
 
1 INTRODUCTION 

Arkun project is located in the North-east of Turkey on the river Coruh. It is one of several major dam 
projects in this region. Arkun dam is going to be completed in the beginning to spring of the year 2014. 
The impounding of the reservoir started end of December 2013. Full commissioning should be finished in 
April 2014. 
 

The project comprises a concrete face sand-gravel fill dam (CFSGD) with a height of 140 m, a bottom 
outlet, a gated spillway and a 14 km long energy tunnel. The powerhouse is hosting three Francis ma-
chines with an installed power of P = 75 MW each. An environmental powerhouse is placed at the bottom 
outlet with an installed capacity of approximately P = 12 MW (see Figure 1). The powerhouse design was 
done according to classical design aspects applying concrete side walls and a concrete slab leading to-
wards the downstream located Coruh River. Typical for a “fast track” project in Turkey several design is-
sues were optimized and changed during the construction phase (“design as you go”). That approach re-
quires flexibility and engagement of all the project participants including the design and site engineers to 
the contractor and the supervision staff. 
 

Arkun is one of several hydropower projects which are developed and operated by EnerjiSA a joint 
venture of Sabanci and E.ON in Turkey.  
 
2 PROJECT DESCRIPTION & ALTERNATIVES 

At the outlet of the powerhouse wing walls are required as connection to the abutments and refilling of the 

excavation pit (Figure 2). Originally, the design engineer planned to apply concrete walls which should be 

founded on bedrock. Due to the foundation conditions, bedrock could not be encountered everywhere and 
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additionally the original design was considered to not to comply to all of the required load cases and safe-

ty factors. 
 

 
 

Figure 1. Arkun project components and area map 

Alternatively to the original design, the design engineer proposed concrete retaining walls made out of 
RCC which would have caused costs not less than 350.000 €. By this solution the problems with the 
foundation could not be solved anyway. Since the bedrock was encountered at elevation 792 masl approx. 
15.0 m higher than assumed in the detail design, the powerhouse concrete required a deep excavation pit 
which faced also some challenges in regard to the seepage control measures. Contrary to design assump-
tion the actual seepage flow increased from 50 l/s to over 1,000 l/s .This seepage flow was controlled by 
two rows of deep well pumps hosting a number of 11 plus 6 pumps. The design seepage flow was conser-
vatively assumed not to exceed 3.0 m³/s (safety factor 2-3 in means of seepage flow) in order not to face 
the risk of further construction delay. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. 3D animation of the powerhouse area 
showing the left and right wing wall (KKD) 

 

 
 



Since the excavation pit slopes consisted mainly of colluvium and not of stable rock the slope stability 
was improved by applying earth nails/anchors of maximum 12 m length in a pattern of one anchor per m². 
The surface was covered by shotcrete in order to protect the slope against rain and sun. Drainage pipes 
were placed in order to avoid hydraulic pressure beneath the shotcrete facing. 
 
Three alternatives were investigated and evaluated in both economic and technical aspects: 

• Alternative 1: Wing wall with anchoring to the powerhouse walls 
• Alternative 2: Concreting retaining walls 
• Alternative 3: Geosynthetic reinforced earth (GRE) structures 

 
While alternatives 1 and 2 showed crucial disadvantages regarding to foundation and costs, alternative 

3 was considered to be the best solution since it is not sensitive to settlements and provides a safe and sta-
ble construction showing cost savings of 60 % compared to alternative 2. 

 
3 DESIGN PRINCIPLES, CRITERIA AND ANALYSIS RESULTS 

The design engineer and the owner agreed on following design principles: 
• The structures shall be stable and durable without showing considerable deformations. There-

fore, it was agreed not to approach the design limits but go for high safety factors in terms of 
the stability and deformation analysis. 

• The surface/front should be vertical in order to provide a good connection to the powerhouse 
and to guarantee the serviceability and the access. The vertical surface was also a requirement 
of the architect who designed the powerhouse in accordance to local historical building herit-
age. 

• The front should be permeable in order not to cause any water table and water pressure differ-
ences in case of rapid drawdown or strong seepage flow coming from the mountainside. 

