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5INTRODUCTION

1.1 THE AIM OF THIS BOOKLET

ear Reader, this booklet contains a descrip-

t ion of a new construction method, the con-

cept of which we developed and patented in 

2009, To introduce it  to the construction market, we 

plan to construct two exhibitory buildings and spread 

a communication material based on the documenta-

t ion of them. 

The aim of our construction system is to assure en-

ergy eff iciency and environmental soundness for the 

entire l i fe-cycle of the building.   

To achieve this, we applied up-to-date materials and 

technologies of the design and construction industry, 

creating a new building concept .

As a result we have a new construction method, by 

which our building answers appropriately to the topi-

cal demands: the adaptation of contemporary tech-

nologies and materials, as well  as increased consid-

eration of the natural, bui l t  and cultural environment.

We invi te You to par t ic ipate in our project wi th Your 

products and technology. We would l ike as wel l  to 

offer  You our services to design and to bui ld a struc-

ture based on the presented mater ia l .



2.1 CONCEPT

ur research star ted by analysing the current 

answers of  the construct ion industry and 

market to the new energet ic demands and 

green pr imaries.

-  Technical  aspects: 

In recent years,  one of  the pr imary necessi t ies of  an 

energy strategy became the reduct ion of  the heat 

exchange between the bui lding and the external  me-

dium. 

The pr imal answer to th is demand was to increase 

the thickness of  the usual  insulat ion panels appl ied 

on the external  wal ls.  Later innovat ive solut ions ap-

peared in mater ia ls and mechanical  technologies as 

wel l .

Unfor tunately the costs of  these developments are 

st i l l  h igh, the process of  changing the latest  de-

cades’  technology is st i l l  d i ff icul t .

Apar t  f rom economical  aspects,  the coordinat ion be-

tween the appl ied technologies in di fferent f ie lds

(as archi tectural  design concept,  construct ion tech-

nology or mechanical  systems) is not done uni formly 

or is inconsistent.

-  Archi tectural  pr inciples:

In modern design – compared to the number of  the 

newly bui l t  premises – we found only a few examples 

of  space format ion concepts based on energet ic as-

pects. 

The base of  the archi tectural  shape of  the bui lding 

is st i l l  the appl icat ion of  models that  are aesthet i -

cal ly formal ist  or  economical ly prof i table on a shor t 

therm. 

The modulat ion of  the archi tectural  space is st i l l 

generated from the model formed by Le Corbusier, 

the except ion being the 3D design  appl ied only by 

a relat ively smal l  number of  some leading design of-

f ices l ike Coop Himmelb( l )au,   Herzog & de Meuron 

or a very few others.

The appl icat ion of  the regulat ions and standards is 

not enough any more to bui ld adequately to current 

demands concerning energy eff ic iency. Accord-

ing to these new demands, we need to modify the 

exist ing systems by the overal l  coordinat ion of  the 

main f ie lds that  determine a bui lding: archi tecture, 

structure ,  mechanical  and electr ical  systems. 

The structure’s cohesion with the other f ie lds of  archi-

tectural  engineer ing, for  example the considerat ion 

of  thermal br idges, the thermostat ic proper t ies of  the 

mater ia ls,  the posi t ion and size of   insulat ion or glass 

sur faces needs to be reconsidered .  Innovat ions in the 

f ie ld of  mechanical  systems make more eff ic ient  and 

energet ical ly sensi t ive bui ldings. As archi tects we 

considered al l  these demands from the consul tant  de-

signers in the development of  our concept.  Our aim is 

to design new bui ldings based on the basic cr i ter ia 

of  reducing the amount of  energy necessary for  the 

construct ion and dur ing the use of  the edi f ices;  to 

assign more freedom to form spaces and bui lding 

shapes whi le increasing considerat ion for  the en-

vironment,  and to faci l i tate the appl icat ion of  new 

technologies.  Al l  th is in an economical ly favourable 

way, using simple technologies and avai lable mater i -

a ls.
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32.2 PATENT ABSTRACT

olyhedral  surfaced, cel led, space dividing 

structure .

The components are:  1.-  shel l -sheets,  2.-  connec-

t ion-sheets and 3.-  f ix ing-elements,  made of  or iented 

standard board panels,  t imber panels,  medium-den-

si ty f ibreboard panels,  s late panels,  t imber boards, 

steel  prof i les,  metal  sheets or the mixture of  these 

mater ia ls,  f ixed between themselves with screws, 

bol ts,  pegs, tacks,  adhesives,  welding or the combi-

nat ion of  these.

The regular or i r regular polyhedral  sur face of  the 

structure is composed of  polygonal  e lements,  as-

signing concave or convex curved character to the 

structure.

The number of  the shel ls formed by the shel l -sheets 

(1) is var iable.

In the inter ior  of  the structure,  the shel l -sheets (1) 

and the connect ion-sheets (2)  form cel ls,  which can 

be f i l led with mater ia ls such as concrete,  thermal in-

sulat ion,  or  the mixture of  them.

The adaptat ion of  the structure in the bui lding can 

be internal  or  external ,  covered by the appropriate 

cladding mater ia ls.

 

The presented innovat ion was developed dur ing the 

design process of  the thermic shel l  for  a fami ly house 

based on passive-house technology; in the fo l lowing 

we present our proposal  to achieve these goals by a 

novel  professional  statement.
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Typical  drawing: example of  a two-shel led, polyhe-

dral  sur faced, cel led, space div iding structure – ax-

onometr ic v iew.



3.1 MOCK-UP

or one of  the designed sample house -by 

wich we are present ing the bui lding system- 

we bui l t  a detai l  of  the external  wal l  struc-

ture,  at  the scale of  1:1.  Dur ing i ts construct ion we 

tested the technology of  the method by measur ing 

the durat ion of  the procedure, the possibi l i t ies of 

cut t ing, posi t ioning, f ix ing, and potent ia l  arrange-

ments of  cover ings.

