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Abstract

This thesis examines the French construction industry and its various characteristics.

First, the situation of the construction industry in France is described. This involves a short
description of the general economic background and a look at the role and influence of the
government. A look from the eighteenth century forward explains the historical evolution of
the construction industry in France and its influence on the current situation.

The characteristics of the construction industry itself focus on the structure of the construction
firms and their mode of operation. The description of the construction industry includes the
situation of various inputs to the industry such as labor, material, equipment and financing.
Also investigated is the area of R&D as France has been known for its technological advance.
Second, the international position of the French construction industry is discussed. After
looking at the importance of this part of the activity, it is described in more detail according to
various geographical locations. An area of special interest is the situation of French
construction related firms within the US market as this appears to be the future developing

area for them. Trade statistics for basic construction materials are included.

Thesis Supervisor: Professor Dr. Fred Moavenzadeh

Title: Professor of Civil Engineering
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Chapter 1: Introduction

1.1 Presentation of the subject and scope

The French construction industry has existed and maintained a vital presence in the economic
life of the country for many years. It has had years of large success and has carried its
technological resources and capabilities outside its home boundaries. Today, even if the
situation is not as glorious as in the past, the construction industry is still an important part of
the economic life of the country as it contributes about 7% to the GNP, provides employment
for 12% of the working population and includes about 18% of the firms.

Internationally, the French construction industry has also been very active and has done work
in most of the geographical areas of the globe. In 1985, foreign activity represented about
13% of the total construction activity.

Through time, the nature of the construction industry has been changing due to both effects
from within and outside the industry. Internal effects are such events as technological
changes, market changes and organizational changes. Outside effects that can have an
influence on the construction industry are the general economic situation and major
“relationship” changes such as the creation and expansion of the European Economic
Community (EEC).

The purpose of this thgsis is to describe the French construction industry in all its various

activities, past, present and future, to create a better understanding of its current situation.



1.2. Qutline of the thesis

The first part of this thesis will describe the situation of the French construction industry at
home. For this, it is necessary to lay out the general background of the industry and to look
at the past history of the construction industry. The characteristics of the construction
irdustry will be discussed, including the structure of the firms, their mode of operation (i.e.
relation between owner, contractors, subcontractors,etc...) and their impact on the industry.
To better define the construction industry, it is important to look at the inputs required such as
labor, material, equipment and financing. These are all points strongly related to the situation
of the construction industry itself as they have a significant impact on it.

This will be followed by a presentation and discussion about R&D which in a way can be
said to represent the future of the industry. Current R&D activities will be described , as will
the applicability of new technologies and the facilities given to the development. In
conclusion of this will be a discussion on the major issues facing the construction industry in
France today.

Next, the international involvement of the construction industry will be presented. After
looking at the importance of this segment of the construction industry, a more detailed study
of the historical involvement in different geographical areas will be conducted.

This leads then to the current situation and also to the trend that can be found for the future
development of this segment of the industry.

This study will then be concluded with a look at the French involvement in the US

construction market, with its importance, evolution, structure and mode of operation.
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Chapter 2. French Construction Industry

The construction industry in France represents an important economic activity both nationally
and internationally. Throughout this chapter, the emphasis will be put on the description of

the activity and situation within the national borders.

2.1 General background

2.1.1 Role of the construction industry within the economy

In 1980, the construction industry occupied about 1/10 of the working population and,
through its impact in other industries, created the same amount of jobs.

The major component of the construction industry is the building sector which employes 3/4
to 4/5 of the workers.

The production of the industry for 1980 was 338 billion Francs before taxes and the value
added was 7% of the GNP for France.

The recent share of the GDP for the construction industry has varied from 7% to 5%,
regressing from 1970 to 1984. The construction industry has had a peak share of GDP in
the 1970's.