• The wing walls should resist dynamic loads which should be analysed by a pseudo-static geo-
technical stability analysis. 

• Available materials excavated in the river bed or at the different tunnels should be applied for 
the fill. 

• The construction should be done by simple machinery and no experienced workforce should be 
required. 

 
The characteristic design parameters are given in Table 1. Generally rockfill material was used which 

shows strong friction angle. The elasticity modulus of applied rockfill was also required to be adequately 
stiff since deformations should be limited to a minimum as the side walls were directly placed to the pow-
erhouse concrete structure. Since the bedrock material was not of concern regarding stability and deform-
ability the given set of parameters for the bedrock do not reflect actual conditions but conservative design 
parameters.  

 

Table 1: Characteristic design parameters 

 
 
In Table 2 the considered load cases are listed. Due to the generally strong earthquake loads in Turkey 

LC 2B and 3B was considered to be crucial. The earthquake loads were defined for OBE, MDE and MCE 
in form of PGA = 0.12 g, 0.18 g and 0.32, respectively, representing local earthquake zones II and III ac-
cording to the national classification system. In order to consider also very unfavourable conditions re-
garding the downstream water level load case 2A considers a water level drop of 8 m for the operational 



case that Arkun project is working for peak power production. Although the wing walls were designed to 
show a high drainage capacity and the fill material itself should be “free draining” this conservative ap-
proach was agreed on also in terms of the long-term performance for which the functionality of the ap-
plied draining pipes could not be guaranteed. The downstream design water tables reflect a flood with a 
reoccurrence period of T = 1,000 a for load case 3B. 

 

Table 2: Considered load cases 

 
 

Among the geotechnical analysis the slope stability of both wing walls were investigated by means of 
sliding analysis. The results are listed in Table 3. The degree of utilization does not exceed µ = 0.54 and 
0.34 for the right (KKD 1) and the left (KKD 2) wing wall, respectively (see Figure 3). This indicates a 
global safety factor of approx. η = 2 and higher as it was mandatory defined by the design principles. This 
statement is valid for all performed stability analyses including e.g. bearing capacity, local failure of rein-
forcement, verification of the anchor length, etc. 

 

Table 3: Results of the slope stability analysis 

 
 

This conservative design approach was welcome also to cover all kind of uncertainties in respect to fill 
material selection, construction quality and site supervision success. 
 

 

 

 

 
 
 
 

 

Figure 3. Critical slip circle for the 
right wing wall (KKD 1) and load 
case 3B 

 



 
In this context, the uncertainty related to the quality of the geosynthetics was minimized by contracting 

an international supplier, Naue GmbH & Co. KG, from Germany which is CE and DIN certified regarding 
the quality control of the products. 

 
The design of the right GRE (KKD 1) is presented in Figure 4. The construction pit was generally re-

filled by rockfill material. The technical specifications for this rockfill material were formulated with only 
few restrictions. The amount of fines should be limited in order to guarantee a high permeability. For the 
backfill of the reinforced part the rockfill specification were stricter. Two types of backfills were intro-
duced. The finer material was used close to the surface in order to avoid negative effect onto the surface 
structure while compaction. The coarser rockfill type (named “soil type 2”) was ordinary rockfill material 
as it is used also for rockfill dams. The maximum grain size was limited to the layer thickness and the 
amount of fines was also limited in order to guarantee “free draining” behaviour. 
 

The vertical spacing of the reinforcement layers was generally set to 60 cm. The lengths of the geogrids 
varied between 10 and 17 m. The GRE was founded on lean concrete which was also placed along the 
foundation slope. The overlapping of the reinforced area in respect to the downstream channel surface is 
3.0 m (Figure 4).  

