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A HYFRR-ROOF CONCEPT FOR LOW-COST BOOSING

The goal o f a a lngle house set o f f  on ■ p r iva te  place o f land 

fo r  ovary fam ily la  an a rch itectu ra l doctrine that Is w idely sub­

scribed to  In amity parts o f  the world. With the present uncontrolled 

rate  o f  population growth, continued adherence to  this doctrine w i l l  

lead to  a worldwide urban sprawl o f  disastrous proportions. Housing 

construction based on th is p rincip le is characterised by retention 

o f  archaic fabrication  methods and by the combination o f escalating 

costs and declin ing workmanship that Is a lso  observable In other 

products o f our industria l age. These trends seem inexorable unless 

an abrupt change Is  made In  our approach to  housing construction.

On the North American continent the Los Angeles area might 

be c ited  as an example o f  what the ’blngle-house" concept leads to In 

a rapid-growth c it y ,  w hile metropolitan Toronto is  an example o f an 

a lte rn a tiv e  approach employing high-rise apartments and condominiums 

to avoid having a l l  the land occupied by s in gle-fam ily  houses. In

John V .

th is paper, a new approach to low-cost housing projects is  proposed.

The concept is to enclose an en tire complex o f c lo se ly  packed, p r i- □ D R o d i-------------
v a te ly  owned houses, community recreational fa c i l i t i e s ,  and auxiliary

mechanical equipment under a single , transparent hyper-roof. The 

o v e ra ll ob jectives are e f f ic ie n t  u tilis a t io n  o f space, preservation 

o f the princip le o f p riva te  ownership o f one's house, and creation of 

a clim ate-con trolled  recreational area fo r  year-round use. As an 

exaaiple, a complex fo r housing 10,000 people In an area o f about 160 

acres Is  used to study the structural and economic fe a s ib ility  o f the 

proposed system.

Structural Forma fo r  Roof

Large-slse super-roofs measuring one or two miles In dlaaieter and 

covering entire c it ie s  have been proposed by F u lle r  [ l ] *  and by Zuk 

[2 ] and have been mentioned with Increasing frequency by architects 

and c i t y  planners. Although the diameters attained In recently con­

structed free-span roofs are s t i l l  In hundreds o f feed rather than 

thousands. I t  would seem that the diameter o f 2980 f t .  required to 

enclose a c ircu lar area o f 160 acres Is  not an la^osslble goal. As 

a structural form fo r  the proposed hyper-roof, the following contenders 

are considered in th is paper: r ig id  frasmworks; In fla tab le membranes; 

cable-suspended roo fs ; end a a ami-rigid dome presently being studied 

a t S tate  University o f  New York at Buffa lo.

Rigid frameworks such as the aeodealc dome proposed by Fuller 

[1 ]  have been used extensively for large radames. As an exasqsle,

Wales [3 ] has described the radons enclosing the Bsystack radio-astron­

omy antenna at Tyngsboro, Massachusetts. This structure, sketched 

In F ig. 1, was designed by Lincoln Laboratory. It can be described 

as sin*- tenths of a sphere, ISO ft . In diameter, with a t rape so Ida 1 

hexacontahedron geometry, bploylng hollow aluminas members 3 in.

*?ro lessor of Inglnaerlng aad Applied Sciences, gtate University 
o f New York at Buffalo.

*Nta^ers In brackets designate references at and of paper.

F ig . 1. Haystack Radone at Tyngsboro, Massachusetts

by 5 in . In cross section and 9 to IS f t .  long, the framework is  made 

up o f  930 triangular panels o f IS d iffe ren t shapes and Is  covered 

by 1/32-In .-th ick  fiberglass-rein forced polyester. Special design 

requirements fo r  radomes leading to this configuration Include a 

random orientation of the metal members to prevent biasing In the 

Interference pattern and a thin skin to minimise the amount o f In ter­

ference. By extending the principles embodied In the Haystack radome, 

I t  has been possible to consider a metal-space-frame radome that Is 

S60 f t .  In dlasmter and eight-tenths o f a sphere as an enclosure for 

the proposed NEROC radio telescope. Under the less r e s tr ic t iv e  design 

c r it e r ia  fo r  a roof over a housing complex, I t  would seem that space 

frameworks could reach diameters of a few thousand fe e t .

Inflatable structures have received considerable attention as a 

result of the expanding need for specialised structures In the space 

age [4 ,5 ]. Both the single-wall type with pressure elevation Inside 

the enclosure and the dual-wall type pressurised only within the wall 

have reached advanced stages of development, and diameters of several 

thousand feet are quite conceivable. Because of the need for foolproof 

nechanlcal equipment to maintain the pressure elevation, It would 

appear that this principle has at present too many disadvantages to 

be suitable as a hyper-roof for a housing complex.

