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FOREWORD  

The evolutionary trend toward industrialization in 
building has developed to meet the general requirement for 
higher productivity. In many European countries this require-
ment has been associated with acute shortages of buildings and 
labour and with the knowledge that higher productivity is 
essential to higher standards of living. 

Industrialized building means making large components 
in factories and the use of greater mechanization both in fac-
tories and on sites. It implies the application of modern 
production and work study techniques to the manufacture and 
assembly of components to provide structures. Often new methods 
and techniques develop and these frequently result in the use 
of traditional materials in new ways. Such is the case with 
respect to the materials utilized in the systems of building 
with which this report is concerned. 

The report has resulted from the work of a Depart-
ment of Industry sponsored technical mission to Europe. The 
methods and techniques which it discusses should prove of 
value to those responsible for the intelligent and orderly 
development of industrialization in building in Canada. 

Director, 
Materials Branch. 
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PREFACE  

The growing importance of the industrialization of 
building is reflected in the development of numerous systems 
of construction which are based upon the application of pre-
fabricated traditional materials. Wood, steel, concrete and 
structural ceramics, separately or in combination, are being 
widely utilized in panellized form in systematized construc-
tion. As a result of these industrialized processes, better 
buildings are produced faster and more efficiently than by 
traditional methods. 

This report discusses eight leading European systems 
of industrialized building in which the prefabricated elements 
are essentially of masonry materials. The information for the 
report was gathered by a Technical Mission sponsored by the 
Department of Industry in the Spring of 1966. 

The report, is of special importance to the struc-
tural ceramics manufacturing and masonry contracting industries 
because of the trend towards the industrialization of building. 
Anyone connected with masonry construction will, however, find 
it interesting and useful. 

The Technical Mission was formed following a study 
tour undertaken by the writer in Europe in the Fall of 1965. 
The seven members of the Mission were chosen on the basis of 
their industrial prominence and in consideration of country-
wide regional representation. 

When it comes to acknowledgments, the seven Mission 
members whose names are listed in the Appendix of the report, 
merit special mention. Their enthusiasm for the work and their 
application to it were indicative of their high degree of 
interest. The importance with which they regard the exciting 
advances now taking place in building technology was amply 
demonstrated throughout the tour. In addition, their comments 
on the Mission have proved invaluable in the compilation of 
this report. 
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2)  

3)  

INTRODUCTION 

"I tell you a tale which is strictly true 
Just by way of convincing you 
How very little since things were made 
Things have altered in the building trade." 

If Kipling could see the advances in building techno-
logy that have taken place in recent years, his verse would 
require alteration. As the seven executives from the structural 
ceramics and masonry contracting industries observed during 
their tour of Western European countries, the building trade 
has changed immensely. 

The objectives of the Technical Mission were five- 
fold: 

To obtain an appreciation of the concepts 
underlying the industrialization of cons-
truction in Europe, with particular attention 
to those systems making extensive use of 
structural ceramic materials. 

To gain a complete understanding of the various 
methods of prefabrication of masonry elements 
and their application to building systems. 

To inspect high-rie,  engineered brickwork 
structures. 

4) To evaluate the applicability of these 
European methods and systems of building 
construction to the future needs of the 
Canadian construction industry. 

To report the findings of the Mission to the 
Canadian construction industry. 

The Mission was hospitably received by officers of 
the companies, agencies and associations which it visited. 
Prefabrication processes and methods of application were shown 
and explained in detail. 

The ultimate success of the Mission will, of course 
depend upon how industry makes use of the information obtained 
on the tour and recorded in this report. Preliminary reports 
from the executives who participated in the Mission are 
encouraging. There seems little doubt that each participant 
has obtained a thorough knowledge of the technology and 
economics of industrialized building and prefabrication methods. 

5) 
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This report provides a general outline of and a 

commentary on industrialized building systems and the pre-

fabrication of masonry elements, with a summary of the con-

clusions and recommendations of the Mission members. Follow-

ing this, the eight industrialized building systems studied by 
the Mission and the production of prefabricated elements upon 
which the systems are based, are discussed in detail. Wherever 
possible, the discussion includes details of output per man-

hour and figures on physical properties. A special section on 
high-rise, load-bearing brickwork structures, constructed by 
traditional methods, concludes the report. 

For those who wish to establish direct contact with 

them, a list of the European firms including the names of their 

senior officers who received the Mission, is given in Appendix 

I. Appendix II lists names of Mission members. 

It is hoped that the implications of the industrial-

ization of building for the Canadian structural ceramic, 

masonry contracting, and building construction industries at 

large will be recognized as a result of this report. 

Europeans have turned to the industrialization of 

building to increase the productivity of both labour and 

capital to speed up construction. The Canadian construction 
industry is now facing similar demands. It therefore seems 
probable that extensive industrialization of Canadian building 

will take place during the next few years. 

Should this report contribute to the orderly progress 

of industrialization of building in Canada, the Technical 
Mission will have achieved its major aim. 
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GENERAL COMMENTARY ON INDUSTRIALIZED BUILDING SYSTEMS 

WHICH UTILIZE PREFABRICATED MASONRY ELEMENTS  

In appraising the various industrialized building 
systems which the Mission studied in Europe it is appropriate 
to draw attention to the reasons underlying the need for the 
industrialization of the building process. Two chief reasons 
became evident to the Mission members very quickly: the first 
is that throughout Europe there exists an acute shortage of 
buildings, particularly housing, schools and hospitals of 
various types. The second is related to a shortage of man- 
power which, in every Western European country, has precipitated 
the need for higher labour productivity in the building industry. 
The industrialization of building is one major way in which the 
various countries have attempted to cope with these shortages. 

Industrialized building systems are of two main types: 

a) Open Systems 

h) Closed Systems 

These may be defined as follows: 

a) Open systems are those where the components are 
interchangeable within other systems with which 
they are dimensionally co-ordinated, or are 
available for use in traditional construction. 
These may be applied to a variety of plan forms 
and are not necessarily particular to one 
contracting organization. 

Closed systems are those where the parts or 
components are peculiar to that system. These 
may be associated with specific plan forms and 
may also be particular to one contracting 
organization. 

Of the processes studied by the Mission, some were 
"closed" and others could be regarded as being "open". It 
was evident, however, that all systems produce increases in the 
output of the human resources employed. 

In order to increase the productivity of the construc-
tion labour force in Europe, large capital expenditures on 
plant and equipment have, in many instances, been made. The 
Costamagna licenceets factory at Orly, for example, involves 
considerable capital outlay, especially in comparison to the 
low overhead requirements of the traditional building contractor. 

b)  
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Capital investment of the magnitude required for 
permanent factories producing a full range of building elements 
is reflected in the overall cost of the projects undertaken by 
the company. Company officials strongly emphasized that 
industrialized building costs were not necessarily less expen-
sive but rather, ranged up to five percent more than costs for 
traditional building. 

There was one notable exception however. Officials 
of the Fiorio company said their costs ranged up to 18 per 
cent less for a given structure than traditional building 
costs for an equivalent structure in France. Such claims are 
difficult to substantiate, but the recent phenomenal five-year 
erowth of this company and the international acceptance of its 
systems are indicative of a highly competitive organization. 

The Fiorio system may be classified as "closed", 
since none of the system products are marketed as separate 
entities. The Costamagna system is also closed, but its 
"Finidal" floor sections and the tile and plaster partition 
elements later described, although adaptable to the "closed" 
system, are also marketed openly for application to any appro- 
priate building requirement. Kornerup and Montage-Tee elements 
may be classified as "open" system elements. The Swedish 
Tegelelement system also incorporates sufficient flexibility to 
be regarded as "open". The German Montage-Bau System may be 
utilized in either "closed" or "open" systems work due to its 
great flexibility. Finally the Preton system of Switzerland 
may be regarded' as representative of a "semi-closed" system, 
since Preton elements, although used in predominently closed 
system construction, could be applied in place of, or as an 
adjunct to, traditional load-bearing masonry construction. 

The trend in Europe appears to be away from "closed" 
systems and towards those which are more "open". Housing 
ministries are actively encouraging this trend in some coun-
tries, notably in France. "Closed" systems are more economical 
at present on large projects than "open" sydtems. As long as 
this situation continues, the number of buildings constructed 
from prefabricated "open" system elements will remain limited 
until future demands create a wider acceptance for "open" 
industrialized systems. 

At this point, some discussion on the applicability 

of European systems to Canadian requirements is in order. 
Generally speaking, those systems which employ brick as an 

exterior facing do not present as acceptable an appearance as 
modern Canadian brickwork. Their appearance does, however, 
compare favourably with traditional European brickwork. The 
elements used in each system are more than adequate for load- 
bearing work. The Fiorio system which employs very thin bearing 
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walls (7i inches thick) is stated to be designed around a 5 to 
1 safety factor. Fiorio engine6rs claim that their wall sections 
could be even thinner if French code standards permitted it. 
It should be noted that seismic considerations are taken into 
account in the Fioro design. 

Insulation provision is adequate in the Montage-Tegl 
and Tegelelement elements, each of which includes about a four-
inch thickness of mineral wool or fibre glass, sandwiched 
between the wythes. This gives a U value of approximately 
0.092. The Kornerup and H.S.S.B. elements could be adequately 
insulated by the addition of a pour-type insulating material 
such as expanded vermiculite. The Costamagna, Fiorio and 
Montage Bau exterior elements rely on the air spaces of the 
tile cells to provide insulation. Each of these has an 
approximate U value of 0.13, The Mission is of the opinion 
that these latter three systems may require additional 
insulation to meet Canadian requirements. 

The Mission concluded that only a small amount of 
European construction is performed by industrialized methods. 
The proportion is higher in some countries than in others, 
going as high as twenty per cent in France to a low of four to 
five per cent in Switzerland. In Denmark and Sweden, seven to 
eight per cent of building construction is said to be industri-
alized, while in Germany and England between five and six per 
cent is the generally reported proportion. These figures 
include industrialized building of all types and are not only 
representative of industrialized systems which utilize 
structural ceramics as the principal material. 

The industrialization of building is, however, find-
ing increasing acceptance throughout Europe and industry spokes-
men forecast that within the next decade, industrialized 
methods will account for SO per cent of all European building 
construction. 
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CONCLUSIONS AND RECOMMENDATIONS  

It is the opinion of the Mission, based upon obser-
vations of European industrialized building procedures, that 
the development of such systems would benefit the Canadian 
construction industry in the following ways: 

1) By inc;reasing the productivity of construction 
labour and by utilizing this labour more effectively. 

The scarcity of labour has benn a major factor 
contributing to the development of industrialization 
of building in Europe. In some areas of Canada, 
similar labour shortages are cause for serious 
concern, and will continue to become increasingly 
so as the building tempo increases if the situation 
does not improve. The development of industrialized 
building systems based upon prefabricated masonry 
elements would permit masonry construction to become 
essentially a factory-based actiyity. Because of 
this, adverse effects of weather would be reduced, 
an important economic consideration in both Europe 
and Canada. Moreover the work environment would  
be generally improved, particularly from the stand-
point of worker safety.  In addition, factory-based 
industrialized building can ensure weatherproof 
masonry structures. 

By taking full advantage of the superior structural 
characteristics of structural ceramics. 

3) By meeting the increasing demands for large masonry 
components in contemporary building design. Masonry 
is the only traditional material not yet available 
in panellized form in Canada. 

Canadian Requirements in Industrialized Building Systems and 
Elements 

The developmental concepts of most European systems 
would appear to be acceptable in Canada. Significant differ-
ences could arise, however, in the structural requirements of 
masonry elements for a Canadian system, since these would be 
required to conform to Canadian National Building Code stan-
dards or to acceptable modifications or additions to the code. 

The following list suggests that a Canadian indus-
trialized building system should incorporate four functionally 
different types of masonry elements: 
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1) Elements for exterior locations in which the 
masonry units are exposed in the exterior surface 
of the wall. These elements may be either load-
bearing or non load-bearing. 

Load-bearing elements of this type should incorporate 
the following features: 

a) Costs and quality of the elements should be, in 
all respects, competitive with other panellized 
systems. 

h) Elements should be aesthetically appealing. 

c) The elements themselves and the joints between 
them in the structure should be weatherproof. 

d) Elements should be as thin and light as is 
commensurate with structural requirements. 

e) Modular dimensional standards should be 
incorporated. 

f) Elements should conform to Canadian standards 
for insulation, fire rating and sound transmission. 

g) The interior finish should be ready'for 
decorating. 

h) Design of elements should allow for the convenient 
installation of window  and  door frames, service 
ducts, electrical conduit and plumbing accessories. 

