUS BEAM
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Mola Yapisal Kit 1 Kilavuzunda gosterildigi gibi, bir kirigin
davranisi mesnet kosullarina bagl olarak farklilik gosterebilir.
Devamli Kirig, ayni diizlemde birden fazla mesneti bulunan
yapillar igin yaygin olarak kullanilan bir ¢gozimdur. Bu yapisal
eleman, kirisin ikiden fazla mesnete sahip olmasi ve iki ya da
daha fazla birbirine baglh aciklik olusturmasi durumunda
karakterize edilir.

Devamli kiriglerin galisma prensibini anlamak icin yandaki
ornekleri sirasiyla inceleyiniz. Analizin tek bir diizlemde
yapilabilmesi icin, asagida gosterildigi gibi, kolonlari
sabitlemek amaciyla Ui¢ adet gapraz kullaniniz.

As shown in the Mola Structural Kit 1 Manual, a beam
can reveal different behaviors depending on its support
conditions. A Continuous Beam is a widely used solution
for structures with multiple supports in a same plane.
This structural element is thus characterized when the
beam has more than two supports, forming two or more
interconnected spans.

Assemble the sequence of examples on the side to
understand the operation of continuous beams. To make
the analysis possible in a single plane, use three Diagonals
to brace the columns, as shown below.

Basit mesnetli kirigler

(suireksiz) durumunda,
yiikler her bir agiklik
izerinde bagimsiz olarak etkili
olur. Bu ilk érnekte dikkat
edilmelidir ki, egilmeden
kaynaklanan kiris
deformasyonu bir sonraki
acikida aktariimaz.

Yapisal elemanin

surekliligi sayesinde,
kirisin egilmeden
kaynaklanan deformasyonu
diger acikiga da aktarilir. Bu
durumda, yiik bulunmayan
aciklik da yapiya uygulanan
kuvvetlerin tasinmasina
katkida bulunur. Kuvvetlerin
sistem genelinde dagildiginin
bilinmesi 6nemlidir; bu
durum, yikiin uygulandigi
acikliktaki kirig
deformasyonunu azaltir. Ayni
ylike maruz birakildiginda,
surekli kirisin sehim
miktarinin, bir 6nceki
Ornekteki basit mesnetli
kirigin sehim miktarindan
daha kiiciik oldugu
goriilmektedir.

Devamli kirigin

performansi, ug mesnet
kosullarinin degistiriimesiyle
iyilegtirilebilir. Bu uglar basit
mesnetli, ankastre ya da
konsol olarak diizenlenebilir.
Konsol mesnedin stirekli
kirisin davranisi tizerindeki
etkisine dikkat ediniz.

»
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4 A In the case of simply
supported beams
(discontinuous), the loads act
independently on each span.
Note, in this first example,
that the deformation of the
beam due to bending is not
transmitted to the next span.

4 Note that by virtue of the
continuity of the structural

element, the deformation caused
due to the bending of the beam is
transmitted to the other span. In
this case, the span without load
also contributes to the resistance
of the forces applied to the
structure. It is important to note
that the distribution of forces
throughout the system reduces
the deformation of the beam in
the span where the load is being
applied. Notice that the deflection
of the continuous beam is smaller
than the deflection of the simply
supported beam in the previous
example, when subjected to the
same load.

UL

4 ®) The performance of the
continuous beam can

be improved by altering
the support conditions of
its ends, which can be
simply supported, fixed,
or a cantilever. Notice the
influence of the cantilever
on the behavior of a
continuous beam.
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Izgara, iki veya daha fazla ydnde
diizenlenmis kiriglerden olusan ve tek
bir sistem gibi birlikte galisan yapisal
bir sistemdir. Bu ¢dziim, genis
acikliklart kapatmak icin yaygin olarak
kullanilir. Glinkd, ayni ydnde

acikhdr gecen ve birbirinden bagimsiz
calisan paralel kiriglerden olusan
geleneksel ¢coziimlerin aksine, 1zgara
sistem ytiklerin yapinin tim
elemanlarina dagitiimasini saglar.

Bu durum sistemi daha verimli ve
dolayisiyla daha hafif hale getirir.

