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CONE

Proponuje¢ zaja¢ si¢ tylko jednym z problemow architektury, to jest konstrukcja, ale nieco
inaczej niz to si¢ zwykto robic.

Przejdzmy przez dzieje architektury, aby wytawiajac zasadniczy sens kolejnych osia-
gnie¢ technicznej kultury budowania, sprobowaé wytyczy¢ nastgpny krok, ktéry dopiero be-
dzie musiat by¢ zrobiony.

Konstrukcja budowlana ma i miata zawsze jako zasadnicze cele:

— przekrywanie przestrzeni dla funkcji przebywania i

— wykonywanie pomostéw dla funkcji przemieszczania.

Sama za$ architektura przy takim podejsciu do tematu stanowi — SPOSOB podziatu

przestrzeni.

Jaskinia Mamutowa w Wyzynie Olkuskiej — Polska.

Pierwotny cztowiek wykorzystywal dla swych potrzeb zyciowych istniejace uktady natu-
ralne — to jest konstrukcje stworzone przez nature.

Takie naturalne konstrukcje mialy ograniczong przydatno$¢ i zmusity czlowieka do dzia-
fania. Ustawit wigc kiedys — po raz pierwszy — oderwany przedmiot naturalny i stworzyt
nowg funkcje. Duze ko$ci zabitego zwierza, pien drzewa lub blok skalny oparty o uskok tere-
nu lub polozony nad zaglebieniem terenu podzielil przestrzen — na zewnetrzng — po ktorej
mozna bylo wygodniej si¢ porusza¢ oraz — na wewnetrzng — w ktdrej mozna bylo bez-
pieczniej przebywac.
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Stonehenge (epoka neolitu i brazu).

Burren National Park — Irlandia.

Byl to niewatpliwie pierwszy krok na bogatej drodze rozwoju mysli konstrukcyjnej bu-
dowania, wystarczyt 6wczesnemu cztowiekowi na cate pokolenia i przez wiele tysiacleci
rozwigzanie to byto tylko doskonalone.

Cata architektura Egiptu faraonoéw, cata architektura starozytnej Grecji i znaczna czg$§¢
architektury Rzymu cezaréw nie wniosty nic nowego do tej zasadniczej mysli konstrukcyjne;.
Zawsze byto to ukladanie podtuznych elementéw naturalnych — stupoéw i belek na sobie.

12



Grecja, Ateny, Partenon (wybudowany w okresie od 444 p.n.e. do 432 p.n.e.).

W ktéorym$§ momencie dziejow cztowiek podpatrzyt nastepng konstrukcyjng wiasciwosé
przedmiotdéw natury. Spostrzegt on, ze pewna ilo$¢ luznych elementow moze ze sobg wspot-
pracowac na znacznie innych zasadach — elementy nie musza by¢ uktadane tylko pionowo 1
poziomo, aby stanowily prawidtowy, to jest statyczny, niewalacy si¢ uktad konstrukcyjny.
Mysl ta wywodzita si¢ z pierwotnej formy dotychczas niedocenianej — skos$nie opartego
elementu naturalnego na uskoku terenowym i pozniej jedynie przeksztalconej w dwa skosnie
0 siebie oparte elementy.
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Genialnos¢ odkrycia polegata na spostrzezeniu, ze jezeli takie dwa oparte o siebie ele-
menty rozchylimy w miejscu, w ktorym si¢ one stykajg i wlozymy tam migdzy nie trzeci ele-
ment, to cata konstrukcja bedzie nadal trwata, bedzie stabilna.

Odkrycie mozliwosci przekrycia przestrzeni elementami o mniejszych wymiarach od
rozpietosci konstrukeji, to jest odkrycie konstrukcji tuku — byto kolejnym krokiem. Pamigtac
nalezy, ze dotychczasowa belka przekrywajaca przestrzen musiata by¢ dtuzsza, od odlegtosci
zawartej migdzy punktami jej podparcia.

Algeria - Djemila - 1984.06.04
Marian Sokotowski

Algeria, Djemila, tuki w wykonaniu Rzymian (zna¢ skutki trzgsienia ziemi).
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I znow to osiggnigcie — konstrukcja tuku — wystarczylo cztowiekowi na bardzo dtugo
— bylo przezen znéw tylko doskonalone. Dziato si¢ tak przez okres architektury pozno-
rzymskiej i przez cala architekture romanska. Ta ostatnia zreszta zdotata jedynie przenies$é
przez mrok 6wczesnych ponurych dziejow dotychczasowe odkrycia konstrukcyjne — belke,
stup 1 tuk — nic do nich nie wnoszac, a nawet, jak o tym $wiadczg przyktady, byly one
znacznie mniej umiejetnie stosowane.

Italia, Asyz, bazylika i klasztor §wigtego Franciszka (XIII wiek).

Na skutek tendencji do tworzenia coraz lzejszych konstrukcji, poprzez stosowanie ele-
mentow o coraz mniejszych wymiarach zaczely si¢ rodzi¢ nowe trudno$ci. O ile realizujac
konstrukcje dostatecznie grube i tym samym mocne mozna bylo przypuszczaé, ze istnieja
tylko pionowe oddziatywania elementéw na siebie, to przy konstrukcjach sktadajacych si¢ ze
sklepien opartych na smuktych podporach daty o sobie zna¢ parcia odchylone od pionu. Za-
pewne zdarzaly si¢ zawalenia konstrukcji, ktore zmusily cztowieka do dokonania nastgpnego
kroku w rozwoju mysli konstrukcyjnej. Powstata przypora — forma elementu dostatecznie
przeciwdziatajacego tym sitom sko$nym. Rozwigzanie to w miar¢ czasu zmieniato si¢, przyj-
mujac kolejno coraz doskonalsza forme — najpierw wystarczajgco szerokich podpor skraj-
nych, potem skarpy i wreszcie tuku oporowego. Te zasady konstrukcyjne krolowaly przez
znaczng cz¢$¢ dziejow romanskiej architektury 1 przez catg architekture gotycka.
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Holandia, Utrecht, ko$ciot De Dom (1254 — 1517).

Nieco po6zniej niz sity odchylone od pionu zwrdcity na siebie uwage tak zwane sity §ci-
najace. Kazdy tuk, sklepienie, czy koputa — o ile byty tatwe do wykonania i bardzo trwate w
swej czesci dolnej zblizonej do pionu, o tyle w swej czgsci gornej zblizonej do poziomu byly
bardzo trudne do wykonania 1 znacznie mniej trwale. Stosunkowo ptasko zestawiane mate
elementy nie miaty powodu do wystarczajqcego wzajemnego wspolpracowama 1 przy plerw-
szej okazji spowodowanej przecigzeniem nastqpowalo peknigcie — s01¢c1e konstrukcji — i
cate fragmenty konstrukcji spadaly w dot. Gorne czgsci tukdw, sklepien i koput okazywaty si¢
zastraszajaco podatne na zniszczenie. Tylko nielicznym mistrzom udawato si¢ trwale zaskle-
pi¢ gorng czes¢ koputy, totez architektura przyjeta zasade zostawiania otworu w szczycie ko-
puty. Rozwigzanie to byto nawet bardziej efektowne, gdyz umozliwiato dostawanie si¢ §wia-
tla stonecznego do wnetrza. Najlepszym tego przyktadem jest rzymski Panteon.
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Rzym, Panteon (ufundowany przez cesarza Hadriana w 125 r.n.e.)
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Problem sit §cinajagcych wystepujacych szczegdlnie wyraznie w gornej czesci konstrukeji
lukowych nadal pozostawat nierozwigzany. Wielu jednak musiatlo wpatrywaé si¢ w czasie
budowania w te trwate pierwsze odcinki tuku i szuka¢ odpowiedzi na to, jak pokona¢ t¢ naj-
trudniejsza gorna czgs¢ tuku. Az wreszcie kto$ genialnie wypatrzyl, ze wcale nie trzeba wy-
konywac tej gornej czgsci tuku, lecz nalezy dla zwarcia — zamkniecia tuku — te dwie moc-
ne, zblizone do pionu czesci tuku przysungé¢ do siebie, az si¢ oprg wzajemnie 0 siebie.

Tak zapewne powstat dobrze znany ostry tuk — stanowiacy, poza przypora, drugg zasa-
de gotyku. Teraz juz wykonywanie duzych otwordw w $cianach, a zwlaszcza $§miatych skle-
pien doszto do perfekcji, tym bardziej ze gdzie§ w tym samym czasie wymys$lono zasade tak
zwanego zwornika w tuku — ktéry wykonany z duzego bloku kamiennego, wstawianego na
szczycie tuku, czy sklepienia, swym duzym ci¢zarem klinowat konstrukcje¢, czynigc jg bardzo
mocng i trwala. Genialnos$¢ i finezja konstrukcji gotyckiej byta tak wielka, ze starczylto jej na
kilka wiekow iumozliwita zbudowanie wielu wspaniatych pomnikéw architektury. Potem
nawet w renesansie role zwornika spelniata tak zwana latarnia wykonywana nad otworem
koputy.
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Gotyk, ostry tuk, a w nim rozeta ptomienna.
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Sklepienie krzyzowo-zebrowe ze zwornikiem,
Francja, Chateau de Queribus — 1020 rok.

Osobiscie podejrzewam, ze kolejny krok w rozwoju mysli konstrukcyjnej wywodzi si¢
Z popetnianych btedow, badZz nawet z mniejszych umiejetnosci kolejnych budowniczych.
Wydaje sie, ze czasem zbyt $miate konstrukcje gotyckie musiaty grozi¢ zawaleniem i wOw-
czas musiano sobie radzi¢ w sposob uwtaczajacy idei konstrukcji gotyckiej — wzmacniano
takie tuki stalowymi pretami taczacymi oba punkty podparcia tuku; spinajac ja w ten sposob,
ratowano konstrukcje przed niechybnym zniszczeniem. Moze nawet niekiedy mniej pewny
siebie budowniczy od razu zaktadat $ciggi stalowe u podstawy tukoéw wznoszonego obiektu,
zwlaszcza gdy z jakich§ wzgledéw musiat postugiwac si¢ gorszym budulcem.

Z czasem zauwazono, ze za cen¢ do$¢ niewidocznego $ciagajacego stalowego preta,
mozna uzyska¢ konstrukcje o bardzo lekkim wyrazie architektonicznym — tak powstata ar-
chitektura renesansu, ktorej wspaniatym przyktadem jest Loggia dei Lanzi we Florencji, a w
Polsce kruzganki na Wawelu.
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Krakow, kruzganki na Wawelu (1501 — 1548).
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W tak niepozorny sposéb dokonano kolejnego kroku w rozwoju mysli konstrukcyjne;,
ktéry stat si¢ punktem przetomowym i podzielit konstruowanie budowli niemal na dwie ery
— ta druga, wowczas zaczgta, trwa do dzis.