The fluctuation of the share of GDP for construction follows, to some extent, that of the
manufacturing industry. Both dropped in 1979 relative to 1970, then increased again in 1980
and fell in 1984. Although the movements are similar, the value of the fluctuations are much

more important in the manufacturing industry than the construction industry.
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The agriculture sector fluctuates opposite the two previous industries, decreasing its share
when manufacturing is increasing its share and vice-versa.

For its value, the share of GDP of the construction industry can be compared to that of the
transport & communication or mining industry and is equivalent to one-third to one-fourth of
the share of the manufacturing industry.

Table 2.1.1.1 shows the evolution of the construction share of GDP from 1960 to 1984 and
compares it to the agricultural and the manufacturing sectors. Fig. 2.1.1.1 shows a detail of

the GDP share according to economic activities for 1984.

Table 2.1.1.1 Share of GDP for agriculture. construction and manufacturing

(percent of total)
1960 1970 1980 1984
Agriculture 9.85 6.46 4.15 8.50
Construction 5.64 7.45 6.63 5.60

Manufacturing 28.86 28.75 26.19 18.30
Source : 6 & 10
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Fig. 2.1.1.1 Share of GDP nomic activity in 1984
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2.1.2. Role and influence of the government

The government plays an important role in the construction industry since it represents at the
same time the financial partner, the legislator, the owner and, sometimes, the initiator of
research and development. Approximately 10% of the GDP in any given year is from
government civil spending. In 1973, 35% of this total government civil spending was in the
construction industry. This share dropped to 30% in 1980, having a value of 62.6 billion
Francs.

In 1973, the government spending for the construction industry was equally divided among
building and civil work. This 50/50 split changed in 1980 as building activity dropped to a
share of a little over 30% of the government spending in the construction industry. The civil
work firms slightly increased their share of total government spending during this time, up to
18.6% from 17% of total spending in 1973. This gave them a lead over building firms
within the construction industry as a whole. This represents the major change from 1973 to
1980, and can be explained by the public housing activity that, after a boom in the 70's,
slowed down considerably.

Table 2.1.2.1. shows the importance of the different economic activities showing their
percentage of civil government spending. (Note that 70% of the research spending in table
2.1.2.1 is for the follbwing sectors: mechanical, electronic, electrical, space and

construction.)
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Table 2.1.2.1 Breakdown of government civil spending by activit

1973 1980 1980
% of total government spending Value
(billion FF)

Agricultural products
and food 0.7 1.5
Energy 12.9 274
Mechanical machines 8.2 11.0 23.5
Electrical and electronic
machines, computers 16.9 13.8 29.3
Aeronautics and space 11.0 11.1 23.7
Other industrial supplies 12.0 254
Building 17.6 10.8 229
Civil work 17.0 18.6 39.7
Research and studies 6.4 4.0 8.6
Service and transportation 5.1 10.8
Total 100.0 ' 212.8
Source:3 & 4

In the last few years, the government has continued its involvement with the construction
industry and has largely exercised its role of owner/developer. Since 1981 and the election of
Frangois Mitterand as president, Paris has seen six major projects started of expanded. Most
of these are large scale projects and are under tight schedules. They also tend to be a
showplace for new and innovative technologies - a prime example being the geosphere
containing France's first Omnimax theater at La Villette in Paris.

Some further examples are:
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- The renovation of the Paris train station Gare d'Orsay that has been transformed into a
museum. The project cost was $154 million for 484,000 sq ft and involved 100 different
companies. It was completed in December 1986 (27)

- The construction of a new Opera , at La Bastille, started in 1982. The Opera includes a
2,700 seat main auditorium (377,000sq ft) and an adjacent building with offices,
restaurants, rehearsal and shopping areas (54,000 sq ft). The estimated cost is $257
million. Demolition began in 1985.