1 -  Drawing, cutt ing, preparat ion and transpor t  of  the 

components,  which are:

-  t r iangles:  the composers of  the inner and outer 

shel l

-  paral le lograms: the connect ion between the shel ls

-  s lats:  through which the panels are f ixed

2 -  Posi t ioning and f ix ing of  the star t ing slats on the 

foundat ion s lab. The connect ions can be made by 

using screws, bol ts,  pegs, tacks,  adhesives and the 

combinat ion of  these.

3 -  Posi t ioning and f ix ing of  the star t ing tr iangles to 

the s lats.

4 -  Posi t ioning and f ix ing of  the paral le lograms to the 

t r iangles,  by the previously appl ied slats.

In th is way we form closed, internal  cel ls.

5 -  Connect ing the cel ls by more shel l  forming tr i -

angles,  then placing new internal  connect ion paral-

le lograms. These are the basic steps of  the method 

to bui ld the structural  shel l .

6 -  Posi t ioning and f ix ing of  the structure for  the cov-

er ing mater ia ls:  s lats on the connect ion edges of  the 

external  planes.

7 -  F i l l ing of  the cel ls wi th cel lu lose insulat ion.  The 

procedure can be done from the internal  or  the exter-

nal  shel l -sheet,  af ter  which the aper tures are closed. 

The cover ing of  the structure,  in our case, was made 

of  wooden boarding on the external  plane and of 

gypsum board panels on the internal  sur face.
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3.2 ARC

General  descr ipt ion

hen we contacted the f i rm Kronospan -pro-

ducer of  wood based construct ion mater ia ls- 

to par t ic ipate in the construct ion in our exhib-

i tory houses – to which the company readi ly agreed 

–,  Kronospan also suggested that we take par t  in the 

„ In House Fair”  exhibi t ion by bui lding an arch at  the 

entrance. We bui l t  a plat form on the topmost point  of 

the arch and a stairway so that v is i tors could go up; 

th is al lowed us to demonstrate at  the same t ime the 

load-bear ing capacity of  the structure.

Geometr ical ly,  the structure consists of  two doubly 

curved arcs that have jo int  edges, but have a dis-

tance of  around 40 cm in the middle to hold the con-

nect ing panels.

General  s izes of  the arc:  length 620 cm, width 350

cm, height 361 cm, whi le the height of  the passage 

is 215 cm.

The only composing mater ia ls and elements were 10 

mm thick OSB-3 panels,  pine slats of  48/48 mm and 

f ix ing bol ts.

After cutt ing out the 330 pieces with a CNC machine, 

the structure was mounted within f ive days by a 

team of f ive people and af ter  the exhibi t ion the struc-

ture was dismounted. 

Dur ing the exhibi t ion the structure was loaded (apar t 

f rom i ts dead load) by the v is i tors cl imbing up on i t . 

This ver t ical  load was, due to the structure’s geom-

etry,  t ransferred through the component panels ’ 

plane to the f loor act ing as foundat ion. 

Thanks to the excel lent load-bearing capacity  of  the 

OSB panels,  the structure made of  only 10 mm thick 

panels could bear more than seven people’s weight.

10



11CONSTRUCTION SYSTEM

Structural  dimensioning

he structure can be dimensioned with sof t -

ware using f in i te element method. The OSB 

panels were model led as two-dimensional 

sur faces. The software calculates the dead load au-

tomat ical ly,  whi le as l ive loads the weight of  approxi-

mately seven people was added.

The software calculates the structure wi th high ac-

curacy, apar t  f rom smal l  displacements in the nodes 

– th is phenomenon is s imi lar  to those exper ienced in 

the construct ion of  t russes.

Count ing with a dead load of  500 kg, a l ive load of 

600 kg and with hor izontal  loads of  100-100 kg on 

each side, the overal l  ver t ical  displacement of  the 

structure is 4,0 mm. This calculat ion proves that the 

proposed thickness of  10 mm of the OSB boards 

is appl icable,  and determines the design value of 

stresses on nodes.

In order to minimise displacements in nodes, we ap-

pl ied bol ts of  smal l  diameter (4/50 mm) every 100-

120 mm, and oversized the nodes. The load-bear ing 

capacity of  the nodes can be augmented by using 

more bol ts.

I f ,  dur ing the construct ion,  gaps of  more than 5 mm 

appear between the OSB panels and the fastening 

slats,  adhesive polyurethane foam has to be in ject-

ed.

In the dimensioning process we ignored the load-

distr ibut ing effect  of  the two beams suppor t ing the 

stairway. 

Conclusion: the structure is appropriate to bear a 

ver t ical  load of  600 kg.
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4.1 DESIGN PROCESS

et us separate – in theory – the shel l  of  a 

bui lding from i ts inner space: wi th our con-

struct ion system we suggest the revision of 

the shel l .   At  the beginning of  the design process – 

in accordance with the expectat ions – f i rst  the inner 

spaces, their  dimensions, locat ions and relat ions are 

def ined, hence creat ing the „ inside” of  the bui lding.  

Then we def ine the shel l ,  designing i t  according to 

the expectat ions regarding form, funct ion,  structure 

and isolat ion.  Af ter posi t ioning the openings for pas-

sage and i l luminat ion and coat ing mater ia ls can be 

designed. 

The def in i t ion of  the shel l  is  a ided by a relevant sof t -

ware,  which, in th is phase of  the design process, 

helps not only in graphic documentat ion,  but also 

gives the oppor tuni ty to construct – v i r tual ly – the 

whole bui lding before the actual  real- l i fe construc-

t ion begins.

This 3D model of  the bui lding shel l  can be freely 

transformed, stretched, distorted, thinned or thick-

ened  in any direct ion,  and simulated with di fferent 

coat ing mater ia ls.  I t  helps control  the design process 

by two-dimensional  project ions,  render ings and 3D 

animat ions.  I t  is  based on this model that  e lements 

of  the structure are dimensioned, cut and mounted 

on the construct ion s i te.