Non load-bearing elements for exterior purposes should 
have similar characteristics, but may not require insulation or 
have to conform to a specified fire rating. The interior finish 
need not be suitable for decorating. 

2) Elements for exterior purposes in which the masonry 
units are not exposed at the facade: in this type of 
element the exterior would feature a covering of stucco, 
ceramic wall tile, glass mosaic, or other suitable 
material. The features of these elements would also 
conform to the foregoing list. They would normally 
utilize structural tile type units to form the load-
bearing medium. The Costamagna and Fiorio systems 
utilize elements of this type. 
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3) Elements for interior partitions: These may be load-

bearing or non load-bearing. 

Load-bearing partition elements should, in general, 
possess similar features to the exterior load-
bearing elements. They should, however, have both 

surfaces suitably finished for decorating if required. 
They need not be weatherproof. 

Non load-bearing partition elements may incorporate 
these additional characteristics: 

a) Lightness of weight. 

h) Mobility. 

4) Elements for use in floor and roof systems: These 
would normally use structural tile type units as the 
major components. The tile type units would be 
joined together with concrete in the same manner as 
the once popular tile and concrete floor systems. 
The elements could be either reinforced or pre-
stressed. They should, if possible, be room or bay-
sized. 

Development of Industrialized Building Systems 

In the development of any system or systems, struc-
tural requirements should be provided for by the application 
of sound engineering principles, supplemented by adequate 
physical testing. In this way, the restrictions of existing 
masonry codes could be overcome. 

This implies that the system and its elements would 
be judged on performance criteria. It also implies the estab-
lishment in Canada of large-scale test facilities, such as 
E.M.P.A. (the Swiss Federal Material Testing and Research 
Institute) in Switzerland or Centre Scientifique et Technique 
du Bâtiment in France. 

Recommendations  

The Mission members recommend that a standardized 
industrialized building system or systems, suitable to Canadian 
requirements be developed through the Canadian Structural Clay 
Association or, as in Denmark, by a consortium of the 
Association's interested members, together with major masonry 
contractors. This type of combined approach would avoid the 
confusion and harm which would result from the development of 
a large number of inferior systems by numerous separate 
companies. 
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It is further recommended that the Department of 
Industry actively support the development of Canadian indus-
trialized building by: 

1) The provision of technical and financial assistance, 
or incentives for the necessary research and develop-
ment work. 

2) Promotion of appropriate building code developments 
and revisions. Particular emphasis should be 
directed towards the establishment of performance 
standards. 

3) The active promotion of dimensional standardization 
of systems according to the generally accepted 
four-inch module. 

4) The encouragement of the establishment in Canada of 
suitable laboratory test facilities for the testing 
of large masonry elements. 
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THE COSTAMAGNA SYSTEM - (FRANCE)  

Persons Interviewed  

Mr. Y. Pourcher 

Mr. P. Cote 
Mr. G. Volpe 
Mr. H. Cronert 
Mr. M. Maret 
Mr. C. Rouy 

General Discussion of the Costamagna operations  

Costamagna is a large and diversified manufacturer 
and supplier of building materials and elements to the French 
construction industry. It produces a wide range of hollow 
tiles, precast tile and concrete panels; a variety of pre-
stressed tile beams which are used with filler tile for floors 
and roofs, and various pre-stressed and pre-cast concrete 
products, such as balconies, stairways and chimneys. 

Costamagna sells the design service and elements 
related to its systems. To date it has not entered the con-
tracting industry, but is prepared to license responsible con-
tractors to manufacture elements and erect buildings using the 
Costamagna system. More than 40 firms throughout Europe and 
South America have been so licensed. Each of these produces 
from 100 to 600.dwellings annually. Costamagna maintains a 
large staff of architects and engineers who, in addition to 
the design function, perform feasibility studies on projects to 
ensure profitable operations for the licensed contractors. 
Altogether, more than 60,000 dwellings in Europe and South 
America have been built to the Costamagna system. 

Costamagna Facilities Visited by the Mission 

The Mission first visited the satellite town of 
Sarcelles near Paris. A model of the town was shown and a 
recorded commentary in English described the town planning and 
existing developments and future plans. Costamagna has been 
involved in the construction of several thousand apartments 
in Sarcelles through a licensed contractor. 

The contractor operates a temporary on-site pre-
fabrication plant, where wall elements for three apartment units 
per day are produced. 

The plant is near the present centre of construction 

Permanent Secretary 
Internal Licensing Department 
Director Paris Agency 
Director Rome Agency 
Engineer 
Engineer 
Engineer 

activity. 



- 12 - 

The plant layout is typical of such on-site factories. 
Elements are cast within wooden or steel forms on smooth 
horizontal concrete slabs which are situated in line to suit 
production flow. Shelter is provided by a roof which is move-
able either by crane or on tracks to cover or uncover any 
desired plant locations. See Figure 1. 

FIGURE 1. 

General View of On-Site Factory 

The forms are adjustable in both horizontal 
directions. Door and window frames are positioned within the 
forms in the preparation of an element. Plastic electrical 
conduit and copper pipes for plumbing may also be incorporated. 
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Manufacture of Elements  

The manufacture of a typical exterior element 
involves the following steps: 

1) Adjust forms on slab and position openings, door 
frames, window frames, etc. 

2) Place facade material, such as ceramic tiles. 
Stone slabs and other facade materials are also 
used. See Figures 2 and 3. 

3) Pour fine aggregate concrete layer and spread 
evenly. 

4) Place structural tile (one or two layers) in wet 
concrete. 

5) Place reinforcing steel as necessary; also lifting-
hooks, conduit, plumbing fittings. 

6) Pour a finish coat of concrete, and finish with 
gypsum plaster. See Figure 4. 

FIGURE 2. 

Placing Glass Mosaic Facade 



- 14 - 

FIGURE 3. 

Stone Slab Facade After Placing 

FIGURE 4. 

Levelling Interior Face Of Element 
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A finished element is shown in Figure 5 below. 

Load-bearing partition elements are similarily made. 
Production steps are: 

1) Spread a thin layer of plaster within the positioned 
form. 

2) Place structural tiles. 
3) Place lifting—bolts, conduit, etc. 
4) Pour concrete, screed and float. 
5) Apply finish coat of plaster. 

Typical cross sections of elements are shown in 
Figures 6, 7, 8, 9, 10 and 11. 
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FIGURE 6. 

Single Tile Load-Bearing Element for Exterior Walls 

Plan Section 

FIGURE 7. 

Double Tile Exterior Wall Element for Exterior Application 

Plan Section 
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FIGURE 8. 

Double Tile Exterior Wall Element 

Showing Vertical Corner Joint 

FIGURE 9. 

Double Tile Exterior Wall Elements 

Sectional Elevation Showing 

Floor and Horizontal Joint Details 
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FIGURE 10. 

Plan Section of Load-Bearing Partition Elements 

NOTE: The vertical joint illustrated in the lower section of 
Figure 10 is made after the elements are postioned by 
clamping wood or sheet steel forms on each face of the 
wall at the joint position. Concrete grout is then 
poured between the elements from the top. This bonds 
to the structural tile exposed at the vertical edges 
of the element p forming a structurally strong joint. 
After the forms are removed the area around the joint 
is touched up with gypsum or cement plaster. 
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FIGURE 11. 

Sectional Elevation of Load-Bearing 

Partition Elements Showing Floor Junction Detail 

It will be noted that the structural tiles are so 
positioned that the cores are aligned vertically when the panel 
is in the wall. 

Tower cranes and forklift trucks are used extensively 
for materials handling in these on-site factories. 
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Visit to Construction Site at Sarcelles  

After inspecting this on-site factory, a neighbour-
ing construction project in which the elements are used was 
also visited. Only wall elements were used; concrete floor 
and stairs being poured in-place. 

FIGURE 12. 

Poured In-Place Concrete Floor 



- 21 - 

FIGURE 13. 

General View of Apartment Project 

The general impression was that these low rental 
apartments were very good in.layout and general appearance. 

Visit to Permanent Factory, Orly  

The Mission visited a permanent factory employing the 
Costamagna system situated near Orly. It was evident that a 
great deal of capital (reported at $1,600,000) had been invested 
in this facility. The production capacity of the factory was 
said to be seven dwellings per day on a two, 91- -hour shift 
operation. Details of manpower requirements were not available. 

The company is a subsidiary of a large enterprise 
which has various business interests. Its purpose in entering 
the construction industry in the role of owner-developer was 
to provide medium rental apartments. 
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Unfortunately, production was suspended for change-
over at the time of the visit. Since it is a permanent estab-
lishment, however, it was possible to obtain a good knowledge 
of the process. Steam-heated form covers are used in this 
plant to accelerate the curing of concrete. Tilting tables are 
also used to facilitate lifting of semi-cured elements to 
storage. In general, however, the system of prefabriation is 
similar to that employed in the on-site temporary factory. It 
differs in that it is mechanized to a greater degree. 

FIGURE 14. 

Element Production Line Showing Steam-Heated Form Covers 

FIGURE 15. 

Tilting Table Under Construction 



- 2 3 - 

FIGURE 16. 

General View of Factory Floor 

Showing'Element Removal From Vertical Casting Maghine 

An extensive range of elements is manufactured at 
this factory. Some idea of the diversity is shown in pictures 
of the yard storacre area. 

FIGURES 17, 18, 19. 

Views of Yard Storage Area 

Showing Various Types of Elements 
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FIGURE 18. 

Note Extensive Use of Cranes in This Yard 

FIGURE 19. 

Thin Exterior Non Load-Bearing Elements in Yard Storage 
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Visit to Construction Site, near Orly 

Impressive apartments constructed with elements from 
this factory were inspected. The site layout and design of the 
buildings were excellent. It was a clear demonstration of the 
effectiveness of panellized construction methods, particularly 
in relation to design flexibility. 

Several views of this complex are shown in Figures 20, 
21, 22, 23, 24 and 25. 

FIGURE 20. 

General View of 

. Medium-Rental Apartment Project Near Orly, Paris 
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FIGURE 21. 

Balconies Are Also Prefabricated on This Project 

NOTE: This project could be described as a tribute to 
industrialized building techniques. The architects 
have utilized the elements in a most aesthetic manner. 
Overall planning of the project is of a high order. 
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FIGURE 22. 

Medium-Rental Apartment Project, Orly 

Apartment Blocks Are Laid Out to Ensure Maximum Amount of Privacy 

FIGURE 23. 

Corner View of Apartment Block 
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FIGURE 24. 

Wall Detail - Medium-Rental Apartment Project - Note Mosaic 
Facade Tile 

FIGURE 25. 

Rear View of Medium-Rental Apartment 
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The visit to this apartment complex was one of the 
most exciting and encouraging with regard to imaginative 

developments in the industrialization of buildings. 

Visit to Partition Panel Factory, Cannes de Bocca  

The Mission visited the Costamagna factory for the 

production of tile and plaster partition "planks" at Cannes de 

Bocca, near Nice, France. 

This is a highly efficient plant and lends itself 
well to detailed productivity study. Storey-height planks 
measuring either 12" or 16" wide by about 2-1" thick are 

produced. They each weigh about 120 pounds and fit together 

tongue-and-groove fashion to form partition walls. 

The planks are prepared by joining hollow tiles 

measuring 1-?-4 " x 14" x 14" (7-core) together by means of fibre-
glass reinforced gypsum plaster. See Figures 26, 27 and 28. 

FIGURE 26. 

Loading Tiles on Conveyor to "Beam-Making" Station 
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FIGURE 27. 

"Beams" Beinn-  Prepared 

"Beams" thus formed are flipped into a storage conveyor which 
indexes one unit forward in readiness for the next. 

FIGURE 28. 

Storage Conveyor for "Beams" 
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At the exit of the conveyor, each tile "beam" is 
lifted at its third points and placed in a compartment of a 
magazine car. The beam is centred in the compartment by small 
plastic spacers. The magazine car holds 10 such "beams". 
See Figure 29. 

FIGURE 29. 

Magazine Cars Showing Compartments in Which Planks Are Formed 

After positioning a top framework on the magazine 
car, the car is moved to a grouting station, where a water-
gypsum mix from a program-controlled mixer is flooded into the 
magazine and thus around the tile "beams". This, in effect, 
forms the planks. See Figure 30. The bottom of each compart-
ment and the top framework are so formed as to provide the 
tongue-and-groove contours necessary for fitting the planks 
together to form walls. 