Przetom ten spowodowato praktyczne wykorzystanie wytrzymato$ci materiatu na rozcia-
ganie. Wszak cata dotychczasowa tradycja konstruowania budowli bazowata jedynie na wy-
trzymatosci materiatu na Sciskanie.

Przez barok, rokoko i neoklasycyzm nie pojawilo si¢ nic nowego w teorii konstruowania.
Dopiero zrodzone zainteresowanie kultura antyczng, poza wielorakim oddziatywaniem na
sztuke, wytworzylo przestanki do rozwigzania problemu trwatosci konstrukcji. Zafascynowa-
nie niezniszczalnos$cia piramid i $wigtyn egipskich, szacunek dla architektury Grekéw i Rzy-
mian, wreszcie docenienie trwatosci $redniowiecznych budowli obronnych — wszystko to
musiato powodowac refleksje natury konstrukcyjnej.

Eqgipt, piramidy w Gizeh.

Coraz bardziej oczywiste stawalo sig, ze przetrwa¢ wieki moga tylko konstrukcje posia-
dajace olbrzymie zapasy wytrzymatosci i konstrukcje bardzo statyczne, to jest niculegajace
najmniejszym odksztalceniom przestrzennym, wykonane z materiatlow o duzej odpornosci na
niszczace dziatanie spowodowane tak zwanym zebem czasu, moggace sprosta¢ olbrzymim
obcigzeniom dynamicznym (np. uderzenie pocisku). Za osiggniecie tych wilasciwosci we
wznoszonych konstrukcjach trzeba byto ptaci¢ olbrzymi haracz — przejawiajacy si¢ uzyciem
duzych ilosci srodkéw materialnych.

Dylemat mi¢dzy pozadanym czasem trwania budowli, a potrzebg jej taniosci byt zawsze
na przestrzeni dziejow 1 jest nadal jednym z podstawowych probleméw budowania. W rdz-
nym stopniu udawato si¢ i udaje obecnie pogodzi¢ te kardynalne sprzecznosci. Obserwujemy,
ze cztowiek godzi si¢ na wyjatkowa nawet nietrwatos¢ budowli, aby tylko zabezpieczy¢ do-
razne potrzeby dnia biezacego, i jednoczesnie nieobce s3 mu marzenia o zostawieniu po sobie
dziet trwatych. Przyktadem tego jest monumentalizm w architekturze.
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Rzym, Watykan, Bazylika §w. Piotra (1506 — 1626).

Zapamigtajmy te tendencje, gdyz beda one stanowi¢ pierwsza przestanke dla dalszych
rozwazan.

Tymczasem jednak w dziejach §wiata ekonomia odniesiona do wszystkiego zaczg¢ta od-
grywac¢ podstawowa role. Prowadzona wszechstronna i gleboka penetracja probleméw kon-
strukcji byta mozliwa dzigki ogromnemu rozwojowi wiedzy.

Wykryto 1 zbadano prawa rzadzace zachowaniem si¢ konstrukcji. Lad i logika zawarta
W tych prawach, przy wiasciwym ich wydobyciu i zastosowaniu we wznoszonych obiektach
unaocznity swe pigkno.

Stad zrodzito si¢ pojgcie, ze architektura to tylko konstrukcja — i znéw na liczacy si¢
okres czasu zapanowala taka tendencja we wznoszeniu obiektow, a caty ten okres zostal na-
zwany konstruktywizmem i panowat w latach dwudziestych i trzydziestych XX wieku.

Bo tez wiedza 1 $rodki, jakimi zaczal dysponowac konstruktor i architekt, byly imponuja-
ce.

Stwierdzenie znacznie wyzszych wytrzymatos$ci na rozcigganie niz na $ciskanie wielu
materiatow, zwlaszcza przy rozszyfrowaniu najbardziej groznych zjawisk, jakimi sa wybo-
czenie i skrecanie, wystepujace tylko w pretach $ciskanych, a nigdy w rozcigganych — zafa-
scynowaly do tego stopnia konstruktorow 1 architektow, ze nawet w pewnym okresie widzia-
no w preferencji sit rozciggajacych jedyne i najwlasciwsze rozwigzanie probleméw konstruk-
cyjnych. Dowodem takiego myslenia sa mosty wiszace, czy przekrycia wiszace.
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Seto Ohashi, Japonia (1978 — 1988).

Zasada dachu wiszacego.
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Powstaly nawet tak obrazoburcze rozwigzania konstrukcyjne, ktére zaprzeczyly mnie-
maniu, ze w prawidtowej konstrukcji pret Sciskany musi przekazywaé swe obcigzenie na inny
pret Sciskany. Wprawdzie nigdzie dotychczas nie zastosowano tego, jednak Japonczycy juz w
latach piecdziesigtych ubiegltego wieku skonstruowali swoisty stup sktadajacy si¢ w zasadzie
Z samych pretow rozcigganych, gdyz prety Sciskane, bedace w znakomitej mniejszosci, sta-
nowig jedynie rodzaj rozpar¢.

Nazwijmy to ASTAT.
Kazdy bambus, przenoszacy obcigzenia $ciskane, taczy si¢ z innym bambusem za posrednictwem
czterech sznurkéw — odciggdow. Catos¢ stanowi sztywna konstrukcje.
Skonstruowat M. C. Sokotowski w Algerze w 1984 roku.

Te wlasnie faze¢ rozwoju mysli konstruktorskiej zapamigtajmy jako druga przestanke do
dalszych rozwazan.

Prowadzone poszukiwania odkryly wyjatkowo duza no$no$¢ powierzchni fatdowych
oraz krzywych, zwlaszcza nierozwijalnych, to jest takich, na powierzchni ktorych nie lezy
zadna linia prosta, lecz sg te powierzchnie utworzone przez obrot linii krzywej lub przez prze-
suniecie jednej linii krzywej po innej linii krzywe;.

Klasycznym tego przyktadem jest u§wigcona juz wytrzymatos¢ skorupki jajka.
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Zmienno-uzytkowa hala zaprojektowana przez Oscar’a Niemeyer’a w Algerze.
Idea oparta na ksztatcie kropli ptynu i jej napigciach powierzchniowych.

Wilasnie te niewspdtmiernie wzrastajagce mozliwosci uzyskiwane przez nadanie pewnych
ksztattow powierzchniom niech stanowig trzecig przestanke do dalszych rozwazan.

W gaszczu tych wszystkich osiggniec i problemow jeszcze jeden jest godny podkreslenia
— 1 to jako czwarta przestanka.

Mam na mys$li wstgpne sprezanie konstrukcji. Sprowadza si¢ ono do wykorzystania
dwoch zjawisk. Pierwsze to spostrzezenie, ze luzno ustawione obok siebie elementy kon-
strukcyjne nie stanowia zadnego ustroju, ktory by mozna obcigzy¢. Wystarczy jednak prze-
prowadzi¢ przez nie strung, naprezy¢ ja tak by zwarla ze sobg dotychczas luzne elementy, aby
otrzymac belk¢ o imponujacej wytrzymatos$ci.

Drugie zjawisko polega na tym, ze $ciskany, badz zginany pret przed zniszczeniem na
skutek obcigzenia ugina si¢. Nazwano to wyboczeniem. Wystarczy wiec spowodowac wstep-
ne ugigcie takiej belki, ale w strong przeciwng niz to wystepuje w czasie pracy danej belki.
Takie wstgpne ugigcie mozna uzyskaé poprzez sprezenie struny umieszczonej i zakotwionej
w dole przekroju belki. Element tak wstepnie sprezony, po obcigzeniu go, wroci najpierw do
stanu bez ugiecia. To wstepne sprezenie znacznie podnosi wytrzymatos¢ ustroju.

Jako asumpt do konieczno$ci prowadzenia dalszych rozwazan, badz ich duzych szans
powodzenia, niech mi wolno bedzie zwroci¢ uwage na pare faktow.

Pierwszy. Jak dotychczas konstrukcja budowlana jest rozpatrywana w aspektach jej wia-
sciwosci statycznych — krotko okreslajagc problem — jest nieruchoma, bierna. Konstrukcje
pojazdow i maszyn wprawdzie dawno ozyly, jednak nie ten rodzaj ich wewnetrznego ozywie-
nia mnie frapuje.

Drugi. Problem czasu znoéw musi da¢ zna¢ o sobie. Kazda konstrukcja projektowana jest
na teoretycznie okreslone obcigzenie. Pierwszym przeciwnikiem konstrukcji jest parcie wody,
zjawisko tak oczywiste, ze nie wypada go szerzej opisywac.

A przeciez jakze bardziej wyrafinowanym przeciwnikiem konstrukcji jest wiatr. Mozna
by si¢ nawet zastanawiaé, ktory z tych przeciwnikoéw jest grozniejszy — wiatr, czy woda —
gdyby sam cztowiek ich nie zdystansowatl, 1 to wielokrotnie. Nie ma bowiem takiej wytrzy-
malosci skonstruowanego przez jednego cztowieka obiektu, by drugi cztowiek nie wymyslil,
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a zwlaszcza by nie byt w stanie zrealizowac obcigzenia niszczacego ten obiekt. Cata era forty-
fikacji i pokonywania ich jest widomym tego przyktadem.

Gdyby nawet wyeliminowa¢ z ludzkiej mentalnosci cheé niszczenia, to nie wyeliminu-
jemy inie powinniSmy wyeliminowac¢ tej drugiej, pozytywnej mentalnosci polegajacej na
tym, ze czlowiek sam nie wie, czego jeszcze zapragnie.

Odkryjmy tu jeszcze jedng stron¢ problemu wytrzymalosci konstrukeji, ktora tez staje si¢
asumptem do koniecznosci dalszych rozwazan.

Cztowiek zaczat kalkulowaé, koncypowaé¢, w wyniku czego zrodzity mu si¢ w mrocznych za-
kamarkach §wiadomos$ci pomysty pewnych sztuczek formalnych, ktore sg bardzo bliskie zon-
glowaniu zyciem ludzkim; i w dodatku wszystko to w $§wietle chronigcego autorytetu prawa
czy etyki zawodowe;j.

Opowiadal nam nauczyciel w roku 1955, ze kilkadziesiat lat temu oficjalnie rozwazano,
ze jezeli w wyniku niedajacego si¢ przewidzie¢ zawalenia konstrukcji, na przyktad hali prze-
mystowej, zginie par¢ 0sob, to jakze frapujace zawsze beda oszczgdnosci kapitatu powstate w
wyniku takich dywagacji.

Podejécie takie miato jednak pewien dos¢ istotny mankament — zal byto i tego kapitatu,
ktory przepadat wraz z zawalonym obiektem. Sprawe rozwigzano wymyslajac ubezpieczenie
pieni¢zne, ktore idealnie rozwigzato interesy tych pierwszych i innych poszkodowanych.