- The Museum of Science and Technique of La Villette, part of a larger project that includes
the construction of the Geode, the renovation of a great hall and the creation of a music
complex. The total complex is estimated at $561 million. The museum itself represents
2.2 million sq ft. |

These projects have both a direct and indirect effect on the construction industry: the direct

aspect is large contracts for major firms, the indirect is that such major projects require

improvement work in such areas as transportation, infrastructure, roads, etc...

Also, the projects could almost be considered as practice for the engineering and construction

firms which, if well carried out, using appropriate solutions and techniques, will provide

strong references for them, as much nationally as internationally.

The government influence lies not only in the market that it generates by ordering various
products, but also in its direct involvement within the industry through the creation and
development of a sector of government owned firms.

After the 1982 nationalization, the government largely increased its influence in industry.
Most notably, its influence in the industry exposed to international competition expanded.
Prior to 1982, Renault was the only government owned industry involved in international
competition.

In 1985, the largest area of government involvement is in energy related industries. With

only 0.7% of the total energy firms, government owned firms employ almost 80% of the total
16



employees in this sector. Other largely nationalized sectors are: the financial sector with 47%
of the employees of the sector and the transportation and telecommunication with 29% (table
2.1.2.2)

For the construction industry, this type of government involvement is rather small since only
0.02% of the firms are nationalized and they represent only 4.85% of the total number of

employees working for the construction industry.
It can therefore be concluded that the major direct influence of the government within the

construction industry at this time, is that of supplier of public projects to the industry rather

than through the ownership of construction firms.
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Table 2.1.2.2 Public sector by type of activity, January 1st, 1985

Number of firms Number of employees % of
annual
Gov't  Total % Gov't Total %  volume
Agricultural (1)
and food industry 33 195,696 0.02 11,365 807,300 1.41
Energy 40 5,632 0.7 233,305 292,100 799 54.8
Manufacturing 650 229,363 0.3 786,744 4,263,200 1.85
Construction 77 348,030  0.02 58,124 1,197,300 4.85 3.5
Trade 216 652,028 0.03 203,19 2,090,900 0.97

Transportation
and telecommunication 163 86,459 0.2 377,208 1,297,400 29.0

Service 810 1,257,519 0.06 106,067 7,414,700 1.43
Finance and insurance 553 85,523 0.65 311,687 659,400 47.3

Source : 8 & 14

(1): data relative to the volume of work has been found only for the energy public sector.

The construction value has been estimated based on the energy value
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2.2. History of the French construction industry

Often, some of the reasons for todays situation can be found in the past. This can apply to
the construction industry in France as some of the happenings, strengths and weaknesses
can be explained or better understood by earlier decisions and actions.

The French construction industry was wide spread throughout the eighteenth century, when
canals and harbors created by French civil engineers where used as models by Britain and the
Netherlands, and through the nineteenth century when French engineers were the first to use

reinforced concrete.

To find out how it came to be a leader, it is of interest to analyse the influence of such
happenings as the early regroupment of craftsmen as "compagnon" and how they increased
their knowledge, the creation of Royal academies and the later evolution to technical schools.
It is also interesting to look at the effects that the introduction of new materials and methods

has had and how the willingness to adopt them has had dramatic effects on the industry.

19



2.2.1. Early history of construction activity

Construction in France has been considered an important activity and has had an important
position for the country's political, cultural and economic life for nearly 2000 years.

However, it is not necessary to go back quite that far to understand the current situation.

In Europe, the Middle Age is the era of cathedral and temple building, as well as of bridges
and fortress building. It was at this time that the "Compagnons" started. "Compagnons" are
groups of craftsmen composed of carpenters, carvers and stone workers. They were
employed by the military of the crusades to build bridges, defense places and temples. It
appears that inside the group there was a hierarchy based on achievement, the best workers
being "Chevalier du Temple" and allowed to use a cane , a distinctive sign which they kept

throughout history.

