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ABSTRACT. 
Historic concrete buildings (end of 19th century – 1960s), because of their 

“experimental” character, require a specific approach to both survey and conservation. 
Although they were built with empirical approaches, some buildings show a fair state of 
conservation and resilience –even though they have already exceeded the 100-year 
threshold– while others of comparable age are in severe need of restoration.  

As part of the European project CONSECH20, aimed at contributing to the conservation 
of cultural-heritage concrete buildings, this paper investigates what are the most common 
types of damage and hypothetical causes, and what direct and non-direct parameters can lead 
to a faster or slower deterioration of historic concrete in the Netherlands. The research is 
based on an initial screening study, which will be used as a basis for a larger research among 
the participant countries. 

The current research is divided in three phases. Firstly, a selection of 15 case studies 
from the Netherlands are investigated; the selection was based on criteria of age, state of 
conservation and type of ownership. Secondly, the history and materials of the buildings 
are examined. Thirdly, an on-site visual survey is performed per each building, with pre-
design templates, to identify types of damage, extent and severity. The data is then analysed 
combining different factors with a calculated index of severity. Results are discussed and 
contrasted to provide further clarification of the degradation of historic concrete. A fourth 
phase, not discussed in this paper, will use this methodology in a broader context, with a 
larger number of case studies in different countries. 
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The results indicate that the majority of types of damage are related to corrosion, being 
the hypothetical cause carbonation-induced corrosion. The outcomes of the investigation 
point out that the factors with a higher impact on the durability are the environment, 
the use and maintenance of the buildings, the existence of a sacrificial plaster in exposed 
elements, and the type of ownership.  

Considering the limited number of buildings, the conclusions presented in this paper will 
be further contrasted with a larger number of case studies. 

1 INTRODUCTION 
Reinforced concrete (RC) is a 'young' material, used from the middle of the 19th century 

onwards. Initially, concrete was a secondary material, used mainly for planters and small 
objects [1]. By the end of the 19th century, RC was used as structural construction material for 
not only for modest buildings but for the early skyscrapers [2,3]. By the turn of the century, RC 
became a primary construction system. After WWII, RC developed into the first global 
construction materials and thousands of buildings were built worldwide. 

As in any ground-braking new 
technology, the first reinforced concrete 
buildings were experimental. There was 
no experience or a solid scientific 
knowledge behind these pioneering 
structures. As a result, different design 
flaws can be now encountered in early 
concrete constructions such as lack of 
sufficient concrete cover, use of non-
suitable materials in the mix design, low 
concrete and steel strength, or poor 
compaction among others [4]. 
Additionally, the corrosion damage 
encountered in early RC structures leads 
to loss of rebar sections (Figure 1), bond 
deterioration and cover delamination 
(spalling), which eventually can affect the structural capacity of the building. 

By the end of the 1970s, concrete repairs had become a major issue, but until the 1980s there 
was not a full understanding of some of the problems affecting RC such as the carbonation-
induced corrosion [5]. However, it still took years for the conservation practice to merit cultural 
heritage (CH) status to concrete buildings. 

Figure 1. Loss of rebar section due to corrosion in exposed concrete
beam from 1921 
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Figure 2. (a) Fenix II, Rotterdam (1922); (b) Groothandelsgebouw, Rotterdam (1953);  (c) Haka buiding, Rotterdam (1932); 
(d) Open-air school, Amsterdam (1931); (e) Cygnus Gymnasium, Amsterdam (1956); (f) Radio Kootwijk, Kootwijk (1923); 
(g) Maassilo buildings, Rotterdam (1910, 1931, 1951) (source: Wikimedia: Wikifrits); (h) Maastunnel ventilation building, 

Rotterdam (1937); (i) Lisse water tower, Lisse (1925); (j) Burgerweeshuis, Amsterdam (1960); (k) Calve building, Delft 
(1908); (l) Cenakelkerk, Nijmegen (1915), and (m) Leerfabriek, Oisterwijk (1916) 

One of the challenges in the (re-)use of historic concrete1 buildings is to accurately predict 
the ongoing threats and how the buildings will further behave to these threats. 