After swinging the ends of the car open, the planks 
are lifted with the aid of a special harness and moved to a 
dryer. The operation to this point takes about fifteen minutes. 
See Figure 31. The planks are cured in the dryer for six hours. 
See Figure 32. 
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FIGURE 30. 

Grouting With Gypsum Plaster 

FIGURE 31. 

Lifting Semi-Dry Planks to Dryer 

Note Special Lifting Harness 
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FIGURE 32. 

General View of Dryer Area 

Upon exit, the planks are strapped together for 
shipping in bundles of six or 12. See Figure 33. 

FIGURE 33. 

Bundled Panels In Storage 
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This plant employs 14 men, including a supervisor, 
and produces planks at the rate of 50 to 55 square feet per 
man-hour. 

These planks find a ready market in France. A 
Costamagna structural tile manufacturing plant located on the 
same site has expanded its operation as a result of the demand 
from the prefabrication plant. Before this operation was 
established it was thought that the tile plant would eventually 
close due to lack of business. 

FIGURE 34. 

Display Board 

Figure 34 shows a board upon which cross and longitu-
dinal sections of the planks are displayed. It is of interest 
that Costamagna maintains a workshop where contractors' personnel 
can be given instruction in the application of this product. 

Visit to Factories at Cagnes-Sur-Mer  

'‘ visit was paid to the Cagnes-Sur-Mer plants of 
Costamagna where a wide range of structural tiles are made for 
the prefabrication of wall and floor elements, pre-stressed tile 
and concrete beams. The latter system, known as the "Rector" 
system by Costamagna is similar to the "Stahlton" system, which is 
well known in Canada and need not be described in this report. 
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Elements of various sizes and for various applications 
are produced in an open-air factory adjoining the tile plant. 
General views of this factory are shown in Figures 35, 36 and 
37. Pre-stressing machinery is clearly visible. 

"Finidal" floor sections are also made at this factory. 
These are composed of a 1-7/8" thick slab of concrete which is 
centre-pre-stressed. Structural tile is pressed into the wet 
concrete of the pre-stressed tension component. After curing, 
this floor section is ready for installation. A second pour of 
concrete is placed in situ to provide the compression component 
of the floor in the finished structure. 

There was an interesting display of Costamagna building 
elements at Cagnes. Various types of prefabrication are shown, 
together with a range of facade finishes. 

Costamagna publishes attractive technical and sales 
product literature which is available from the company on 
request. 

FIGURE 35. 

View of Eastern Section of Open Air Factory 
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FIGURE 36. 

View of Western Section of Factory 

FIGURE 37. 

View of Northern Section of Open Air Factory 
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THE FIORIO SYSTEM - FRANCE 

Persons Interviewed  

Mr. Henri Fiorio 
Mr. George Fiorio 
Mr. Pierre Dargegan 
Mr. Phillirpe Fiorio 
Mr. Jacques Fiorio 

Principal, Procedes Fiorio 
Principal, Fiorio Clay Products 
Managing Director, Procedes Fiorio 
Engineer and Architect 
Engineer 

General Discussion of the Fiorio Operations 

The Fiorio construction enterprise was started in 
1947 and has evolved into a highly sophisticated, fully 
integrated industrialized building system. All types of 
elements are rroduced, including load-bearing exterior wall 
elements, load-bearing and non load-bearing partition elements, 
floor sections, elements for balconies, gable ends, stairs, 
landings, frontals, etc. 

The Fiorio System is based on the concert of perma-
nent factories situated at the focal point  of a district where 
a high volume of building is progressing or is projected. The 
economic limit for road transport is said to be 100 miles. In 
exceptional instances the Fiorio company will install a perma-
nent factory to service only one large continuing rroject. The 
factory is removed at the conclusion of construction. Such a 
facility was seen at a large and expanding school comrlex near 
Toulouse. 

The capital costs for a Fiorio factory to rroduce 
components for five apartments per day is said to be about 
3,000,000 francs or approximately $600,000. Factory officials 
say this amount is considerably lower than that for any other 
rermanent factory of comparable rroduction capacity, whether 
the.elements produced are concrete or structural ceramics. 

Fiorio orerations have expanded raridly in the past 
year with the commissioning of six new factories in Europe. 
There are now 22 licencees of the Fiorio system in France, 
Spain, Portugal, Italy and Austria. The total annual production 
is rerorted to be about 17,500 dwellings. More than 80,000 
housing units have been constructed since 1957 using the Fiorio 
technique. Fiorio claims that its system is used in about 12 
per cent of all industrialized house building in France. 
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In the Fiorio system a single apartment unit of about 

1,000 square feet of floor area requires approximately 800 man-
hours to complete. This is made ur as follows: 

Prefabrication at the factory 	350 
Foundation work 	 100 
Transport and erection of the panels 	150 
Plumbing, central heating, ventilating, etc. 	100 
Electrical work 	 40 
Finishing, floor tiling, decorating, etc. 	60 

It is reported that these man-hour requirements are 
about one third of those for traditional construction. 

The crushing strength of Fiorio exterior wall units 
is reported to be 140 kilograms per square centimetre or 2,000 
pounds per square inch. The thermal conductivity of the panels 
is such as to give a U value of 1.3. 

In general, the Fiorio operations are most impressive. 
Feedback of information from the factory floor to the planning 
department and from the job site to the factory manager's office 
is well organized and appears to play an important role in the 
efficiency of the organization. 

The overall impression is of a high degree of 
technical, engineering and managerial skills, coupled with a 
thorough knowledge of the performance of structural ceramics 
and concrete. 

Fjorio Facilities Visited by the Mission  

When inspected by the Mission, the factory at Toulouse 
was producing finished wall, partition and floor elements, for 
three and a half apartments per shift te nine hours. One 
hundred and thirty-five men were employed. The floor area of 
each apartment was said to be approximately 1,000 square feet 
and each has about 1,550 square feet of exterior and partition 
wall panels. Thus a total of 8,925 square feet of panels is 
produced in 1,215 man-hours, providing production of approxi-
mately 71 square feet of finished panel per man-hour. It should 
be noted that members' reports diTfer regarding the productivity 
of the Fiorio System. These show a range of productivity from 
6.5 square feet to 9.2 square feet of finished wall or floor 
panel per man-hour. It seems likely that considering the 
sophistication of the factory and its high degree of rationali-
zation, the upper limit of the productivity recorded (i.e. 9.2 
square feet per man-hour) could be achieved under favourable 
production circumstances. General views of the factory interior 
are shown in Figures 1, 2 and 3. 
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FIGURE 1. 

Production of Elements 

Note Window and Door Frames in Position 

FIGURE 2. 

Forms Being Made Ready for Placing of Tiles and Concrete 



- 40 - 

FIGURE 3. 

Finished Balcony Elements in Foreground 

Mill F1111.111111ffl 

Fiorio elements for exterior use consist of a facade 
material such as ceramic tiles, brick faces, exposed aggregates, 
glass mosaic, etc. The core of the element is of structural 
clay tiles embedded in high-strength concrete. The interior 
face of the element is finished with gypsum plaster ready for 
decorating. See Figure 4. 

FIGURE 4. 

Finished Elements in Storage 

Elements are said to be only 35 per cent solid 
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Load-bearing and non load-bearing interior wall 
elements are similar in construction to the exterior elements. 
Both contain a core of structural tiles but the interior 
elements have plaster faces on both sides. 

Most Fiorio floor elements have a plaster underside 
and a core of structural tile and concrete which may contain 
some light reinforcing. The top has a wood-float finished 
layer of concrete which becomes the floor surface. A suitable 
floor covering material is applied directly upon this surface. 
Floor elements are five to seven inches in thickness and may 
be as much as 140 square feet in area. See Figure 5. 

FIGURE  5. 

Floor Elements in Yard Storage 

Usually Fiorio elements are of such dimensions as to 
provide one full wall or floor of a room. This obviates any 
tendency towards variations in interior wall texture in the 
areas of joints. The maximum size of wall element produced 
is approximately 20 feet long by 8-1 feet high by one foot thick. 
The normal thickness of Fiorio load bearing elements is appro-
ximately seven inches. 
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A production line in the Fiorio factory consists of 
a series of flat polished concrete slabs or flat steel tables 
which are arranged in line on the factory floor. All storage 
is at one end of the line and finished product storage is at 
the other. Concrete and plaster is mixed at one side approxi-
mately midway along the line. Overhead travelling cranes are 
used for materials and element handling. 

The steel tables are used for the production of 
partition elements. These are hydraulically tilted into an 
upright position to facilitate removal of the element, thus 
increasing the rate of production. It is reported that six 
non load-bearing partition elements per shift can be produced 
on a single table. See Figure 6. 

FIGURE 6. 

Tilting Steel Table With Prefabricated 

Partition Element 

NOTE: This table is electrically heated to accelerate the 
curing of the concrete.. 
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Concrete and plaster mixing equipment is program-
controlled. Much emphasis is placed on producing these 
materials to exactly the right fluidity and strength. Great 
care is taken in the selection of sand, aggregates and plaster 
constituents to ensure minimal variation in the quality of the 
concrete and plaster. A view of the concrete and plaster 
mixing area is shown in Figure 7. 

FIGURE 7. 

Manufacture of Elements  

The forms used at this factory are of carefully 

machined steel, are structurally very strong, and are 
adjustable in both horizontal directions. To produce an 
exterior wall panel, the form is placed on the slab and 
adjusted to the required size from a shop drawing. Window 
or door frames and other openings are positioned. A layer of 
gypsum plaster is poured within the forms and levelled to a 
depth of about 5/8-inch. Multi-cored structural tiles are 
then placed in the wet plaster in such a way that the cores 
are horizontally disposed when the panel is in the wall. The 
tiles have flanges which facilitate their spacing in this 
operation. Plastic conduit, plumbing pipes, lifting hooks 
etc. are placed. High strength concrete is then poured over 
the entire panel. It is of such a consistency as to flow 
freely between the tiles without vibration. When the concrete 
is levelled, the facade material is fitted and grouted to the 
panel. After a suitable curing time (minimum 12 hours) the 
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panel is lifted by an overhead crane to the storage area. Load-
bearing partitions are made by a.similar procedure with the 
exception that they have two faces of plaster. 

Floor elements are made by placing and levelling a 
layer of plaster within the pre-set form on the slab. A 
layer of concrete is poured on the plaster and levelled. This 
concrete may he reinforced and/or pre-stressed to conform to 
design requirements. A layer of structural tile is pressed 
into the wet concrete. Conduit, etc, is placed as in the wall 
panels; openings for electrical fixtures and ducts having been 
blanked out according to the shop drawing. Reinforcing steel 
is placed as required between the tiles. 

A second pour of concrete is then spread over the 
tiles. Again it is of such a consistancy as to flow freely 
between the tiles without vibration. After this, the concrete 
is levelled and wood-floated and the element is then left to 
cure for about 12 hours before being removed to the storage 
job  site. 

Partition elements are usually made on the tilting 
tables. The elements are about 2 3/4 inches thick. Manu-
facture begins with the placing of a thin layer of plaster 
or high early-strength, fine-aggregate concrete within the 
form. Partition tiles are then spaced. A second pour of 
concrete is made and a skim of plaster applied. The steel 
table is heated by electrical resistance to accelerate curing. 
Production of these non load-bearing partition elements is very 
fast. A single table can be used to produce as many as six 
elements per shift of nine hours. As in the manufacture of the 
other Fiorio elements, door frames, electrical fittings and so 
on are installed in partition elements during manufacture. 

Visits to Construction Sites 

The Mission visited two Fiorio construction sites in 
Toulouse. Completed buildings as well as those in various 
states of construction were inspected. 

The erection process consists of placing a bed of 
cement mortar on the foundation beam or other supporting 
structure and placing the element upon it. A second element 
similarily positioned on mortar is side-butted against the 
first, and so the erection process continues. The elements are 
so contoured at the sides as to provide a vertical space about 
four inches square when they are butted together. The -bells 
of the tile in the elements are exposed at the sides of this 
space so that when concrete grout is poured from the top, it 
enters into the tile cores sufficiently to bond the two elements 
together. 
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The outer portion of the vertical edges of the 
element also provide for the insertion of a "Compriband"- 
like material at the exterior of the vertical joints. Immedi-
ately behind this there is a chase which acts as an air pressure 
equalizing aperture and as a storm water drainage tract should 
the exterior joint be penetrated by driving rain. 

