
http://www.diva-portal.org

Preprint

This is the submitted version of a paper presented at CFBR 2013 Modernisation des barrages.

Citation for the original published paper:

Isander, A., Nilsson, C-O., Malm, R. (2013)
L'évaluation et la réhabilitation structurelle du barrage béton a contrefort de Storfinnforsen en
Suède.
In:  Comité Français des Barrages et Réservoirs

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-190710



Colloque CFBR : « Modernisation des barrages », 4 - 5 Décembre 2013 

L'ÉVALUATION ET LA RÉHABILITATION STRUCTURALE DU BÉTON 
STORFINNFORSEN CONTREFORTS DU BARRAGE 

Evaluation and Structural Rehabilitation of Storfinnforsen Concrete 
Buttress Dam 

Anders, Isander1  
E.ON Vattenkraft Sverige AB 

Anders.Isander@eon.se 

Carl-Oscar, Nilsson 
E.ON Vattenkraft Sverige AB 
Carl-Oscar.Nilsson@eon.se 

Richard, Malm 
KTH Royal Institute of Technology / SWECO Infrastructure 

richard.malm@byv.kth.se  

MOTS CLÉS 

Concrete buttress dam, cracks, seasonal temperature variation, strengthening, finite element method 

RÉSUMÉ 

Insérez ici le titre en français 

ABSTRACT 

The Storfinnforsen hydro power dam was completed in 1954 and is the largest concrete buttress dam in Sweden. A few 
years after completion, horizontal cracks were found in the lower parts of the front-plates and freeze-thaw damage was 
detected on the upstream side of the front-plates. This resulted in a structural rehabilitation program where cracks were 
grouted and an insulating wall was installed to reduce the thermal gradient over the thickness of the front-plate. 
Despite these measures, additional cracks were found on the dam several years after where especially diagonal cracks 
from the inspection-gangway were found in the buttress walls. In this paper, numerical analyses are presented which 
shows that most cracks found in-situ have developed or propagated as a result of the seasonal temperature variations. 
One important finding is that the location of the insulating wall had contributed to increased stresses in the buttress 
wall and is a likely cause of the new cracks. Therefore, an alternative placement for the insulating wall is presented 
which reduces the stresses in the buttress wall.  
As a result of these studies, comprehensive rehabilitation and life-extension program is now being performed to 
maintain and further develop an already high dam safety of Storfinnforsen and in Ramsele which is a similar dam 
downstream. The program consisted of moving the insulating walls, improving the stability with ground anchorage 
tendons, strengthening the front-plates and in addition to widen the road on the dam crest to allow for heavy traffic.  

1. INTRODUCTION 

Dams in cold climates are subjected to large temperature variations over the year, where the dams in northern 
Sweden may be subjected to temperatures during winter of about -30 °C and about +30 °C during the 
summer. The dams are thereby subjected to large temperature gradients between the relative warm water 
during winter and the relative cold water during summer. In addition, concrete dams are subjected to restraint 
forces due to the heat generated due to hydratation during casting and the corresponding restraint during 
cooling including autogenous shrinkage restraint. During a long-term perspective drying shrinkage will also 
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introduce restraint into the dam body. In operation, the dam is naturally also subjected to loads caused by the 
water, i.e. hydrostatic water pressure and ice loads.  
 
Cracks have been observed in some of the large concrete buttress and arch dams in Sweden. The type of 
cracks and the causes of cracking vary for different types of dams and environmental agents may in some 
cases initiate further cracks or widen existing ones. The potential influence that the cracks in concrete dams 
may have on the dam safety may also vary for different types of dams. Cracks may in some cases, in a long-
term perspective, affect their safety.  
 
In this paper, the structural evaluation and the structural rehabilitation that has been performed on a concrete 
buttress dam is presented. A concrete buttress dam consists of several concrete monoliths, each with a front-
plate facing the water which is supported by a buttress wall. A section of a typical buttress dam is shown in 
Figure 1 where three adjacent monoliths are seen. There is an inspection passage through openings in each 
buttress. Several of the large concrete buttress dams have had vertical insulating walls installed after some 
years, mainly to reduce the thermal gradient over the front-plate and thereby to reduce the risk of ice 
formation on the upstream side of the front-plate. These insulating walls, together with the front-plate form a 
space where the temperature and humidity can be controlled. 
 

 
Figure 1: Sketch of a typical concrete buttress wall with an installed insulating wall. 