This paper is part of larger research project that aims at developing an improved 
methodology for the conservation of 20th century CH concrete buildings. The proposed research 
is fourfold. Firstly, 15 case studies in the Netherlands will be selected based on age, state of 
conservation and ownership. Secondly, a background research will be carried out to identify 
materials, uses, building characteristics, environment, and other parameters. Thirdly, on-site 
visual assessments will be performed at each building to record damage types, extent and 
severity. All the input will follow a standardized template previously designed to avoid 
misinterpretations, and to obtain uniform and comparable data. A severity index, related to the 
condition of the buildings, will be calculated based on the visual investigation, and contrasted 
with the different parameters in order to have an indication of the chief parameters affecting 
durability. Fourthly, a larger number of screening cases, from the participant countries, will be 
studied following the same methodology, to verify the initial results presented in here. This 
paper will focus on the first three of these four parts. 
                                                 
1 In this article, the term “historic concrete” refers to reinforced concrete produced before the 1960s. 
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2 SCREENING CASES AND ON-SITE ASSESSMENT 
The criteria for the selection of the 

case studies aimed to have a well-
balanced number of buildings of 
different age, from the beginning of the 
19th century to the 1960s;  a 
representative number of privately and 
publicly owned buildings; and similar 
number of restored and in-need-of-
restoration buildings. These two later 
parameters were included to have a 
broader context on the factors 
influencing the condition of the 
buildings. Another requirement for the 
selection of the buildings was that they 
needed to be accessible. 

For each case study, a background 
investigation was performed about the 
history of the building and its 
characteristics (age, location, exposure, 
type of structure, façade, roof, exposed 
elements, finishes over concrete, 
materials, etc.). In the field, a visual 
assessment was performed to verify the 
theoretical investigation and to record 
types of damage and their hypothetical 
causes, extent and severity. The system 
MDCS2 was used within the project to 
achieve a uniform damage identifictaon. 

The information was then conveyed into a standardized spreadsheet template (Figure 2), one 
per each building, to be used for all partner institutions. The template was based on the synthesis 
of different assessment forms [6–10]. To guarantee uniform and comparable data, and avoid 
misinterpretations, the parameters and values were previously agreed upon with the partners 
and programmed so that they could only be selected from a dropdown menu when entering the 
information in the spreadsheet. 

3 RESULTS: COMMON DAMAGES AND FACTORS INFLUENCING 
DURABILITY OF HISTORIC CONCRETE  

The investigation of the case studies in the Netherlands resulted in the following building 
characteristics: 

• 40% of the investigated buildings were classified as “restored”, and 40% of the 
buildings were classified as “in need of repair”, the remaining 20% were classified as 

                                                 
2 MDCS https://mdcs.monumentenkennis.nl 

Figure 3. Part of the standardized template designed for this 
research 
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“Fair” and “Others”. 
• The original uses of the buildings were warehouses (33%), production/factories (20%) 

education (20%), and other uses (27%) The present uses of the buildings included 
business (33%), offices (20%), and not used - abandoned (20%), and other uses (27%). 

• 67% of the buildings were privately owned, and 33% publicly owned. 
• 87% had concrete elements exposed to the outdoors; from those, 69% were plastered, 

with at least 1 cm of cement mortar, and 31% were not plastered. 
Regarding the types of damage and their hypothetical causes, the recorded results were: 
• Spalling (26%), uniform corrosion/rust layers (19%) and non-connected cracks (17%). 

The rest of the damage types were scattered representing 4% or less (Figure 4). 
• 85% of the damages were classified as “Light”, 15% as “Medium Severe”, and 0% as 

Very Heavy. 
 

 

 
Figure 4. Common types of damage 

 
• 90% of the damage processes were related to moisture-related issues, including 

corrosion, biological growth, surface condensation, and salt crystallization (Figure 5). 
• It was assessed that 61% of the damage processes were related to carbonation-induced 

corrosion. This was supposed since the cracks and spalling observed were aligned with 
the reinforcement, there were no indication of chloride attack (e.g. pitting corrosion), 
and no structural issues were found (Figure 5). 
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Figure 5. Common hypothetical causes of damage 

 
To assess the state of conservation of the building, an index of “level of severity” was 

calculated. The different types of damage were multiplied by different coefficients depending 
on their extent and intensity of the damage, according to Equation 1. The resulting number 
provided an  estimation, based on visual assessment, of the level of severity of the damage in 
the building, where the higher the number, the worse was the general condition.  

