
4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 1

 

Structural rehabilitation and health monitoring of reinforced 
concrete chimneys 

V. Stoian1, D. Dan1, T. Nagy-György1, C. Floruţ1 and L. Prună2 
1 “Politehnica” University of Timisoara, Timisoara, Romania 
2 Rovinari Energetic Complex, Rovinari, Romania 

ABSTRACT: Structural rehabilitation of a pair of reinforced concrete chimneys belonging to an 
electrical power plant is presented. The structural rehabilitation was necessary due to the 
numerous vertical cracks that appeared in the lifetime existence of the chimneys. The major 
cause of the appearance of these cracks into the strucural reinforced concrete layer was the high 
thermal gradient between inner and outer surface in the context of insufficient horizontal 
reinforcement. Therefore, a radical intervention was necessary, in order to replace the thermal 
insulation and to repair the horizontal reinforcement. Also a prestressing force was induced into 
the concrete layer, using segmental steel belts, in order to generate compression stresses and to 
prevent reopening of the cracks. High performance special cement mortar was used to fill the 
cracks. Into the second stage, an on site monitoring program was developed, to control the 
possible opening of some cracks using outside observation (the interior air temperature varies 
between 200 and 50 Celsius degrees). Laser thermograph and special optical devices were used. 

 
 

1 GENERAL DESCRIPTION OF THE STRUCTURE 

The two chimneys have a tapered structure made of reinforced concrete using climbing 
technology. The total height of the chimneys is approximately 220 meters. The particularity of 
the technological and structural solution consists in the fact that the burned gases resulted during 
the technological processes are introduced into the chimneys only at the approximately +100 
meters elevation and not at their base as in the traditional solutions. The width of the reinforced 
concrete wall varies between 90 centimeters (+92 meters elevation) and 24 centimeters (at the 
top of the chimney, at +220 meters elevation). The reinforced concrete structure is protected by 
a thermal insulation (made of foamglass of 50 centimeters in width) and by an antacid 
protection (made of specially shaped antacid silica-aluminous refractory bricks, immured with 
inorganic antacid putty). 

2 STRUCTURAL ISSUES OF THE CHIMNEYS AFTER 30 YEARS OF SERVICE 

In the process of building the chimneys, several design, execution, service and maintenance 
mistakes were made, leading to a series of important degradations of the reinforced concrete 
structure. The most important design errors that are worth mentioning are: the lack of thermal 
insulation in several sections, the design of important and abrupt variations in stiffness, 



4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 2

misjudgment of the simultaneous action of the wind and temperature variations, leading to an 
insufficient horizontal circular reinforcement. Also an important design issue was the lack of 
correlation between the thermal insulation and the important variations in stiffness. The most 
important execution mistakes took place during the climbing process used for creating the 
reinforced concrete structure. Due to these errors, combined in time with the effect of an 
insufficient concrete cover of reinforcement, the final characteristics of the materials and their 
behavior were severely damaged. Faulty exploitation and maintenance over important periods of 
time, by evacuating burned gases with higher temperatures then the designed ones, and also the 
long term operation without scheduled revisions or repairs, have contributed decisively to the 
important damages in the concrete structure. 

All the above mentioned factors have contributed in time to the pronounced state of degradation 
of the structure, of the insulations and installations of the two chimneys. In the reinforced 
concrete structure, a series of small and large cracks (some of them piercing through the entire 
width of the wall) with widths up to 6 centimeters can be observed. Over the opening of some 
cracks, the horizontal circular reinforcement is sectioned. However, the structure of the 
chimneys does not show any specific cracks due to flexure and the vertical reinforcement is in 
perfect shape, with no visible signs of corrosion (off course with the exception of the areas 
adjacent to the wide cracks, where the lack of the protecting layer triggered the start of the 
corrosion process). In the same time, important areas of the exterior concrete surface are highly 
degraded due to the chemical assault that they were subjected to. In figure 1 the severe damages 
of the reinforced concrete structures can be observed, a detail of a large crack and of the poor 
condition of horizontal circular reinforcement being presented. 