When the wall elements are positioned and adjusted 
for plumbness and alignment, the floor element is placed. 
This rests upon the inner side of the wall panel. A horizontal 
"channel" between the end of the floor element and the intended 
outer part of the wall element is thus formed. Reinforcing 
steel is placed in the "channel" and it is grouted full of 
concrete. Thus the floor and load-bearing interior elements 
are effectively joined together and a light reinforced concrete 
frame is developed as the building progresses. Continuity of 
the frame is ensured by the use of stirrups and protruding 
reinforcing bars. The resulting structure has shown exceptional 
resistance to earthquake shocks in simulated testing. 

A diagram of the vertical and horizontal joints is 
shown in Figures 8 and 9. 

FIGURE 8. 

SECTIONAL PLAN 
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FIGURE 9. 

Typical Horizontal Joints 

Vertical joints between load-bearing partition 
elements are structurally similar to those between exterior 
wall elements. Floor elements are joined to the load-bearing 
partitions in a manner similar to that described for the 
anChoring of a floor element to an exterior wall element. 

Transportation of Fiorio Panels  

The elements are transported between rigid upright 
side brackets on standard trucks and trailers. The brackets 
usually extend to the full height of the elements and special 
clamps are used to tie across the tops of the brackets. Thus 
the load is completely stabilized. Elements are loaded on the 
truck in reverse order to that required at the job site. 
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FIGURE 10. 

Method of Transport of Fiorio Elements 

Visit to Fiorio Factories at Limoux 

The Mission visited a structural ceramics plant and 
an adjoining prefabricated tile beam factory also owned by the 
Fiorio family. The latter two establishments are at Limoux, 
some 100 miles from Toulouse. 

Both of these facilities were impressive, being well 
managed operations where the uniformly high quality of products 
was a prime consideration. 

The structural ceramics plant, in which a wide range 

of structural and partition tiles are made, is highly auto-

mated, producing about 7,000 kilograms or eight tons of product 
per man-day. Careful preparation of the raw material, hot 
extrusion and rapid drying are features of this plant. It is 

interesting that the steam used for the hot extrusion is intro-
duced through an injector and is thus utilized to create a 
vacuum for the extrusion machine. It is also noteworthy that 
the tiles, automatically handled from extrusion to dryer, are 
dried in about one hour. The temperature of the tile after 
extrusion is approximately 140 degrees F., which is also the 
inlet temperature of the dryer. The outlet temperature of the 
dryer is about 250 degrees F. 
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The pre-stressed tile beam factory is an open air 

facility. Beams are made on concrete slabs 300 feet long and 

about six feet wide. As many as 100 beams can be fabricated 

in the same group on one of these slabs. Figure 11 shows a 
beam storage area. 

FIGURE 11. 

The method of manufacture is similar to the Stahlton 
or Rector (Costamagna) systems. Pre-stressing is used. 

The pre-stressing wires are stretched between anchors 
at either end of the 300-foot-long slabs. After grouting and 
curing, the wires are cut at the end of each beam. The stress 
remains locked in, due to the bond between the wires and the 
concrete. 

To accelerate curing, electrical resistance heating 
is applied through the pre-stressing wires. 

These beams are used with filler tiles to produce 
floors. They do not, however, form part of Procédés Fiorio 
system  .of  industrialized building, but are sold on the open 
market. Design data is available for such beams and for 
floors in which they are to be used. 

The Fiorio system is fully described in the firm's 
literature, which is available from the company upon request. 



Persons Interviewed 

Dr. G. Schellbach 
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Director 
Director 
Senior Scientific Officer 
Senior Scientific Officer 
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THE MONTAGE-BAU SYSTEM 
(West Germany) 

General Discussion of Montage-Bau System  

The Montage-Bau System was developed by the Institut 
Fur Ziegelforschung at Essen. This is a research institute 
supported by the German clay products manufacturers. It is 
a very extensive and elaborate research facility. See Figures 
1, 2, 3 and 4. Its staff has been responsible for some of the 
more advanced work in Europe, especially in relation to extru-
sion auger and die design. Many new brick and tile shapes have 
also been developed. The Institut possesses the most up to date 
apparatus for the testing of clay products. 

FIGURE 1.  

General View of Institut 
Fur Ziegelforschung, Essen 
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FIGURE 2. 

Various Testing Facilities At 
Institut Fur Ziegelforschung 

FIGURE 3. 

Freeze-Thaw Testing Facilities 
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FIGURE 4.  

Brick and Tile Shapes at the Institut 

In the development of the Montage-Bau System, 
flexibility appears to have been a prime consideration. The 
wall elements have a facade of full-size facing bricks, or 
brick-shaped tiles about 1-1/4" thick. Backup material is 
of structural tile, which is strong enough to take the design 
load of the wall. Floor elements consist of multi-cored 
structural tiles which are flanged to provide linear spaces 
in which reinforcing rods are placed and concrete is poured. 
Pre-stressing is sometimes employed in floor and roof elements. 

A laboratory building at the Institut, which was 
constructed in 1962 from the prototype Montage-Bau elements, 
was inspected. The brick used in this construction was 
patterned in stack bond, which seems to be the most popular 
type. The building has a very good appearance and is said to 
have had no maintenance problems. Mortar joints are smooth 
and even. Vertical joints between panels have been grouted 
and have had a rubber-like caulking compound applied on the 
outside. The joints are reported to be satisfactory in all 
respects. 
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FIGURE 5. 

Montage-Bau Wall Panel 

Showing Vertical Joint 

The roof was made from prefabricated tile elements, 
which were constructed in the same manner as the floors. 
However, lighter tiles were used in this instance. 

Manufacture of Elements  

Elements are constructed upon any flat horizontal 
surface. In the case of brick-faced wall panels, a grid of 
rubber for spacing the brick is first fixed to the platform. 
A form frame of appropriate dimensions is then positioned, 
and bricklaying can begin. Window or door frames may be 
installed as necessary. After placing the bricks, a 1:3 cement 
sand grout is poured and spread by brushing to fill in the 
spaces. A sufficient amount of grout is applied to cover the 
backs of the brick to a depth of about half an inch. The 
structural tiles are then placed in this wet grout which, when 
dry, bonds the brick facade and tile backup together. Re-
inforcing is then placed in both directions in the spaces between 
the tiles and a fine aggregate concrete is poured and screeded 
level with the uppermost tile surface. This is in contrast to 
the Contamagna and Fiorio elements in which reinforcing is not 
generally used. To finish the panel, a coat of plaster may be 
applied. The size of Montage-Bau wall elements is limited only 
by the size of the crane which will handle them after prefabrica-
tion. Those inspected had an area of up to 100 square feet and 
were as much as 15 inches thick. 
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Floor elements are also made on any convenient flat 
surface within a form frame. The process is simple. The 
flanged multi-cored tiles are placed within the frame so that 
the flanges abut one another. A network of spaces to receive 
reinforcing and concrete is thus fashioned. Reinforcing is 
placed and concrete is poured to the level of the tops of the 
tiles. After the floor sections are installed in the building, 
a layer of concrete up to two inches thick is poured and 
finished. 

FIGURES 6 and 7. 

Floor and Roof Sections During Prefabrication and 
Storage - Institut Fur Ziegelforschung 

FIGURE 7.  

Note "Double Shell" Section of Tiles Designed to 
Provide Extra Compressive Strength 
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Should a plaster or smooth concrete ceiling be 
called for, a layer of either material is first placed, the 
tiles are then laid in the wet substance and the rrocedure 
continued. 

All openings for ducts, pipes, etc., are allowed 
for in the floor and wall elements. Electrical conduit and 
service piping may be installed during prefabrication. 
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VISIT TO BAUHOF ESPELKAMP-MITTWALD, GERMANY 

Person Interviewed  

Mr. Willi Kucharzeck 	Building Contractor 

NOTE: The Mission was accompanied by Frau Pels-Leusden, 
Dr. Schellbach and Mr. Fossum on this visit. 

Mr. Kucharzeck has been in the construction business 
in Germany for the past seventeen years. On the day of the 
Mission's visit, he was celebrating the opening of a new pre-
fabrication factory. The new plant was to be devoted to pre-
fabricating wall, floor, roof, chimney and other miscellaneous 
elements using the Montage-Bau system. 

The factory was not in complete operation as the 
installation of an overhead crane had not been finished. However, 
some elements had been produced and these were of good appearance, 
although the structural tiles used as backup were of inferior 
appearance and quality by Canadian standards. However, as they 
were structurally sound and were not exposed in the finished 
elements, they fulfilled their purpose adequately. Both brick-
shaped quarry tiles and brick "soaps" were being used as facade 
material. Figures 8 and 9 and Figures 10 and 11 show front and 
rear views of Montage—Bau elements. 

FIGURE 8. 

Manufacture of Element by 
"Negative" Method 



FIGURE  9.  

Manufacture of El  ent by Positive S 
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FIGURE  10.  

Rear View of Wall Element, which 
Will be Plastered in Place. 
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FIGURE 11. 

Front View of Same Element 

VISIT TO SCHOOL PROJECT, ESPELKAMP 

A visit was made to a new school project where tile 
and concrete floor elements were being installed. The total 
floor area was-approximately 6,600 square feet. The elements 
were placed on prepared foundations by three men and a mobile 
crane operator at a rate of 330 square feet per .  man-hour. This 
did not include placing and finishing a two-inch topping of 
concrete. See Figures 12, 13 and 14. 



FIGURE 13. 

Project Nearing Completion 

1 
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FIGURE 12. 

Placing Tile and Concrete Floor Elements 

School project near Espelkamp 

Note Design of tiles providing compressive strength in 
finished slab. 
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FIGURE 14. 

Structural Tiles are Clearly Visible 

FIGURE 15. 

A Floor Element Being Prepared 
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A further visit on the same day was to a subdivision 
of Atrium houses in which Montage-Bau elements have been used. 
The panellized construction looked very good indeed. See Figures 
16 and 17. 

FIGURE 16. 

Atrium Houses Constructed From 

Montage-Bau Type Elements 

FIGURE 17. 

Finished Panelized Construction 
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The architect who designed this project favoured 
industrialized construction for his work because of the rapidity 

with which the job could be completed. This is an important 

consideration in Europe, where traditional construction of 
detached houses is very slow. Up to 18 months might be required 
to complete one house, depending on the number of men employed 

on the project. It is thus impossible to guarantee contract 

prices as wages and materials costs can increase during 
the long construction period. With prefabricated 
elements, similar detached houses can be completed in three 
weeks. While the price of the house is not normally lower, it 

has the advantage of being fixed for the duration of the project. 

In examining the question of productivity, Mr. 
Kucharzeck indicated that his factory employs two methods of 
prefabricating wall elements. He terms these "positive" and 
n negative" -- See Figures 8 and 	In the "positive" system, 

the bricks are placed in the rubber grid within the form frame 

and the other materials placed in order. In the "negative" 
system, the interior face of the wall, which may be concrete 

or plaster, is cast or poured first and, after the structural 
tile have been placed, the facade material, usually brick-shaped 
flats, is placed last. Load-bearing exterior wall eiements 12 
inches thick and manufactured by the "positive" method are 
produced at a rate of approximately 7.8 square feet per man-hour. 

Productivity for similar elements using the "negative" 
method is said to be 5.1 square feet per man-hogr. The "hegative" 
method is thought to be experimental. 

The cost of a 12-inch-thick wall element, erected, 
was given as $1.87 per square foot, compared with a (*-inch-
thick wall built traditionally at $2,13 per square foot. 

The weight of an exterior wall element 12 inches thick 
is 100 pounds per square foot. The largest elements manufactured 
for the Atrium houses measured eight feet nine inches wide by 
eight feet six inches high and weighed 7,500 pounds. The K-
factor for these elements is 0.82. This corresponds to a U-
value of 1.5. 

Floor elements eight inches thick, 16 feet long, and 
seven feet wide were manufactured and erected at the rate of 
7.7 square feet per man-hour. The final cost, including tôpping 
with concrete, is reported to be 75 cents per square foot. 