Different parameters were then analysed against the level of severity to determine the factors 
affecting the degradation (Figures 6 to 11). In addition, the average age of each group of 
buildings and the number of the samples were analysed and shown in the graphs to better 
understand the relation with the age and its representativeness. The level of severity ranged 
from zero (very good condition) to 12 (medium-severe condition). 

 
Equation 1 

𝐿𝐿𝐿𝐿 = �𝑛𝑛𝑖𝑖

𝑛𝑛

𝑖𝑖=1

∗ 𝐸𝐸𝑖𝑖 ∗ 𝑆𝑆𝑖𝑖 

Where: 
LI is the Level of severity used in Figures (6 to 11). 
ni is the number of cells marked in the same column of the template sheet, corresponding to 

the damages observed during the visual assessment (refer to Figure 3). 
Ei is the coefficient regarding the extent of the damage as shown in Table 1. 
Si is the coefficient regarding the severity of the damage as shown in Table 2. 

 
Table 1. Coefficient regarding extent of damage 

 Extent in the surface of the element 
 < 1/3 1/3 < x < 2/3 > 2/3 
Coefficient E  
(Extent of damage) 1 2 3 
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Table 2. Coefficient regarding the severity of the damage 

 Severity of the damage 
 Light Medium severe Very Heavy 
Coefficient S  
(Severity of damage) 1 2 3 

 
Regarding the relation between age and level of severity, the results showed a scattered 

distribution without a clear correlation (Figure 6). However, when linear trend line is plotted 
(Coefficient of determination R2=9%), it is evident a weak correlation between age and level 
of severity, where the older the building, the worse is the condition. 

Regarding the original use, position, and environment of the buildings: 
• Office, religious and education buildings had the lowest level of severity. Whereas, 

production, warehouses and strategic services buildings (water tower, tunnel 
ventilation buildings, etc.) had the highest levels (Figure 7). 

 
• Damage to buildings located in maritime and industrial environment did show a 

higher level of severity than buildings located in urban and rural areas, all having 

Figure 6. Graph representing level of severity with age of the 
buildings 

Figure 7. Graph representing level of severity per original 
uses of the buildings. "N" denotes number of buildings; 
orange dots represent mean age of buildings under the same 
category 

Figure 8. Graph representing level of severity per 
environmental condition of the buildings. "N" denotes number 
of buildings; orange dots represent mean age of buildings 
under the same category 
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similar average age (Figure 8). 
Regarding the monumental status (listed) and ownership of the building: 

• Whether the buildings had monumental status or not did not have a noticeable impact 
on the level of severity. 

• However, a tendency was noted regarding the ownership of the building (Figure 9). 
Damage in public buildings had in average a higher level of severity than private 
buildings, even though public buildings were on average slightly younger than 
private buildings. 

 

 
Figure 9. Graph representing level of severity per type of ownership 

Regarding type of the façade (Figure 10), roof, and structure, there was not a clear influence 
on the level of severity of the damage found, as it followed the general tendency the higher the 
average age the higher the level of severity. 

 
Figure 10. Level of severity per type of facade 

Lastly, the reinforced concrete elements exposed to the outdoors rendered with a cement 
plaster had on average better performance than the exposed elements with no plaster or paint 
(Figure 11). It is important to note that the plastered elements had higher mean age than the non-
plastered elements. On the other hand, the not-exposed elements, which are protected to weather 
and rain, resulted in higher level of severity. The main reason for this apparently incongruent 
result lays in the fact that one of the two case studies under this category was a leather fabric, 
where water and other chemicals were likely used inside the building. 
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Figure 11. Level of severity per characteristics of exposed RC elements 

4 DISCUSSION AND CONCLUSIONS 
The current research is framed within the European project CONSECH20, which involves 5 

participant countries and over 50 case studies. In this paper, a first sample of 15 RC buildings 
in the Netherlands built before 1960s has been studied. A background investigation of the 
building characteristics was carried along with a visual survey, to quantify the most common 
types of damage, extent and severity. 
A standardized template was created to minimize misinterpretations and homogenise the data 
among the different countries. An indicator of level of severity was calculated and confronted 
with different building characteristics (e.g. original use, type of structure, type of façade, 
ownership, environment, etc.) to devise what parameters have a greater influence in the state of 
conservation of the concrete.  