2. STORFINNFORSEN AND RAMSELE CONCRETE BUTTRESS DAMS 

Storfinnforsen hydro power dam was completed in 1954 and is the largest concrete buttress dam in Sweden, 
consisting of 81 concrete monoliths. The total length of the dam is about 1200 m where 800 m consists of 
concrete monoliths. About 10 km downstream from the Storfinnforsen dam is a similar concrete buttress dam 
called Ramsele hydro power dam which was completed in 1958. The monoliths on Ramsele dam are almost 
identical to those at Storfinnforsen, however the total length of the dam is about 400 m. Storfinnforsen and 
Ramsele are two of the largest hydro power plants owned by the dam owner E.ON, with an annual energy 
production of 543 GWh and 869 GWh respectively. A photo of the hydro power dam at Storfinnforsen is 
shown in Figure 2 and a photo of Ramsele hydro power dam is shown in Figure 3.  
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Figure 2: Photo of the Storfinnforsen hydro power dam. 
 

 
Figure 3: Photo of the Ramsele hydro power dam. Photo: Jonas Andrén 
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The tallest monolith at Storfinnforsen dam is more than 40 m high; with an 8 m wide front-plate that is about 
2.5 m thick at the base and between 1.0 and 1.5 m thick at the dam crest. Each buttress is 2 m thick and the 
largest monoliths are about 30-35 m wide near the bedrock. There is an inspection gangway that goes 
through all buttresses with the size typically 2 m x1.5 m. A principal drawing of one of the largest monoliths 
is shown in Figure 4 below.  

  
Figure 4: Principal design of the largest monoliths at Storfinnforsen. 
 
The concrete buttress dams at Storfinnforsen and Ramsele have both been subjected to cracking over the 
years, and has almost identical crack pattern. In the following, the focus of this paper is on Storfinnforsen, 
but the results and conclusions are also deemed valid for Ramsele.  

2.1 Observed cracks and damages  

A few years after completion, horizontal cracks were found in the lower parts of the front-plates and freeze-
thaw damage was detected on the upstream side of the front-plates. This initiated the first investigation 
program during 1960 - 1962. The freeze-thaw damage had caused spalling of the upstream face on the 
vertical part of the front-plates, i.e. at a depth between 0 - 10 m. It was detected in at least 50 areas varying in 
size between 0.5 m2 to 10 m2 where the depth of spalling was between 5 - 20 cm and thereby exposing the 
surface reinforcement, according to [4]. The horizontal cracks where found at a depth between 10 - 35 m, i.e. 
basically in the inclined part of the front-plate, according to [4]. The horizontal cracks caused leakage from 
the reservoir and leaching of the concrete. It is possible that these cracks arose, or at least were initiated, 
during the cooling phase, due to restraint forces. Calculations of such thermal stresses are presented by 
Fahlén and Näslund [5] and by Melander [9]. The horizontal cracks in the front-plate are illustrated as type 
(1) in Figure 5a). In addition to these cracks, it was also observed that the horizontal cracks had propagated 
down as inclined cracks in the buttress wall. These cracks are illustrated as type (2) in Figure 5a). Continuous 
mappings of these cracks were thereafter performed. About thirty years after, i.e. during the 1990s, it was 
shown that both the number of cracks and their length had increased. Mapping of cracks during this period 
focused on the front-plate, and it is uncertain regarding the amount of cracks on the buttress walls. The only 
cracks in the buttress wall that was reported are basically those called type (2) in Figure 5a), as seen in 
Figure 5b). It is therefore likely to believe that the extent of cracking in the remaining buttress wall was 
limited at this point. Photographs from this time period have however showed that at least one of the smaller 
monoliths had a diagonal crack, i.e. type (3), originated from the inspection gangway.  
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a) b) 
Figure 5: Sketch of observed cracks in the concrete buttress dam. a) Principal sketch of the different types of cracks 
found on the largest monoliths at Storfinnforsen. b) observed cracks in the buttress wall in the 1990s, from [5]. 
 