Izgaradaki kirig agi farkl sekillerde
dizenlenebilir ve her diizenleme igin
belirli bir siniflandirma vardir; bunlar
dikdortgen, diyagonal, Giggen vb.
olarak adlandirilabilir. Biz burada
dikdortgen 1zgara sistemini
inceleyecegiz.

Izgaranin nasil calistigini anlamak icin
yandaki montaj sirasini takip ediniz.

Yapinin daha iyi analiz edilebilmesi igin,

kolonlarin tabanlarini sabitlemek
amaciyla Kése Destekleri kullaniniz.
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The grid is a structural system
composed of a mesh of beams
arranged in two or more directions,
working together as a single
system. This solution is widely used
to cover large areas, because unlike
the conventional solution of parallel
beams overcoming the span in
the same direction and working
independently of each other, the
grid system ensures that the loads
can be distributed to all elements
of the structure, making it more
efficient and consequently lighter.

The mesh of beams on a grid can
be organized in different ways,
and for each arrangement there is
a specific classification, which can
be termed rectangular, diagonal,
triangular, etc. We will analyze a
rectangular grid system.

Follow the assembly sequence on
the side to understand how the
grid works. To allow for a better
analysis of the structure, use the
Rigid Connections to fix the bases
of the columns.
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Merkezi kiriglerin deformasyonu, kendilerine
dik olan kiriglerde donmeye neden olur ve
bu kirigler merkezi kirisin deformasyonunu
g takip etme egilimindedir. Merkezi kirislerin
DY neden oldugu déniisiin daha iyi

T degderlendirilmesi igin, ilgili baglantinin Gst
kismindaki Devam Destedi parcasini Kése
Destedi ve bir gubuk ile degistiriniz; yan
taraftaki resimlerde gosterildigi gibi.

Dikey cubuk, ana kirisin kesit eksenini temsil
edecek ve hareketi parganin donisini
gosterecektir. Merkezi kirislere Ustten alta
ve alttan uste ardisik dikey yukler
uygulayarak dikey gubuklarin hareketini

_ J gbzlemleyiniz.
LA,
e
Fi DIKEY YUK ASAGIYA % 4
g VERTICAL LOAD % :
DOWNWARD .'%

A &

Izgaranin merkezi kiriginin, yukaridan asagiya
uygulanan yiklerle sematik gérinima.

Schematic view of the central beam of the
grid with loads from top to bottom.

Bu &rnekte, bagdlantilarin agirhdinin, 1zgaray!
olusturan kiriglerde noktasal yikleri temsil ettigini
diistinebiliriz. Merkezi kiriglerin yikiinun iki yonde
ana kiriglere iletildigine, ana kiriglerin ise ytki
kolonlara aktardigina dikkat ediniz. Bu sayede,
ana kiriglerin daha fazla yiik aldigi ve dolayisiyla
merkezi kiriglere gore daha biiyiik sehim yaptigi
kolayca anlagilabilir.

In this example, we can consider that

the weight of the connections represents
concentrated loads in the beams that make
up the grid. Note that the load of the central
beams is being transmitted in two directions
to the primary beams, which in turn are
transmitting the load to the columns. In
this way, it is easy to understand that the
primary beams are receiving more loads and,
therefore, have a greater deflection than the
central beams.

b

It is important to note that the central
beams, when deformed, cause rotation
in the beams perpendicular to them,
which tend to follow the deformation of
the central beam. To allow for a better
assessment of the rotation caused by
central beams, replace the Continuous
Connection part on the top of the
connection in question with a Rigid
Connection part and a Bar, as shown in
the side pictures. The vertical Bar will
represent the axis of the cross section of
the primary beam and its movement will
indicate the rotation of the part. Apply
successive vertical loads from top to
bottom and bottom to top on the center
beams and observe the movement of the
vertical Bars.

——
DIKEY YUK ASAGIYA
VERTICAL LOAD UPWARD ;i
£
3
3

=
AL '-'-'--'.'.""""--
i iy =y

Izgaranin merkezi kiriginin, alttan Gste uygulanan

yiiklerle sematik gériinimi.