 

 

Figure 1  Severe damages of the reinforced concrete structure 

3 INVESTIGATION METHODS 

In order to determine the real characteristics of the materials, a series of chemical analyses and 
mechanic tests were performed. The depth of carbonatation, the value of the PH and the 
compressive strength of the concrete were determined on the sampled cores. The chemical 
analyses revealed the fact that the concrete was carbonatated on a depth of maximum 50 
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millimeters from the exterior surface (the value of 50 millimeters being recorded at the +134 
meters elevation). After performing the mechanical tests, it was shown that the compressive 
strength of the concrete corresponds to a C25/30 class of concrete, proving that in the areas 
where the chemical attacks did not occur, concrete kept performing in the proper manner. In 
order to correctly monitor the later behavior of the chimneys, all the visible cracks were 
cartographed and their width was measured and recorded. Temperature was also recorded 
throughout the entire height of the chimney, on the exterior concrete surface and into the 
concrete wall, at various depths inside large cracks. 

4 SOLUTIONS FOR REHABILITATION 

The structure of the chimneys being highly damaged, several rehabilitation procedures were 
proposed. Any of these procedures would have supposed interventions on the structure, on the 
installations and on the insulations. First proposal involved the use of carbon fiber reinforced 
polymers (CFRP), for both confinement and flexural strengthening, or only for confinement 
(since the flexural capacity of the structure was adequate). The second solution, the chosen one, 
implicated the use of a large number of horizontal steel belts that were to be prestressed. Their 
purpose is to compensate the lack of horizontal circular reinforcement that was undersized 
during the design process and was corroded, throttled and even sectioned in time. The belts 
were placed at every 70 centimeters on the bottom side of the chimneys, the distance between 
them being larger at the superior side. Each belt was made out of several S235 steel flat bars 
connected through special steel parts with the possibility of inducing posttensioning stresses in 
the flat bars. The prestressing was achieved by using two bolts for every connection between 
two adjacent bars. Before the belts were placed on the exterior side of the concrete structure, the 
continuity of the horizontal circular reinforcement was reestablished by welding together the 
sectioned steel bars. All the corroded reinforcement was cleaned and sandblasted. All the cracks 
and cavities were filled with a non-shrink, quick setting structural repair mortar for masonry and 
concrete. In figure 2, the solution for reestablishing the continuity of the horizontal 
reinforcement, a detail of the special prestressing steel piece and a view of the strengthened 
chimneys is presented. The characteristics of the materials used in the strengthening process are 
given in Table 1. 

 

 

Figure 2  Stages in the rehabilitation process 
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Table 1. Characteristics of strengthening materials 

Material, element Characteristic 

Prestressed steel belts Type of steel    

 S235    

Diameter Group   Bolts used for connecting 
and prestressing the belts M36 10.9   

Mortar used for filling of 
cracks 

Adhesion on 
concrete 

Compressive 
strength Capillarity  Elasticity 

modulus 

 1.8 MPa 45.5 MPa 1.24  g/dm2min1/2 21000 MPa 

5 HEALTH MONITORING 

After the rehabilitation was completed it was decided to permanently monitor the structures of 
the two chimneys in order to observe in real time the degradations that would appear. Since the 
main cause of the structural damages was the variation of temperature, it was settled to keep 
under strict supervision the temperature of the chimneys. Both the chimneys are in use 100% of 
the time, no access being possible in their interior because of the very high temperature 
(50…200°C). Only the temperatures of the exterior surface of the structure were measured. Any 
abnormal variation of these temperatures, or any area with temperatures much different then 
those of the adjacent areas, would correspond to a local deterioration of the thermal insulation, 
requiring immediate interventions. 

The temperature of the exterior surface of the concrete structure was cartographed using an 
infrared thermograph camera. By using this camera absolute temperatures and exact variations 
of temperature were recorded practically in every point of the exterior concrete surface.  In 
figure 3, a series of images acquired with the IR termograph are presented. 

 

     

Figure 3  Termograph snapshots 
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Through this thermograph images, no areas with damaged thermal insulation were discovered 
up to the present moment. The temperature of the exterior surface of the chimneys is much more 
dependent on the exterior ambient temperature, atmospheric conditions and on the position of 
the investigated area relative to the cardinal directions than on the temperature of the burned 
gases inside the chimneys. The areas most exposed to the action of very high temperatures are 
those in the vicinity of the point where the burned gases are inserted into the chimneys and 
where the adequate insulation is missing or is not quite properly completed.  