Based on the cracks and damages found on the front-plate, an extensive structural rehabilitation program was 
performed during the 1990s. The structural rehabilitation program consisted of repairing all damages on the 
upstream face of the front-plate, down to a depth to 10 - 12 m. The damaged concrete was removed with the 
high pressure water jetting method and the front-plate was repaired with shotcrete, [4]. The areas with 
extensive cracking, i.e. cracks of type (1) and (2) in Figure 5a), were repaired. This was performed where the 
cracks were cleaned and grouted. Damaged concrete was removed by water jetting and repaired with 
shotcrete, [4]. To prevent further ice formation on the front-plate, an insulating wall made of polystyrene-
insulated steel sheets was installed. The insulating wall was installed vertically, just downstream of the 
inspection gangways, as illustrated earlier in Figure 1. The area between the front plate and the insulating 
wall was heated with a controlled warm air flow from the underground power station at Ramsele and with 
installed electric heaters at Storfinnforsen, [4].  
 
About 10 years after the performed rehabilitation program, further cracking was observed and at this point 
several cracks were observed in the buttress wall. On basically all monoliths, an inclined crack had 
propagated from the inspection gangway towards the front-plate. The length of these cracks varied from just 
about a few decimeters to some cases, mainly on the largest monoliths, where the crack had propagated 
several meters all the way up to the front-plate. In Figure 5a), these types of cracks are denoted as type (3). In 
addition to these, it could also be observed that almost vertical, or slightly inclined, cracks had propagated 
from the concrete rock interface towards the inspection gangway. In a few cases these cracks had propagated 
all the way up to the inspection gangway. These types of cracks are called type (4) in Figure 5a). On a few of 
the largest monoliths, a crack could also be observed near the dam heel, illustrated as type (5) in Figure 5a).  

3. NUMERICAL ANALYSES 

In order to study the causes of cracking, a research project was started in 2006 through Elforsk, the R&D 
association of the power companies in Sweden. In the first studies, [3], a linear elastic model was used to see 
if it was possible to use the finite element method as a tool to predict reasons for the cracks found in-situ. 
The results revealed areas with stress concentrations and high stress levels in parts of a monolith from which 
cracks could initiate. The research project continued, with the aim to use non-linear finite element method to 
simulate the crack propagation and thereby find explanations for the cracks found in-situ, see [1] and [2]. 
The developed model has also been verified against performed measurements of crest displacement and 
variation in crack width as presented by [8]. The project has continued to also study influences of stochastic 
variations in material properties on the crack propagation in the buttress dam, see [7]. In this paper, the main 
results from these previous studies are presented.  

(1)

(2)

(3)

(4) (5)
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3.1 3D finite element model  

A numerical 3D finite element model has been developed for a typical large monolith at Storfinnforsen in the 
commercial software Abaqus. A slightly simplified geometry have been used which represent the largest 
monoliths at Storfinnforsen, as shown in Figure 6. In Figure 6, the reinforcement layout is also shown. The 
model is defined with triangular shell elements with reduced integration (C3R), with a characteristic element 
length of 0.5 m and consists of approximately 33 000 degrees of freedom. The finite element analysis was 
made using non-linear material models of the reinforced concrete dam subjected to water pressure and steady 
state seasonal temperature variations. This modeling approach is based on a three-dimensional model of shell 
elements to realistically describe the deformation and possible cracking of concrete. The numerical model is 
explained in detail in for instance, [6] or [8]. 

 
Figure 6: Sketch of geometry and reinforcement layout used in the numerical model. 

3.2 Material properties  

The material properties used in the analyses are presented in Table 1. To describe cracking of concrete, a 
non-linear material model based on plasticity theory, called concrete damaged plasticity, has been used. 
Reinforcement has been modeled as elasto-plastic without strain hardening, with a von Mises yield criterion.  
 
Table 1:  Material properties used in the analyses. 
 Concrete Rock Reinforcement 

Density (kg/m3) 2300  2300  7800  
Elastic modulus (GPa) 25  60  206  
Poisson ratio 0.2 0.2 0.3 
Tensile strength (MPa) 2.5  * * 
Compressive strength (MPa) 35 * * 
Yield strength (MPa) * * 300 
Fracture energy (Nm/m2) 120  * * 
Thermal expansion (˚C -1) 0.00001  0.00001 * 
Heat conductivity (W/(m˚C)) 2.5  2.5  * 
Heat capacity (J/(kg˚C)) 1000  1000  * 
Heat transfer between solid and air 
(W/(m2˚C)) 

13  * * 

Note: * = parameter not utilized in the analysis 
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3.3 Loads 