The comparative cost of a similar floor using tradi-
tional methods was said to be $1 per square foot, including 
form work installation and removal. Excellent literature, which 
illustrates brick and tile shapes used in the Montage Bau system, 
together with design data for wall, floors, beams, etc., is 
available from the Institut at Essen. 
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THE MONTAGE-TEGL SYSTEM 
(Denmark) 

Person Interviewed  

Mr. S. Hundernr-Jensen 	Director 

General Discussion of the Montage-Tee System  

The Montage-Tegl System was developed on the initia-
tive of a consortium of five Danish brick manufacturers in the 
South Zealand area. The consortium supplied the capital, 
engineering and technical knowledge for the design and establish-
ment of a plant to produce load-bearing brick-faced elements. 

Montage-Tegl elements consist of an exterior wythe of 
brick and an interior wythe of reinforced concrete which may be 
dense or semi-lightweight. Fibreglass insulation batts are 
sandwiched between the two wythes. 

Brick for the panels is specially made, having a cen-
tral U-shaped groove at the back. The axis of groove is at right 
angles to the length of the brick. The purpose of the groove is 
to allow for the installation of ladder-type reinforcing wall 
ties which bind the brick wythe to the concrete wythe. It is 
interesting that the cross ties of the reinforcing are of stain-
less steel. The fibreglass batts are specially cut to fit 
between the ties. 

The elements may be made from one brick width to a 
maximum of six feet wide. The heights vary according to 
design requirements, the common size being 81 feet high. 
Elements 30 feet high have been produced. The overall 
thickness is standard at 7i inches. 

Mission Visit to the Montage-Tegl Plant 

The plant is said to have cost approximately $2 80,000. 
During the Mission's inspection a total of five men were employed 
in addition to the director. A production flowsheet and 
schematic layout of the plant are shown in Figure 1. 

The plant machinery and equipment for the most part 
have been specially designed. There is little heavy labour, 
since the fabricated steel tables upon which the elements are 
made are moved mechanically. It is evident that this plant 
embodies excellent engineering. Those functions which now 
involve the manual moving of equipment could readily be mech-
anized. A good appreciation of the excellence of design of this 
equipment may be obtained from a study of Figures 2, 3, 4, 5 
and 6. 
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FIGURE 1.  

Production Flowsheet and Schematic Layout 

of the Plant 
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FIGURE 2.  

Roller Conveyor Arrangement Upon Which Tables are Moved 
Wooden Grid is also Shown in Raised Position 

FIGURE 3.  

Table in Position for Brick Setting Guide Grid Lowered 

111.1111.111M'""Ali 
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Brick spacing is facilitated by means of a wooden grid 
which may bé hydraulically lowered onto the table. After placing 
the brick the grid is raised to allow the table to be moved 
forward to the mortar grouting station. See Figure 4. 

FIGURE  4.  

Placing Brick on Table 

Note Sawdust layer 

Transfer cars which convey the tables to and from the 
steam chambers are of the "above floor" type running on tracks 
of about 15-foot gauge. See Figure 5. 
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FIGURE 5. 

Table Containing Finished Element Being Transferred 

From Steam Chamber to Tipping Machines 

The mortar and concrete mixers at the plant are 
equipped with automatic batch weighing equipment and mixing 
controls which ensure uniform quality and consistency of mortar 
and concrete. 

The steam chambers in which the elements are "cured" 
consist of heavily insulated brick built tunnels. Low pressure 
steam is used. 

The "ctired" elements are transferred from the tables 
to an A-frame trailer by a specially designed upending machine. 
This is essentially a small version of a railway car dumper. 
Figure 6. Figure 7 shows elements being removed to yard storage 
by A-frame transporter. 
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FIGURE 6.  

Table Tipping Machine 

Note A-Frame Trailer in Position 

FIGURE 7. 

Finished Elements on A-Frame Trailer 

Prior to Being Placed in Yard Storage. 

Note Variations in mortar joint thickness. 
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Manufacture of  Elements  

Montage-Tegl elements are made in a series of steps 
as follows: 

1. Remove any extraneous matter from table deck. 
2. Sprinkle a sawdust-oil mixture on deck to prevent mortar 

adhesion. 
3. Index table forward to brick placing station. 
4. Lower guide grid and place brick. Stack bond is the 

predominent type but other bond patterns are possible. 
5. Index table to mortar grouting station. 
6. Place measured amount of mortar grout and level to a depth 

of about one-quarter inch over back of bricks. 
7. Place ladder-type reinforcing wall ties in the wet mortar, 
8. Lay fibreglass batts between wall ties. 
9. Pour concrete directly on fibreglass, inserting lifting 

bolts and reinforcing rods as pour is made. 
10. Level concrete and finish float. The tops of the sides 

of the table are used as guides in this operation. 
11. Transfer table to steam chamber. 

The element remains in the steam chamber for a minimum of 
four hours at 140 degrees F. and 100 per cent R.H. 

12. Remove table from steam chamber and tip element to A-frame. 
13. Clean excess or overflow mortar from element and place in 

Storage. 

The mortar used is a straight 1:3 cement, sand and 
water mixture of the consistency of thick cream. The concrete 
has a strength of about 2,500 PSI and contains 3/8 inch aggregate. 

The maximum productivity of this plant, based upon 
figures supplied hy the director, is very high: Five men working 
a nine-hour shift are said to be able to produce a total of 200 
square metres (approximately 2,100 square feet) of wall elements. 
This gives an output per man-hour of 47 square feet of finished 
wall. 

Montage-Tegl elements have excellent insulating 
qualities having a K-factor of 0.45. (Corresponding U-value = 
0.09). 

The Mission inspected elements in yard storage. 
Elements on display are shown in Figure 8. Their appearance was 
generally fair but because of the flush untooled joints and some 
variation in brick size, they were not considered to be accept-
able by Canadian standards. It would seem that this difficulty 
could be readily overcome by the use of a rubber grid or other 
spacing device. The concept of the plant design and that of the 
production of elements are excellent. 
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FIGURE 8.  

Montage-Tegl Display Elements 

Visit to a Housing Sub-Division at Niva  

A housing project in which these elements were utilized 
was inspected. Figure 9 shows a general view of this project. 
In this type of construction, elements are installed on prepared 
concrete foundations, a layer of bitumen being used as damp course. 
The elements are butt-jointed and grouted with a 1:3 cement-sand 
mortar. The wall plate-beam ties them together at the top. No 
cracking of the vertical butt joints in these houses was observed. 
The exterior corner joints, however, appear to be inferior in 
design. See Figure 10. These required a chamfer of cement mortar 
to be trowelled into the right angle where the bricks of the 
corner elements meet. The resulting joint is unattractive and 
probably not too satisfactory in service. A slight change in 
design would readily circumvent this difficulty. 

Montage-Tegl elements are marketed through the selling 
organizations of the consortium. Architects' specifications are 
normally involved. It is of interest that prior to the Mission's 
visit, the company received a substantial order to relative to a 

large high-rise apartment complex. 

The elements are advertised in attractively illustrated 
literature which also gives dimensional details and a description 
of their application in house construction. 
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FIGURE 9.  

Houses at Niva Built from Montage-Tegl Elements 

FIGURE 10.  

Corner Joint Detail Before Trowelling of Mortar 
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THE YORNERUP SYSTEM (DENMARK)  

Person Interviewed  

Mr. E. Bindner- Jensen 	Director 

General Discussion  of the Kornerup System 

The aim of the Kornerup system is in part to move the 
process of bricklaying from the exposed work environment of the 
construction site to the controlled environment of a factory 
building. 

Kornerup elements are of the cavity wall type. They 
are not insulated, although a poured-in-place type of insulation 
could be used effectively and without difficulty. Standard 
bricks, used for both wythes and for the returned ends, are 
built by skilled masons upon a precast concrete sill. This sill 
remains an integral part of the element. An angle-iron jig, 
resembling the corner pole type jigs in common use in North 
America, is used to facilitate the bricklaying process. See 
Figure 1 on the following page. 

The approximate dimensions of the element are as much 
as 6 feet 6 inches wide x 8 feet 6 inches high x 10 inches thick. 
They conform to the widely accepted 10 centimetre building 
module, both in brick size and in over all dimensions. 

Instailation of Kornerup elements should, for their 
greatest exploitation, conform to a system where window frames 
are of the same height as the panels, i.e. storey-height. If 
so planned, elements of appropriate height could be installed 
underneath smaller windows; in such a case, the width of the 
window should conform to the width of the element. The utiliza_ 
tion of the Kornerup system is more convenient when the building 
is designed to conform to a modular grid and to incorporate 
modular components. 

The Kornerup system requires little in the way of 
expensive equipment for its efficient utilization. Apart from 
elevating scaffolds, the normal building site material-handling 
facilities are all that is necessary. Capital expenditure can 
thus be kept to a minimum. 

The Kornerup system has been used on two large 
housing projects and a large children's hospital near Copenhagen. 
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Visit to Completed Kornerup Hospital Project  

The Mission visited the hospital at Copenhagen. A 
film had been made of the construction progress of the project 
from breaking ground to finished buildings. The film was shown 
to the Mission by Kornerup officials. It is an interesting 
documentary from which a good knowledge of the concepts behind 
the system can be gathered. 

FIGURE 1. 
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The elements for this hospital were produced under 
cover in a temporary factory which was established on the site. 

In the production process, the mason is continuously 
supplied with bricks and mortar. A scaffold, which moves 
vertically, maintains his relative position to the work at about 
bench height, so that a minimum amount of bending and lifting is 
involved. In this way, a high productivity can be achieved. On 
this project, each mason is reported to have averaged 1,500 
bricks per man-day, or about 16 square feet of finished wall 
per man-hour. Plumbing, heating, and electrical facilities are 
incorporated in the elements during fabrication. The elements 
are lifted to storage or to final location by a tower crane. A 
special, rigid angle-iron frame is used for this purpose. 

The hospital structure was thoroughly inspected and 
was found to be of good appearance. Paint had been applied to 
the bricks on the inside of the walls and this also looked 
attractive. The elements were joined together simply by butting 
and grouting, with a wall plate beam being used to tie the 
elements together at the top. This method appears to leave 
something to be desired, since some cracking has taken place in 
the year since the structure was built. The cracking was not 
extensive, however, and only a few of the joints were so 
damaged. The damage was more pronounced at the corners of the 
building. 

FIGURE 2.  

Wall Detail  -  Notice Vertical Joints Between Elements 
11so Arindow Disposition 
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FIGURE 3.  

Exterior Corner Detail 

Kornerup elements would normally be sold on a project, 
because of being specified by the architect. Their utilization 
has been well documented both in the film and in descriptive 
literature. The latter includes a booklet in which the entire 
hospital project is described in detail. 
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THE TEGELELEMENT SYSTEM (SWEDEN)  
(TECAB) 

Person Interviewed  

Mr. Rienhold Elgensterma 	Director 

General Discussion of the Tecab System 

Tecab elements are of the "sandwichtt insulated type, 
having an exterior wythe of facing brick, and interior wythe of 
structural tile and a layer of fibreglass insulation between. 
They are similar in many respects to the Montage-Tegl elements, 
but because of the use of structural tile they contain a 
greater amount of structural ceramic products. 

Up to the present time, the elements have only been 
made experimentally, but the concept has been employed in the 
production of very large elements at an on-site factory near 
Uppsala. Some of these measured 26 feet by 9 feet and were the 
largest elements seen during the Mission tour. 

Window and door frames may be installed and provisions 
for service installation are normally made in the Tecab System. 

The overall Tecab System also utilizes prefabricated 
structural tile partition walls and prefabricated brick and tile 
chimneys. Prefabricated floors of tile and concrete will be a 
feature when the .system is fully developed. 

Apart from the Uppsala project which involves the 
construction of a large number of four-storey apartment build-
ings, elements produced in a laboratory have been used in the 
construction of six houses near Stockholm. These also were 
inspected by the Mission. 

Bricks used in the Tecab System are specially formed 
having a U-shaped groove across the back at right angles to, and 
at the mid-point of the length, and with the back corners so 
formed that when the bricks are placed, additional U-shaped 
grooves are formed at the vertical joints. This facilitates the 
development of almost any bond pattern in the element. 

During the experimental development, a number of 
methods of spacing the brick prior to grouting have been used. 

1) The bricks are placed in soft foam latex in the 
desired bond pattern. When the latex stiffens it 
forms a mould for the positioning of bricks in 
subsequent elements. 
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2) The bricks are placed in warm liquid paraffin wax. 
The wax is allowed to harden and the bricks are 
thus held in position for grouting. The wax is 
removed from the finished element by scraping and 
washing with hot water and steam. A novel convex 
mortar joint, attractive appearance, is produced 
in this way. 

