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OBJECTIVES 

 

Structures were stated to be made on concrete in the XIX century although the main development 

was initiated at the beginning of the XXth century. There are also concretes of the roman ages and 

some few structures made of natural cement in other more recent ones. All this patrimony needs 

particular knowledge to be evaluated and much care for its restoration, as the cement use is different 

of modern ones. Ancient concrete may deteriorate by several mechanisms including metallic corrosion 

when is reinforced. REDMONEST main objective is to develop a real-time managing system to evaluate 

the corrosion process of ancient concrete exposed to natural ageing (including several weathering 

mechanisms such as carbonation and chloride induced corrosion, and climate impact). This system will 

provide self-adapting capabilities to different types of tangible heritage and incorporate embedded 

sensors and data transmission devices to allow for real time control of the structural integrity of the 

investigated infrastructure. 

The control system REDMONEST will be the core unit architecture capable of seamlessly connecting 

heterogeneous devices and systems in widely dispersed domains containing an embedded 

interrogation and analysis system for infrastructure which will be able to adapt to different types of 

sensors and measurements. There are in the market several systems but they are not compatible and 

then the basis and interpretation differs very much among them. In particular there are very few 

related to the durability of materials and structures. Following a holistic approach, REDMONEST 

ambition is to develop a novel monitoring system that will be integrated as part of an overall control, 

incorporating a data analysis and assessment software tool which will include computational 

structural prognosis models and dynamic re-design parameters based on continuously measured data. 

The focus will be on the flexibility and multifunctionality of the core unit. 

 

 

ULIÈGE SPECIFIC OBJECTIVES  

 
1.  Inventory of concrete cultural patrimony in Wallonia 
2.  Collection of information about existing techniques used for in situ and laboratory investigations is 

needed before designing operating requirements. A description is provided and testing procedures 
are applied for evaluating quality of concrete of Saint- Vincent church. 

3.  Effect of hydrophobic treatment on corrosion delay. Hydrophobic products are used for protecting 
concrete structures against water ingress. They may also have a delay effect on steel corrosion by 
diminishing carbonation speed and H2O availability. This effect will be studied in laboratory but 
also on site: special concrete samples will be provided on the base of mixes (type of cement, 
W/C, Χύ ƻōǎŜǊǾŜŘ ƻƴ ǎƛǘŜ ŀƴŘ ǎǳōƳƛǘǘŜŘ ǘƻ ŀŎŎŜƭŜǊŀǘŜŘ ŀƎŜƛƴƎ ƛƴǘƻ /h2 incubators. Result of 
investigations will support modeling of CO2 ingress. 
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1. HISTORY OF CONCRETE 
 
Concrete was born in ancient Rome [Espion, 2010]. From the third century BC, the Romans crushed 
aggregates to mix a mortar of lime and pozzolana and pour this mixture (called opus caementitium) 
between two walls of rubble in order to fastly build thick and lower cost walls. With this material, they 
also carried on walls covered with stones or bricks, or, more rarely, left of the mill (as is the case in the 
tanks or thermae). They also erected the dome of one of the most spectacular buildings of Rome: the 
Pantheon (Fig.1), whose density decreases from the bottom up, through the use of aggregates of lower 
and lower densities [Ferguson, 2006]. 
 

 
Figure 1: Pantheon temple, Roma (118 ς 125 after JC)  
[fr.wikipedia.org/wiki/Fichier:Panteón_de_Roma_alzado.jpg] 
 
In the Middle Ages, the receipt of this artificial stone, so-called Roman concrete, was forgotten and the 
use of lime as a binder was commonly widespread. 
 
In the middle of the XIXth  century, many researches and experiences are made on natural and artificial 
cements [Kind-Barkauskas et al., 2006]: first Portland cement is produced in U.K. by Aspdin in 1824 
[Encyclopedia Britannica, 2011] and in France by Vicat in 1840 [Picon, 1997]. Due to the lack of strength 
in tension, reinforced concrete is finally invented: it allies the compressive strength of concrete and the 
exceptional tensile strength of steel. This invention is traditionally attributed to Joseph Louis Lambot in 
1848 who realized actually a reinforced « cement » ship with steel lattice [Simonnet, 2005]. 
 