The crusades bring back the notion of geometry and lines, an important point for the
development of construction technology. This knowledge was eventually developed into
architectural drawing with the help of the monks who were the guardians of instruction and
already knew about Euclide's plane geometry. This corresponds to a major step toward
thinner and more elegant structures as now the draftsman could draw details precisaly before
the carver started his job. The crusades also established an "international" relation between

France and the Middle East.

The "Compagnonnage”, which still exists today, had another important aspect : that of
teaching the trade. It can be considered the first architecture and construction university.
They were developing technical skills and aspects of construction made possible by the

knowledge of geometry and they ensured that improvements were known by others. The
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group was also subject to a moral conduct and had strong ties, this helped for steady progress
although they could only go up to a certain point since they didn't yet know anything about
resistance and acceleration. Therefore, their "calculations" were based essentially on

previous experience and geometry.

The evolution of construction was at this time strongly related to the political situation of the
country and the need for defense.

In the XVI and the XVII century, the French Kings, aware of the importance of good defense
for their wars, hired the best constructors. They didn't hesitate to gratify if the job was done
well or dismiss if they were not satisfied. Vauban (1633-1704), who developed the star- _
shaped fortifications, had important impacts on the construction activity. He "endeavoured to
improve the material and social standing of the Génie officer" (20) . He also suggested the
creation of the "Corps des Ingénieurs du Génie Militaire" in 1675 which protected the
engineers from the moods of their superiors. This was a first step toward the creation of the
"Corps des Ponts et Chausées” in 1715. It was during this time that the word "Ingénieur"
was used as a professional title and represented a technician in the public service,

scientifically trained.

With Vauban as an ally, the "Corps des Ponts et Chaussees" increased its power and type of
activities. Its original task was to help the movement of the army and to build fortifications.
Their work had become so valuable to the State that they soon became involved in civilian
work. This is when a period of large projects began such as the construction of Versailles.
Vauban also laid out the first type of contracts to be used for the relation between the State
and its contractors. It contained all information regarding the execution of the work, the
quality of the materials to be used, the contractors responsibility and his duties, the costs,...

Many of the items listed are still used in contracts today. The need to regulate the relation

21



between the State and contractors can be said to come from the scientific and rationalist
mentality of the French military engineers.

It is at this time also that the tradition of government involvement began, first with the royal
construction work of Louis XIV during the second half of the seventeenth century. It was
Colbert who directed all the works. The time of the kings Louis XIV and Louis XV saw an
increase of castle and public building construction. This situation changed as the revolution
came and a wider interest in military and economic strength became prevalent. This marks
the beginning of an increasing activity in roads, canals, and bridges construction.

At this time, France was considered a leader in Europe for exact scienqes and their technical
applications. Mathematicians and engineers continued their work and were developing
theories then applied for design and construction. It was a period of close relation between
engineers and mathematicians, often times engineers being mathematecians themselves or
vice versa.

This close relation between government and construction continued through the Monarchy,
the Empire and the Republics, each of them favoring the construction activity by ordering the
construction of public buildings, harbors, universities, and later airports, hospitals and low

income housing.
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2.2.2. Creation of the academies and engineering schools.

Todays education system in France is largely based on the creation of the academies in the
seventeenth century and the opening of the engineering schools in the early eighteenth
century. It is also one of the rare countries where high level professional training is not given
by the universities but rather by separate schools.

The understanding of the creation and the evolution of the education system is important in
many ways to explain the competitive situation of the construction industry through the years.
It shows the original role of the engineer as an instrument of the government, the emphasis
on mathematic studies and the distinction of a technical elite.

Facts that assess the importance of the education system for the construction industry, or any
industrial or decision making position, is that most of the persons holding key posifions
graduate from a few dominant schools. Also, when looking at the progress in science and
construction techniques or construction theories, one realizes that much of it was done by
former students or teachers of the "Ecole Polytechnique” and the "Ecole Nationale des Ponts
et Chaussés". It is therefore interesting to go back to their creation and understand the

reasons of such a development.