3) Bricks are spaced in a rubber grid which is 
fastened to the deck of the bench car. The 
pattern of the grid determines the bond pattern 
of the bricks. 

Method of Manufacture of Tecab Elements  

The experimental method of manufacture is essentially 
similar to the Montage-Tegl method. Briefly the program is: 

1) Bricks are placed on the deck of the hinge-sided 
table in the desired bond pattern and grouted with 
1:3 cement-sand-mortar. 

Ladder-type reinforcing wall-tie material is 
placed in the wet grout now filling the U-shaped 
grooves at the back of the brick. 

3) Fibreglass batts precut to size are laid between 
the wall ties. This fibreglass is sufficiently 
rigid to sustain the weight of the tile and cement 
wythe. 

4) Structural tile, usually lightweight from sawdust 
burn-out, is laid on the fibreglass in such a way 
that the reinforcing wall ties enter into the 
vertical joints between the tiles. The tiles are 
sraced about one inch arart in both directions. 

The tiles are grouted in place with ceMent-sand 
grout, which is levelled and floated. 

6) After a suitable period a thin coat of finish 
plaster may be applied. Steam curing is not used 
in this experimental set-up. 

The makeur of the element is shown in Figure 1. 

5) 
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NOTE: The longitude sides of the bench car have small holes 
(5/16 inch diameter) situated opposite each other, and 
at the correct dimension from the tops of the sides. A 
%-inch rencil rod is inserted through these and under-
neath the top tie of the ladder reinforcing. This has 
the effect of holding the reinforcing in place while the 
batts are laid and the tile placed. The pencil rods are 
withdrawn immediately after the grouting of the tile. 

FIGURE 1 

Makeup of Tecab Element 

Mission Visit to  Construction Site at Uppsala 

Contractor: Olsen, Skarne, Stockholm 

The apartment house project which was inspected by the 
Mission displayed brickwork of only fair appearance. The joints 
around the elements were about 11 inches wide and depending upon 
the method of finish may remain rather unsightly. This 
situation was probably the responsibility of the contractor, and 
the workmanship may have been considered acceptable in this 
rarticular project. See Figures 2, 3, 4, 5 and 6. 
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FIGURES 2, 3, 4, 5, 6. 

General Views of Industrialized Construction at Uppsala 

FIGURE 2.. 

FIGURE 3. 

Note Absence of Scaffolding 
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FIGURE 4.  

Element Shown on A-Frame 

FIGURE 5.  

Note Uncluttered Building Site 
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FIGURE 6.  

Note Installation of Service Piping 

It should be understood that the elements used on this 
project are fabricated in the urright position. The interior 
wythe is of concrete which is "Gunnited" against a steel form 
plate.  Reinforcing and wall ties are placed in the concrete 
during "gunning". The fibreglass insulation is then placed and 
the brick exterior wythe laid up by semi-skilled labour. 
Productivity figures were not available for this project. 

Inspection of Detached Houses at Stockholm 

As an introduction to the visit to these houses, Tecab 
officials showed a film which had been made to record the 
manufacture of the elements and the erection of the houses The 
Mission thus obtained a good knowledge of the Tecab concept. 

The individual villas which were built in 1962 were of 
good exterior appearance. The exterior vertical butt joints 
between the panels were somewhat closer in most cases than 
normal mortar joint thickness. This might be considered to 
detract slightly from the over all good appearance of the wall. 
The structure, however, appears to be sound. No cracks in the 
walls were to be found. See Figures 7, 8, 9 and 10. 
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FIGURE 7.  

Two Houses Constructed from Experimental Tecab Elements 

FIGURE 8.  

Note Bond Pattern of Brick and Vertical Corner Joint of Garage 
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The interior of the house inspected was of excellent 
appearance. The tile partition elements ensure excellent sound 
reduction and give the house a noticeable characteristic of 
solidity. 

The method of joining Tecab elements is interesting. 
When they are side-butted on the foundation beam, the interior 
wythes of the elements are designed to be in close contact. The 
exterior wythes should be the thickness of a mortar joint apart. 
A special glue is used to join the interior wythes. Mortar 
grout is applied in the exterior joint. These joints appear to 
be very satisfactory and quite precise on the inside of the wall. 
.The wall plate beam effectively holds the tops of the elements 
in alignment. 

A new factory which will employ the Tegelelement 
System is under construction and will produce about 10,000,000 
square feet of elements of all types per year. Exterior 
elements will be produced up to three storeys high and up to 10 
tons in weight. Partition, floor and chimney elements will also 
be produced. 

This factory will be highly automated; all brick 
placing will be done by mechanized means. Mortar mixing will be 
programmed and material handling and flow will be carefully 
controlled. It is expected that when the factory'is commissioned 
it will be the most advanced of its kind in the world. 

FIGURE 9.  

Closeup of House Wall 

Note "Thin" Vertical Joints Between Elements 
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PRETON SYSTEM (SWITZERLAND)  

Persons Interviewed 

Mr. A. Brandestini 	President B.B.R. 
Mr. G. Zenobi 	Asst. General Manager 
Mr. K. Heer 	 Engineer 

General Discussion of the Preton System 

The Preton system was described verbally to the 
Mission by Mr. Brandestini and Mr. Zenobi, after which a film of 
the manufacture of Preton elements and their application was 
shown. The Mission then visited two permanent-type plants where 
Preton elements are produced, and a housing site where they had 
been applied. (See Figures 1, 2 and 3). 

Preton factories may also be placed at the construction 
site in similar fashion to Costamagna temporary on-site 
factories. In cases where this has been done, temporary shelters 
house the area. 

The ease and flexibility of the production of the 
elements and their application to a single house project or to a 
group of houses or apartments make the Preton system an inter-
esting one. In addition, the full-strength characteristics of 
the structural ceramic products are utilized, and a minimum 
amount of reinforcing steel is required. Chimney sections and 
other components are also made by Preton. (Figure 4). 

FIGURE 1.  

Low Rental Houses Built with Preton elements. 
Floors are by the Stahlton System. 
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FIGURE 2.  

Rear View, Low Rental Houses, Pfungen 

FIGURE 3.  

Stahlton Floor in Low Rental House - View from Basement 



-  85  - 

FIGURE  4.  

Face Brick Chimney Element 

The first plant, at Pfungen, is a new facility and was 
not in production. It employs exactly the same production 
methods as the factory at Paradies, which was inspected shortly 
afterwards. 

FIGURE 5.  

General View of New Plant at Pfungen 
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Preton elements have been utilized for the walls of 
the new plant. (See Figure 6). 

FIGURE 6.  

Exterior View of New Plant at Pfungen 

Equipment used in any Preton factory consists of flat, 
almost vertical surfaces of concrete or asbestos board, about 50 
feet long by 10 feet high. These easel-type surfaces are marked 
with course lines to facilitate the laying of the brick. The 
height of the element is thus determined according to its number 
of courses. The width is established by movable vertical wooden 
forms, which are clamped to the easels at the appropriate 
positions. All elements are made to shop drawings. Electrical 
conduits, plumbing pipes, and window, door, or other openings 
may be incorporated, but window and door frames are not normally 
installed at the factory. 

Description of Elements and their Manufacture  

Preton elements have been made at Paradies to a 
maximum length of five metres (16 feet 6 inches) x three metres 
(9 feet 10 inches) high. Longer ones have been made in the new 
plant. 	See Figures 7 and 8,, 
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FIGURE 7.  

Preton Elements During Manufacture 

Note Course Lines on Easel-Faces and Shop Drawing 

FIGURE 8.  

Elements 20 feet long x 4 feet high in Factory Wall 
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The bricks from which Preton Elements are made are 
specially designed to suit the system. They are multi-cored, 
having a large centre core measuring 2 inches x 14-  inches and a 
slot at each end measuring 1 inch x 1 -1* inches. When the bricks 
are laid in common bond the cores and slots form vertical chases 
suitable for pipe runs, conduit, etc. Figure 9. 

FIGURE 9.  

Bricks for Preton Panels 

Manufacture of the elements is essentially a manual 
operation. To commence, a course of bricks is laid at the base 
of the easel on a right-angled ledge. A cement mortar grout is 

poured on top of the bricks by one labourer while another  places  
the second course of bricks, and so the process continues to the 
completion of the element. Mortar is placed on the bed joints 
only; the vertical joints remain "dry". The elements are 
reinforced by two 14-inch pencil rods between the first and 
second courses. 
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Lifting bolts, situated at the third  points, extend from the 
top to the base of the element through the vertical cores and 
are grouted in position. The lifting bolts which are -1,--inch 
in diameter may be considered as vertical reinforcement. Stir-
rups necessary for joining the panels in the building are 
installed during the prefabrication process. 

Portable scaffolds, moved into place manually, are 
used to place bricks above the five-foot level. See Figure 10. 

FIGURE 10 

Portable Scaffold Being Moved Into Position 

MUM- 	-./ 	WIMUMMM 	  

Elements are moved into storage about 12 hours after 
completion. Overhead cranes will be employed for this purpose 
in the new plant, but the operation is presently performed by 
forklifts having a special lifting harness. 

Preton elements are not usually plastered or other-
wise finished in the factory. They are generally used as 
load-bearing elements and are finished in place. 

Face brick elements shown in Figures 11 and 12 are 
often made by the same procedure. Skilled masons are employed 
for the prefabrication of these, in contrast to the semi-skilled 
or unskilled labour employed in producing the standard Preton 
element. 
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FIGURE 11  

Front View of Face-Brick Element 

FIGURE 12  

Rear View of Face-Brick Element 
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The rate of production per man-hour for this 
system was difficult to ascertain during the Mission visit,as 
the factory at Paradies had obviously slowed its tempo and the 
and new facility at Pfungen had not commenced production. It 
was reported by one of the Bureau B.B.R. officials, however, 
that a productivity of 25 square feet per man-hour had been 
achieved in the prefabrication of a sizable number of large 
elements. Productivity is naturally related to the number and 

size of the elements to be made against an order. If, for 
example, a large number of small elements is required, pro-
ductivity will tend to be low. Conversely, in the manufacture 
of a sizable number of large ones productivity is likely to be 
high. 

The Preton system has been used to construct all 
types of dwellings from single and two-storey houses to 10- 
storey apartment blocks. The system is often augmented by 
the Stahlton system for floors. It is reported that Preton 
elements have been used in the construction of high-rise 
buildings, which embody the concept of engineered load-bearing 
masonry. In this connection, the cost of panellized load-bearing 
walls is about five per cent higher than traditionally built 
walls. Erection of the building is, of course, considerably 
faster. 

Catalogue and brochures containing descriptions of 
technical data relating to the Preton system are well advanced, 
and these may be obtained from Bureau B.B.R., Zurich upon 
request. 
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HIGH SPEED SYSTEM BUILDING LIMITED (ENGLAND)  

Persons Interviewed  

Mr. Eugen Srier 	High Speed System Building Ltd., 
Licensing Agent 

Mr. C.A. Devall 	Managing Director 
Mr. W.S. Viccars 	Engineer and Project Manager 
Mr. H.J. Lofthouse 	Engineer and Project Manager 

General Discussion of High Speed System Building Ltd. 
(H.S.S.R.) System 

The Sir Lindsay Parkinson organization is the 
principal licensee in England of H.S.S.B. system. Under the 
name of S.L.P. Industrialized Buildings Ltd. a new factory 
capable of producing elements for 1,500 apartment or single 
houses per year has been commissioned. 

This system originated in England during the late 
1930ts. In 1945, rights to it were acquired by N.V. Nederlandsch 
Boulisyndicaat, Brinkhorstlaan 309, Gravenhage. The system has 
been re-imported to England through the agency of Mr. Eugen Spier, 
who manages the overseas licensing of the system for the Dutch 
parent company. 

The meeting held with Mr. Devall provided valuable 
information not only in relation to the H.S.S.B. system, hut 
also with regard to industrialized building in England in 
general. 

Discussions ranged over the questions of comparitive 
cost of industrialized building as opposed to traditional 
methods, the efficacy of various types of industrialized 
systems in meeting the requirements of the house building 
industry, the reasons for the industrialization of building 
and so on. It was a useful discussion and is dealt with 
generally in the conclusion of this report. 