14



4.2 FREE FORM BUILDING 01 -  GRAVEL HOUSE  

his 185 sqm residence was designed for a 

fami ly of  four (parents and two chi ldren), 

based on passive-house technology. The lo-

cat ion is Miercurea Ciuc, Romania,  area of  mountains 

wi th a +6°C annual  average temperature.  Planned 

construct ion per iod: s ix months,  middle of  2012. The 

f ive bedrooms, two bathrooms  and other rooms are 

s i tuated  on the f i rst  and second f loor,  whi le the com-

bined ki tchen, dining and l iv ing room const i tutes a 

f loor-and-a-hal f  h igh space. A double garage, a stor-

age room and a rainwater storage are s i tuated in a 

separate volume with green roof,  where solar panels 

can be instal led.

In the presented appl icat ion,  the shel l  was model led 

by f ive curved planes by scal ing-offset t ing the gen-

erator curved plane. The geometry of  the layers,  as 

wel l  as the incis ion that holds the rainwater drainage 

pipes, were def ined with th is method.

To create a canopy, above the l iv ing room’s exi t ,  the 

shel l  was sect ioned by a leaning plan. 

Rainwater drainage pipes are hidden between the 

sur faces corresponding to „wal l”  and „roof” func-

t ions.
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Example for shel l  layers:

-  24mm internal  cover:  2 layers of  gypsum board 

panel

-  a i r  gap between 30mm wooden slats,  structure of 

the gypsum board panels

-  vapour barr ier,  (a i r- t ight  plane of  the bui lding)

-  10mm OSB panel  ( internal  shel l )

-  cel lu lose insulat ion  in 450mm (var iable) cavi t ies, 

between paral le lograms of  8mm OSB panel 

-  10mm OSB panel  (external  shel l )

-  vapour permeable fo i l

-  a i r  gap  between 30mm wooden slats,  structure of 

the external  cover

-  15mm, wooden boarding, external  cover

Average width:  560mm

The thickness of  the shel l  is  dimensioned according 

to the energet ic and structural  repor ts.

In the internal  a i r  gaps the mechanical  and electr ical 

devices and their  conductors are posi t ioned, whi le 

the external  a i r  gap ensures the vent i lat ion of  the 

cover ing layers.

The air  t ight  plan is real ised on the external  plan of 

the internal  a i r  gap, by the appl icat ion of  a vapour 

barr ier.  On the level  of  the roof,  where the shel l  does 

not contain an internal  a i r  gap, the vapour barr ier 

fo i l  is  posi t ioned on the external  plan of  the internal 

OSB panel .

From the archi tectural  point  of  v iew, the develop-

16

ment revises the shel l  of  the bui lding, offer ing the 

possibi l i ty  to create ideal  bui lding shapes, gives 

new opportunit ies  in the forming of  volumes, in the 

creat ion of  free geometr ical  forms .

In the presented project the external  structure of  the 

bui lding is bui l t  by our method, generat ing  a curved 

external  shel l  made of  smal l  e lements.

When mount ing the elements of  the structure,  the ac-

curacy of  the construct ion can be control led based 

on the 3D model.



Propriet ies of  the shel l  in our example (may be di ffer-

ent in other structures):

-  The resul t  of  the research is a mult iple shel led cu-

pola structure.

-  The components are the panels of  the inner and 

outer shel l -planes and their  connect ion elements, 

and the insulat ion f i l l ing the internal  cel ls.  

-  The curved character of  the structure is generated 

by the tr iangles of  the outer sur face, the connect ion 

is ensured by the internal  connect ion panels.

-  In our case the elements of  the shel l  are of  or iented 

standard board panels (OSB),  the insulat ion mater ia l 

is  cel lu lose.

-  The connect ion of  the panels is provided by wood

en slats,  f ixed by cl inkers. 

-  The appl icat ion method of  cel lu lose insulat ion is 

s imi lar  to i ts appl icat ion in convent ional  wooden 

structures:  the mater ia l  is  blown into the cel ls through 

aper tures on the shel l  panels,  which are covered af-

ter  the procedure.

-  Conceptual ly,  the basic layers of  our structure are: 

external  cover ing -  a i r  gap -  internal  structure of  the 

shel l  wi th insulat ion-f i l led cel ls -  a i r  gap -  internal 

cover ing. 

-  The external  cover ing on the ver t ical  plane is made 

of  boarding, on the upper plans of  metal  sheets,  the 

internal  cover ing is made of  gypsum board panels.

-  Last  but not least :  the structure generates the 
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space and shape  of  the bui lding, determining i ts ar-

chi tectural  value.



DETAILS

Wal l  layers

- plaster f i l l ,  paint ing

- 2 layers of  12,5mm gypsum board panel

-  48mm wooden slats,  structure of  the gypsum                 

  board panels,  in between: air  gap

- vapour barr ier  fo i l

-  10mm OSB panel 

-  400mm (var iable),  8mm OSB panel ,  in between:   

  cel lu lose insulat ion

- 10mm OSB panel

-  vapour permeable fo i l

-  48mm, wooden slats,  structure of  the external   

  cover,  in between: air  gap

- 15mm, wooden boarding, external  cover

Roof layers

- plaster f i l l ,  paint ing

- 2 layers of  12,5mm gypsum board panel

-  48mm wooden slats,  structure of  the gypsum  

  board panels,  in between: air  gap

- vapour barr ier  fo i l

-  10mm OSB panel 

-  450mm (var iable),  8mm OSB panel ,  in between:   

  cel lu lose insulat ion

- 10mm OSB panel

-  vapour permeable fo i l

-  10mm OSB panel

-  vapour barr ier  fo i l

-  sheet-metal Front project ion of  posi t ioning the structure elements 

wi th the f in ishing mater ia ls:  OSB panel  t r iangles,  the 

wooden slats and the cover ing wooden board.

Different ways of  connect ing the two OSB panels 

through the wooden slats.

External  thermo-shel l  sect ions on the basement,  ex-

ternal  wal l  and roof level . 

18



Front project ion of  posi t ioning the structure elements 

wi th the f in ishing mater ia ls:  OSB panel  t r iangles,  the 

wooden slats and the cover ing wooden board.