The mechanical condition of the exterior surface of the concrete structure was under regular 
surveillance using high performance optical devices and cameras. Using this equipment, the 
areas with multiple cracks were examined and detecting of potential reopening of older cracks, 
filled in the rehabilitation process, was made possible. In figure 4 several cracks are detailed. 
Thorough examination of the concrete surface revealed the fact that these cracks are superficial 
ones. They have probably appeared due to the contraction of the mortar that was used to fill 
them. This situation could have been avoided by using concrete or mortar with dispersed steel 
fibers reinforcement. However, the surface of the chimneys that show signs of crack opening is 
insignificant with the rest of the surface which is in very good condition. 

 

         
Figure 4  A series of superficial cracks and an area with surface in good condition 

 

The chimneys are undergoing a process of upgrading from the monitoring point of view. New 
devices will be used in order to keep monitoring the structure in a proper manner. A series of 
transducers will be mounted at different elevations, in the vicinity of opened cracks. This way, 
the important cracks will be constantly checked for variations in widths. Also, strain gauges will 
be placed on a large number of flat bars and on vertical and horizontal reinforcement. When 
these operations would have been completed, it can be stated that all the aspects of the 
chimneys’ behavior are thoroughly monitored. 
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6 EVALUATION OF THE SERVICE PERIOD LEFT FOR THE CHIMNEYS 

The service period of a structural reinforced concrete element is determined by the degree in 
which the materials keep performing in the designed manner. In the case of the two chimneys, 
the materials in question are the concrete and the steel reinforcement. One of the most important 
effects, when establishing the durability of a reinforced concrete element, is its corrosion. In this 
case the service period of the structure is composed by the period of initiation of the corrosion at 
the reinforcement’s level and the period of propagation of the corrosion up to the maximum 
allowable level. Using the investigations conducted in year 2002, it was established that the 
level of carbonization in the concrete varies between 13 and 49 millimeters. When extracting 
the sampled cores, it was determined that the vertical reinforcement that is protected by the 
concrete is in perfect shape, with no signs of corrosion. At the level of vertical and horizontal 
reinforcement in the vicinity of cracks it was ascertained that the corrosion process was 
triggered. As a result of the rehabilitation process, all the reinforcement was cleaned and 
sandblasted and all of the cracks were filled. These operations have increased the service period 
of the chimneys in an important manner. 

Usually, in the design process of reinforced concrete structures, an overall safety factor with the 
value of 2 is reached. The safety factor can be defined as the ratio between capacity of the 
structure and the maximum effect of the loads that the structure is subjected to.  The safety 
factor represents a consequence of the partial factors for actions and of partial factors for the 
strengths of materials. It is considered that the integrity of the structure is compromised when 
the overall safety factor reaches the value of 1, the collapse being quite imminent. Bearing in 
mind that the problem of insufficient circular confinement reinforcement was overcome by 
mounting of the prestressed steel ties, the critical situation is that of the flexural capacity of the 
section at the chimneys’ base. Taking into account the previously stated considerations, the 
overall safety factor is to reach the value of 1 whenever the longitudinal steel reinforcement 
halves. This correspond to a reduction of the diameter of the longitudinal rebar from 22 mm to 
approximately 16 mm. Using the formulas available in literature (Bob), the minimum period for 
the corrosion of the reinforcement up to this level can be determined. The period in which the 
service limit of the chimneys is reached is of minimum 30 years. 

It is important to assert the fact that all of these statements were based on a qualitative 
evaluation of samples and does not refer to calculations of the structural capacity of the 
chimneys. 

7 CONCLUSIONS 

The chosen solutions for the structural rehabilitation of the chimneys proved to be viable in time 
and to solve the errors made initially. The solutions have extended the service life of the 
chimneys with important period of time. The monitoring program that was developed and that 
will still go on in the coming years, helped solve several issues and questions. In the same time, 
this program will abolish the possibility of not discovering structural damages in real time. The 
monitoring program will continue and will be updated throughout the existence of the two 
chimneys. 
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