Schematic view of the central beam of the
grid with loads from the bottom up.
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BURKULMA ETKILI BOYU

BUCKLING EFFECTIVE LENGTH
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Mola Yapisal Kit 1 Kilavuzunda gosterildigi
gibi, kolon, tizerine basing yiikii
uygulandiginda yan kararsizlik (burkulma)
yasayabilen bir yapisal elemandir.
Burkulmaya yol agan basing yiikiine kritik
yik denir; bu yik, kolonun inceligine
(slenderness), mesnet kosullarina ve
desteklenmemis uzunluguna bagl olarak
degisebilir.

Bu agamada, bir kolonun farkl sinir
kosullarini yani mesnetlerini degistirerek
burkulma etkisini analiz etmistik. Simdi,
kolonun desteksiz uzunlugunu dikkate
alarak analiz yapacagiz. Bu tiir bir analizin
yapilabilmesi icin, asagida gosterildigi gibi
basit mesnetli merkezi kolona sahip iki
kath bir yapi monte ediniz. Cok ince bir
kolonu simtile etmek igin iki gubuk, bir
baglanti ve dort Devam Destegi
(Continuous Connection) kullaniniz.

L = Kolon Boyu
Lb = Burkulma Etkili Boyu

As shown in the Mola Structural Kit
1 Manual, the column is a structural
element which, when subjected to
compression loads, may suffer a loss
of lateral stability called buckling. The
compression load required to cause
the buckling is called the critical load;
this load can vary according to the
slenderness of the column, its support
conditions and its unbraced length.

At that time, we analyzed the buckling
effect considering the different boundary
conditions of a column, in other words,
changing its supports. Now, we will
analyze it taking into account the
column’s unbraced length. To allow for
this sort of analysis, assemble a two-
story structure with a simply supported
central column, as shown below. To
simulate a very slender column, use
two Bars, one Connection and four
Continuous Connections.

L = Column Length
Lb = Buckling Effective Length

1 Merkezi kolona bir basing yiiki
uygulayiniz ve burkulma yiikinu

saglamak icin gereken kuvveti
gbzlemleyiniz. 1ki pimli badlantiya sahip
kolonun burkulma etkili boyunun,
geometrik boyuna esit oldugunu
unutmayiniz. Kolon boyunca herhangi bir
yan destek bulunmadigindan,
burkulmanin herhangi bir yonde meydana
gelebilecegini bilmek 6nemlidir.

Apply a compression load to the central
column and notice the force required to
achieve the buckling load. Note that the
column with the two pinned connections
has a buckling effective length equal to its

geometric length. It is important to note
that, since the column does not present
any type of lateral brace along its length,
buckling can occur in any direction.
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iki kiris ekleyerek, binanin cephe

diizleminde destekli bir kolon

olusturunuz. Basing ytikiini bir
kez daha uygulayiniz ve burkulma etkili
boyunun, kolonun geometrik boyu ile ayni
kaldigini gozlemleyiniz. Ancak, burkulma
yalnizca desteksiz diizlemde, yani cepheye
dik olan dizlemde meydana gelecektir.
Bunun nedeni, kolonun desteksiz diizlemde
burkulmasi igin gerekli yikiin, cephe
dizleminde gerekli yikten daha kiiglk
olmasidir; glinkii cephe diizleminde kolonun
desteksiz boyu yariya indirilmistir.

Add two beams, producing a braced column
in the plane of the building facade. Apply a
compression load one more time and notice
that the buckling effective length remains
the same as the geometric length of the
column. However, buckling will occur only
in the unbraced plane, i.e., in the plane
perpendicular to the facade. This is because
the load required to buckle the column in
the unbraced plane is smaller than in the
plane of the facade where the unbraced
length of the column has been halved.

Binanin iginde, cepheye dik
diizlemde Uglincu bir kirig

ekleyiniz. Basing yikinud uygulayiniz ve
kolonun burkulmasi igin gerekli kuvvetin
Onceki 6rneklere kiyasla gok daha yiiksek
oldugunu goézlemleyiniz. Dikkat ediniz ki,
kolonun desteksiz boyunu her iki ydnde
azaltarak, burkulma etkili boyunu yariya
indiriyoruz ve bdylece kritik yuki artiryoruz.