Different ways of  connect ing the two OSB panels 

through the wooden slats.

External  thermo-shel l  sect ions on the basement,  ex-

ternal  wal l  and roof level . 
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4.3 FREE FORM BUILDING 03 -  FAMILY HOUSE 

he third presentat ion bui lding wi l l  be con-

structed in Nagykovácsi ,  near Budapest,  in 

2012. The bui lding is designed for a four 

member fami ly.

I t  contains -next by the l iv ing area- four bedrooms, 

two bathrooms and the atel ier.  The internal  spaces 

are arranged in the l iv ing area in a high ground-f loor 

above which is posi t ioned the restaurateur atel ier, 

the bedrooms and the service areas arranged on two 

levels.  The plot  is  of  20 percent s lope, therefore the 

external  pathways are gett ing an accentuated role in 

the volumetr ic composi t ion.

The main elements of  th is composi t ion are the ga-

rage and storage at  the entrance, the stairs of  the 

pathway, the garden pond and the resident ia l  bui ld-

ing.

The external  cover ing is coloured bare shotcrete, 

appl ied on the mult i  layered shel l  of  the „Free Form 

Bui ldings” cupola structure.

20
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4.4 FREE FORM BUILDING 04 -  SPORT HALL 

ur four th presentat ion bui lding’s data page: 

1.  Name: Free Form Bui ldings 04

– mult i funct ional  and spor t  hal l

2.  Locat ion:  Budapest,  Distr ict  4,  Káposztasmegyer

3. Cl ient :  Megyer i  T igr isek Basketbal l  Club

4. Area: 9400 m2

5. Funct ion:  Mult i funct ional  hal l

6.  Design stage: Under author isat ion

7. Design team: Por t ik Ador ján, Er tsey Att i la,  Nagy 

Gábor,  Árva Péter

8.  This project is the four th appl icat ion of  the „Free 

Form Bui ldings” construct ion system. Based on the 

invi tat ion of  Er tsey Att i la (Kor Epi tesz Studio Kft . ) , 

we designed the geometry and the structure of  the 

bui lding.

The span of  the structure is 70m, the th ickness var-

ies between 1,2 and 0,8m. The metal  sheet external 

cover ing is switched to glass at  the main entrance 

and the roof skyl ight,  to introduce the natural  l ight  in 

the inter ior,  but also to present the structure.

The two cross sect ions are di fferent:  on the jo int 

between the external  wal l  and roof plane on of  the 

is sharpened in console to exter ior  and the second 

sect ion is f lat tened, by th is we assign to the bui lding 

volume a waver ing dynamism at th is rounded junc-

t ion l ine.

22
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5.1 GEOMETRY

he shape of  the structure can be model led 

in any direct ion :   convex or concave, curved 

or f lat  sur faces can be generated dur ing the 

design process.

-  The technology offers an easy method for the gen-

erat ion of  bui lding shapes.

-  The number of  the shel ls is var iable,  we can gener-

ate mult i - layered internal  cel ls to posi t ion instal la-

t ions,  their  cables,  insulat ion,  vent i lat ion gaps, or 

we can apply the system for cast ing concrete based 

structures.   (See the patent descr ipt ion for  mult i -

shel led structures)

-  The design of  the construct ion can be aided by 

computer sof tware:  at  concept level  we create mult i-

curved surfaces ,  then the f inal  shape is t ransformed 

into regular or i r regular polyhedrons, the sur face 

model led with polygons. The other shel l  planes are 

generated by changing the scale of  the or iginal 

polyhedron. The connect ion elements of  the shel ls 

are def ined last . 

-  Using 3D design, the geometry of  the components 

is precisely def ined ,  making adequate documenta-

t ion possible. 

-  By modify ing the size and sum of the panels of  the 

shel l ,  we can accent or moderate the connect ions, 

so as to accent or moderate the curved character.

-  Openings on the shel l  can be made by ei ther re-

moving cel ls or by introducing incis ions wi th di ffer-

ent geometry.

-  As the structure does not have external  corners,  we 

meet wider possibi l i t ies to posi t ion openings achiev-

ing good natural  i l luminat ion or in considerat ion of 

external  v iews.

-  The structure can be connected to any other di ffer-

ent ly shaped structure and model led – in th is case 

as wel l  – as desired.
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Passivhaus Nachweis IGAZOLÁS PHPP-2007.

fotó vagy rajz

Épület: PASSZÍVHÁZ
Helyszín és klíma: Csobotfalva - ROMÁNIA

Utca:
Helyiség / Város: Csobotfalva

Ország: ROMÁNIA
Épület tipus: családiház

Építtető (k): Szász család
Utca:

Helyiség / Város:

Építész: Portik Adorján okl.építész
Utca:

Helyiség / Város:

Épületgépészet - tervező: Benécs József
Utca: Blaháné út 50

Helyiség / Város: Gödöllő www.passzivhaz.info.hu

Építés éve: 2010

Lakóegységek száma: 1 Belső hőmérséklet: 20,0  °C

B eépített térfogat  Ve: 614,9 m3 Belső hőforrások: 2,1 W/m2

Személyek száma: 4,0

E nergiavonatkoztatású felületekre vonatkoztatott jellemzők

Energiavonatkoztatású felület: 184,8 m2

alkalmazva : Éves eljárás Jahresverfahren11 447 PH-Zertifikat: Teljesül ?

Fűtési hőenergiaigény: 11 kWh/(m2a) 15 kWh/(m2a) ja

Légtömörségvizsgálat eredménye : 0,6 h-1 0,6 h-1 ja

Össz. primerenergia-mutató
(HMV, fűtés,vill. segédenergia, háztartási áram): 68 kWh/(m2a) 120 kWh/(m2a) ja

Primerenergia-mutató
(HMV, fűtés, vill. segédenergia) 32 kWh/(m2a)

Primerenergia-mutató
Soláris áramtermelés megtakarítása: kWh/(m2a)

   Fűtési hőszükséglet : 15 W/m2

Túlmelegedés gyakorisága : 6 % 25 °C felett  (Túlmelegedés )

Hűtés fajlagos energiaigénye: kWh/(m2a) 15 kWh/(m2a)

 Hűtés energiaigénye: 17 W/m2

Mutatók az EnEV szerinti hasznos területre vonatkoztatva

Hasznos alapterület  az EnEV szerint  : 196,8 m2

követelmény: Teljesült ?