Many patent owners ό²ƛƭƪƛƴǎƻƴΣ /ƻƛƎƴŜǘΣ IŜƴƴŜōƛǉǳŜΧύ ŎƻƳŜ ǘƘŜƴ ƛƴǘƻ ŎƻƳǇŜǘƛǘƛƻƴ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ 
ōǳƛƭŘƛƴƎ  ǎȅǎǘŜƳǎΥ ŦƭƻƻǊǎΣ ōŜŀƳǎΣ ǇƛƭŜǎ Χ  ŜǘŎΦ  {ǘŀƴŘŀǊŘǎ ŀƴŘ  ǊŜƎǳƭŀǘƛons will finally standardize and 
formalize design and calculation methods [Van de Voorde, 2009]. In any case, resistance to fire is 
announced as a major quality of reinforced concrete, with regard to steel [Van de Voorde, 2009]. 
 
The first lecture about Reinforced Concrete is given in 1897 at the Ecole des Ponts et Chaussées in Paris 
[Espion, 2010]. 
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2. RELIGIOUS PATRIMONIUM IN CONCRETE 

 
The first buildings entirely concrete based were erected in France and Great Britain during XIXth century 
[Kind-Barkauskas et al., 2006]. But the first concrete religious monument seems have been built 
overseas from 1906 to 1908 [Brooks, 2008], i.e. the united church by Frank Lloyd Wright, architect, in 
Oak Park (Illinois) (Fig. 2). Architect already plays with the texture and the colour of the materials, using 
specific aggregates [Kind-Barkauskas et al., 2006]. 
 

 
Figure 2: Unity temple, Oak Park [8] 
 
Economy in time and materials is the factor that seemed to be attractive for Wright [Kind-Barkauskas et 
al., 2006]: cement, sand, aggregates are usually not expansive but also available in the neighborhood of 
any work site. Moreover, concrete is easy to produce and to cast: this may contribute to a decrease of 
production costs. 
 
More than economic benefits, its mechanical strength and its quite good resistance to fire, concrete is 
cast into formwork: that means it offers ample opportunities for forms. 
 
¢Ƙƛǎ ŦǊŜŜŘƻƳ ƻŦ ǎƘŀǇŜǎ ǿƻǳƭŘ ƘŀǾŜ ƛƴǎǇƛǊŜŘ WƻȊŜ tƭŜőƴƛƪΣ {ƭƻǾŜƴƛŀƴ ŀǊŎƘƛǘŜŎǘΣ ǘƻ ǎŜƭŜŎǘ ŎƻƴŎǊŜǘŜ ŀǎ Ƴŀƛƴ 
materials for his project in Vienna: the church of the Holy Ghost, erected between 1910 and 1913 
[Krecic, 1992], is the first church in concrete in Europe [Kind-Barkauskas et al., 2006]. The facade, in 
classic style (Fig. 3), hides a modern interior and a crypt where the octagonal pillars ending in capitals 
mushroom recall the shape of wooden structures (Fig. 4). 
 

 
 
Figure 3: Church of the Holy Ghost, Vienna, general 
view (www.plecnik.net) 

Figure 4: Church of the Holy Ghost, Vienna, 
crypt (www.plecnik.net) 

 
 

http://www.plecnik.net/
http://www.plecnik.net/
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Many examples of concrete based « free » shapes ŜȄƛǎǘ ƛƴ ŀǊŎƘƛǘŜŎǘǳǊŜΦ Lƴ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ рлΩs, Le 
Corbusier imagines a curved deck bearing on lightly inclined walls for the Chapelle Notre-Dame du Haut 
de Ronchamp (France) (Fig. 5). In San Francisco (USA), hyperbolic paraboloïds allowed Architect-Engineer 
Pier Luigi Nervi [Torgerson, 2007], with the help of Architect Pietro Belluschi, to build, between 1965 en 
1970, the tri-dimensional greek cross shape deck that covers St-Mary of the Assumption Cathedral 
(Fig. 6). 
 
 

 
 
Figure 5: Chapelle Notre-Dame-du-Haut, 
Ronchamp (www.photos.igougo.com) 

Figure 6: Cathedral of Saint Mary of the 
Assumption, San Francisco, Arch. P.L. Nervi,  
Photo Nicolas Janberg, Structurae 2005 

 
 
If, during the twentieth century, reinforced concrete has participated in the evolution of architecture in 
general, it also played a role in the evolution of the Catholic church architecture, in particular. Allowing 
fewer points of structural supports (pillars and walls) due to his high strength, reinforced concrete 
allowed the opening of largest bays and enlarged the view on the choir: the interior space, more open 
and enlightened, becomes more welcoming. This architectural evolution is also consistent with the 
themes developed by the officials of the Catholic Church during the Second Vatican Council held in Rome 
between 1962 and 1965: the unity and the participation [Debuyst, 1988]. 
 