Teraz, gdy doszto do stawnej katastrofy wiszacego mostu, tragedie skwapliwie filmowa-
no, nikt si¢ nie przejmowal, gdyz sumy wyptacone z ubezpieczenia dla spotki eksploatujacej
obiekt byly catkiem interesujace. A ze tam par¢ osob spadlo z samochodami do wody... —
zapewne ich rodziny wzigly tez godne uwagi sumy z towarzystw ubezpieczeniowych.

Dylemat moralny zawarty w ubezpieczeniach pokryta patyna wielu lat i raczej dziwiliby-
$my sie, gdyby ubezpieczen jeszcze nie bylo.

Gdyby chociaz rownie skwapliwie i1 skutecznie przeksztalcato si¢ mentalno$¢ ludzka, aby
coraz mniej prawdopodobna stawata si¢ ta godzina ,,X”, w ktorej czlowiek znow zechce nisz-
czy¢.

USA, Nowy Jork, World Trade Center — 11 wrze$nia 2001 roku.
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Kazdego dnia zachodzi nadal konieczno$¢ wyboru i1 decyzji, tym bardziej istotna im bar-
dziej odpowiedzialna konstrukcja — czy zaktadaé, ze obiekt moze zawali¢ si¢ pod obcia}Ze-
niem wyste;puj gcym raz na sto lat i przyjmowac wspolczynnlk bezpleczenstwa mniejszy, czy
tez nalezy mie¢ troch¢ wiecej wyobrazni 1 mitosierdzia — i przyjaé wspotczynnik bezpie-
czenstwa wiekszy.

Dylemat ten nie da si¢ rozwigza¢ w obecnych kategoriach rozumienia konstrukcji — ro-
zumienia STATYCZNEGQO, to jest biernego, czekajacego, majacego mozliwosci w znacznej
czegsci za duze w pordwnaniu z potrzebami codziennymi, a rownocze$nie za mate w porow-
naniu z krytyczna sytuacja chwili.

Prowadzony przeze mnie konsekwentnie, od poczatku tej wypowiedzi, typ rozwazan —
wykazywania krokow dokonanych przez technike budowania w czasie historii ludzkosci —
o$miela do postawienia tezy o nowym spojrzeniu na konstrukcje oraz podjg¢cia proby odpo-
wiedzenia na nig.

Ta — tak bardzo istotna sktadowa architektury nie moze by¢ nadal statyczng — to jest
tak beznadziejnie bierng i oboj¢tng na to, co si¢ z nig dzieje.

Rozwoj nauk, a na ich tle rozwdj réznych rozwigzan technicznych oraz state wykrywanie
nowych i coraz bardziej zaskakujacych wlasciwos$ci materii — stwarzajg warunki do nowych
rozwiazan, do nowych propozycji, do $miatej wizji przysztosci.

Wyobrazmy sobie dla przyktadu najprostszy element konstrukcyjny — to jest belke pod-
parta w dwoch punktach. Wystarczy takiej belce da¢ trzecig podpor¢ ruchoma, mogaca si¢
przesuwa¢ wzdhuz dtugosci belki — aby powstata zupelnie nowa warto§¢ — nigdy dotad nie
rozpatrywana w dziejach konstruowania budowlanego, bo w tym ujeciu absurdalna.

GdybySmy zapewnili takiej trzeciej podporze zdolno$¢ przesuwania si¢ stale w miejsce
maksymalnego obciazenia skupionego — belka taka mogtaby by¢ niewspotmiernie 1zejsza —
a co najwazniejsze — bylaby teoretycznie niezniszczalna.

Skomplikujmy nieco zagadnienie — wezmy element wstepnie spr¢zony — ale skonstru-
ujmy go tak, aby byt zdolny sprezy¢ si¢ samodzielnie, lub chociaz aby mogt by¢ sprezony
przez inne czynniki wtedy, gdy zajdzie tego potrzeba — to jest gdy wystapig krytyczne obcig-
zenia; w pozostalym okresie czasu niech juz bedzie mu wolno pracowaé swymi statycznymi
wlasciwos$ciami.

Inny przyktad — zastosujmy materiat o zmiennych wiasciwosciach mechanicznych wy-
stepujacych pod dziataniem — przypusémy, pola elektrycznego — i wigczajmy, uruchamiaj-
my te dodatkowe wtasciwosci w miare potrzeby.

Dot6zmy do tego cate dobrodziejstwo mozliwosci, jakie przed nami otwiera automatyka
potrafigca sterowaé znacznie bardziej ztozonymi procesami niz te, ktdre wystepuja w czasie
pracy takiej konstrukcji; dotozmy do tego nadal niewykorzystane mozliwosci elektronicznych
systemow przetwarzania informacji (to nazwa sprzed pigédziesigciu lat przeciez). ..

Innymi stowy sprobujmy wyrwac¢ konstrukcje z odretwienia, 1 cho¢ moze nigdy nie uda
si¢ nam jej ozywic, to przynajmniej niech nabierze cech zycia.

Jedna z nielicznych dziedzin — konstrukcja — musi by¢ w statej gotowosci bojowej i na
kazdym odcinku natarcia. Jest to moze nieistotne przy matych obiektach 1 przy niskiej cenie
materiatow, ale przy rozpatrywaniu wielkich liczb przysztosci — istota rzeczy jest bardziej
Znamienna.

Moze w rozwoju takiego spojrzenia na konstrukcje nalezy upatrywac¢ nast¢pnego kroku
w problematyce konstrukcji budowlanej?

Takie pytanie pozwalam sobie postawi¢ przed zarliwoscig mtodych umystow.

*
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Wyobrazmy sobie zwykla tyczke od zwyktego namiotu i jezeli chcemy oddac¢ tylko istote
konstrukcyjna, to zamiast namiotu nalezy na czubku tyczki zaczepi¢ trzy sznurki, sznurki te
mocujemy $ledziami w trawie z trzech stron, napinamy — i jedna z najbardziej optymalnych
konstrukcji stoi przed nami.

Wiasciwie jest to optymalna konstrukcja (jak dotychczas), a pisz¢ — jedna z najbardziej
optymalnych — pisze nawet — jak dotychczas... Wlasnie. Caly czas przeczuwam te jeszcze
lepsza, juz ja niemal widzg, nawet mam — caly czas czuj¢ jednak, ze jeszcze co$ nie tak, ze
co$ trzeba inaczej... Na czym to nieodkryte COS polega?!

Co w takiej podstawowej konstrukcji datoby si¢ skrytykowaé i w konsekwencji popra-
wic?

Tyczka jest cienka i wiotka. Przy wiekszym obcigzeniu zegnie si¢ jak ramiona tuku strze-
leckiego 1 ztamie si¢. Jest to staby punkt godny ulepszenia.

Faktem jest, ze jezeli ustawimy najprostszy namiot, z jednym masztem posrodku, o stoz-
kowym ksztalcie ptociennego dachu, to uzyskujemy konstrukcj¢ znacznie ciekawsza od po-
przedniej i jakze niewspotmiernie mocniejsza. Pokazata si¢ tu bowiem w catej krasie kon-
strukcyjna istota napietej btony.

Nalezy niezwlocznie rzuci¢ snop §wiatta — na stozek namiotowej btony. Ksztatt stozka
nadaje konstrukcji ogromng no$nos¢. Nie watpimy w imponujaco duzg no$nos¢ naciggnietej
btony stozka namiotu — a wigc btona stozkowa moze by¢ bardzo dobrze pracujacym na roz-
cigganie ustrojem i to obojetnym na nawet znaczne odchylenia dziatania sity rozciagajace;j.

Okazuje sie, ze i przy Sciskaniu powierzchnia stozkowa jest rowniez bardzo interesujaca.
Wprawdzie wierzchotek stosunkowo tatwo ulegnie zmiazdzeniu, ale przeciez w obu przypad-
kach — $ciskania i rozciggania — mozemy postugiwac si¢ powierzchnig stozkowa o Scigtym
wierzchotku.

Takie podejscie wymaga wprowadzenia nowego elementu — to jest pierScienia. Pierscien,
znow idealnie, moze wienczy¢ stozek i moze stanowié jego podstawe, zarbwno w §cigtym
stozku rozcigganym, jak i w §ciskanym.

Sam pierscien jest wyjatkowo wytrzymaty na sity rozpierajace, co wykorzystano
w obrgczach na beczkach, a zwlaszcza we wszystkich kotach pojazdow.

Okazuje si¢, ze powierzchnia stozkowa otwarta (tutaj omawiana), wyposazona w dwa
pierécienie no$ne, umieszczone u podstawy i w miejscu Scigcia wierzchotka, czyni taka
otwartg powierzchni¢ stozkowg ustrojem konstrukcyjnym wymagajacym minimum materiatu,
gdyz powtloka bedzie wykazywata duza no$nos¢ 1 sztywno$¢ nawet przy minimalnej grubosci
materialu uzytego na powtoke.

Powierzchnie stozkowe otwarte, wiasnie dzieki $cigciu wierzchotka, daja mozliwos¢
konstruowania ustroju bardziej ztozonego, z wnetrzem mogacym petni¢ funkcje uzytkowe, co
dalszym rozwazaniom nadaje skonkretyzowanie ich sensu.

Wezmy powierzchni¢ stozkowg otwartg, przeobrazmy ja w element konstrukcyjny zto-
zony z dwoch pierscieni — gornego mniejszego 1 dolnego wigkszego — potaczonych blong —
taki element moze by¢ zaprojektowany na dziatanie obciazenia $ciskajacego, i wtedy grubosé¢
btony bedzie wyraznie wigksza, lub na dzialanie obciazenia rozciagajacego, i wtedy grubosé
btony bedzie znakomicie mniejsza.

Jezeli teraz zestawimy taki stozek przystosowany do $ciskania z innym bardziej ptaskim
stozkiem przystosowanym do rozciggania, to uczynimy pierwszy krok na ciekawej drodze
nowego podejscia.

Budowanie bedzie nad wyraz proste. Bedziemy naklada¢ stozek rozciggany na $ciskany,
a na rozciaggany $ciskany — wszystkie wierzchotkami do gory. Potaczenia winny by¢ wykona-
ne tak dostownie, aby po zmontowaniu obiektu stozek rozciggany miat wspolny pierscien
dolny z natozonym nan stozkiem $ciskanym, a ten z kolei aby miat wspdlny pierscien gorny z
natozonym nan stozkiem rozcigganym. I to juz wszystko — przynajmniej jak na razie.

Powstanie dziwny stup, ale bedzie on w tej postaci bardzo wiotki, a wiec zupeinie nie-
przydatny. Jednak mankament taki jest fatwy do przezwyci¢zenia.
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Naciqgnijmy na nasz shup cienka powtoke o ksztatcie walca, naprezmy ja odpowiednio
mocno i zespojmy ja z wszystkimi, b@da}cyml na zewna}trz naszego obiektu, dolnym1 plersc1e-
niami stozkéw. Po tym zabiegu sztywno$¢ i no$no$¢ naszego stupa kolosalnie wzrosnie.