Add a third beam inside the building, in
the plane perpendicular to the facade.
Apply the compression load and feel that
the force required to buckle the column
is much higher when compared to the
previous examples. Note that, by reducing
the unbraced length of the column in both
directions, we are reducing the buckling
effective length by half and thus increasing
the critical load.
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KAFES KIRi$

TRUSSED BEAM

8x O Gergili kolonlar ve kafes kiris yapilari,
12x 7 kirigler ve kablolarin bir araya gelmesiyle
olusturulur; bu elemanlar birlikte calisarak
ax o~ yaplya ek rijitlik saglar. Bu yapisal
PIRN alternatif, kopriilerde, gatilarda, cephe

Kolona bir basing yiki uygulayiniz ve kolonun burkulma
ylikiine ulagmak igin gereken kuvveti gézlemleyiniz.
Bolim 4'teki (Burkulma Etkili Boyu) drnekte oldugu gibi,
iki pimli baglantiya sahip bir kolonun burkulma etkili
boyunun, geometrik boyuna esit oldugunu unutmayiniz.

yapilarinda, ¢ok ince kolonlara sahip
yapilarda vb. gdzlemlenebilir. Bu tiir
yapilarin davranigini daha iyi anlamak igin,
oncelikle bir gergili kolonu analiz edelim.
Cok ince bir kolon olusturmak igin ilk
ornegdin yapisini iki gubuk, bir metal kiire ve
dort devam destegi (Continuous
Connection) kullanarak monte ediniz.

Apply a compression load to the column and note the force
required to reach the column’s buckling load. As in Chapter 4
(Buckling Effective Length), note that a column with the two-
pinned connections has a buckling effective length equal to its
geometric length.

Stayed columns and trussed beam
structures are obtained from the
association of bars and cables, which
work together to add rigidity to the
structures. This structural alternative
can be observed in bridges, roofs,
facade structures, structures with
very slender columns, etc. To better
understand the behavior of this type
of structure, let’s start by analyzing
a stayed column. Assemble the
structure of the first example using
two Bars, one Connection and four
Continuous Connections to build a
very slender column.

%h\'s\,‘v\\%\\\.\\\\\w -
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Basit mesnetli kolonu gergili bir kolona

dénistiiriiniiz ve yapisal elemanin dnceki
ornegde kiyasla gok daha yiiksek bir burkulma direncine
sahip oldugunu gozlemleyiniz. Eklenen cubuklar ve
caprazlar, kolonun yatay olarak desteklenmesini saglar; bu
durum, Bo6lim 4'te gézlemlendigine benzer sekilde
gergeklesir. Yeni gubuklar, kolonun orta ytiksekliginde
destek gorevi gorir.

Turn the simply supported column into a stayed column and
feel how the structural element has a much greater buckling
resistance when compared to the previous example. The Bars
and Diagonals that were added brace the column horizontally,
similarly to what was observed in Chapter 4. The new bars act
as supports at the column’s mid-height.



Direncinin arttigini gozlemleyiniz.
Eklenen gubuklar ve caprazlar,
kolonun yatay olarak
desteklenmesini saglar; bu
durum, Boliim 4'te gozlemlendigi
gibi gergeklesir. Yeni gubuklar,
kolonun orta yiiksekliginde

When the challenge is to
overcome large spans, the
same reasoning can be used

to improve the efficiency

of the beams. To analyze a
trussed beam, we will start by
assembling a simply supported
beam. To allow for the analysis

destek gorevi goriir.

of the structure in a single
plane, use two Diagonals, as

shown in the side image.

DIKEY YUK
VERTICAL LOAD

Iki gubuk, bir metal kiire ve dért devam destedi ile bir
kiris monte ediniz. Yapinin agirhdinin neden oldugu sehimi
gozlemleyiniz; baglantinin agirhdini agikiidin ortasina
uygulanmis noktasal yiik olarak dikkate aliniz.

|
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Bir gubuk, bir metal kiire ve iki gapraz ekleyiniz ve kafes
kirigin 6nceki 6rnede kiyasla neredeyse fark edilmeyen
sehimini gézlemleyiniz. Kirigin edilme dayanimi, cubuk ve
caprazlar ile birlikte galisarak artinlmigtir. Cubuk, kirig igin
merkezi bir destek gorevi goriir; sanki kirisin acikigini
yariya indirmis gibi oluruz. Agikligin ortasina bir yik
uygulayarak yapinin rijitligini hissediniz.