The mid scvcntéenth century corresponded to a vast academic movement and in a matter of
40 years, most areas of arts and sciences were covcred.

In 1666, the academy of science was founded which could be regarded as todays
mathematics and physics classes. 1671 saw the opening of the Royal Academy of
Architecture.

Universities in France had existed through the Middle Age and had enjoyed a good
reputation. But later years brought a strong decline which eventually led to the development

of engineering schools. The sixteenth and the seventeenth century had no will to rehabilitate
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those universities and rather relied on private instruction or church sponsored institutions.
This became a general trend and when the need for higher education became wider, this trend
was continued and smaller specialized institutions were opened rather than reviving the

universities.

It is through the eighteenth century that a strong need for higher education was felt, especially
in scientific and technological areas. The central power decided the creation of schools that
had a definite professional orientation to them was necessary. The "Ecole des Ponts et
Chaussés" was created in 1715, followed by the "Ecole d'Artillerie” in 1720, the "Ecole des
Mines" in 1783, etc ... Those school's primary objectives were to train officers in precise

technical areas to fulfill the growing need of the nation for such individuals.

The end of the Monarchy saw the need of highly trained professionals and created the first
engineering schools, but it is the revolution and its new government that expanded and
eventually made the education system what it is today.

The first action of the revolution was to close all existing universities and stop all subsidies to
the schools on the grounds that they had been created under the Monarchy and were favoring
an elite. Itis true that the acceptance into one of the schools had been more dependent on the
social rank than on the quality of the student, but the revolution eventually defined a new type
of elite since the entrance to the reopened schools became subject to a competitive
examination and only the best could access them. ( This system of selection is still true today,
especially for the first schools created.) The urgent need for qualified personnel and also the
support of the bourgeoisie to the school system, as the entrance into ohe of them had always
meant a guarantied access to high level jobs, led to the reopening of the schools and the
creation of the new ones. This is when the "Ecole Polytechnique” (1794) and the

"Conservatoire des Arts et Métiers" (1792) were opened.
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A major ambition of Napoléon was to raise prosperity in France. He favored the
~development of industry by different measures such as low interest rates and national
exhibitions and strongly supported the development of the schools. To meet his goals, he
needed what he called his elite, in various sectors ranging from medicine to engineering. But
this elite had to agree with the government actions and be faithful to the power. Therefore,
the government control over the schools increased greatly during this period . This is how
the "Ecole Polytechnique" eventually became the supplier of army officers. This new system
had the double interest of serving the power and pleasing the bourgeoisie and became very
popular. To reinforce the control of the government over the schools in order to avoid having
bodies standing against the government, the last measures that were taken were to require
tuition for certain schools, to designate the direction of the establishment, and to have them

dependent on various ministries.

The evolution of the education system from then to today follows two main ideas :

1. Most of the graduates from the schools found jobs as State employees or working for
the State. This was due to the economic situation and the level of development of the
country. Industry at this time had no massive need for highly qualified personel, a
situation that changed through the second half of the nineteenth century. The number of
graduates going toward private industry and coming out of Polytechnique, Centrale and
Les Mines multiplied by nine from 1850 to 1920.

2. When created, the schools were strictly public and constituted the only real higher
education system. It was essentially based on utilitarian matters. Today, there is a
coexistance between the university system and the "Grandes Ecoles" but the latter have
kept this specificity of teaching primarly utilitarian material.

The first opening of schools was dictated by a need for qualified personel in specific fields.

Construction was the first area in which such a need was felt and was therefore the first area

to have its school. This can probably explain some of the importance of construction at this
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time and also the rapid advances that were made as numerous engineers were taught the state-
of-the-art and were then able to remain at the cutting edge. The "Ecole des Ponts et
Chaussées" is the school that helped secure in the eighteenth century the knowledge and
technical skills of French engineers in such areas as road and bridge construction which was
widely recognized in Europe. One also has to keep in mind that their primary concern was

civil work as they depended on the State.
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2.2.3. Development of the use of iron and steel

Today, as will be mentioned later, the use of steel for construction work is very restricted in
France and only represents 10 to 20% of the construction work. This situation may have its
origin in the early development of iron fabrication and use in spite of a short period where

iron and steel structures became popular in France.