Jest rok 2012, mingto pi¢édziesiat lat rozpatrywania przeze mnie tego zagadnienia i juz
pojawily si¢ mozliwosci konstruowania takiego stupa poprzez drukowanie go w technologii
3D, czyli przestrzennego ksztaltowania poprzez dodawanie kolejnych warstw z najwlasciw-
szego materiatlu 1 o najwlasciwszej wytrzymatosci.

A A
/ I,- N\
/| B \\,
f \ N
\l.
\
/ |
¥ e y-
f A\ .
# | \ 3,
| ! — - \ \
L )
/
| { N\
f A Fa\
| r /‘ T - P L \
. \
! / \ |
\
Jlll _— II ' \
/ [ B )
/ f % \
{ ~ \ \
|ll ¥ ! o |
/ A\ N
.l — \'
/ .
/ _ ;{ ) \
£ J \
.Iu'r - I||'I_ - . - — ". a5 \
/ / — \ \
-'.I r'l "\.
f / \
f '.. |’
! JI EE— — \ \
A -+ \
," .'. ." ul
s \ o\
/ N\

Cone — tak nazwatem swoja konstrukcje.

Wierzy¢ si¢ nie chce, ale jezeli obciazymy taki maszt tak, Zze bedzie on zginany, to jest,
jezeli obcigzymy go w kierunku prostopadtym do jego osi (wiatr), to poszczegdlne lejki ustro-
ju beda przekazywaty obcigzenia do gory.

Jezeli zrobimy pionowy przekroj przez nasz maszt, to otrzymamy schemat nastepujacy:
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= stozek sciskany
w— walec i stoZek rozciagany
—— pierscienie wewnetrzny

i zewnetrzny

Wezel dolnego pierscienia, w ktorym zbiegaja si¢ cztery prety (dwa z powloki zewnetrz-
nej i dwa ze stozkow), jest obcigzony pozioma sita wiatru. Jezeli wyznaczymy wielko$ci sit
wystepujacych w tych pretach od poziomej sity wiatru, to otrzymamy sity zerowe dla dwéch
pretow przedstawiajacych powloke zewnetrzng, a cale obcigzenie przeniesie stozek $ciskany,
bo stozek rozciggany nie moze przejaé obcigzen Sciskanych. Stozek $ciskany przeniesie ob-
cigzenie do gory!

Jezeli teraz przeanalizujemy wezel wewngtrzny, znajdujacy si¢ powyzej wezta zewnetrz-
nego, w ktorym to wezle wewnetrznym zbiegaja si¢ tylko dwa prety (dwie powtoki), to stozek
Sciskany przeniesie swe obcigzenie na potozony wyzej stozek rozciggany, a ten przekaze swe
obcigzenie znow wyzej na stozek Sciskany i tak coraz wyzej. Te dodatkowe obcigzenia ($ci-
skane w stozku bardziej stromym i rozciggane w stozku mniej stromym) w miar¢ analizowa-
nia coraz wyzej potozonych wezlow beda si¢ sumowac 1 beda coraz wigksze.

Przy odpowiednio wyznaczonym ksztalcie stozkéw oraz wstepnych napr¢zen obydwu
powtok — obiekt moze okaza¢ si¢ fenomenem stupa jednostronnie zamocowanego (na dole u
podstawy) niedajacego si¢ ztamaé, a zwlaszcza mogacego by¢ wznoszonym na nieosiggalne
dotychczas wysokos$ci, bez zadnych lin odciggajacych, ktore przeciez nawet przy konwencjo-
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nalnych rozwigzaniach maja dlugos¢ krytyczna, to jest taka dtugos¢, gdy zrywaja si¢ pod wila-
snym ciezarem.

Wymarzy¢ mozna, ze obiekt nasz nie bedzie chwiat si¢ na boki, lecz bgdzie dawat zna¢
0 wzrastajacych obcigzeniach wydluzeniami, ktore bgda miaty charakterystyke pulsacyjna.
Zamiast chwiac si¢, wierzchotek jego bedzie drgat pionowo w gore.

Konstrukcja nasza, przy tych wszystkich rewelacjach, nadal nie zdotata wyj$¢ poza ka-
nony tradycyjnego pojmowania konstrukcji. Nadal nie potrafi obroni¢ si¢ przed niszczacym
przecigzeniem, nadal wewngtrznie jest statyczna. Nawet ksztalt stozkow, raz im nadany na
poczatku, nie ulega zmianie; nadal wstgpne spr¢zenie obu powlok — zewnetrznej | wewnetrz-
nej — nadane im na poczatku, nie moze by¢ zwigkszane, ani zmniejszane.

Nadajmy wigc naszej konstrukcji najbardziej prymitywng namiastke wewnetrznego ozy
wienia. Jezeli pierScienie — gorny i dolny danego stozka — nie b¢dg wzgledem siebie réwnole-
gle, to stozek nasz w tym krytycznym momencie bedzie miat tendencje do przekrecania sig, a
nawet wykona pewien obrot przemieszczajacy go wzgledem sgsiednich stozkow. Ten mini-
malny obroét, ktory moze zachodzi¢ w odniesieniu do wszystkich elementow naszej konstruk-
cji, moze by¢ wykorzystany do tego, by konstrukcja sama bronita si¢ przed niszczacym prze-
cigzeniem. Nawet nie potrzeba dodatkowych rozwigzan w tym celu. Zauwazmy, co powoduje
swoim obrotem taki stozek. Przez swoje obrotowe przemieszczenie wzgledem sgsiednich
stozkéw bedzie powodowatl on — na skutek nieréwnoleglosci pierscieni wzgledem siebie, a
wigc tym samym pewnej klinowatosci elementu — zjawisko zmniejszenia sprezenia tej czesci
powloki zewnetrznej, ktora w tym momencie jest przecigzona i jednoczes$nie bedzie wywoty-
wal przeciwreakcje znoszaca wystgpujace napiecia — poprzez dodatkowe zwiekszenie spreze-
nia powloki zewnetrznej w miejscu potozonym po drugiej stronie krytycznego jej przecigze-
nia.

Kolejna ciekawa reakcja o charakterze samoobrony naszej konstrukcji przed niszczacym
przeciazeniem, bytoby to, gdyby udato nam si¢ osiggna¢ zmiang geometrycznych parametrow
samego lejka, to jest zmiany promienia obydwu pierscieni oraz kata nachylenia powtoki stoz-
ka wzgledem pionu. Wowczas stozek przybieratby ksztalt optymalny w stosunku do obcigze-
nia w danej chwili.

Wydaje si¢ to nieosiggalne, bo jakze da si¢ tak otworzy¢ oba pier§cienie i same powloki
— €O jest niezbedne do osiggnigcia takiej wlasnie zmiennosci ksztattu stozka — aby jednocze-
$nie zapewni¢ zamknigcie 1 pierscieni, 1 powlok — €0 niezbedne jest dla zachowania istoty ich
dotychczasowych wlasciwosci.

Jest to tylko pozornie nieosiggalne, jezeli zadowolimy si¢ pewnym przyblizeniem do
wymaganego stanu. Okazuje si¢, ze jezeli nasza konstrukcja bedzie dostatecznie dtuga, a bez
powlok bedzie wyjatkowo wiotka, to najbardziej bedzie przypominala widr stalowy wydoby-
wajacy sie spod noza tokarki.

A gdyby tak nasz ustroj nie tylko przypominal widr? Gdyby przyjat ten wlasnie ksztatt?!

32



Ksztalt wiodra.

Wrhasnie takie dwie widrowate powierzchnie ciagle — jedna, pracujaca na $ciskanie i dru-
ga, pracujaca na rozcigganie — gdyby zostaly zespolone $rubowatym cigglym szwem — i na
koniec cato$¢ pokryliby$my jak poprzednio powlokami — t0 nasz ustrdj nabratby wymaga-
nych wlasciwos$ci ozywienia — przeciwdzialajgcego samoczynnie miejscowemu przecigzeniu.

Jestesmy wigc u celu.

Moze jeszcze trzeba rozwazy¢ stosunkowo waskie zastosowanie wymysloneg0 tworu.
Zarysowal nam si¢ on jako maszt o niespotykanej wysokosci. Wprawdzie na takiej zasadzie w
obiektach przysztosci mozna skonstruowaé kazdy stup, ale jak poradzi¢ sobie z innym charak-
terem pracy zachodzacym w odniesieniu do belki? To jest problem. Ale czyz nie jak belka
pracowal nasz maszt, gdy obcigzyliSmy go silg poziomg wiatru? Moze i belka juz jest w na-
szym zasiggu?

Gdyby teraz wspomniane pierscienie w naszym maszcie miaty charakter klinowy i gdyby
mogly obraca¢ si¢ migdzy pier§cieniami stozkow, to moglyby rozpierac te stozki tylko w jed-
nym punkcie, z jednej strony — wtasnie ze strony pozadane;j.

Wystarczy, aby obrot klindw, zatrzymywanie ich w tym najwlasciwszym punkcie,
a zwlaszcza filozofi¢ ruchu wszystkich kolejnych klinow wzgledem konstrukcji przejety na
siebie komputery uzbrojone w filozofi¢ pracy: i trawy, i bata, i innych podobnych zachowan,
by nasza konstrukcja przestala by¢ statyczng, wreszcie zaczgtaby radzi¢ sobie z chwilowymi
przecigzeniami niszczacymi jg.

Juz zastosowano podobng zasad¢ w celach plastycznych, mozna niebawem zastosowac ja
rowniez w celach konstrukcyjnych.
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Institut du Monde Arabe w Paryzu.

Omowitem to wszystko na przyktadzie jednego tylko masztu, a przeciez nalezy to
wszystko rozwing¢ jako teori¢ konstruowania w ogole.
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Makieta CONE

Stozek $ciskany (niebieski) jest tak bardzo nieodksztatcalny, ze mozna zatozy¢ jego
nieodksztatcalnos¢. W zwigzku z tym przy obcigzeniu bocznym (poziomym) raczej bedzie
mial tendencje do obrotu wokdt swojego $rodka ciezkosci, tym bardziej jesli bedzie zawie-
szony w swym $rodku ci¢zkosci.
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Stozek $ciskany (niebieski) swojg tendencja do obrotu (tu przeciwnego do ruchu wska-
z6wek zegara) wokot swojego srodka ciezkosci bedzie przeciwdziatat odgieciu sie (zgodnego
z ruchem wskazowek zegara) segmentu, znajdujacego si¢ powyzej niego. Tym samym po-
twierdza si¢ teza o przenoszeniu obcigzen w gore CONE.