Primerenergia mutató
(HMV. Fűtés. vill. segédenergiaigény)): 30 kWh/(m2a) 40 kWh/(m2a) ja

Wir versichern, dass die hier angegebenen Werte nach  Biztosítjuk Önöket arról, hogy a fenti számítás során Kelt:
dem Verfahren PHPP auf Basis der Kennwerte des Gebäudesa PHPP eljárásnak megfelelően jártunk el. 2010.04.23 10:25
ermittelt wurden. Die Berechnungen mit PHPP liegen A PHPP alapján történő számítások a MINŐSÍTÉS Aláírás:
diesem Antrag bei.mellékleteként kerülnek átadásra.

PHPP 2007, Tanusitvany Csobotfalva 07_PHPP2007_leer-xl (version 1).xls

5.2 ENERGETICS

he energet ic repor t  of  the fami ly house was 

prepared with PHPP software,  which is indis-

pensable in the passive house l icense.

-  According this repor t ,  due to the proper t ies of  the 

external  structure,  the expected heat energy con-

sumption is 11kWh/m2  annual ly,  which is a notable 

achievement,  regarding the size of  the openings and 

the 5°C annual  average temperature of  the region.

-  The insulat ion proper t ies of  the shel l  are advanta-

geous for the use of  low-energy heat ing and cool ing 

systems, such as heat recovery vent i lators,  by which 

up to 90% energy saving can be at ta ined – compared 

to usual  energy needs.

-  The curved external  sur face  faci l i tates the posi-

t ioning of  glass sur faces in order to maximise solar 

heat gain,  the impor tance of  which has increased 

in the case of  green bui ldings with high “U”-valued 

structures.

-  Regarding internal  a i r  c i rculat ion,  as the volume of 

the internal  a i r  can be smal ler,  i t  is  easier to heat, 

consequent ly less energy is required for the heat ing.

In comparison to rectangular sur faces, the cover ing 

mater ia ls of  the curved sur face have a higher me-

chanical  resistance due to the lack of  corners;  in ab-

sence of  the external  a i r-vor texes the heat exchange 

of  the external  cover ing is s lower.

-  Less mater ia l  is  needed to bui ld the external  shel l 

of  a space than in the case of  ver t ical  and hor izontal 

structures.

-  Since the insulat ion layer is not separated from 

the load-bear ing layer,  the th ickness of  the exter-

nal  structure can be more advantageous – smal ler 

– than of  a t radi t ional  structure wi th the same insula-

t ion proper t ies.
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-  As for  the openings, the 

tensions of  the structure 

are received and trans-

mit ted by stat ical ly appro-

pr iate f rames, the contour 

of  which can be designed 

with or wi thout reference 

to the connect ion edges.

-  The connect ion of  the 

wal ls and the roof does 

not need structural  con-

siderat ion,  as structural ly 

these two funct ions are in-

tegrated.

-  The structure  can be 

appl ied as form-work for 

re inforced concrete struc-

tures,  e i ther by f i l l ing the 

inner cavi t ies wi th con-

crete (using connect ing 

paral le lograms with open-

ings in them) or by cov-

er ing the structure wi th a 

wire mesh and applying a 

shotcrete layer.

-  Using our procedure, we are able to bui ld stat ical ly 

more advantageous structures compared to the con-

vent ional  l ight  structured bui ldings of  the same mass 

of  mater ia ls or same size.

-  The mult i-shel led cupola  is  very advantageous 

from the aspect of  resistance: in the case of  the pre-

sented project the stat ic repor t  has conf i rmed that i t 

is  a l ight and strong structure . 

-  The structure of  th is resident ia l  bui lding – due to i ts 

locat ion – was dimensioned calculat ing with a snow 

load of  300 kg/m2; seismic loads have been also 

taken into considerat ion.  The most s igni f icant defor-

mat ion of  the structure is the ver t ical  one, the value 

of  which was 45 mm under 3,2kN/m2 l ive load + sel f 

weight mult ipl ied by the relevant safety coeff ic ients, 

on the span of  17,5m.

- The f ixat ion of  the connect ions by tack screws were 

also determined and control led by structural  calcu-

lat ions.  

-  The structure’s resistance can be increased by the 

addit ion of  new layers to the shel l  or  by using i t  as 

form-work for  a reinforced concrete structure.  We 

have to emphasise that in our studies the thickness 

of  the shel l  was determined by the necessary th ick-

ness of  thermal insulat ion rather than the loads.

-  When designing the structure,  we endeavour to form 

an approximate catenary arch, so that we can keep 

stresses within the structural  plane. This way, i ts 

maximum span is about 30m  wi th point- f ixed nodes 

(using bol ts or nai ls)  and more than 100m  using ad-

hesives as wel l  for  f ix ing.
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5.3 STATICS

ecause of  the advantageous posi t ioning of 

the elements,  the construct ion method is 

ideal  for  the bui lding of  suppor t ing or sel f -

suppor t ing structures as s labs, br idges, wal ls,  cano-

pies or balustrades. 

-  The pr imary factors in the determinat ion of  th ickness 

are the structural  and heat-exchange demands.

-  The sel f  suppor t ing -  f reely formed -  cupola does 

not require external  structural  wal l  or  colonnade. 



5.4 ENVIRONMENTAL

n the presented project,  the component ma-

ter ia ls of  the shel l  are or iented standard 

board panels –  as structure –,  and cel lu lose 

– as insulat ion. 

In the fabr icat ion of  these panels,  the whole sect ion 

of  the pine is used, except of  the bark,  resul t ing in 

minimal waste product ion.