The numerical analysis has been performed in several steps. As a first step, the hydrostatic water pressure 
acting on the front-plate is included, and at the same time the gravity load is considered. In the following 
steps, the seasonal temperatures during a summer and winter case is cycled. The temperature distribution is 
first calculated inside the monolith with a steady state condition based on the temperatures shown in Figure 7 
and Figure 8 respectively. The temperatures used here are based on performed temperature measurements, 
and corresponds to temperatures that the dam is subjected for a longer period of time, i.e. average 
temperatures for a period of weeks. The concrete have been assumed to be unstrained at a temperature that 
corresponds to +10 °C. Directly after the step with gravity load and hydrostatic water pressure, the original 
layout of the monolith, i.e. prior to the installed insulating wall, is used. After a stabilized crack pattern is 
obtained, i.e. when no new cracks initiate and the cracks has stopped to propagate, the temperature condition 
corresponding to the case with an installed insulating wall is considered. The summer and winter temperature 
conditions based on the insulating wall are then cycled until a new stabilized crack pattern is obtained. 

 
Figure 7: Temperatures in air, rock and water during winter, prior and after the installed insulating wall. 
 

 
Figure 8: Temperatures in air, rock and water during summer, prior and after the installed insulating wall. 
 
The technique used in the seasonal temperature variations, with steady state conditions will result in cracking 
after only a few cycles. In reality, the temperature may vary significantly from one year to another and 
during those years with lower temperature variations may not lead to any further crack propagation but after 
some years for instance during an exceptionally warm summer or cold winter significant amount of cracking 
may be observed. With the used technique, it is easy and not to computationally demanding to simulate the 
cracking that has occurred at the actual dam for more than 60 years.  
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3.3 Results from seasonal temperature variation 

The numerical analyses shows that due to the restraint forces that occurs during a winter condition results in 
high stresses on the downstream side of the front-plate but also in the buttress wall near the front-plate and 
near the bedrock. These high stresses results in horizontal cracks (type (1) according Figure 5a)) that initiate 
on the downstream side in the lower part of the front-plate and, in addition, these cracks propagates as 
inclined cracks in the buttress wall, i.e. type (2). In a following summer condition, high tensile stresses occur 
on the upstream side of the front-plate, where these results in the formation of horizontal cracks, i.e. type (1), 
on the upstream side of the front-plate, as seen in Figure 9. During the following winter and summer 
condition, respectively, it can be seen that the horizontal cracks on the front-plate are present on both 
upstream and downstream side of the front-plate, i.e. goes through its whole thickness. These cracks, 
thereby, have the potential to cause leakage through the reservoir. The crack pattern obtained in the analyses 
corresponds well with the observations made in-situ, prior to the installment of the insulating wall, i.e. during 
the 1990s. It can also be seen in Figure 9, that the element at the heel of the dam have induced cracking, i.e. 
type (5) in Figure 5a). This type of crack was not observed during the inspections in the 1990s, as seen in 
Figure 5b). Since the inspection focused on the front-plate, it is possible that this crack had occurred even 
prior to the installment of the insulating wall.  

 

 
Figure 9: Induced cracking and stresses in the monolith for the case without an insulating wall. 
 
After the last summer condition in Figure 9, no further cracking is obtained if additional temperature cycles 
are performed. Therefore, the monolith is considered to have reached a stabilized crack pattern. In the next 
step, the updated temperature distribution due to installment of the insulating wall is considered. The first 
"year", i.e. winter and summer condition respectively, with insulating is presented in Figure 10. As seen in 
the figure, the insulating wall introduces high stresses in the buttress wall. For instance, during the winter 
condition, high stresses can be observed in the numerical model in the region where vertical cracks from the 
ground, i.e. type (4) in Figure 5a), have been observed. However, at this point the stresses are between 2.0 



Colloque CFBR : « Auscultation des barrages et des digues - Pratiques et perspectives », 27-28 Novembre 2012, Chambéry 
 

and 2.5 MPa, and therefore not high enough to cause crack initiation in this region. During the summer 
condition with the insulating wall, a diagonal crack propagates from the inspection gangway towards the 
front-plate, i.e. the crack type (3) which also has been observed in-situ.   

 
Figure 10: Induced cracking and stresses in the monolith after installing an insulating wall. 
 
The following cycles with summer and winter conditions are presented in Figure 11. As seen in the figure, 
the crack propagation that occurs from this point is mainly originated from the inspection gangway. From the 
analysis, it can be seen that the diagonal crack, type (3), also has propagated downwards from the inspection 
gangway towards the foundation, i.e. crack type (3) transcends to a crack of type (4). It can be seen from the 
final year that the crack pattern that is obtained from the numerical analysis shows good agreement with the 
crack pattern that can be found on the monolith today.  