The factory at Wellenborough was visited by the 
Mission. It has not yet achieved full production  although 
some 1,200 housing units of various types are said to have 
been constructed from elements produced at this factory. A 
recent order for 1,000 apartments will, together with existing 
commitments, engage the factory fully for the next 18 months. 
General views of the factory and yard storage area are shown 
in Figures 1 and 2. 
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FIGURE 1. 

General View of Factory Interior 

FIGURE 2. 

General View of Yard Storage 
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H.S.S.B. incorporates elements of several types. 
For example, precast stairway elements and load-bearing 
partitions are made from reinforced dense concrete. Non- 
load-bearing elements are made from reinforced dense concrete. 
Non-load-bearing elements are of lightweight concrete. Only 
the facade elements utilize bricks. These are of the cavity 
wall type; the exterior wythe is of brick and the interior of 
semi-lightweight reinforced concrete. The following informa-
tion deals only with the facade elements and their manufacture. 

Description of H.S.S.B. Elements and their Manufacture  

Full size H.S.S.B. elements are of half-storey height 
(4 feet 81 inches) and are 10 feet 6 inches in length. The 
usual bond pattern is "Half-stretcher" but any desired bond 
pattern may be achieved by modification of the bench -car grid 
upon which the elements are manufactured. Smaller sizes are 
produced by blanking off part of the bench car. Figure 3. The 
maximum weight of an H.S.S.B. element is set at 21 tons. 

FIGURE 3. 

Bench Car with Blanked-off Sections to Produce 
Special Size Elements 

The bench cars are of a size conforming to a full 
size element. They have a grid deck of cast iron, which 
incorporates individual spaces into which the bricks are placed. 



- 95 - 

Figure 4. The depth of the car sides conforms to the thickness 
of the element. They are easily separated from the car deck 
to facilitate element removal. Figure 5. The sides also 
have narrow ledges which support the temporary formwork upon 
which the interior wythe of concrete is poured. This may he 
seen in Figure 6. Note also the galvanized wall ties. 

FIGURE 4.  

Detail of Grid Deck of Bench Car 

The Use of Poly-Ethylene Sheet is Experimental 

FIGURE 5. 

Note Sides of Bench Cars Fastened by Pins and Wing-Nuts 

, 
MROMOMbRI.n 	1 
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FIGURE 6. 

Note Wetting of Brick Prior to Mortar Grouting 

Steps in the manufacture of an element are as follows: 

1) Clean bench car of all adhering mortar etc. 
2) Place bricks in individual spaces of grid. 
3) Pour a measured amount of mortar over the backs of the 

brick and spread evenly. Figure 7. 
4) Move car to vibrating table and vibrate mortar into place. 
5) Move car to concrete placing station. 
6) Position wall ties (3/16 inch x 1 inch galvanized steel). 
7) Place form work on side ledges and place reinforcing steel. 
8) Pour non-slump semi-lightweight concrete and spread level. 

Figure 8. 
9) Finish by rolling to the depth of the car side. The tops 

of the car are used as guides in this operation. 
10) Transfer car to open steam chamber for curing. Figure 9. 
11) After curing, tip car into upright position, open sides, 

remove forms, and lift panel free. Figure 10. 
12) Wash panel with muriatic acid and place in storage. 

Figure 11. 
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FIGURE 7. 

Mortar Placing 

FIGURE 8. 

Placing Concrete for Interior Wythe 
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FIGURE 9. 

Element Ready for Transfer to Steam Curing 

FIGURE 10. 

Removal of Element from Car. Note Special Hook Sling 

Which is Attached to Wall Ties in the Panel Cavity 
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FIGURE 11. 

Cleaning and Touching-up Finished Elements 

At the end of the manufacturing process the elements 

are ready for placing in the wall. The interior of the 

element has a surface which is smooth enough for wallpapering. 
If a painted wall is required, a thin skin of gypsum plaster 

is applied in situ. 

This entire process is of the production circuit type. 
The cars run on rails, are moved manually and return on 
trackage to the starting point. 

Great care is taken in the quality control of mortar 
and concrete in the manufacturing process. Automatic mixing 
equipment of a sophisticated nature is usually employed. 

The relatively heavy wall ties have a three-fold 
purpose: 

a) To tie the two wythes of the wall together. 
b) To maintain the relative position of the two wythes should 

these be subject to oblique stresses such as might he 

sustained in placing the element on an uneven surface. 

c) To act as suitably strong bars by which the element may be 
lifted. 
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The low pressure steam chambers are maintained at a 
temperature of between 100 degrees F and 120 degrees F, at a 
relative humidity of 100 per cent. Element remains in the 
chambers from six to 12 hours. 

The elements inspected at urellenborough were of 
excellent appearance. Mortar joints and brick disposition 
compare favourably with good quality Canadian brickwork. 
The cavity wall construction widely used in Great Britain 
does not appear to possess sufficient heat insulation quality 
to meet Canadian requirements. This could readily be corrected 
by the application of a "pour" type iftsulation in situ. 

Capital requirements for an d.S.S.B. factory are 
reported to be moderate, being considerably less than that 
for precast concrete systems. This is one of the chief 
reasons for the success of the system in competitive circums-
tances. The factory at Wellenborough cost 5750,000. As 
previously stated, its rated capacity is for the production 
of  elements for 1,500 housing units per year. 

The A.S.S.B. System has been used to build schools, 
hospitals and other institutional buildings in dolland. Since 
the elements are half-storey height, windows must be half-
storey height also. This at first sight would appear to impair 
the flexibility of the designer, but very attractive buildings 
have been produced using this system. 

In the H.S.S.B. structure, floors are supported on 
the interior load-bearing partition panels and on the interior 
wythe of the facade panels. A typical section of a room is 
shown in Figure 12. 

FIGURE 1/.  
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In assembly, the elements are positioned upon a bed 
of cement mortar, and the vertical joints are made by grouting. 
Vertical grooves are sometimes provided in the ends of both 
interior and exterior wythes of the facade elements to receive 
the grout and also for the installation of reinforcing which 
ties into the joints between the floor and load-bearing par-
tition elements. 

U.S.S.B. factories, being integrated facilities where 
the various system components are produceu, do not lend 
themselves to productivity study related to one component only. 
Under conditions of full production however, it is claimed 
that 9.5 square feet of finished exterior wall element can be 
produced per man-hour. It is reported to require an average 
of 28.8 man-minutes to place such an element in the wall. A 
crane, crane driver and three semi-skilled workers normally 
make up the team for the positioning of elements. 
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HIGH-RISE LOAD-BEARING MASONRY STRUCTURES  

NEAR ZURICH SWITZERLAND 

There is a general revival of interest among designers 
and manufacturers of àeveral European countries, notably Denmark, 
England and Switzerland, in the load-bearing characteristics of 
brick and structural tile. This interest is manifested in the 
design and construction, in these countries, of many high-rise 
buildings of up to 18 storeys, in which brick and tile are used 
as the structural materials. The Technical Mission while at 
Zurich, Switzerland and at London, England took the opportunity 
of inspecting several of these structures in order to gain a 
better appreciation and to further the general knowledge of 
this form of construction in Canada. 

In Switzerland, Mr. H. Lechner, a consulting 
engineer, arranged for the Mission to visit E.M.P.A. (Swiss 
Federal Materials Testing and Research Institute) and to 
inspect several high-rise load-bearing clay masonry structures 
in the vicinity of Zurich. Accompanying Mr. Lechner on these 
visits were Mr. Arthur Tarnowski, an associate,and Mr. J. Kessler, 
an architect, who also acted as interpreter. 

Visit to E.M.P.A. 

At the E.M.P.A. Laboratories, Mr. P. Haller, Dip. 
Eng., Chief of Testing at E.M.P.A. t received the Mission members 
and conducted them through the laboratories. Mr. Haller is 
world famous as an expert on high-rise masonry structures. He 
has supervised the testing of more than 1,600 wall specimens, 
and has contributed many advanced technical papers on the 
subject. 

The laboratories at E.M.P.A. are very extensive and 
are equipped with sophisticated testing apparatus. This 
includes a 4,400,000-pound press of unique design which accepts 
wall specimens of up to 25 feet in height. Figure 1. 
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FIGURE 1.  

Press for Load-Bearing Wall Testing 

Research is done on all types of building materials 
at E.M.P.A. The testing program involving brick and tile is 
supported financially by the Swiss Brick and Tile Manufacturers 
Association. 

Visit to Load-Bearing Masonry Structures  

Ifter the tour of E.M.P.A., the Mission inspected the 
exterior of the load-bearing 18-storey apartment building at 
Schwamendingen. Figure 2. This structure, completed in 1957, 
is reported to be the tallest, thin wall-bearing masonry 
structure in the world and is said to be the first such building 
erected. The exterior load-bearing walls are 15 inches thick 
and the interior load-bearing walls five inches minimum and 
10 inches maximum thickness. Full design details of this 
building have been reported by Haller and by Monk and Gross. 

(1) Euro.ean Cla Masonr Load-bearin.: 

Clarence B. Monk Jr., P.E. 
James G. Gross, P.E. 
Structural Clay Products Institute, Washington, D.C. 
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FIGURE 2.  

Eighteen-Storey Load-Bearing 

Masonry Structure With Stucco Facade 

Built 1956-57 

The exterior facade of the building is stucco. 
Inspection indicates that there is no noticeable deterioration 
of the facade by cracking or other form of defect. 
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The tour continued to a series of buildings, some of 
which were completed and occupied, and some under construction. 
The first was a 13-storey project at Spreitenbach, which was 
at the fourth floor stage. It is noteworthy that a super-
vising architect was stationed on this project. By this means, 
almost continuous professional supervision of the building 
materials, methods and workmanship took place - an indication 
of the very high standard of quality control required in these 
structures. 

Several views of this structure are shown in Figures 
3, 4, 5 and 6. Through-the-wall type clay bricks measuring 
approximately 9 7/8 inches long and 5 3/8 inches high and 
7 1/8 inches thick are utilized in the exterior walls. Bricks 
of similar face dimensions, six inches thick, are used in the 
load-bearing partitions. The floors of reinforced concrete are 
poured in place. The floor load is borne upon the exterior 
walls and upon the interior load-bearing partitions. The floor 
slabs extend almost to the exterior surface of the outside 
walls, the difference being made up by a clay soffit tile. 
Figure 7. In appropriate locations the floors are cantilevered 
beyond the outside walls to form balconies. 

FIGURE 3.  

General View of 

Thirteen-Storey Apartment Project 
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FIGURE 4.  

Bricks are Laid from the Inside of 

the Wall. Exterior Scaffold is a Safety Measure 

FIGURE S.  

H.H. Lechner, Engineer 

Note Core Pattern of Bricks - Foreground 
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FIGURE 6.  

Rising Load-Bearing Partition. 

Note Pre-Cut Half-Bricks on Pallet 

FIGURE 7  

Floor and Wall Detail 
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Exterior and interior inspection of a finished 
apartment complex at Wettingen revealed that the buildings were 
of very high quality. Figure 8. Aesthetically, the exterior 
was pleasing. During the three years of occupancy, the buildings 
have sustained no noticeable exterior damage of any kind. The 
interior was well planned and highly functional. It was the 
Mission members' opinion that the standard of finish throughout 
the interior of these buildings would be quite acceptable in 
Canada. 

FIGURE 8.  

Apartment Project at Wettingen, Near Zurich 

The Two Buildings at Left are Occupied 

Note: The occupants of these buildings expressed satisfaction 
with the construction, including their sound transmission 
characteristics and heating facilities. 
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FIGURE 9.  

Third Building Under Construction at Wettingen 

An example of a load-bearing masonry structure 
featuring exposed brickwork is shown in Figure 10. The face 
size of this brick is approximately 9 7/8 inches by 5 3/8 
inches. 

FIGURE 10.  

Exposed Brickwork 
Featured in this Apartment Block 
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General Discussion of High-Rise, Load-Bearing Masonry  
With Mr. Lechner  

Mr. Lechner indicated, in answer to questions, that 

the appropriate application of engineered brickwork is the 

least costly method of erecting high-rise apartment buildings 
in Switzerland. The concept is not necessarily economical for 
all types of high-rise structures. The end use of the building 
is therefore an important consideration before engineered 
brickwork is decided upon. He emphasized, however, that this 
type of structure was gaining widespread acceptance and he 
thought it not unlikely that high-rise structures, other than 
apartments, would soon be built of load-bearing brickwork. 