The British developed the iron industry and France followed using their technology. The
first real use of iron as a construction material appeared for the construction of buildings.
The use for bridges had been studied and proposals had been made but their construction was
too expensive due to the high cost of iron. In the case of buildings, the use of iron was made
progressively, replacing the traditional masonry structures. Eventually, by the end of the

eighteenth century, it was common practice to at least use iron as reinforcement.

The use of iron for construction started in France under the influence of Napoleon who was a
firm believer in this material which represented for him the triple symbol of strength,
durability and progress. Because of his beliefs, Napoleon chose cast iron for monuments of
his time. The "Pont des Arts " over the Seine was an early example of cast iron construction.
The beginning of the use of iron was slow in France because of the high cost and the lack of
techhology of the iron industry. The eighteenth century had shown to builders a new material
and forced them to reconsider their habits.

After Napol€on's defeats , the country entered a difficult economic situation and the
following monarchy was faced with high debt. To reduce it, they imposed tariffs on
imported goods. Iron, being an import, became an uneconomical material compared to wood

and therefore iron construction did not progress until a carpenters' strike in 1845 . The strike
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lasted several months and this pushed contractors to look for alternative methods rather than
stop construction. They then turned to iron and used it for the construction of floors.

The Second Empire brought social changes and corresponded to the end of the depression.
This marked a boom in the building industry and many construction projects were sponsored

by the government. But the only innovating structures of this time were the greenhouses.

With the appearance of rails, the iron industry grew and developed much more. The iron and
rail industries were complementary to each other as the rail allowed easier transportation of
material which enabled the industry to increase its production and develop new technologies
for the rolling of rails. Again, France was following and copying the British and had a much
slower development because of iron cost and the reluctance of the industry to modify their
production technics. This accounts for the continuing high cost of iron.

The result of the development of the rail was the need for train stations . This became a first
extended use of iron for construction as large open and high structures were needed to allow
undisturb traffic. Between the 1840's and the 1870's , many train stations were built using

cast iron.

Another type of structure that became a prime candidate for the use of iron was the market
structure. The first step was the use of iron for the roofs, and eventually columns were made
of iron. The result was a large success and many of those structures were built in France and
Belgium between 1850 and 1900. Also with industrial and economic progress through the
nineteenth century, the need for commercial structures appeared and many department strores

were built in the 1880's using cast iron.

The nineteenth century also marks the beginning of prefabrication using cast iron, but this
was mainly developed in England. France did not see the need for turning to this aspect of

construction, at least at the early stage of prefabrication. There were many reasons for this :
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- cast iron was still an expensive material

- it was felt that they were too many disadvantages to use iron for construction; frequent
painting, high transmission of sound and heat compared to stone and wood, rapid heat
propagation.

- France's number of colonies was lower than England's and one of the application of the
prefabrication technic was in the colonies where skilled labor was rare. The prefabrication
enabled all the work to be done in advance, in England , by British labor that did not have
to be moved.

Eventually France entered the prefabrication area and exported skeletons of all kinds of

buildings ranging from churches (Peru) to royal pavillons (Cairo), but the demand was not

large enough to allow mass production. Another area that used prefabrication was the
erection of temporary structures for international expositions held in Paris.

The high cost of iron in France pushed for further studies on improving the quality of the

material but also on new construction technics and shape of elements to reduce the total cost.

This is when "I", "T" and inverted "T" beams came out of the French mills and were used

for the construction of lower cost floors. France then established a lead in the floor

techniques which were shown at the 1855 exposition in Paris and admired by the British.

It is interesting to note that even if France was behind in the iron industry, i