There is a church which clearly illustrates the contributions of concrete: Notre-Dame de la Consolation,  
Raincy (France). It is the first religious building designed by the Perret brothers [Abram et al., 2000] and 
became an historical monument in 1966 (Fig. 7). The rectangular plan, single, is partitioned by four rows 
of pillars, which define a nave and two aisles. The rows at the extremity are outside the facade. The 
latter, which has no structural role, is made of screen walls, illuminating the church inside. The arches 
spanning the nave were designed so as to reuse hangers made for another building; the pillars flanking 
the tower were made using the mold used for interior pillars. The method of construction and the use of 
concrete allowed the construction of the building very fast (construction began in June 1922 and the 
church was blessed a year later). The budget failed to decorate the concrete, left concrete in a raw state: 
"More than a manifesto of raw concrete, the church of Raincy must therefore be seen as an opportunity, 
born from budget stress, to give to concrete its own expression [Abram et al., 2000]. 
 
 

 

http://www.photos.igougo.com/
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Figure 7: Notre-Dame-du-Haut church, Le Raincy: interior during works [Abram et al., 2000] 
 
 
The first concrete church in Belgium, Sainte-Suzanne, was built in Schaerbeek. It takes inspiration from 
Notre-Dame-de-la-Consolation church, even if concrete is more decorated than in Raincy [Batir, 1936]. 
This work of Jean Combaz, architect, was blessed in August 1928. 
 
 

3. PARISH CONCRETE CHURCHES IN LIÈGE DISTRICT 
 
In the district of Liege, nine parish churches incorporate concrete as a principal building material (that 
means that "concrete" has been cast in situ or that precast elements were used, but not as concrete 
blocks) [Gillard, 2009]: the Saint-±ƛƴŎŜƴǘΩǎ ŎƘǳǊŎƘΣ ǘƘŜ ŎƘǳǊŎƘ ƻŦ ǘƘŜ {ŀŎǊŜŘ IŜŀǊǘ ŀƴŘ hǳǊ [ŀŘȅ ƻŦ 
Lourdes, Saint- Hubert, Sainte-Julienne (Fig. 8a), Saint-Georges, Saints Peter and Paul (Fig. 8b) and 
Saint-Francis de Sales take place in the town of Liege, while the Church of Sainte-Virgin Mary is located 
at Vaux-sous- Chèvremont (Chaudfontaine municipality) and the Saint-Martin's church was built in 
Ougrée (municipality of Seraing). The first of these, Saint-Vincent, was consecrated in 1930 [Gillard et 
al., 2010], while the newer, Saint-Francis de Sales, was completed in 1991. 
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Figure 8a: Sainte-Julienne church, Liège ς view 
of the neef to the choir 

Figure 8b: Saints-Pierre-and-Paul church, Liège, 
general view (www.homme-et-ville.net)  
 

 
Since its discovery, reinforced concrete has shown its weaknesses: concrete is not built for eternity and 
maintenance is needed to keep functional and structural properties.  Many types of degradations, mainly 
due to steel corrosion [ASTM 713, 1978] can appear: leakage, settlement, deflection, wear, spalling, 
disintegration, cracking, delamination, scaling... [Courard et al., 2009]. 
An investigation project was defined in order to organize a survey of the churches in the district of Liège. 
Their status was established through a visual inspection, laboratory testing or background research to 
prepare for a possible restoration or renovation [Duivier and Montfort, 2008]. 
 
 

4. INVESTIGATION PROCESS AND TECHNIQUES 
 
All assessments should be made of the defects in the concrete structure, their causes, and of the ability 
of the concrete structure to perform its function [Robery, 1995]. The process of assessment should 
include, but not be limited, to the following [EN 1504-9, §4.3]: 
 
* present condition of the existing concrete structure, including non-visible and potential defects,  
* original design approach, 
* environment, including exposure to contamination, 
* conditions during construction (including climatic conditions),  
* history of the concrete structure, 
* conditions of use (e.g. loading) and 
* requirements for the future use of concrete structure. 
 
The results of the completed assessment are only valid at the time that the repair works are designed 
and carried out. The nature and causes of defects, including potential combinations of causes, should be 
identified and recorded. This will allow defining a repair strategy and selecting optimal repair technique 
and products (Fig. 9). 
















































