Sita tego przeciwdziatania przekazywanego w gore bedzie odpowiednio mniejsza od
P1, co wynika z rownowagi momentow obrotowych wobec $rodka cigzkos$ci.
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Symulacja kompleksowa

Dotychczasowe fragmentaryczne i jednostkowe rozwazania na temat cone sg dalekie od
rzeczywistego wyniku, jak to $wiadczg rozwazania na temat naprezen w pierScieniu, gdzie
napr¢zenia bedg si¢ bardzo wahaty. Nalezy stworzy¢ model matematyczny (jak i fizyczny)
kompleksowo ujmujacy caty przebieg pracy cone w przestrzeni, jak i w czasie. Oczywiscie
nalezy nadal fragmentarycznie konkretyzowaé zjawiska zachodzace w poszczegdlnych ele-
mentach w cone, ale wszystkie wzajemne oddzialywania na siebie wszystkich elementow
cone powinny by¢ przedstawione w postaci funkcji matematycznych, wspolnie zamykajacych
si¢ w jeden kompleksowy model. Model taki powinien by¢ w swym ostatecznym ksztalcie
zbudowany jak program komputerowy — powinien sta¢ si¢ programem komputerowym.

Nalezy zbudowac najpierw czgsciowe modele dla zagadnien:

= (bcigzenia zewngtrzne

= Obcigzenia od ciezaru wlasnego
= Praca stozka $ciskanego

* Praca stozka rozcigganego

» Praca walca zewngtrznego

» Praca walca wewngtrznego

= Praca pierScienia zewngtrznego

= Praca pier$cienia wewngtrznego

Przyjmujac za jeden segment w cone zestaw, sktadajacy si¢ z: stozka $ciskanego, stozka
rozcigganego, pierscienia wewnetrznego, pierscienia zewngtrznego, walca rozcigganego ze-
wnetrznego 1 walca rozcigganego wewngetrznego, nalezy wymodelowaé funkcje oddziatywa-
nia rozpatrywanego zestawu:

» (Oddzialywanie na zestaw znajdujacy si¢ ponizej
= (Oddzialywanie na zestaw znajdujacy si¢ powyzej

Cato$¢ modelu powinna by¢ relatywna w czasie 1 uwzglednia¢ swoiste pulsowanie od-
dziatywan w catej konstrukcji.

Nalezy wyselekcjonowa¢ sposob obrazowania pracy cone, tak aby byl jak najbardziej
czytelny dla obserwujacego.

Symulacja kompleksowa powinna dawa¢ mozliwo$¢ uzalezniania wymiaréw i katow
poszczegodlnych elementow cone od siebie, zarbwno w zakresie optymalnego rozkladania
naprezen w calej konstrukeji, jak 1 grupowania ich w okre§lonym obszarze. Oczywiscie usta-
lanie jako constans poszczegdlnych wymiaréow elementéw cone powinno by¢ jednym z wa-
riantow modelu cone i powinno dawa¢ mozliwos¢ analizowania zmiennych wymiardéw 1 ka-
tow uzaleznionych od polozenia danego segmentu w cone.

2012-12-06

2015-07-24 Dokonatem znacznych skrotow opracowania.

L J
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CONE

| suggest to tackle only one of architecture's problems, that of construction, but in a
slightly different way than it is usually done.

Let us explore the history of architecture, so that, through finding the essential sense of
the subsequent achievements of the technical culture of construction, we can try to plot the
next step that is to be taken.

Construction has and has always had the following as its core goals:

— enclosing space for purposes of habitation,

— laying bridges for purposes of transit.
Architecture itself in this approach makes up the METHOD of dividing space.

Mammoth” Cave in the Olkuska Highland, Poland

For their habitational needs, early humans used already existing natural formations — those be-
ing constructions created by nature.

These natural constructions had limited usefulness and forced humanity to take action.
One day, then, they placed — for the first time — a natural item removed from its original
place and gave it a new function. A tree trunk or boulder braced against a terrain offset or
placed over a hollow divided space — into external, where you could move more easily, and
internal, which you could inhabit more safely.
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Stonehenge (neolithic/bronze era)

Burren National Park, Ireland

This was undoubtedly the first stage in the rich history of the development of construc-
tion, lasting humanity for whole generations and only improved upon over many millennia.

The architecture of Egypt under the Pharaohs, all the architecture of ancient Greece and
most of Imperial Rome did not add anything new to that one essential construction method. It
was always placing long natural elements, beams and blocks, on one another.
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The Parthenon, Athens, Greece (built 444 BC - 432 BC)
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At some point in history, humanity noticed another constructive property of natural
items. They saw that some amount of loose elements can cooperate on completely different
rules, and pieces do not have to be stacked only vertically and horizontally to form a proper,
that is static and stable constructive arrangement. This view came from a primal form that had
gone unappreciated up to that point — a natural element braced diagonally against a terrain
offset, and later only transformed into two diagonal elements braced against one another.

The genius of this discovery came from the observation that if we pull these two braced
elements apart and in the place where they met put a third element between them, the whole
construction will remain stable.

Another stage in the process was discovering the possibility of covering space with ele-
ments of smaller dimensions than the span of the construction (the distance between two brac-
ing points) — that is, the construction of the arch. It must be kept in mind that up until that
point, a beam crossing a space had to be longer than the distance between its bracing points.

1984.06.04

Djémila, Algeria, Roman arches (showing marks of an earthquake)
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Roman amphitheatre in Verona
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Again, this discovery of the arch lasted humanity for a very long time, and was only im-
proved upon. This was the case from the architecture of the late Roman period and all the way
through the Romanesque period. Furthermore, the latter only managed to carry through the
Dark Ages the construction solutions discovered up to that time (the beam, pillar, and arch)
without adding anything new to them, and in some cases even using them far less adeptly.

St. Francis' Basilica and Monastery, Assisi, Italy (13th century)

The tendency to make ever lighter constructions by using ever smaller elements gave rise
to new problems. With sufficiently thick and therefore sturdy constructions, it could be as-
sumed that elements affect one another only vertically. With constructions using ceilings set
on sleek supports, pressures diverging from the vertical plane made themselves known. It is
likely that some such constructions collapsed, forcing humanity to move to the next stage in
the development of construction. This gave rise to the buttress, an element effectively coun-
teracting the aforementioned diagonal forces. This solution changed over time, taking on ever
more effective form, from simple, sufficiently broad supports all the way to flying buttresses.
These rules of construction reigned for most of the Romanesque period and through the entire
Gothic period.
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St. Martin's Cathedral, Utrecht, the Netherlands (built 1254 - 1517)

Some time after diagonal forces were noticed, so-called shear forces came into focus.
Every arch, ceiling, or dome, although easy to build and very durable in their lower portions
where they approached the vertical, in their upper portions proved very difficult to build and
far less durable. Small elements set together relatively smoothly had no cause for sufficient
cooperation and at the first opportunity caused by an overloading, a crack appeared in the
construction, a shearing along its weakest line where elements met, causing large portions of
the whole to collapse. Upper portions of arches, ceilings, and domes turned out to be frightful-
ly susceptible to damage. Only a select few masters managed to completely and permanently
seal their domes, and so architecture adopted the rule of leaving an opening at the top of the
dome. This solution proved even more visually effective, as it allowed sunlight inside. The
best example of this is the Roman Pantheon.
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However, the issue of shearing forces appearing most noticeably in the upper portions of
arched constructions remained unresolved. Many must have looked at those first segments of
the arch during building, seeking an answer to how to overcome this most difficult top part of
the arch. Finally, someone made the brilliant observation that the final part of the arch did not
need to be done, but that the arch could be closed by bringing the two near-vertical stronger
portions of the arch closer together until they braced against one another.

This likely gave rise to the familiar lancet arch, which, along with the buttress, was one
of the cornerstones of the Gothic style. Such developments allowed for much larger openings
in walls and much more interesting ceilings, even more so since roughly at the same time the
arch keystone was developed — a large stone block placed at the apex of the arch or ceiling,
which through its large weight locked down the whole structure, making it very stable and
durable. The genius and finesse of Gothic construction were such that it lasted several centu-
ries and left behind numerous examples of monumental architecture. Later even in the Re-
naissance, the role of the keystone was filled by the roof lantern set over the opening at the
top of a dome.

Lancet arch with rosette, Gothic period
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Cross-vault ceiling with keystone
Chéteau de Quéribus, France

Personally, | suspect that the next step in the development of construction comes from er-
rors, or even from simply the lesser skills of subsequent builders. It might appear that some-
times the too-daring Gothic constructions ran the risk of collapse, in which case solutions had
to be brought in that mocked the idea of the Gothic style: the arches were braced with metal
bars linking both base points of an arch. By binding them in this way, the building was saved
from inevitable destruction. On occasion it may have even been the case that a less self-
assured builder personally included steel braces at the base of arches in his construction plans,
especially if for whatever reason he had to make do with inferior materials.

Over time it was noticed that for the price of a barely visible steel bar you could get a
building with a very light architectural style. This gave rise to Renaissance architecture, as
exemplified by the Loggia dei Lanzi in Florence, or the cloisters in Wawel in Poland.
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Wawel cloisters, Krakow, Poland (1501 - 1548)

In this humble way another step in construction development was made, creating a turn-
ing point that split the construction of buildings into two eras, the second of which, then be-
gan, continues to this day.
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This breakthrough was caused by the practical use of the tensile strength properties of
materials. After all, up to that point all building traditions considered only the compressive
strength of materials. We will get back to that later.

Throughout the Baroque, Rococo, and Neoclassicism periods, nothing new was intro-
duced to the theory of construction. Only the interest in ancient culture, aside from its varied
influence on art, spurred an interest in solving the issue of the stability of buildings. The fas-
cination with the indestructibility of the pyramids and Egyptian temples, the respect for Greek
and Roman architecture, and finally the appreciation of the resilience of medieval defensive
buildings — all this had to provoke some thought on the nature of construction.

The pyramids in Giza, Egypt

It became increasingly apparent that to stand the test of time, buildings had to have great
stores of constructive values, or otherwise they had to be very static constructions, that is not
subject to the slightest warping, made from materials highly resistant to both the elements and
great dynamic stresses (such as, say, the impact of a missile). To achieve these properties in
their constructions, their builders had to pay a hefty toll in the form of extreme extravagance
in efforts and materials.

The dilemma of choosing between the desired lifespan of a building and its desired low
cost has over the years been and still is one of the key problems of construction. The two op-
posites have been and are being brought together to varying degrees. We observe that a per-
son can agree to an exceptionally short life-span of a building simply to attend to the most
pressing needs of the day, and yet dream of leaving behind a more permanent work. The mo-
numental style in architecture is a fine example.
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St. Peter's Basilica, The Vatican, Rome (1506 - 1626)

Let us remember these tendencies, as they will form the premise for further considera-
tion.

In world history, meanwhile, economy applied to everything began to play an essential
role. A thorough and in-depth exploration of the various issues of construction was made pos-
sible by a great development of knowledge.

The laws governing the behaviour of structures were discovered and examined. The order
and logic contained in these laws, when properly extracted and applied to newly raised build-
ings, got to show off their beauty.