Young trees and faster growing species are also 

used.

The adhesive used in the product ion is made of  wax 

and resin,  the emission of  formaldehyde is very low, 

10% of the permit ted value.

The cel lu lose insulat ion is made from recycled pa-

per (80%), as wel l  as f rom cotton, straw, sawdust, 

hemp and corncob, dur ing the appl icat ion,  waste is 

not produced.

The construct ion system faci l i tates energy eff ic ient 

design and the appl icat ion of  environmental ly f r iend-

ly technologies.

The construct ion process (cutt ing and f ix ing of  the 

elements by tack screws) demands low technologi-

cal  involvement  wi th relat ively small  energy con-

sumption .

The components – in case of  demol i t ion – are recy-

clable or decomposable,  noxious substances are not 

produced, the quant i ty of  steel  and reinforced con-

crete elements is smal l .

Due to the favourable insulat ion proper t ies of  the 

thermic shel l  and the use of  heat recover ing vent i -

lat ion system, energy consumption of  heat ing and 

cool ing is at  least  90% less in the designed bui lding 

than in one bui l t  wi th t radi t ional  construct ion meth-

ods.  The bui lding meets the standards of  the Pas-

sive House Inst i tute.

Mechanical  vent i lat ion is recommended – and indis-

pensable to comply wi th passive house standards – 

as i t  not  only reduces energy consumption of  heat ing 

and cool ing, but i t  a lso s igni f icant ly improves inside 

air  qual i ty thanks to the higher vent i lat ion rate. 

Inside air  is  replaced by fresh air  f i l tered of  dust and 

pol len at  least  twice a day.

The components of  the structure are prefabr icated, 

so  we do not produce waste on the construct ion s i te, 

and the process of   fabr icat ion is more control lable.
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5.5 APPLICABILITY

he mult i -shel led cupola,  due to i ts advanta-

geous structural  qual i t ies,  is  appl icable for 

mult i level  bui ldings, even though i t  is  a l ight-

weight structure.

The structure is appl icable,  wi thout any funct ional 

restr ict ion,  as the external  shel l  of  a bui lding.

From a volumetr ic point  of  v iew, i t  can be appl ied as 

ei ther one-storey or mult i level  edi f ices.

Since the connect ions can also be fastened with 

screws, the construct ion method is appropriate for 

the real isat ion of  temporary bui ldings: by s imply 

mounting and dismounting   the  re lat ively smal l  e le-

ments,  eff ic ient  re locat ion of  the structure is possi-

ble.  As i t  is  economical  regarding the use of  energy 

for heat ing and cool ing, there are no geographical 

restr ict ions in the posi t ioning of  the bui lding.

Even i f  the structure is most advantageous as a f ree-

standing volume, i f  there are adjacent wal ls,  i t  can be 

used to model the façades and roof planes.

The prefabr icat ion of  the elements also 

faci l i tates mass production ,  how-

ever,  better bui lding per formances 

can be achieved i f  one takes into 

considerat ion the immediate envi-

ronment (neighbouring volumes, 

or ientat ion,  vegetat ion,  etc.)  of 

the house to be constructed.

By using impermeable fo i ls  on 

both the internal  and external 

plane, only a negl igible amount of 

humidi ty permeates the structure, 

which does not diminish i ts stat ic 

resistance or worsen the insulat-

ing proper t ies of  the cel lu lose. The 

expected effects on the construct ion 

processes, the possible epansion in the 

construct ion f ie ld:

-  Increased use of  insulat ion is 

avai lable by the presented sys-

tem, therefore the appl icat ion 

of  the method is expected in 

the f ie ld of  the energy sen-

sit ive bui ldings .  

-  The appl ied components 

and technology faci l i tate 

the construct ion of  energy 

eff ic ient  and environmen-

tal ly f r iendly bui ldings, 

accordingly the develop-

ment is to be expected in 

the f ie ld of  green fami ly 

houses.

-  In smal ler  dimensions, the system is appl icable as 

a design element for  construct ions such as roofs, 

arcs,  or  canopies and pergolas.

-  Regarding cost eff ic iency, the construct ion method 

can also be used in the real isat ion of  prefabricated 

and temporary constructions .  To mount the struc-

ture on si te,  special  technology or devices are not 

needed.

-  Our construct ion method is a proposal  concerning 

the structure of  bui ldings. On the internal  and exter-

nal  sur faces any current cladding mater ia ls can be 

appl ied, using their  re levant f ix ing technologies.

-  At t ics can be more rat ional ly used in comparison 

to peaked roofs,  as there are no dead spaces typical 

of  the lat ter.

    28
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 Wall  layers
- plaster f i l l ,  paint ing
- 2 layers of  12,5mm gypsum board panel
-  48mm wooden slats,  structure of  the gyp-      
  sum board panels,  in between: air  gap
- vapour barr ier  fo i l
-  10mm OSB panel 
-  400mm (var iable),  8mm OSB panel ,  in between:  
  cel lu lose insulat ion
- 10mm OSB panel
-  vapour permeable fo i l
-  48mm, wooden slats,  structure of  the external   
  cover,  in between: air  gap
- 15mm, wooden boarding, external  cover

Roof layers
- plaster f i l l ,  paint ing
- 2 layers of  12,5mm gypsum board panel
-  48mm wooden slats,  structure of  the 
  gypsum board panels,  in between: air  gap
- vapour barr ier  fo i l
-  10mm OSB panel 
-  450mm (var iable),  8mm OSB panel ,  in 
   between: cel lu lose insulat ion
- 10mm OSB panel
-  vapour permeable fo i l
-  10mm OSB panel
-  vapour barr ier  fo i l
-  sheet-metal

Wal l  layers
- 20mm plaster,  paint ing
- 380 mm brick wi th reinforced concrete columns  
  enhancement
-  240 mm insulat ion
- vapour permeable fo i l
-  48mm, wooden slats,  structure of  the gypsum  
  board panels,  in between: air  gap
- 15mm, wooden boarding, external  cover