Cable-suspended roofs have experienced a very rapid growth In 

Importance In recent times [6 ,7 ]. A typical arrangement employing a 

compression ring and a tension ring and a single set o f cables Is 

sketched la  Fig. 2. According to Bethlehem gteel Corporation [6 ],  

spans of ISO to 300 ft . are feasible for slag la-curvature surfaces 

with two eats of cables or for double-curvature surfacee with one sat 

of cables (as in Fig. 2). gpens of 200 to 400 ft. arm possible for
132



double-curvature surfaces with two sets o f cables. According to the 

American Iron and S tee l Institu te [8 ] ,  the Oakland-Alameda County 

Arena has a cable-suspended roof w ith  a diameter o f 420 f t .  The 

proposal o f Zuk [2 ] Is for a diameter o f one to two miles with a 

central tower and two sets of cab les. Although he states that tech­

nology Is not yet to the point o f making his idea rea lizab le , i t  would 

seem that stepping up to a diameter o f a thousand feet or so might be 

possible in the near future.

The structure being studied a t SUNYAB Is a sem i-rigid dome composed 

of an array o f wide, shallow members prebuckled Into in tersecting 

prestressed arches as shown In F ig . 3. The method of attachment of 

glass or other transparent roof panels to the framework Is visualized 

as suspension by a fam ily of circum ferential cables. Other arrange­

ments are also possib le, e .g ., " r ig ld lz in g "  the skeleton by horizontal 

ribs In place o f the suspension cables. A preliminary computer analysis 

has been carried out by the author to determine the behavior o f a single 

prestressed arch made from a buckled strut and under the action of 

simple loads [9 ]. I t  shows that the prebucked arch is capable of 

carrying a s ign ifican t amount o f v e r t ic a l load and suggests that a dome 

made up o f such arches may be a very promising contender fo r large- 

span hyper-roofs.

In ter io r  Layout

With the a rb itrary  assumption o f 5 persons per house, the sample 

complex being considered w ill contain 2,000 houses. I t  is  visualized 

that each o f these w i l l  occupy an area o f 900 sq. f t .  and w i l l  contain 

three liv in g  le v e ls : the upper, or "ground", leve l would consist of 

a sun room occupying, say,225 sq. f t .  and a patio  or garden occupying 

the remaining 675 sq. f t . ;  the middle leve l would have a l l  900 sq. f t .  

devoted to housing space and might include bedrooms, bathrooms, and 

study. The lower, or "subterranean", leve l could use 450 sq. f t .  for 

kitchen, dining room, and lavatory and the remaining 450 eq. f t .  for 

car storage, e tc .

Certain consnunity-owned fa c i l i t i e s  w il l  form a part o f the space 

enclosed under the hyper-roof, and i t  is  envisioned that these w ill 

also occupy three levels .’ The upper leve l could contain foo t paths, 

fountains, groves, and recreational f a c i l i t i e s ,  the middle leve l 

u t i l i t y  lin es, power plant and centralized smchanlcal equipment, 

o f f ic e s ,  and shops, and the lower lev e l access drives, caaseunity 

parking, and car service area.

A schematic diagram o f v e r t ic a l space a lloca tion  showing interaction 

between the p r iva te ly  owned areas and the casaunlty-owned areas as in 

F ig. 4. Since the 2,000 houses w i l l  occupy an area o f 1,800,000 sq. f t . ,  

while the to ta l enclosed area o f 160 acres is  about 7,000,000 sq. f t . ,  

there w il l  be about 5,200,000 sq. f t .  of community-owned area. This 

works out to about 261 or 42 acres private and 741 or 118 acres public.

Fig. 2. Cable-Suspended Roof

F ig . 3. Semi-rigid Prebuckled Doem
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Fig. 4. Schematic Diagram o f Space A llocation

To decide on the spatia l arrangements in  the horizontal d irection , 

i t  can be assumed that the houses w i l l  be rectangular in plan, w il l  be 

mass produced, and w i l l  be surrounded by reinforced-concrete walls.

They can then be packed Into "blocks" of about ten houses each (two 

rows o f f i v e )  which are set o f f  so as to allow access to every house 

on the upper and lower leve ls .

Since the dome w il l  be weatherproof, the roofing, insulation, 

and waterproofing requirements fo r  the housing units w i l l  be considerably 

simpler than in conventional housing. Acoustica lly , however, each 

house should be as completely insulated as possible.