From here came the idea that architecture is simply construction, and for a long time this
became the reigning school of thought for new buildings. The whole period was called Con-
structivism and ran for most of the 20s and 30s of the 20th century.

But then, the knowledge and means that were at the disposal of a builder or architect
were also impressive.

It was discovered that many materials had a far greater tensile strength than compressive
strength. This, along with the examination of the dangerous phenomena of torsion and buck-
ling (which occur only in compressed bars, but never in stretched ones), fascinated builders
and architects to such a degree that at one point the preference for tensile stress was seen as
the one true solution of construction problems. Suspension bridges and tensile structure roofs
serve as evidence of this reasoning.
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Tensile structure roof design
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It even gave rise to structural solutions that did away with the assumption that in a proper
structure a compressed bar has to pass its strain onto another compressed bar. Granted, it has
not been fully used anywhere yet, but the Japanese have already constructed a sort of pillar
made almost entirely of stretched tensile bars, while compressed bars, being in the over-
whelming majority, only provide a sort of reinforcement.

ASTAT Structure.
Every piece of bamboo carrying compressing stress links with another piece by way of four strings
serving as guy wires. The whole creates a rigid structure.
Constructed by M. C. Sokotowski in Algeria, 1984.

Let us remember this particular phase of the development of construction as a second
premise for further consideration.

Research has shown an exceptional load-bearing strength of folded or curved surfaces,
especially ones that carry no straight lines, but are made up of a turning of a curved line or by
moving one curved line along another curve.

A classic example here is the resilience of an eggshell.

These disproportionately rising properties, acquired by giving a surface a certain shape,
should make for a third premise for consideration.
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Performance hall designed by Oscar Niemeyer, Algiers, Algeria.

A fourth premise also rises from among all these achievements and problems, and is wor-
thy of bringing to attention.

By this | mean preliminary compression of structures. It comes down to making use of
two phenomena. The first is the observation that construction elements placed loosely next to
each other do not form any sort of load-bearing arrangement. However, all it takes is to thread
a string through them and pull it taut enough that it brings together the previously loose ele-
ments to achieve a beam of impressive strength.

The second phenomenon is that a compressed or bent bar deforms before it is destroyed
due to the load on it. This is called buckling. All that is needed, then, is to deform the beam
beforehand, but in the opposite direction to the one that occurs over the course of the beam'’s
work. This preliminary buckling can be achieved by compressing the string anchored at the
bottom of the beam's cross-section. Such a pre-compressed element will, when under load,
first return to a state without distortion. This in turn considerably increases the durability of
the whole system.

I would like to bring attention to several facts as a cause for the need for further consid-
erations and a high chance of their success.

First: thus far a building structure has been examined only in the aspect of its static val-
ues — in short, it is immobile. The structures of vehicles and machines have long since come
to life, but it is not this sort of internal activity that bothers me.

Second: the issue of time must make itself known again. Every structure is designed for a
theoretically determined load. This is most apparent when it comes to regulating rivers. It is
not unheard of that a quiet, narrow stream might flood the area with a rush of water at the first
serious sign of rain. Afterwards it goes quiet again and all that is left is the marks on trees and
walls showing how high the water had come, long ago. How high must the levee be for a
stream like this? So people take careful measurements of the water levels in rivers and keep
close track of them. To prevent a flood, the levees are designed for water levels that might
come once in a thousand years, and then made even higher than necessary just to be on the
safe side. Then, though it might be more rare than once in a thousand years, another flood
comes that is even higher and floods the fields anyway.
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Consider, then, how much more refined an enemy structures have in wind. We might
even wonder whether wind or water were the more dangerous, if humanity itself had not vast-
ly outpaced them both. After all, the limits of any structure made by human hands are always
tested by other people, who can be relied upon to come up with loads to overcome those lim-
its and, frequently, to apply those loads and destroy the structure. The whole era of fortifica-
tions and the means to overcome them is clear proof of that.

Even if we eliminated from human mentality the need to destroy, we cannot and should
not remove another, more positive mentality, that humanity itself does not know what it might
yet come up with. Rather than reach for pride on par with the gods, let us think of simple,
everyday matters: for example, during an unexpected, mass demonstration we might worry
about the balconies and whether they can support so many onlookers.

Let us look at another side of the issue of structural durability, which gives cause for fur-
ther consideration.

Humankind started calculating and scheming, giving rise in the dark recesses of consciousness to
ideas for certain formal tricks skirting the border of toying with human life, and all under the protec-
tion of legal authority or work ethics.

Our teacher once told us that, some decades ago, it was the official stance in some circles
that shortcuts could be taken with regards to structural safety for the sake of cheaper construc-
tion. It would be regrettable should some structure, say a factory hall, collapse and kill a few
people in the process, but the thought of funds saved on construction was ever so compelling.

This approach had one notable drawback: it was a shame to lose the resources that went
into the now-collapsed object. This was resolved by coming up with financial insurance,
which perfectly handled the concerns of the interested parties.

Now, when we have a bridge collapse, the tragedy might be thoroughly filmed, but no-
body worries too much because the company making use of the object got quite the substan-
tial payout from insurance. And the handful of people that fell into the water along with their
cars? Well, no doubt their families got their share from the insurance companies as well.

The moral dilemma hidden behind insurance got obscured over the years and today we
would be surprised, to say the least, if insurance went away entirely. Now it is business as
usual, with ever more precise construction method calculations being used to every so often
touch up old affairs. With hefty rewards provided should it turn out we might use a little less
steel here, and a little less cement there, of course. Even science is brought in to lend a voice
of authority to the process of convincing humanity that this or that element could have lower
safety parameters.

If only equally diligent efforts were made to transform human mentality to make ever
less likely that hour when humanity would turn to destruction once again.
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World Trade Center, New York, USA (11.09.2001)

Every day we are faced with the choice, with responsibility adequate to the profile of the
building: should we assume that the structure could collapse under a load that happens maybe
once in a century and apply lower safety margins, or show some forethought and mercy, and
apply higher safety margins instead.

This is not something that can be resolved in the current understanding of construction —
a STATIC understanding, a passive and waiting one, with capabilities generally exceeding the
everyday needs, yet failing to hold up to the critical situation of a given moment.

My reasoning up to this point, showing the steps taken by the technique of construction
over the course of human history, emboldens me to suggest a new approach to construction.

This essential component of architecture cannot remain static, and therefore hopelessly
passive and aloof of what happens to it.

The development of science, and with it of new technological solutions, the discovery of
new and ever more surprising properties of matter, all this lays the groundwork for new ap-
proaches, new propositions, for a bold vision of the future/

Imagine for example the most basic element of construction: a beam supported at two
points. All that is needed is to give the beam a third support, one that is mobile and can move
along the length of the beam, and we create a whole new value, one never before considered
in building construction.

If we gave this third support the ability to move constantly to the point of greatest load
stress, such a beam could be considerably lighter and, more importantly, would be theoretical-
ly indestructible.

Let us complicate the issue a little. Take a pre-compressed element, but craft it so that it
can compress on its own, or at least could be compressed by other factors when it becomes
necessary, such as when critical stresses occur, and at all other times let it work according to
its static properties.

Another example: take a material with varying mechanical properties under the influence
of, say, an electrical field, and activate those additional properties as needed.
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Add to this the wealth of possibilities that automation offers through controlling far more
complex processes than those that take place during the life of these structures. Add in the as-
yet unused potential of electronic information processing systems...

In short, try to pull construction out of stagnation. Though we might not bestow it with
life, we can at least give it a semblance of life.

After all, nobody is surprised and sees nothing remarkable in the fact that when a build-
ing begins to crack, we brace it and keep it standing; when we need to get people from one
point to another, we dispatch at the right time an appropriate means of transport. And this
approach we use to solve a great many more issues from many areas of life.

No society in the world could bear a situation where, even in times of peace, the whole
country was riddled with idle but very strong military units, with no effort made by the gen-
eral staff to better use the forces strategically or tactically, much less with no effort made by
society itself to prevent that situation from ever taking place.

Meanwhile, construction is one of the few areas of life that is expected to be at full readi-
ness — always and everywhere. This might seem insignificant with smaller structures and
low material costs, but can we say the same when considering the vast numbers that the future
might bring?

Perhaps it is this new approach to construction that should be seen as the next great step
in the field of building construction?

That is the question | put forth to eager young minds.

*

Imagine an average tent pole. Use it as you normally would when pitching a tent. Brace
one end of it against the ground. Now, to represent just the essence of construction, instead
setting up a tent from the top of the pole, attach three ropes to the top, fix them to the ground
in three directions with stakes, pull them taut, and you have one of the most optimal structures
ready.

In fact, it is the most optimal structure, at least thus far. Still, | keep anticipating some-
thing better, I can almost see it, almost have it, but it always feels not quite right, something
needs changing... but what is this undiscovered something?

We may have set the pole up on the ground and anchored it there, but in the end the pole
and the ropes do not care what they are in contact with. The pole can stand anywhere, so long
as it has something to brace against. The ropes, too, can affix to anything, so long as it makes
for a sufficient anchor point.

Is there anything in this basic structure that could be corrected?

The pole is thin and fragile. Under a heavier load, it will bend like a bow and eventually
break. That makes it a weak point in need of improvement.

It is hard to find any fault with the ropes. If they are laid out geometrically identically,
they form an essentially perfect arrangement. Nothing more to add, no need to even think of
adding anything. However, the unused tent cloth is bound to catch the eye sooner or later. As
it happens, if we set up the most basic tent, with a single pole in the middle, with the cloth
forming a cone around it, we get a more interesting structure than before, and one that is con-
siderably more durable. It is here we see the full construction potential of a taut membrane.

However, it also has a weak point. It is easily pierced by the tent pole where one braces
against the other, but all we need to do is reinforce that weak point (by, say, sewing on a patch
of stronger material) and all is well.

For the moment, that is all for the membrane, though we will return to it. Something else
needs immediate highlighting - the cone of the tent membrane. The conical shape gives the
whole structure a great load-bearing strength. We do not doubt the strength of the taut tent
membrane, therefore the conical membrane can be a system that works wonderfully under
tension, and one that does not react to considerable tensile stresses.

Even under compression, the conical surface is very interesting. Although the tip will be
crushed relatively easily, in both situations (tension and compression) we can use a conical
surface with a flattened tip.
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This approach requires the introduction of a new element: a ring. Ideally, the ring can cap
the cone or serve as its base, both in a flat-topped cone under tension and under compression.

The ring itself is highly resistant to wedge forces, a property which as been used in barrel
rings, and more recently in vehicle wheels.

The more steep the cone and the smaller the radius of the ring, the lower the tensile stress
against the ring will be. By flattening the cone and reducing the circumference of its base we
increase that force, but a ring used in such a spot will always be the optimal solution.

As it turns out, even an open cone structure (like the one here discussed) with two rings,
one at the base and one at the flattened tip, becomes a load-bearing structure requiring only a
minimum of material, since the membrane will retain its strength and rigidity even when the
material used is exceptionally thin.