 
 
 
 

 

 

 

 

 

 

 
 
 
 

 
Figure 4. Right wing wall design with a height of 28 m 

The surface is cover is provided by shotcrete of varying thickness which was adjusted to obtain an even 
surface compared to the vertical powerhouse walls of the turbine outlets (Figures 5-10).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Right wing wall design with a height of 28 m 



The steel grid is fixed by buried steel anchors (“dead man”) as shown in Figure 5. The vertical adjust-
ment of the surface was done by using steel anchors/rods. In consideration also of architectural aspects the 
surface type was changed several times. The applied shotcrete type could comprise following advantages 
by showing some visual/architectural disadvantages: 

• Most economical alternative compared to “lego” precast concrete elements, etc. 
• Simple rehabilitation and adjustment as a consequence of aging or large deformations 
• Application of shotcrete cover adjustable to overall construction progress 
• Easy construction method using exclusively ordinary machinery and materials 
• No special skills of workforce required 

 
After first doubts in regard to applicability and schedule the contractor and site supervision staff real-

ized the advantages of the GRE with shotcrete cover as listed above and the performance was considered 
to be fit for purpose regarding costs, progress and quality. 

 
4 CONSTRUCTION 

After the design phase before the construction of the wing walls and the refilling of the construction pit 
started, a trial test under the supervision of the design engineer was performed mainly in order to test the 
work performance of the contractor. As aforementioned, the easy construction method convinced all the 
participants immediately. Since this application was new for a lot of the site staff and the contractor’s dam 
department, the trial test was quite important to obtain the general acceptance of the engineering col-
leagues (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Test trial performed prior to the construction works 

Noticing some delay before the main construction works started the progress was quite fast as ex-
pected. The contractor adjusted the top level of both wing walls mainly to the access requirements regard-
ing the E&M equipment for the powerhouse. Since the main access was provided via the left side,? the 
left wing wall was completed first (Figure 7 and 8). Because the access requirements controlled the work 
progress of the wing walls the construction progress is not representative, but both walls could have been 
completed within some weeks if it would have been necessary. 
 

Since the applied geosynthetics (filter, grid, drain mat) are sensitive in regard with UV-light, the sur-
face was covered if prone to sunlight before shotcrete was placed as documented by Figure 8 for the right 
GRE. Generally, the verticality of the walls was considered to be fit for purpose. After slight application 
problems in the initial phase the construction team improved its performance with increasing experience. 
In Figure 9 and 10 details are presented showing the surface of the structure. The easy work sequence 
which could be tested during the trial works was a basic factor for the quality management. Since only or-
dinary and available machinery and materials were used these works could be simply integrated in the 
global work flow which was controlled by the E&M equipment installation and the access requirements. 
Also in consideration of the “hidden” safety of the design slight inconsistencies the responsible engineers 



and the owner feel comfortable with the structures assuming an excellent, long-term performance. Thanks 
to the positive experience with GRE in general the owner also decided to replace other concrete retaining 
walls located at the switchyard slopes by GRE walls. 

 

 
Figure 7: Construction progress during August 2012 – 50 % of left wing wall and 25 % of right wing wall completed 

 
 

 

 

 

 

 
 
 
 
 

 
Figure 8. Construction progress during September 2012 – 100 % of left wing wall and 25 % of right wing wall completed 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9 Details of the wall surface 

 
 
 
 
 
 
 
 
 

 
Figure 10: Application of the shotcrete cover and the concrete caps along the foundation line 



5 CONCLUSION 

The present case study documents the replacement of a classical concrete retaining wall by a geosynthet-
ics reinforced earth (GRE) wall. The advantages could be summarized as follows: 

• Technically feasible solution showing advantages in regard to foundation aspects and draining 
characteristics 

• Cost savings including design, supervision, materials and construction works approximately 30-
40% of the costs for a concrete retaining wall (alternative 2 – alternative 3) 

• Easy construction techniques requiring only standard machinery 
• Construction adjustable to the overall construction progress 

 
For owner, supplier, engineering staff and contractor this application is considered to be a win

4
-

situation since all the named parties gained a benefit despite of cost saving and flexibility in construction 
progress also new experience and knowledge in a technology which is rarely applied in dam engineering 
in Turkey. As far as the authors are aware of the international market this is the first application of this 
kind of wingwall of a powerhouse worldwide (Figure 11). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11: Completed left and right wing wall in December 2013 before construction of the downstream channel 
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