Mr. Lechner thought that a suitable system of pre-
fabrication could be devised around engineered brickwork 
requirements. This, in effect, is what is essentially 
accomplished by the Costamagna, Fiorio and Preton systems. 
Being unfamiliar with the Costamagna and Fiorio systems, he 
declined to comment on these, but he indicated that he thought 
the use of the Preton system would result in about a five per 

cent increase in costs for equivalent structures. He agreed, 
however, that the load-bearing masonry concept is eminently 

suitable for the application of prefabricated elements. 

Finally, Mr. Lechner emphasized the importance of 

quality control in all phases of the provision of these 

buildings, from the manufacture and sorting of the brick or 

tile, to the actual work of bricklaying and facing the building 

with stucco. Points of quality include complete soundness of 

the clay products for super-duty work. To be acceptable, the 

brick or tile must be absolutely free of cracks. Another 

feature of quality which he stressed was flatness of the bearing 
surfaces of the brick in order that the mortar joints might be 
thin without causing stress concentrations. The height dimension 

of the brick is critical and variation in this dimension should 

be held to a minimum (minus 1/16-inch). He considered the 

selection of mortar ingredients, especially sand and the mixing 

of the mortar, as being very important. Bricks should not be 

cut by clipping, but rather made to the correct dimension by 

cutting with a cross-wire at the extrusion die and thus be dried 

and fired as separate units. 
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HIGH-RISE LOAD-1fflRING MASONRY  

STUDENTS'RESIDENCES AT THE UNIVERSITY OF ESSEX 

NEAR COLCHESTER, ENGLAND  

The Mission's visit to the University of Essex 
buildings was arranged by Mr. Don Foster. *  The Mission members 
were received at the site by Mr. R.M.J. Sutherland, a structural 
engineer and partner in the consulting firm of Harris and 
Sutherland. (See appendix for full information). 

Visit to Completed Fourteen-Storey Students' Residence 

The exterior appearance of this building is 
architecturally attractive, featuring strong vertical lines. 
Figures 1 and 2. The brickwork is of acceptable quality 
throughout, having reasonably good joints, but variations in 
colour and slight  efflorescence  detract somewhat from the 
generally good appearance of the exterior. Throughout the 
interior of the building, the brickwork is finished with one 
primer coat and two finishing coats of paint, presenting a 
rather austere, but functional finish. Otherwise the accommo-
dation is well appainted and space is intelligently utilized. 

In the long run, this should prove to be a very 
satisfactory building p especially from a maintenance standpoint. 

* Mr. D. Foster, Dip., Arch., A.R.I.B.A. 
Consultant Architect, 
Structural Clay Products Ltd., 
P.O. Box No. 3, 
Brampton Hill, 
Newcastle, Staffs., England. 
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FIGURE 1.  

Completed Students' Residence 

FIGURE 2. 

Note Mottled Appearance of Brickwork 
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Visit to the Second Fourteen-Storey Project  

Construction work was proceeding at the llth floor 
level of this building. Figure 3. Figure 4 gives a close-up 
of the scaffolding and the hoisting arrangement. 

FIGURE 3. 

Second Residence Under Construction 

Note Glazing of windows proceeding at 7th and 8th floor levels. 
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FIGURE 4.  

Scaffolding and Hoisting Arrangement. 

Note Absence of Tower Crane 

The general method of construction is similar to 
that of the high-rise structures inspected in Switzerland, 
that is, embodying load-bearing exterior walls, interior 
partitions, and poured in-place reinforced concrete floors. 
A notable difference is that the exterior walls of these 
buildings are of the cavity wall type. The floor bears only 
on the interior wythe of the exterior walls, an arrangement 
advocated by Haller, *  Figure 5. The concrete floors are 
poured in two parts,allowing brickwork to progress continuously $  
Figure 6. 

P. Haller, Dip. Eng., 
Sektionchef  dey E.M.P.A. 
Dubendorf, 
Switzerland. 
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FIGURE  'S. 

Exterior Wall Detail 

Showing Floor Carried on Interior Wythe. 
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FIGURE 6. 

The near part of the floor is finished and brickwork 
is progressing, while at the distant part, reinforcing 
is 'being placed in preparation for concrete pouring. 

Various grades of bricks are used in the structures. 
All are of the standard English dimensions,9 inches x 41 inches 
x 3 inches. All of the interior walls and partitions, including 
the interior wythe of the exterior walls, are built with pressed 
bricks. These bricks are laid with the "frog" upwards and the 
"frog" must be filled with mortar during the bricklaying process, 
Figure 7. The bricks used for the exterior wythes of the 
outside walls are solid, dense, high-strength units resembling 
the famous "Staffordshire Blues". 
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FIGURE 7.  

Brickwork Progressing. 

Note Upward Disposition of "Frogs" at Right and 

Mortar-filled "Frogs" at Left. 

The general quality of the bricks is not as 
impressive as that of the Swiss bricks, but was reported to 
be entirely satisfactory. The mortar joints were not as 
precise as those in Switzerland. An interesting quality 
control measure on the project requires the laying up of nine-
inch cubes of brick which are tested for crushing strength 
after seven days. To be effective, this type of test requires 
that the test specimens are random sampled from a site 
stockpile of bricks whichis not scheduled for use for seven or 
more days hence. Mortar for the test is random sampled from 
the construction levels. In this way substandard bricks may 
be rejected before they are built into the walls. 

The construction of this building appeared to be 
progressing in an orderly manner. Service work such as plumbing, 
heating and electrical was proceeding at the 7th and 8th floor 
levels and finishing (painting and glazing) was taking place 
on the 5th and 6th floors. An overall view of the projects is 
shown in Figure 8. 
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FIGURE 8. 

General View of University Buildings. 

Note Second Residence Heavily Scaffolded 

In the Background. 

General Discussion on the Essex High-Rise Load-Bearing 
Masonry Structures with Mr. Sutherland and Mr. B. Wilson, 
Site Engineen 

Mr. Sutherland's comments on the economics of load-
bearing brickwork coincided with those of Mr. Lechner. On 
this particular contract,which was awarded to the lowest bidder, 
both concrete frame and steel frame structures had been 
considered as well as a well known concrete industrialized 
building system. Mr. Sutherland felt that a well-designed 
and rationalized high-rise structure of the apartment type, 
constructed of a load-bearing clay masonry, could successfully 
compete on a price basis with any other satisfactory method 
of construction for the same or a similar building. He 
indicated that savings of up to 15 per cent in over all costs 
were possible on similar sized structures by using the load-
bearing-brick work concept. 
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As in Switzerland, seismic considerations are taken 
into account in the design of the Essex structures. In this 
regard, a unique bond pattern, known as "Quetta" bond, is used 
in the shear walls of these buildings. This is a type of 
brick bond specially designed to resist earthquake damage. 
It is so called because it was first developed after the 
Quetta, Pakistan earthquake disaster of 1936. 

The first building required about 15 months 
(20 working days per floor) from breaking of ground to 
occupancy. About 50 men (exclusive of professionals) were 
employed. It is estimated that the second building may be 
completed in 13 months. Mr. Sutherland indicated that all 
the companies concerned in the construction of these 
structures, from the designers to the sub-trades, were happy 
with the progress on both projects. 
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LIST OF EUROPEAN COMPANIES 

INSTITUTIONS AND AGENCIES VISITED AND 

THEIR CORRESPONDING ADDRESSES. THE NAME AND TITLE 

OF THE SENIOR OFFICIAL WHO RECEIVED THE MISSION 

IS GIVEN IN EACH INSTANCE 

COMPANY NAME 

Procedes Costamagna, 
B.P. 42, Cagnes-Sur-Mer, 
France. 

La Societe Des Licences 
Des Procedes Fiorio, 
Limoux, Aude, 
France. 

Teglindustriens Tekniske Tjeneste, 
(Danish Clay Industries Assoc.) 
34 Norre Voldgade, 
Copenhagen, 
Denmark. 

Einer Kornerup, A/S., 
Glostrup, 
Copenhagen, 
Denmark. 

A/S Montage-Tegl, 
Niva, 
Denmark. 

Teglindustriens Centralkontor A.B., 
Drottingaten 99, 
Stockholm. 

*A.B. Malardalens Tegelbruk, 
Bergsbrunna, Near Uppsala, 
Sweden. 

Institut Fur Ziegelforschung, 
193-207 AM Zenthof, 
Essen, 
Germany.  

NAME AND TITLE OF 
HOST OFFICIAL 

Mr. Y. Pourcher, 
Permanent Secretary for 
Licencee Operations 

Mr. Pierre Dargegen, 
Managing Director. 

Mr. Jorgen Bryrup, 
General Manager. 

Mr. E. Bindner-Jensen, 
Director, 
Kornerup System. 

Mr. S. Hunderup-Jensen, 
Managing Director, 
Montage-Tegl System. 

Mr. R. Elgenstierna, 
Managing Director, 
(Designer,Tegelelement 

System). 
Mr. H.G. Enhus, 
Managing Director. 

Dr. Gerard Schellbach, 
Director. 
(Designer of Montage Bau 
System). 



Mr. Georges Zenobi, 
General Manager, 
Preton System. 

Mr. Willi Boos, 
Plant Manager. 

Mr. H.H. Lechner, 
Director, 
(Designer of High Rise 
Load Bearing Brick Structures) 

Mr. P. Haller, 
Director of Research on 
Load-bearing Brick & Tile 
Structures and on Mortars. 

Mr. R.M.J. Sutherland, 
Principal, 
(Designer of High-Rise 
Load-bearing Brick Structures) 

Mr. R.T. Laird, 
Technical Director. 

APPENDIX I  
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Bauhof Espelkamp A/G., 
4992 Espelkamp-Mittwald, 
Eichendorffstrasse 1, 
Postfach 1, 
Germany. 

Bureau B.B.R. 
Riesbachstrasse 57, 
8034 Zurich, 
Switzerland. 

*Paradies Brick & Tile Co. Ltd., 
Paradies, 
Switzerland. 

H. Lechner, Bauingenieur S.I.A., 
8038 Zurich, 
Ziegelstrasse 9, 
Switzerland. 

E.M.P.A. 
(Swiss Federal Material Testing 
And Research Institute) 
Dubendorf, 
Near Zurich, 
Switzerland. 

Mr. Willi Kucharzeck, 
Managing Director, 
(Licencee of Montage Bau 
System). 

High Speed System Building Ltd. (HSSB), Mr. Eugen Spier, 
Francis House, 	 Managing Director. 
Francis Street, 
London, S.W.I. 

Sir Lindsay Parkinson & Co. Ltd., 
(Principal Licencee of HSSB System), 
Lindsay House, 
88 Upper Richmond Road, 
London S.W. 15, 
P.O. Box 6 0 . 

Harris and Sutherland, 
Chartered Civil Engineers, 
127 Victoria Street Westminister, 
London S.W. 1. 

*Redlands Bricks Limited, 
Graylands, 
Horsham, 
Sussex, England. 

Mr. C.A. Devall, 
Director. 

*Note: A/B Malardalens Teglbruk, Paradies Brick and Tile Company, and 
Redlands Bricks Limited are modern structural ceramic plants 
visited by the Mission in the course of the tour. 
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NAMES AND ADDRESSES OF MISSION MEMBERS  

Mr. S.P. Byers 

Mr. E.Y. Carlson 

Mr. Eugene George 

Mr. H.V. Henderson 

Mr. R.E. Johnson 

Mr. G.H. Sissons 

Mr. J.C. Smith 

Mr. J.A. Dawson 

President, 
Bycon Ltd., 
2225 Hymus Blvd., 
Dorval, P.Q. 

President, 
General Manager, 
Canada Brick (Streetsville) Ltd., 
Streetsville, Ontario. 

President, 
George & Asmussen Ltd., 
Masonry Contractors, 
309 Victoria St., N., 
Kitchener , Ontario. 

General Manager, 
Clay Products Division, 
Domtar Construction Materials Ltd., 
Suite 2210, 
1 Place Ville Marie, 
Montreal 2, P.Q. 

Director of Planning, 
L.E. Shaw Ltd., 
P.O. Box 996, 
Halifax, N.S. 

President, 
Medicine Hat Brick & Tile Co. Ltd., 
P.O. Box 70, 
Medicine Hat, Alberta. 

Executive Director, 
Canadian Structural Clay Assoc., 
Suite 705, 
1255 University St., 
Montreal 2, P.Q. 

Industrial Development Officer, 
Materials Branch, 
Department of Industry. 



INDUSTRYINDirg CANADA 

63286 