Economic Analysis

A very rough cost analysis in  U.S. or Canadian dollars as of 1970 

can be carried out as a means of investigating the economic fe a s ib il it y  

o f  the proposed scheme. Since very l i t t l e  experience is ava ilab le in 

the types o f construction employed here, the unit figures must be re­

garded as very ten tative . With that in mind, the to ta l costs o f various 

parts o f the system are as fo llows:

Roof:

$2.50/sq. f t .  o f enclosed area x 7,000,000 sq. f t .  -  $17,500,000

Houses:

($5.00/sq. f t .  o f f lo o r  space x 1575 sq. f t .
“  $7,880/house) x 2,000 houses _ $15,800,000

Land:

P riva te :
($5,000/acre x .0206 acres -  $103/ hou»e)
x 2,000 houses -  $ 210,000

Community:
$5,000/acre x 118 acres - $ 5 9 0  ggg

Development o f community-owned property, Including
in i t i a l  cost o f centralized mechanical equipment: $ 5,000,000

TOTAL $39,100,000

I f  this en tire  amount must be borne by the house purchasers, that makes 

the cost to each $19,500. Each owner must also pay a monthly fee fo r  

maintenance o f the roof and community-owned property, as w ell as paying 

fo r  u t i l i t i e s  on a usage basis. Thus, i t  would appear that this housing

is  not y e t in the low-cost category. I f  i t  is  assumed,..however, that 

the roof is  financed out o f public monies as part o f an urban-develop­

ment program, the cost to the house purchaser is  reduced to $10,800.

Mechanical Equipment

The centra lized  mechanical equipment for the proposed housing complex 

must include a ir-condition ing equipment capable o f keeping the en tire  

space enclosed by the roo f at a controlled temperature, ranging, say, 

from 60°F daytime temperature in winter to 80°F daytime temperature 

in summer, as w e ll as con tro llin g  humidity, f i l t e r in g  out dust, e tc .

The u t i l i t ie s  to be input to each house would include warm a ir  (in  

w inter) or cool a ir  (in  summer) fo r  fin e r  adjustment o f temperature 

le v e l,  hot and cold water, e le c t r ic ity , and gas (probably purchased 

from the local u t i l i t ie s  companies), communications (telephone and mail, 

radio and te lev is ion  s ign a ls ), and provisions (possib ly via  an automated 

cen tra lized  d istribu tion  system). Output from each house would include 

wastewater, refuse, and outgoing communications. Water must be ava ilab le 

fo r  the vegetation  under the roo f, and drainage routes must be provided 

fo r  this water.

Socio log ica l and Psychological Aspects

The e ffe c ts  on human behavior of liv in g  under a consnan roof 

with many other persons is  d i f f ic u lt  to predict with ex isting socio log ica l 

and psychdogical models. I t  would seem in tu it iv e ly  that there would 

be both ben e fic ia l e ffe c ts  such as enhanced community sp ir it  and 

deleterious e ffe c ts  such as loss o f fe e lin g  o f privacy. Certainly 

there would a rise  greviances o f various kinds, and some mechanism 

should be bu ilt into the organizational structure o f the community to 

resolve these quickly and fa ir ly .

Conelualona

The foregoing study indicates that there are many aspects o f 

the proposed concept that are s t i l l  in the stage o f uncertainty.

But i t  does suggest that a hyper-roof approach to low-cost housing 

may be feas ib le , and i t  is at least possible that such an approach 

may lead to a much more successful type o f low-cost housing than has 

been achieved in  the past.

References

1. Fu ller, R. B., Ideas and In te g r it ie s . Prentice-Hall, In c., Englewood 
C l i f f s ,  New Jersey, 1963.

2. Zuk, W., "Super-Roofs," Progressive Architecture. September, 1963.

3. Weiss, H. G ., "The Haystack Microwave Research F a c il ity ,"  IEEE
Spectrimi. February, 1965. .

4. proceedings M  _fche F irst International Colloquium on Pneumatic 
Structures. S tuttgart, Germany, 1967.

5. Tensile Structures. Volisee One (Pneumatic Structures), F rel Otto, 
Editor, The M .I.T. Press, Cambridge, Massachusetts, 1967.

6. Cable Roof Structures. Bethlehem Steel Corporation, February, 1968.

7. Tensile Structures. Volume Two (Cable Structures), Prei Otto,
Editor, The M.I.T. Press, Cambridge, Massachusetts, 1969.

8. Contemporary Structures 1970. American Iron and Steel In stitu te  
New York, New York, 1970.

9. Huddleston, J. V ., "Behavior o f a Steep Prestressed Arch Made from 
a Buckled S tru t," to be presented at the 1970 Winter Annual Meeting 
o f the A.S.M.E. and to appear in the Journal o f Applied Mechanics.

134


	A Hyper-Roof Concept For Low-Cost Housing
	Recommended Citation

	tmp.1501618691.pdf.gRG35