Through flattening the tip, open conical surfaces allow for the construction of a more
complex system, with the interior capable of serving utilitarian purposes, which justifies fur-
ther consideration of their use.

Instead of the pole and ropes we started with, we now have have new basic elements,
from which we can try to create a structure worthy of the future. Before that happens, though,
we must arm ourselves with additional theoretical components.

Let us start with the Japanese structure about which | wrote in the 1960s. The essence of
their approach, which | think should be far clearer when discussed in the context of my solu-
tion, so we will skip ahead to my thoughts on the matter. A basic reminder first: the Japanese
created a pillar structure based almost entirely on stretched tensile bars, with a few com-
pressed bars providing some reinforcement.

This is illustrated by the photo on page 15.

Take an open conical surface and turn it into a construction element, comprised of two
rings, a smaller upper one and a larger lower one, connected by a membrane. Such an element
could be designed to hold up to compressive forces, making for a noticeably thicker mem-
brane, or to resist tensile forces, which calls for a thinner membrane.

Notice that in a conical element under compresswe stress, the upper ring will be subject
to tensile forces, and the lower ring to compressive forces, with a reverse situation in a cone
subject to tensile stress.

If we combine such a cone suited for compression with a flatter cone designed for ten-
sion, we make the first step towards an interesting new approach.

If the upper and lower rings of both cones match their equivalents in terms of radius, then
when they are combined into one structure, they can share rings. There, the compressive forc-
es from one cone would, to some degree, cancel out the tensile forces from the other cone,
giving us a net load smaller than either of the individual loads. Thus, cones working together
do not need rings as strong as in a single cone under load.

Step by step, things fall into line in humanity's favour. All we need to do is continue
down that mental path.

We can now get to work on our building of the future. Two components are needed: the
first is a flattened cone, quite steep and suited for compressive stress; the second is also a flat-
tened cone, but less steep than the other one, and suited for tensile stress. In both cones, the
upper and lower rings have the same radius as their counterparts.in the other cone.

The construction will be exceedingly simple: place a tensile-strength cone on a compres-
sive-strength cone, and a compressive-strength cone on a tensile-strength cone, each time with
the tip pointing up. The connections should be quite literal, so that after assembly the tensile-
strength cone should share a lower ring with the compressive-strength cone on top of it, and
that cone in turn should share an upper ring with the tensile-strength cone on top of it. That is
all, at least for the moment.

We have made an odd pillar, not resembling much of anything, except perhaps a very
simplified drawing of a Christmas tree. Such a pillar will clearly transfer stresses vertically
downwards from one cone to the next, but in this form it will be quite fragile, and therefore
useless. This is an easy shortcoming to overcome, however.

The essence of the next step if best explained by in-depth analysis of a bicycle wheel. If
we look closely, we find that each of the numerous spokes is only subject to tensile stresses,
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such is the ingenuity with which they are attached. If we also get all of the spurs sufficiently
taut by screwing it down further, we acquire an amazingly rigid structure with great load-
bearing strength.

To apply that sort of structure to our pillar, we surround it with a cylindrical covering,
pulled sufficiently taut and bound to all the lower rings of the cones, now located outside our
building. This procedure greatly increases the rigidity and load-bearing capacity of the pillar.

The same procedure can and likely should be repeated for the upper rings on the inside of
the pillar. We can introduce a cylindrical cover there as well, pull it taut and bind it to the in-
ner rings. That step, however, is less important for our musings. In fact, it would seem that
those elements could be further improved upon, as a result of which we could discover further
exciting properties of our structure. More on that later.

Let us examine what we have already accomplished. Certainly, the technology needed
for this sort of assembly is very difficult and very expensive. We cannot expect it to entirely
replace the conventional solutions currently held as standard. That much is true, but our struc-
ture has not yet shown us all its assets: in theory it could get better the higher it gets. It has a
right to reign supreme where conventional structures have long ago been proved helpless and
useless.

It is 2012, and in the fifty years that have passed since | originally considered the issue
we have acquired the possibility to shape the aforementioned pillar by way of 3D printing,
crafting it by adding layer after layer of the appropriate materials of the appropriate durability.
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I have taken to calling this structure simply as CONE.

Hard to believe as it might be, if we put a load on this mast that would bend it, that is if
the load exerts a force perpendicular to the mast's axis, the individual cones of the structure
will carry the strain upwards. To be more precise, the higher you get, the greater the tensile
stresses in the flatter cones and the compressive stresses in the steeper cones.
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Here is what a vertical cross-section of the mast would look like:

= Compressive-strength cone
=== Cylinder and tensile-strength cone
—— Interior and exterior rings

The nexus of the lower ring where four bars meet (two from the outer layer and two from
the cones) is under strain from the horizontal force of wind. If we determine the magnitude of
the forces in those bars as a result of the horizontal force of wind, we will find zero load on
the bars representing the outer layer, and the whole load taken by the compressed cone.

Let us now examine the inner nexus located above the outer nexus. Here, only two bars
meet, and the aforementioned wind creates additional tensile strain in the flatter tensile-
strength cone (resulting from the push upwards from the steeper compressive-strength cone).
These additional loads will continue to sum up, as we examine the rings higher up, and grow
ever larger.
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If the steeper cone can handle compressive strain thanks to its sufficiently thick coating (made
rigid by two rings), and the flatter cone can only handle tensile strain due to its thin membrane coating,
then at the lower nexus (W1), the whole horizontal strain (from wind or other sources, P1) will have to
be taken by the steeper cone (Cone-), as the flatter cone with the thin coating would not be able to
handle the load. Thus, the horizontal strain is carried upwards and only in the upper nexus (W2) is it
transferred to a flatter cone located one level above (Cone+), which in turn transfers the tensile stress
to the compressed cone on the next level up. Both cylindrical coatings, the outer and the inner
one, both susceptible only to tensile strain and not to compressive strain, will transfer the ten-
sile load upwards. Only the load of the structure's own weight would be passed downwards.

The whole structure is pre-compressed, that is all its elements, such as the inner and outer
cylinders, and the flatter tensile-strength cones, are subjected to preliminary stretching.

If we determine correctly the shape of the cones and the initial tensions of both covers,
the structure may become the phenomenon of a pillar affixed at one point but unbreakable,
and one that could be raised up to unheard-of heights with no need for guy wires, which, even
under conventional use, have a certain critical length beyond which they snap under their own
weight.

It is conceivable that our structure would not sway to the sides, but would communicate
increasing strain by lengthening in a pulsing manner. Instead of swaying, its tip would vibrate
vertically upward.

Such a mast, | think, would be assembled starting from the tip. From a sufficiently sturdy
base, the structure would be pressed vertically upwards. The base would have systems for the
assembly and placement of further cones. The construction cycle would be as follows: sensors
would transmit load parameters occurring where the last element was placed to a computer
which would program the model of the next cone to handle the indicated load parameters. The
computer would be in charge of the production of subsequent cones. After each one was
placed, the structure would be pushed up and the construction cycle would repeat. (See: earli-
er comments about 3D printing.)

(However, with strain being passed up rather than down, this method would not be appli-
cable, as all elements would be subject to increasing strain as the structure rose higher.)
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Our new structure, even with all these amazing developments, still cannot go beyond the
traditional modes of thinking about construction. It is still subject to the destructive force of
excessive load, it is still internally static. Even the cones' shape, once assigned, does not
change; neither can the initial compression of the outer and inner coverings be reduced or
increased after it is assigned.

Let us then give our structure a more primitive semblance of internal life. This time we
will have a door serving as an example of the next approach. If the hinges are located exactly
vertically in relation to one another, the doors will always remain where we left them, i.e. they
are static. However, if we have the hinges deviate from the vertical, then under the force of
gravity the door will always take the lowest possible position, i.e. they will gravitate towards
either open or closed. There are records of builders already having used this method to have
doors close on their own.

From this extreme of minimal friction and minimal influence we move in our situation to
extreme overloading, bordering on internal deformation of the material's structure. If under
these conditions we use slightly differently shaped cones, that is ones with the rings not align-
ing perfectly, our cone will show a tendency at this critical point to twist and even turn, mov-
ing it in relation to neighbouring cones. This small turn, which may occur in relation to all the
elements of our structure, can be used to have the structure itself defend itself from destruc-
tive overload. We do not even need additional solutions in place for this. Observe what the
cone causes with its turn. Through its rotational movement in relation to neighbouring cones,
and due to the rings not being parallel to one another, thus to a certain wedge-like property of
the element, our cone causes a reduction of the compression of that part of the outer cover that
at this moment is overloaded, while at the same time triggering a counter-reaction cancelling
out existing stresses through an additional increase of the compression of the outer cover on
the opposite end of the point of critical overload.

It would also be an interesting self-defence reaction from our structure against destruc-
tive overload if we could achieve a change in the geometric parameters of the cone itself, i.e.
a change of radius of both rings and the slope of the cone's sides in relation to the vertical.
That way, the cone could assume a shape optimal to the load it was under at the given mo-
ment.

It might seem impossible; after all, how can we open both rings and the cone's side itself
(which is necessary to achieve such a changeability of the cone's shape) while ensuring that
both rings and side are closed (which is necessary to maintain their previous properties)?

This impossibility can be done away with, if we can accept an approximation of the de-
sired state. To better understand this issue, imagine once again our structure at the early stage,
when it did not yet have the cylindrical coverings inside and out. Remember how it looked
like a greatly simplified Christmas tree. As it turns out, if our structure is long enough, it will
also become quite fragile without the coverings, and would most resemble a shaving from a
lathe.

But what if our structure did not just resemble a shaving? What if it took on that exact
shape?
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The shape of a shaving.

Take, then, two such spiral, shaving-like surfaces, one suited for compression, the other
suited for tension. Combine them with a screw-like continuous seam, and finally coat them
like before with cylindrical covers. The structure this creates would take on the required prop-
erties of life, counteracting local overloading on its own.

There we have it, then.

Raising such a mast, using the devices previously mentioned and contained in the base,
with continuous covers and seams, and the screw-shape of the latter, would make the whole
structure even easier to build and to push upwards above the base.

Perhaps we should also consider the relatively narrow field of applications for this crea-
tion. We started with a mast of exceptional height. Of course using this system we can build
any pillar in the future, but how to handle the different stresses and loads that a beam would
have to handle? This presents something of a problem. But did our mast not work like a beam
when it was subject to a horizontal force? Perhaps the beam is also within our reach.

Not to mention that this does not exhaust the capabilities and applications of the struc-
ture. Let us try another existing solution. Take the average umbrella. A great rigidity (and
therefore usefulness) have been achieved here through stretching. Such stretching has not
been sufficiently widespread in building construction. Our mast can make excellent use of this
phenomenon. If we remove the inner compressive covering and introduce in its place a system
of stretching elements not unlike vertebrae, our structure will take on the umbrella's method
of handling loads.