From the results of the 15 buildings surveyed in the Netherlands, it can be extracted that the 
main damage process affecting reinforced concrete buildings built before 1960 in the 
Netherlands is corrosion. This does not differ from other publications [11,12]; and can be 
attributed to a combination of thin concrete covers, higher permeability, and imperfection in 
the concrete such as honeycombs and cracks, which can be easily found in historic concrete 
buildings. 
The foremost hypothetical cause of corrosion is carbonation-induced corrosion. The subsequent 
most common types of damage were non-connected cracks, rust layers and spalling. Other types 
of damage were generally not significant, almost aesthetical, and barely affected the 
serviceability of the buildings. 

Based on this research, the following parameters seem to be relevant for the durability of the 
reinforced concrete: 

• Industrial and maritime environments. Industrial areas tend to have higher 
concentrations of CO2, which can increase the rate of carbonation in concrete. If the 
concrete cover is not thick enough, as is the case in some historic concrete buildings, 
the passivity layer protecting the reinforcement is destroyed due to carbonation. In 
addition the higher levels of pollution in these zones can increase the concentration 
of sulphates in the concrete [13], leading to other types of damage in the cement 
matrix such as the formation of ettringite [14]. In addition, high RH, as in the case of 
maritime zones, translates into higher moisture content (MC) in concrete. MC is the 
main factor influencing the electrical resistivity [15], or in other words, the higher 
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the MC in concrete, the lower the electrical resistivity and the higher corrosion rate 
[16–18]. In addition, if the building is within the splashing zone of seawater, the 
amount of chlorides ions in the concrete may increase, affecting the passivity layer 
of the reinforcement. 

• Use of the building: Industrial and civil infrastructure buildings show more and 
severer damage types than the other building types. The increase of damages may be 
explained due to the discontinuity in the building use. In fact, the historical research 
revealed that 100% of the buildings constructed as warehouses or production 
factories were abandoned for more than 10 years in their lifetime. As any other 
building, the lack of the maintenance of historic concrete buildings has a great impact 
on the durability of concrete [19]. 

• External sacrificial plaster: Exposed RC elements with a cement-based plaster 
exhibited better performance against corrosion and other damage processes than RC 
elements without additional plaster. Rendering the exposed exterior concrete was a 
common practice in the Netherlands until the 1930s, apparently to hide the dull and 
rough aspect of raw concrete [4]. This is in line with the results of the case studies, 
since 100% of the buildings built before 1937 had a layer of plaster applied to the 
external concrete surfaces. A plaster layer can provide an additional protection 
against the ingress of CO2, moisture, and other soluble substances, which may lead 
to corrosion and other damages in the concrete [20]. However, if the corrosion has 
already initiated, as it may be the case in historic concrete, the corrosion will not stop  
but the corrosion rate may decrease [21]. 

• Ownership: In view of the results, private buildings are in general in better condition 
than public buildings. Private buildings tend to have a more lucrative aim, and 
therefore the quality and appearance of the buildings tend to be better cared and 
maintained. As a new approach to tackle this issue, public-private partnerships are 
being used in different countries to help governments to manage the increasing costs 
and responsibilities typically carried by the public sector [22,23]. 

 
With a limited number of buildings, 15 cases in the Netherlands, this paper investigates 

different indicators to understand the chief factors affecting the degradation of historic concrete. 
As part of a larger project, this research aims to establish the basis for a greater understanding 
of the different factors affecting historic concrete buildings. 

The main conclusions are: 
1. Higher RH, CO2 concentrations and levels of pollution, typically found in industrial 

and maritime environments, tend to decrease the durability of historic concrete. 
2. A continuous use and maintenance guarantees that RC buildings, even over 100 years 

old, can extend their service lifespan. 
3. Cement plasters in exposed elements can reduce the level of severity of the damages 

in the concrete. 
4. Public buildings tend to be in worse condition than private ones. 
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