Roof layers
- plaster f i l l ,  paint ing
- 2 layers of  12,5mm gypsum board panel
-  vapour barr ier  fo i l
-  300mm wood sloping beam, in between: 
  300mm thermo insulat ion
- vapour permeable fo i l
-  48mm wooden slats,  in between: air  gap
- 10mm OSB panel
-  vapour barr ier  fo i l
-  sheet-metal

Wal l  layers
- plaster f i l l ,  paint ing
- 2 layers of  12,5mm gypsum board panel
-  48mm wooden slats,  structure of  the gypsum  
  board panels,  in between: air  gap
- vapour barr ier  fo i l
-  10mm OSB panel 
-  500mm wood columns (300+200),  in between:  
  500mm thermo insulat ion (300+200)
- 10mm OSB panel
-  vapour permeable fo i l
-  48mm, wooden slats,  structure of  the external   
  cover,  in between: air  gap
- 15mm, wooden boarding, external  cover

Roof layers
- plaster f i l l ,  paint ing
- 2 layers of  12,5mm gypsum board panel
-  vapour barr ier  fo i l
-  300mm wood sloping beam, in between: 
  300mm thermo insulat ion
- vapour permeable fo i l
-  48mm wooden slats,  in between: air  gap
- 10mm OSB panel
-  vapour barr ier  fo i l
-  sheet-metal

5.6 PERFORMANCE EVALUATION

a. FFB thermic shel l

b.  Br ick based thermic shel l

c.  T imber structured thermic shel l
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Groundf loor 1st level Sect ion

a. FREE FORM BUILDING THERMIC SHELL

e compare our construct ion method (a.)   – 

on a scale proposed in chapter 5.3,  that  is , 

on the scale of  a fami ly house – wi th the 

two most widely used construct ion systems of  ex-

ternal  wal l  structures:  a clay br ick wal l  strength-

ened with reinforced concrete columns and thermal-

ly insulated on the outer plane (b.)  and a classic 

„ l ightweight”structure made of  wooden beams and 

thermal insulat ion between them (c.) .

Al l  three cases are representat ive samples wi th the 

same areas and funct ional  arrangement,  and the 

same thermal insulat ion proper t ies,  complying with 

passive-house requirements.
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1st level RoofGroundf loor

b. BRICK BASED THERMIC-SHELL

1st level Sect ionGroundf loor

c.  TIMBER BASED THERMIC-SHELL
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1. Funct ional  Per formance

- Space clar i ty

The free-form external  shel l  permits the creat ion of 

t ransparent,  wel l -organised funct ional  and spat ia l 

structure. 

In case of  a pi tched roof,  the r idge is always si t -

uated in the centre of  the volume, wi thout making 

reference to the inner space structure.  In the FFB 

version, the highest point  of  the bui lding is far ther 

f rom the l iv ing room than in the case of  volumes with 

ver t ical  façades, so spaces for dayt ime and night-

t ime act iv i t ies ( l iv ing room – dining room – k i tchen 

and bedrooms – bathrooms, respect ively)  are more 

easi ly di fferent iated. Moreover,  we could give these 

space groups a convex character as opposed to the 

more neutral ,  rectangular spaces. I t  is  impor tant to 

note that  archi tectural  e lements providing transi t ion 

between indoors and outdoors can easi ly be con-

structed with the shel l  as wel l  – wi thout the appl ica-

t ion of  the insulat ion – v ide: format ion of  pent over 

the entrance to the l iv ing room.

The curved external  wal ls make  i t  easier to get 

around in the bui lding, see the connect ions of  the 

entryway – l iv ing – dining – k i tchen – passage on the 

ground f loor.  In contrast  to usual  90-degrees turns, 

in our version angles are more obtuse.

-  Service l i fe

Thanks to the l ightweight structure,  devices (such 

as l ines and cables) are more accessible for  main-

tenance or modif icat ions;  inter ior  c laddings can be 

repaired more easi ly than in the case of  c lay br ick 

wal ls,  where plaster is used for f in ishing.

-  F lexibi l i ty  /  Adaptabi l i ty  /  Var iabi l i ty

Our construct ion system is convenient ly appl icable 

for  inter ior  or  exter ior  conversions and enlargements 

of  exist ing bui ldings. I ts advantages, f rom the ar-

chi tectural  point  of  v iew, is the freedom of forming 

space and volume ;  f rom the structural  point  of  v iew 

the relat ively smal l  addit ional  loads on the founda-

t ion and the pract icabi l i ty  of  structural  connect ions.

In  case of  a detached house, the relat ion between 

structure and space forming is most ly a quest ion of 

inter ior  design – in th is case i t  is  especial ly advanta-

geous that the outer shel l  does not have inter ior  e le-

ments (e.  g.  columns or beams).

2.  Technical  Per formance

- Stabi l i ty

The structural  repor t  conf i rms that our structure has 

a high load-bear ing capacity.  In comparison with a 

br ick wal l  strengthened with smal l  re inforced con-

crete columns of  the same load-bear ing capacity, 

the behaviour of  our structure,  for  example in the 

case of  an ear thquake, is more favourable f rom sev-

eral  points of  v iew, such as the structure’s resi l ience, 

i ts sel f  weight and i ts capacity to t ransmit  v ibrat ions 

to the foundat ion s lab.

-  Durabi l i ty

Even though OSB comes with a warranty of  at  least 

30 years against  delaminat ion,  and the structure is 

insulated with plast ic fo i ls  (so as to minimise dam-

ages and size changes caused by humidi ty and di f -

ferences in temperature),  the durabi l i ty  of  the struc-

ture is not comparable wi th that  of  br ick or reinforced 

concrete.  Even so, we are convinced that our struc-

ture can serve about 70 years,  which is between the 

durabi l i ty  of  the wood based and the br ick based 

structures.