Now add to that the work philosophy of the construction system. At present we still
know only structures behaving in a static manner, unchanging in time and space. We allow
exceptions from this state of peace, unavoidable phenomena like vibration, bending, buckling,
or swaying. At the same time we are astonished to notice that while powerful trees were felled
by a hurricane, the grass simply bent and stood back up after the destructive force of nature
had passed. Why not finally use this philosophy of the grass's behaviour? Not to mention
there are so many more strange and intriguing philosophies available. Imagine, for instance, a
whip. An increasing centrifugal force of subsequent microsegments of the whip's fibres teach-
es us another dynamic behaviour of inanimate objects.
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If the vertebrae of our mast had a wedge profile and could turn between the rings of the
cones, they could push the cones apart only at one point and from one direction - the one that
was actually desired.

All we need is to assign computers to the supervision of the turning of the wedges, stop-
ping them in the perfect spot, and the philosophy of movement for all subsequent wedges in
relation to the structure, and ensure that those computers are equipped to handle the behaviour
philosophy of grass, of whips, and other similar phenomena, so that our structure can finally
stop being static and start holding up to brief overloads that could destroy it.

A similar method has already been used for aesthetic purposes, and soon we might use it
for construction purposes as well.

Institut du Monde Arabe, Paris, France

All this has been covered using only the subject of a single mast, but it still needs ex-
panding into a theory of construction in general.
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The CONE Model

The compressive-strength cone should be suspended at is centre of mass.

= Compressive-strength cone
=== Cylinder and tensile-strength cone
— Interior and exterior rings

The suspension of the flattened cone at its centre of mass will cause it to maintain its
vertical position under horizontal pressure. It will not matter whether it turns to the right or
left. If the flattened cone is suspended above its centre of mass, it will show a tendency to
return to a vertical position. If it is suspended below the centre of mass, however, it will show
a tendency to tilt away from the vertical. All this applies to a cone not connected to other ro-
tating surfaces. Therefore, the issue requires further analysis.
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Compressive-strength Tensile-strength
cone St cone

Lateral, exterior constant stresses (such as wind)
have been marked with grey.

Secondary interior stresses transferred by the ring
have been marked with yellow.

Because the ring is made rigid with two cones,

its deformation will be minimal.

Therefore, stress is transferred to the right

as interior stress.

The interior ring must bear the same load

T
M Q as the exterior ring, making it subject
to greater stresses.
# - Ring (spatial nexus)

Compressive-strength cone

Ce—
e Cylinder and tensile-strength cone

Interior and exterior rings

The compressive-strength cone is suspended in a surrounding of only tensile-strength
elements. The compressive-strength cone takes on loads from outside through its outer ring
and transfers them entirely to its tensile-strength environment, which in turn immobilizes the
compressive-strength cone and safeguards it from dislocation. The environment of tensile-
strength elements is preliminarily stretched (the opposite of compression).



The compressive-strength cone, by transferring its load to the surrounding environment,
changes the tension of only select elements of that environment. It stands, therefore, that the
preliminary tension must be sufficiently high to prevent the structure's destruction. This gives
rise, then, to the need for an additional self-tensing of the structure through, for example, me-
chanical tilting of the cone away from the vertical on an as-needed basis, which would restore
the desired amount of tension. That need can be filled by wedge elements moving as needed
to the correct place in the outer ring's circumference.

To stretch the whole structure, the exterior cylinder will suffice and the interior one is
unnecessary, but the interior cylinder will allow us to connect all the inner rings to it, and
therefore all the cones as well, allowing for vertical stresses to be transferred upwards. To
fully comply with the suspension rule, the interior cylinder would not reach the base of the
structure.

To analyse the structure's capabilities, we need to use constant loads, tensions, and reac-
tions, all resolved in space, as opposed to the flat statistic method, which views the work of
the whole structure only through single theoretical forces and reactions.

P
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Development of load transfer:

The P1 force is transferred by the outer ring to the opposite side of the Cone, where it
puts tensile stress on the tensile-strength cone, which in turn transfers its load down to a com-
pressive-strength cone. This would typically cause the Cone system to bend to the right, but
the tension of the interior cylinder prevents that.

The compressive-strength cone (marked blue) is so immutable that this property can be
assumed as certain. Because of this, when subject to lateral (horizontal) stress, it will show a
tendency to turn around its centre of mass, made all the more likely if it is suspended at that
centre of mass.
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The compressive-strength cone (marked blue), with its tendency to rotate (counter-
clockwise here) around its centre of mass, will counteract the twisting (clockwise) of the seg-
ment located above it. This confirms the idea of the CONE transferring loads upward.

The strength of this counteraction transferred upward will be appropriately smaller than
P1 as a result of the balance of rotational movements around the centre of mass.
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Influence of the compressive-strength cone on its tensile-strength environment:

When the compressive-strength cone is subject to force P, that cone will show a tenden-
cy to rotate counter-clockwise around its centre of mass. This rotational movement of the
compressive-strength cone will be balanced out by:

force A, stretching the cylinder below the compressive-strength cone,

force B, stretching the cylinder on the same level as the compressive-strength cone,

force C, stretching the upper tensile-strength cone,

and force D, stretching the lower tensile-strength cone.

The aforementioned forces will range from maximum strength at the furthest point on
the ring, to zero strength at the mid-point of the ring.
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The exterior movement (Pp) is balanced out by the sum of interior movements:

Pp-Aa-Bb-Cc-Dd=0
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The tensile-strength cone is entirely defined by the compressive-strength cone, as the
upper and lower rings are the same in both cones, and the height of the tensile-strength cone is
a result of the location of the centre of mass of the compressive-strength cone.

It might seem that all four interior movements counteracting the exterior movement
should be identical. Here, the strongest tensile force (D) is closest to the centre of mass of the
compressive-strength cone, while the weakest (C) is furthest away.

74



It can therefore be reasoned that from a lateral stress, the greater load is passed down-

ward, and the lesser, upward.

Analysis of Interior Cone Suspension

&
/IS

One segment is made up of: a compressive-strength cone,
a tensile-strength cone, a tensile-strength cylinder,
an interior ring and two exterior rings.
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Suspension of the lower segment from the upper segment.

Such a suspension of each compressive-strength cone should be constructed so that the
load from this suspension is transferred upward, to the top of the Cone. This can be accom-
plished by a single tendon running from the bottom-most cone to the tip of the whole struc-
ture. We should consider whether this tendon should connect to all subsequent cones so that it
does not put additional load on upper cones, but so that every cone is suspended from that
highest compressive-strength cone. This issue bears studying in terms of both the positive and
the negative consequences for the essence of the Cone system.
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| fear that the solutions up to this point, relying as they do on conventional static proper-
ties, are too far removed from reality. They would have us operate with a single lateral force
"P" for wind, when in fact wind affects the entire surface of our exterior cylinder with varying
force, not to mention phenomena such as airflow, sucking in air, or the dynamic variability of
wind strength. Likewise, inner forces (as shown on the recent illustrations) are quite far re-
moved from actual tension values in the whole compressive-strength cone and its complex
influence on its tensile-strength environment. And yet we are dealing with a pillar made of a
large number of interior cones, and different phenomena occur along the whole height of that
pillar.

It would be far better to develop a simulation model for the whole Cone system and
there observe the complex influences. However, this requires considerable processing power,
far outstripping what my desktop PC can provide. Excel might be able to handle the calcula-
tions, but analysis of the outcomes would require a program that could visualise the essence
of basic phenomena, perhaps through charts or spatial grid modelling that would display the
behaviour of exterior phenomena. Perhaps it might even do it in the form of a film, colour or
otherwise. | can only dream of such things, and | fear that even the university in Bethlehem,
Pennsylvania, where | sought help thirty years ago, would still be unable to carry out such
simulations. | will likely never find out; my efforts were not met with interest or understand-

ing.

Ring Theory

The Cone structure has two types of rings: the outer (lower) ring and the inner (upper)
ring. The rings have several tasks:
= - they form a connection between the cones and the cylinders,
= - they make each separate cone rigid, in a sense completing the upper and lower
portions of the cone, providing a much higher load-bearing strength,
= - they transfer interior loads between all elements of the Cone structure,
= - they prevent the Cone structure being crushed horizontally.

That last task seems the most vital out of them all, as the earliest risk of destruction
from overloading the Cone structure comes from deforming the ring from its circular shape to
an elliptical one, resulting in a collapse of the whole structure. This points to a need to ensure
a high durability of the ring, as might be the case with bamboo or grass. A substantial durabil-
ity of the ring, however, i.e. preparing it for the most unexpected stresses, will cause it to di-
verge from the essence of the whole Cone system, where both the cones and the cylinders
through their shape provide optimal load-bearing capacity, while the ring would need the
strength to bear an uncertain future load.

The Cone system does hold some promise for ring theory, though. Namely, the tensile-
strength cone approaches the workings of the spokes in a bicycle wheel, and thus makes the
ring itself more durable. It is important here to make the tensile-strength cone as flat as possi-
ble. This suggests a necessity to optimise all of the elements of the Cone structure as a whole,
including matters such as the radius of the rings and the height and angles of the cones.

Complex Simulation

Thus far, fragmented and individual considerations of the Cone structure are still a long
way off from any real solution, as indicated by the examination of the tensions in the ring,
where those tensions would vary greatly. We need a mathematical (and physical) model that
will handle the complex nature of the workings of the Cone structure in both space and time.
Of course, the phenomena occurring in individual elements of the Cone structure still need to
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be described, but all mutual influences between various elements of the Cone structure should
be displayed as mathematical functions, forming a single complex model. Such a model
should, in its complete form, be structured as a compupter program, and even become one.

Partial models must first be developed for the following issues:

= exterior stresses,

= stresses from own weight,

= workload of the compressive-strength cone,
= workload of the tensile-strength cone,

= workload of the exterior cylinder,

= workload of the interior cylinder,

= workload of the exterior ring,

= workload of the interior ring.

Assuming one segment of the Cone structure to be a set of one compressive-strength
cone, one tensile-strength cone, an exterior ring, an interior ring, a tensile-strength interior
cylinder, and a tensile-strength exterior cylinder, a function should be developed for the influ-
ence of the set in question:

= influence on the set below,
= influence on the set above.

The whole model should be relative in time and take into consideration particular puls-
ing of influences in the whole structure.

The method for visualising the workload of the Cone structure should be selected based
on making its output understandable to the viewer.

A complex simulation should give the option of making the dimensions and angles of
the various elements of the Cone structure conditional on one another, both in terms of
providing optimal load distribution through the whole structure, and in grouping them in a
select area. Of course, setting individual dimensions of the Cone structure's elements as con-
stant should be one of the variants of the Cone model and permit analysis of variable dimen-
sions and angles conditional on the location of the given segment in the Cone structure.

L J

Translation: Krzysztof Kwiecien, 2013
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