 

 
Figure 11: Induced cracking and stresses in the monolith after installing an insulating wall. 
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3.4 Influence of variation in material strength 

In the analyses performed by Malm et al. [7], the influence from variation in concrete strength has been 
studied. The variation in concrete strength could for instance originate from poor quality of a concrete batch 
or due to degradation of the material. These analyses have showed that for the cases with lower strength it is 
possible that the diagonal crack, type (3), initiate even without consideration of the installed insulating wall. 
If the strength of the concrete is low, the analyses showed that there is a significant risk that tensile strength 
is exceeded in the buttress and that a diagonal crack initiates in the monolith prior to the installment of an 
insulating wall. If some of the monoliths had lower strength it is thereby likely that some of the buttresses 
could have been cracked even prior to the installed insulating wall. Despite this, all analyses showed a 
significant increase in the tensile stresses, and thereby increased risk of cracking, in the buttress wall if the 
insulating wall is installed with its current placement.  

3.5 Alternative placement of the insulating wall 

The results showed that the tensile stresses increased significantly in the buttress wall due to the insulating 
wall, and therefore alternative placements have been studied. In Figure 12, a comparison is showed with the 
stresses in monolith based on the original placement of the insulating wall and a case where the insulating 
wall is placed on the downstream surface of the buttress wall. As seen in Figure 12, the stresses in the 
buttress wall are reduced significantly if the insulating wall is placed on the downstream side of the buttress 
wall instead.  

 
Figure 12: Induced cracking and stresses in the monolith after installing an insulating wall. 

4. STRUCTURAL MONITORING PROGRAM  

To evaluate the behavior of the two largest monoliths on Storfinnforsen a monitoring program was started in 
2006. The monitoring consisted of temperature gauges, LVDT (Linear Variable Differential Transformer) 
and pendulum sensors. On the largest monolith, 14 temperature sensors were mounted where four sensors 
measure the ambient temperature in the air both in the heat controlled area enclosed by the insulating wall 
but also the outside air temperature. The temperature gauges were mounted inside the concrete, at a depth  of 
500 mm from the concrete surface. The LVDT sensors were mounted perpendicular to the cracks on the 
buttress wall in order to measure the variation in crack width. A total of eight LVDTs where mounted to 
measure the crack width variation on the largest monolith. In addition, two LVDTs were mounted as dummy 
sensors on uncracked concrete to measure the elastic variation in the monolith. Pendulum measurements 
were performed to measure the variation in crest displacement of the monolith. Placement of the installed 
temperature gauges and LVDT sensors are illustrated in Figure 13. The measured variations in temperature 
have been used as input to the numerical analyses as already presented in Section 3. More details regarding 
the instrumentation of the monoliths at Storfinnforsen is found in [1].  
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The measurements of the outside air temperatures were unfortunately not complete since the thermal gauges 
failed to record the temperature at some periods of time. Therefore, to obtain complete signals, the measured 
temperatures were updated with temperatures for the same period at Östersund, which is located 
approximately 100 km from the dams. These temperatures were obtained from an on-line database, 
<www.temperatur.nu>. The measured outside air temperature is shown in the top graph in Figure 14.  
 
To evaluate the numerical model, one year of measurement was simulated as a transient analysis. The 
measured temperature variation was used to simulate the variation in crack widths and crest displacement of 
the monolith, see [8]. The numerical analysis was performed based on measured average weekly 
temperatures. The experimental results regarding crest displacement and crack width variation for the 
diagonal crack, type (3), are presented in the center graph and bottom graph in Figure 14 respectively. In 
addition, the results obtained from the numerical model are also shown in the same graphs. The calculated 
and the measured crest displacements are illustrated in the center graph in Figure 14. The displacement when 
the measurements started is initially defined as the zero level in the measurements. It is unknown at exactly 
which position the dam crest was at this time. Therefore, the measured displacement has been added a 
constant value so that it has the same average value as obtained from the FE model. Thereby, the zero level is 
defined according to the design drawings. The measured total displacement during a year is 9.6 mm while 
the peak-to-peak value from the FE analysis is 10.4 mm. A positive displacement is defined in the 
downstream direction, i.e. when the dam is moving away from the water. 
 