Assemble a beam composed of two Bars, one Connection and
four Continuous Connections. Notice the deflection caused by the
weight of the structure - consider the weight of the Connection
as a concentrated load at mid-span.

b tearm 41512100

L

Add a Bar, a Connection and two Diagonals and notice
that the deflection displayed by the trussed beam is
inconspicuous when compared to the previous example. The
bending strength gain is added to the beam by working
together with the Bar and the Diagonals. The bar acts as
a central support for the beam; it is as if we reduce the
span of the beam in half. Apply a load at mid-span and
feel the rigidity of the structure.

Bir kafes kirigin ana elemani, yandaki resimde gosterilen
Uic boyutlu yapiya gore birden fazla yonde tasarlanabilir.

The main element of a trussed beam can be designed
in more than one direction, according to the three-
dimensional structure shown in the side image.

25
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COK ACIKLIKLI KARKAS

MULTI-SPAN FRAME
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Mola Yapisal Kit 1 Kilavuzunda sunulan diizlem cergeveler
calismasini ilerleterek, simdi ayni diizlemde birden fazla agikliga sahip
gercevenin davranisini analiz edecediz. Bu analizin yapilabilmesi igin
asadidaki yapiyi (¢ capraz kullanarak monte ediniz.

Sadece pimli badlantilardan olusan bir diizlem cercevenin kararsiz bir
yap! oldugunu gordik; clinki yatay bir yiik uygulandidinda, yapinin
stabilitesi ortadan kalkar ve yapi goker; bu durum, asagidaki resimdeki
yaplya Ornektir. Dlizlem gergeveyi kararl bir yapiya dénistirmek igin
bazi alternatifler vardir: gapraz destek sistemleri, plaka veya sisteme
kose destegi eklemek.

Ayni mantigi birden fazla agiklia sahip gergeveler igin de uygulayabiliriz.
Ancak, tiim acikliklari desteklemek zorunda olmadigimizi belirtmek
Onemlidir. Yan taraftaki montaj sirasini takip ediniz ve yalnizca bir
acikhgr destekleyerek cercevenin kararli hale geldigini gozlemleyiniz;
hangi sistemi kullanacaginiz 6nemli degildir.

Furthering the study of plane frames presented in the Mola
Structural Kit 1 Manual, we will now analyze the behavior of
a multi-span frame in the same plane. Assemble the following
structure using three Diagonals to allow for such analysis.

We have seen that a plane frame, when composed only of pinned
connections, is an unstable structure, because its stability ceases
to exist when we apply a lateral load, causing the structure to
collapse, as is the case of the structure in the image below. There
are some alternatives to transform the plane frame into a stable
structure: using bracing systems, shear walls or adding rigid
connections to the system.

We can follow this same reasoning for frames with more than one
span. However, it is important to note that it is not necessary to
brace all spans in the same frame. Assemble the sequence to the
side and notice that the structure becomes stable by bracing only
one of the spans in the frame, regardless of the system to be used.

Pimli baglantilara
sahip gok agiklikli
gergeveler, kararsiz

yapl.

Mulit-span frames
with pinned
connections,
unstable structure.

Cergevenin sag acikigina iki capraz
ekleyiniz ve yatay yuk uygulayiniz.
Sistemin, sol aciklikta herhangi bir destek

olmasa bile stabil hale geldidini
go6zlemleyiniz; yani caprazlar, yik sol acikliga
uygulanmis olsa bile, sistemin tamaminin
yatay yuklerini tagimaktan sorumludur.
Cekmeye maruz kalan diyagonal destek,
yatay yuku absorbe eder.

Add two Diagonals to the right span of
the frame and apply a horizontal load.
Note that the system becomes stable even
without any type of bracing in the left
span, i.e., the bracings are responsible
for absorbing the horizontal loads of the
system as a whole, even if the load is
applied to the left span. The diagonal
bracing that is tensioned absorbs the
horizontal load.