-  Thermal protect ion of  envelope /  Heat loss and so-

lar  gain:  See under 5.2 Energet ics



3. Economic Per formance

- Investment,  Bui lding and Construct ion costs

I t  is  evident that  construct ion costs – mater ia l  costs 

and wages – are lowest in the case of  „classic” l ight-

weight structures made of  t imber beams and col-

umns, whi le in our case preparat ions (cutt ing the 

panels)  are necessary,  and the remunerat ion of  as-

semblage is higher.  The costs of  our structure are 

lower,  though, than those of  a block bui lding system: 

less mater ia l  is  needed for the foundat ion and rein-

forced concrete elements,  such as the columns or 

beans to strengthen the wal ls,  are not necessary. 

In our case, s ince the sel f  weight of  the structure is 

low, less mater ia l  is  needed for the foundat ion than 

in the case of  a t radi t ional  bui lding. A foundat ion 

s lab should be suff ic ient  even for a two- or three-

storey bui lding; costs of  construct ion and insulat ion 

are lower than those of  spread foot ings.

Whi le for  the construct ion of  a t radi t ional  bui lding 

one has to hire several  di fferent professionals,  such 

as masons or carpenters,  to mount our structure, 

re lat ively low technical  knowledge is needed, which 

al lows lower wages.

-  Design & Planning costs

Compared to the other ment ioned construct ion sys-

tems, the costs of  planning and design are higher. 

This di fference adds up to 1-1,5% of the total  invest-

ment value of  the bui lding at  most.

-  Return on investment

Return on investment in case of  owned or rented im-

movables al ike is most ly determined by maintenance 

costs and re-sel l ing possibi l i t ies;  in both aspects our 

system is favourable,  as the bui lding is energy eff i -

c ient  and has the added value of  uniqueness. 

4.  Environmental  Per formance

In the construct ion phase, out of  the three consid-

ered construct ion systems, t imber f rame bui ldings 

have the widest range of  possibi l i t ies to reduce their 

„ecological  footpr int” .  Eco-fr iendly construct ion ma-

ter ia ls are most ly developed to be appropriate for 

th is system. In our case, for  instance, cel lu lose insu-

lat ion cannot be – as yet  – replaced by natural  insu-

lat ion mater ia ls (such as wool  or straw),  because of 

the i r regular form of the cel ls to be f i l led.

Dur ing the useful  l i fe of  the bui lding, though, our 

system per forms even better than t imber f rame bui ld-

ings.

I tem detai led in chapter 5.4.

5.  Social  Per formance

One of  the par t icular i t ies of  our system is that  the 

cl ients can easi ly identi fy with the bui lding ,  g iven 

the close and direct working relat ionship wi th the 

archi tect ,  which is much needed dur ing the design 

phase. Likewise, future inhabitants can par t ic ipate 

in the mount ing of  the structure,  given that th is does 

not require much technical  t ra in ing. This way the 

inhabitants can contr ibute to the construct ion wi th 

their  own physical  work,  ident i fy ing themselves with 

their  future home.

The pecul iar  shape can give personal i ty to the bui ld-

ing, which can be an advantage as i t  helps cl ients to 

relate to their  house, but th is pecul iar i ty is not nec-

essar i ly  favourable for  conformity or isolat ion.
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6. Process Per formance

The 3D model made dur ing the design phase permits 

better control  of  construction  than the tradi t ional 

documentat ion based on project ions.  I t  a lso helps 

the cl ient  to see more of  the designed bui lding dur-

ing planning than i f  using only 2D project ions – f loor 

plans, sect ions and elevat ions.

In a shor ter term (20-30 years) l ightweight  bui ldings 

– made of  wood – are def in i te ly favourable in terms of 

maintenance or modif icat ion;  in longer terms (about 

50 years),  however,  modif icat ions can damage the 

bui lding mater ia ls.  In the deconstruct ion process, 

construct ions of  concrete and sol id or hol low br icks 

are clear ly at  disadvantage.

Evaluat ion cr i ter ia are based on:

„A comparison of  internat ional  c lassi f icat ions for 

per formance requirements and bui lding per formance 

categor ies used in evaluat ion methods”

Authors:

Thomas Lützkendor f  and Thorsten Speer,  Economics 

and Business Engineer ing, Universi ty Kar lsruhe

Françoise Sziget i  and Gerald Davis,  Internat ional 

Center for  Faci l i t ies

Pieter C. le Roux and Akikazu Kato,  Dept.  of  Archi-

tecture,  Toyohashi  Universi ty of  Technology

Kazuhisa Tsunekawa, Dept.  of  Archi tecture,  Univer-

s i ty of  Nagoya
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7.1 PERSONAL PRESENTATION

e are forming a team of design exper ts and 

constructors,  who developed and tested the 

presented construct ion method, some of us 

members of  the Hungarian Associat ion of  Passive 

House Bui lders.

The appl icat ion of  the construct ion method was anal-

ysed from the bui lding energy eff ic iency (PHPP soft-

ware) and structural  point  of  v iews (AXIS),  and also 

by real isat ion exper ience (bui l t  mock-up),  presented 

in the at tached repor ts.

Fur thermore, i f  our work obtained Your interest ,  we 

are disposed to present personal ly the research ma-

ter ia l  and the market ing and technical  development 

potent ia ls.

From mechanical  point  of  v iew, we are prepar ing our 

houses to be accredi ted Passive Houses by the Pas-

sive House Inst i tute f rom Darmstadt.

7.2 CONSULTANT DESIGNERS

3D:

Rajnai  Csaba

rajnai .csaba@gmai l .com

Nagy Gábor

Nagygg@gmai l .com

Civi l  engineers:

Fasching Ferenc Ferdinánd

1097 Budapest,  Tóth Kálmán u.  33/C

www.3f-mernokiroda.hu

Árva Péter

1094 Budapest,  Viola utca 48

mrd.arva.peter@gmai l .com

Mechanical  engineer:

Gömöri  Csaba

Temesvár i  Kf t .  Gömöri  Csaba

1119. Budapest,  Fehérvár i  út  83/A

www.temesvar i terv.hu

PHPP Calculat ion:
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