The variation in crack width is shown in the bottom graph of Figure 14. The initial value of all curves is 
adjusted so that their average value is equal to zero. It is only the variation in crack width that is measured 
and hence only the variation is compared. The measured variation in crack width, especially in monolith 42, 
and the calculated variation show good agreement. During the summer, the measured crack width on 
monolith 42 is slightly higher and the calculated crack width variation is in closer agreement with the 
measured on monolith 43. The peak-to-peak variation of the measured crack width on monolith 42 is 
0.34 mm while it is 0.26 mm in the simulation. Due to the incomplete measured signal of monolith 43 within 
this period, the minimum crack width variation that occurred in the winter was not measured. Considering 
the minimum value measured during the previous winter, a peak-to-peak variation of 0.24 mm for monolith 
43 was obtained. 
 

 
Figure 13: Installed temperature and crack width (LVDT) sensors.  
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Figure 14: Comparison of measured and calculated variation in crest displacement and crack width.  

5. STRUCTURAL REHABILITATION PROGRAM  

As a result of all performed studies, a comprehensive rehabilitation and life-extension program is currently 
on-going in order to maintain and further develop the dam safety of Storfinnforsen and in Ramsele. The 
analyses in section 3 showed that the crack pattern observed in-situ mainly can be explained as a cause from 
seasonal temperature variations. Further analyses have been performed regarding the dam safety and 
regarding alternative methods to perform structural rehabilitation of the monoliths. To further increase the 
dam safety regarding a potential overturning failure, a principle solution with tendons have been developed. 
A principal sketch of the placement of the tendons is shown in Figure 15.  

 
 
Figure 15: Installed tendons to improve the dam stability. 
 
In all monoliths at least two tendons have been drilled from the crest of the buttress through the buttress wall 
and front-plate and into the underlying rock, see Figure 16a). On the largest monoliths, four tendons were 
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drilled through the buttress wall. To assure that the heel of the dam interacts with the remaining buttress wall, 
three horizontal tendons have also been drilled near the dam heel as seen in Figure 16b). In addition, to allow 
for the heavy traffic that was needed to be transported on the road at the dam crest during the strengthening 
work, the road had to be widened. 
 

 

 

 
a) b) 

Figure 16: Installed tendons to improve the dam stability. Photo: Richard Malm. 
 
The analyses in section 3 showed that the placement of the insulating wall resulted in higher tensile stresses 
in the buttress wall and also to that diagonal cracks had propagated from the inspection gangway. The 
numerical results also showed that a placement of the insulating wall on the downstream surface of the 
buttress wall resulted in much lower induced stresses in the whole monolith. Therefore, the structural 
rehabilitation program also included to remove the current insulating wall and to build a new insulating wall 
on the downstream side of the buttress wall. This has today been done on three of the smaller monoliths, as 
shown in Figure 17.  
 

 
Figure 17: New placement of the insulating wall. Photo: Richard Malm 
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6.  CONCLUSIONS  

In this paper, the damages found on the 60 years old Storfinnforsen concrete buttress dam have been 
presented and the presented numerical analyses show that these are likely have originated due to the seasonal 
temperature variation. During inspections only a few years after the dam was taken into operation, cracks and 
freeze-thaw damages were found on the front-plates. The front-plates were after this strengthened and to 
reduce the thermal gradient over the front-plate a vertical insulating wall was installed. After several 
additional years, further cracking was observed in the supporting buttress wall.  
 
A numerical model was been developed to predict the cracking that had observed in-situ. With the numerical 
FE model it was possible to capture the initiation and propagation of the different types of cracks that have 
been found in-situ, based on the variation in seasonal temperature. A detailed analysis of the structural 
response due to variation in temperature during one year was also performed. The results show that the 
numerical model gives good agreement with the measured results regarding both variation in crest 
displacement and crack width.  
 
One important finding from the numerical analyses is that the location of the insulating wall resulted in 
increased stresses in the buttress wall. The insulating wall is therefore likely a cause for the new cracks in the 
supporting buttress wall. Therefore, alternative placements for the insulating wall were studied. The 
conclusion was that a more suitable placement would be on the downstream surface of the buttress wall, 
since it results in significantly lower stresses in the monolith.  
 
As a result of these studies, comprehensive rehabilitation and life-extension program is now on-going to 
maintain and further develop an already high dam safety of Storfinnforsen and in Ramsele concrete buttress 
dams. The program consisted of moving the insulating walls, improving the stability with ground anchorage 
tendons, strengthening the front-plates and in addition to widen the road on the dam crest to allow for heavy 
traffic. 
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