Capraz destekleri bir Plaka ile
degdistiriniz ve sistemin
davranisinin 6nceki 6rnede benzer
oldugunu gozlemleyiniz. Ancak burada,
duvar, yatay ylklerin emilmesinden
sorumludur; yiikiin uygulanma yénii 6nemli
degildir.

Replace the braces with a Plate and note
that the behavior of the system is similar
to that in the previous example, but here
the wall is responsible for the absorption
of the horizontal loads, regardless of the
loading direction.

Ayni durum, gercevenin bir agikligindaki

yapisal elemanlar kdse destekleri
kullandigimizda da meydana gelir.
Onceki 6rneklerle karsilastirldiginda yanal
yer dedistirmelerin gok daha biiylk oldugu
goriilmektedir; glinkii bu durumda yatay yik,
kolonlarda ve kiriste egilme olusmasina
neden olur.

The same happens when we use rigid
connections between the structural
elements in one of the spans of the frame.
Notice that the lateral displacements

are much larger when compared to the
previous examples, because, in this case,
the horizontal load causes bending in the
columns and the beam.
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EGZERSiz
EXERCISE

Ayni yapiyi farkh
caprazlama diizenleri ile
monte edin.

Assemble the same
structure with different
bracing compositions.

Qf_-_»““ll




JEODEZIK YAPILAR

GEODESICS

Jeodezik kubbeler, bir kiire igerisine gizilmis ya da kireyi gevreleyen

12x O gokyuzlilerden (polyhedron) olugan yapilardir. Genel olarak, birbirine
o 30X mwwmn baglanan gubuklardan (dogru pargalart) meydana gelirler ve yiizeylerini diiz
" gokgenler olusturur. Geometrik &zellikleri sayesinde jeodezik kubbe gok hafif

o e bir tasiyici sistemdir ve genis alanlarin ortiilmesi icin idealdir.

Jeodezikleri pratik olarak anlamak icin bazi gokytzlilerin davraniglarini
inceleyecegdiz. Cokytzliiler farkh diizlemsel gokgenlerden olusabilir, gesitli
konfiglirasyonlar sergileyebilir; yeter ki kapall bir hacim meydana getirsinler.
Asadida gosterilen yapilari birlestirin ve eskenar lcgenlerden olusan (g
diizgiin gokyiizliintin (diizenli polyhedron) rijitligini gézlemleyin.

Unutmayin: Bu yapilar yalnizca tamamen monte edildiklerinde kararhlik
kazanirlar. Gubuklardan birini gikarirsaniz yapi géker.

Jeodezi hakkinda daha

fazla bilgi edinmek icin R.

Buckminster Fuller'in

binalarini ve yayinlarini

arayin.

To learn more about
geodesics, search for
buildings and publications
by R. Buckminster Fuller.

Uc cubuk ve {ic metal kiire Eskenar licgenden bir iki kare tabanl piramidi
elemani kullanarak bir eskenar tetrahedron olusturmak birlestirerek bir oktahedron
¢gen olusturun. lic cubuk ve bir metal kiire olusturun.
Ucgenin, yalnizca mafsall elemani ekleyin.
baglantilardan olugsa bile, Attach two square-based
kararl bir yapi oldugunu Add three Bars and one pyramids and assemble an
gozlemleyin. Connection to build a octahedron.
tetrahedron from the
Assemble an equilateral triangle equilateral triangle.

with three Bars and three

Connections. Notice that the /‘\
triangle is a stable structure, Ngx
even if it consists only of pinned o
connections.
’ 2 K. '*
3% . = -
; 1: \. :
(™ <« .‘\
- A
i %S ) &
o 5 N
4 I [ d L] - -~
ESKENAR UGGEN TETRAHEDRON OKTAHEDRON
Esit kenarlara sahip, kararli bir 4 yiizey (eskenar liggenler) 8 ylizey (egkenar liggenler)
gokgendir. 4 kose (metal kire) 6 kdse (metal kire)
EQUILATERAL TRIANGLE 6 kenar (cubuklar) 12 kenar (gubuklar)
Stable polygon with equal sides. TETRAHEDRON OCTAHEDRON
4 faces (equilateral triangles) 8 faces (equilateral triangles)
4 vertices (connections) 6 vertices (connections)

6 edges (bars) 12 edges (bars)
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The geodesic domes are structures made of polyhedra inscribed or
circumscribed into a sphere. In general, they are built with interconnected
bars (straight segments), forming flat polygons that make up their
surfaces. Its geometric characteristics make the geodesic a very light
structural system which is ideal for covering large areas.

To understand the geodesics in a practical way, we will analyze the
behavior of some polyhedra. Polyhedra can be composed of different
plane polygons, presenting several configurations, as long as they form
a closed volume. Assemble the structures shown below and notice the
rigidity of the three regular polyhedra formed by equilateral triangles.

Note that these structures only gain stability after they are fully
assembled. I you remove one of the bars, the structure will collapse.

Asadida belirtilen siray
takip ederek bir ikosahedron
(20 yiizlG) olusturun.

Follow the sequence detailed
below to assemble an
icosahedron.

Ikosahedron, diizgiin cokyiizliiler arasinda en kiiresel
olani olarak kabul edilir ve bu nedenle jeodezik
kubbelerin biiyiik gogunlugunun temelini olusturur.
Sekli sayesinde, liggen ylizeylerini daha kiigik
Uggenlere bélmek miimkiindiir; béylece giderek
daha kiiresel kubbeler elde edilir. Bu bdlme islemine
frekans (V) denir; frekans ne kadar yiiksek olursa,
jeodezik kubbenin yiizey sayisi da o kadar artar.

iKOSAHEDRON

20 ylizey (eskenar lggenler)
12 kdse (metal kiire)

30 kenar (gubuklar)

ICOSAHEDRON

20 faces (equilateral triangles)
12 vertices (connections)

30 edges (bars)

The icosahedron is considered the most spherical
of regular polyhedra and, as such, it is the base
for the creation of the vast majority of geodesic
domes. From its shape, it is possible to divide its
triangular faces into smaller triangles, thereby
creating increasingly spherical domes. This division
is known as frequency (V), that is, the larger the
frequency, the greater the number of faces of a
geodesic dome.

v 2V N\, EA AN
1 2
SRVAVAVAN
FREKANS 1 FREKANS 2 FREKANS 3
FREQUENCY 1 FREQUENCY 2 FREQUENCY 3
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UYGULAMA!

PRACTICE!

Bu kilavuzda, kendi basiniza insa edip test
etmeniz icin bir dizi yapisal sistem érnegi bir
araya getirilmistir. Bu érnekleri tanimlarken ve
aciklarken amacimiz, sunulan problemlere
nihai ¢éziimler vermek degil; bagimsiz, dinamik
ve arastirmaci bir sekilde ¢alisma yontemini
onermektir. Buradaki temel fikir, kendi
arastirmalannizi ve yapisal ¢oziimlerinizi
gelistirebilmeniz igin gerekli temel kavramlan
gostermek olmustur.

iste Mola ile yapilabilecek diger
egzersiz onerileri:

2> Mevcut binalanin yapisal
sistemlerini yeniden olusturun.

- Aynm mimari formlar ic¢in farkh
yapisal alternatifler deneyin.

- Projeyi tasarlama siirecinin bir
parcasi olarak deneysel calismalar
gelistirin ve incelemekte oldugunuz
yapinin davranisini aninda simiile
edin.

-~ Benimsenen yapisal ¢6ziimii optimize
edin ve deneme-yaniima yoluyla,
belirli bir yapisal sistemin kararlhihg:
icin hangi elemanlarin gerekli
oldugunu kesfedin.

- Mola 2 ve Mola 1 parcalarini birlestirerek pek
cok farkli yapi olusturun.

Mola Structural Kit 2 ile harika deneyimler
yasamaya devam edin ve bunlan #molamodel
etiketiyle bizimle paylasin.

We’ve put together in this manual a series
of examples of structural systems to
invite you to build and test 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 you basic concepts
required so that you can develop your
own research and structural solutions.

Here are other 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, discovering, through trial and
error, what elements are essential for
the stability of a particular structural
system.

-> Combine Mola 2 and Mola 1 parts to
create many other structures.

Go on to have great experiences with
your Mola Structural Kit 2 and share

them with us using #molamodel.
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