
1. INTRODUCTION

Whilst the location chosen by one of the major distributors of crude oil in the Czech Republic 
for their new storage facility to improve their supply chain in the eastern part of the country 
was logistically ideal for their needs the site’s location could not have been trickier in terms of 
the potential environmental impact it posed. The facility is located in Loukov near Bystric pod 
Hostynem in the Moravia county region, an area with a rich geological past and consisting  of 
two renowned National Parks famed for their beautiful landscapes and rich biodiversity. 
The facility itself consisted of a complex scheme consisting of silos, interconnecting 
technological systems, pump stations, a network of pipelines, a substation with distribution 
grid, multiple fire and safety systems, roads with related structures and other specific ancillary 
objects. Obviously a conventional take on an industrial facility of this nature would not be in 
keeping with the site’s environmentally sensitive location. 
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Figure 1. Site Location 

The storage facility consisted of four large underground silos with operating storage capacity 
of 35,000 m3 each. Inner diameter of each silo is 47.80 m and height to ceiling is 27 m and 
they are partly embedded in 12m depth and partly covered up with soil with full vegetation 
cover (grassland). The terrain of the site is sloping towards the northwest with an approximate 
elevation of 25 meters (448 to 473 meters above sea level), giving the site a 6° inclination to 
the NW. 
The northwest face of the steep earth structure of the silo closest to the pump station is locally 
supported by a gabion retaining wall. From ground level the only visible manmade objects 
were the portals and interfaces for the various control systems and the above ground 
operational buildings such as pumping stations, substations, engine room for dedicated fire 
extinguishing system and the access roads.  The rest of the site was to be completely 
concealed beneath the vegetated soil structures. 
Construction of the storage facility started in 2008 and was completed by the end of 2011, the 
construction of the reinforced soil structures was much shorter however from May 2010 to 
October 2011. 
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Figure 2. Aerial view of underground storage facility 

2. SITE GEOLOGY AND CONSTRAINTS

In addition to the environmental impact posing constraints on how the site could be built, the 
variable soil conditions of the Kelčský Javornik foothills provided some distinct geotechnical 
problems. 
This whole region featured locally visible surface slope deformations and as can be seen in 
Fig.3 pre-quaternary underlying ground in geological survey of the site consists of three types 
of soil (rock).These are defined as Region I (claystones) with dark gray to black swelling 
claystones that are considered as unsuitable to found on. The Region II (sandstone) 
represented good environment in terms of foundation with highest bearing capacities amongst 
all rock types encountered. The last type - Region III (alternate layers of claystones, siltstones 
and sandstones ) is generally suitable for foundation but exhibits lower strength than 
sandstone deposits in Region II. 
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Figure 3. Locality plan with depicted geotechnical regions 

In addition to the geotechnical challenges the designers also had to ensure the Health, Safety 
and Environmental aspects of the site.  In addition to the need to ensure zero leakage or 
ground contamination other stringent regulations applicable to any facility handling 
combustible liquids applied including elimination of fire hazards, protection against 
vandalism, restriction of extreme temperature fluctuation of the silo structures throughout 
year etc. 
The environmental impact was assessed by Development Approval Authority in the innitial 
stage of design which led to determination of obligatory requirements. These were projected 
into the final architectural design through integration of the facility into the surrounding 
landscape whilst minimising disruption to it. 
Economical pressures forced the client to look for solutions able to reduce the construction 
and maintenance costs.  The final approved design adopted reinforced soil structures around 
the tanks hiding them completely from view and using vegetated slopes to blend in with the 
landscape. The idea of covering large capacity underground silos meant that almost all the 
excavated soil from the site could be reused as a backfill material, which contributed to the 
sustainable nature of the scheme welcomed by the client. In addition, having technology run 
in shafts and tunnels (eliminating exposure to harsh weather conditions such as sun, rain, 
snow etc.) the maintenance costs were kept to minimum.  
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3. DESIGN AND CONSTRUCTION

At the beginning of the project, a detailed geological survey had been performed which 
revealed some risks and confirmed problems that would inevitably arise if the project would 
go ahead as initially intended. Original layout configuration considered two silos founded on 
swelling clays (Region I.) and the other two on sandstone (Region II.). However, the further 
technical, economical and mathematical analysis from geotechnical modelling software 
(FEM, 2D-Geoslope and 3D Plaxis Foundation) recommended a slab-on-grade foundation. 
New more suitable locations of the silos had to be adopted and the layout was shifted over 
Region II. and III. as the difference in deformation characteristics and bearing capacity of 
these 2 regions could meet the design criteria. To achieve and maintain equal deformation 
modulus of Edef= 80 MPa under all four silos and achieve maximal differential settlement of 
0,002m, a gravel platform of variable thickness (0,7 – 1,5m) had been engineered and 
installed. 
Numerical modelling also pointed out that earth pressure from backfill on the concrete walls 
of the silos varied as much as 100%. This variance was primarily due to the geometry of the 
backfill body and variability of backfill soil. The following 3 alternative approaches were 
considered to equalize such enormous earth pressure variations on silos: 

1. Controlling quality of backfill material with specific friction angle
2. Creating a cement stabilized soil ring around silos
3. Using reinforced soil structure

The third option was chosen as the cheapest, logistically simplest and technologically most 
feasible solution. The distinct advantage of reinforced soil structures when compared to 
conforming retaining solutions is that they are internally stabilized with the reinforcement´s 
tensile strength being mobilized by the self weight of the soil and surcharge loads, thus 
resisting deformation and reducing the bearing pressure over the weak founding soils. 
With the increase of the height of reinforced structure there is a gradual increase of horizontal 
deformation in each layer because of elongation in reinforcement that always occurs during 
activation process and workload. So to eliminate any lateral pressure on all walls of the 
undeground silos the designers introduced a 0,3 m void between the walls of the silos and the 
wrap-around facing of reinforced vertical earth wall. 
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Figure 4. Assembled formwork in place Figure 5. Geotextile installed around the silos 

providing 0,3 m offset           and service structures 

The new method of fill placement and the supply and installation of the reinforcement 
increased the backfilling cost slightly but this increase was more than balanced by the 0.6m 
reduction in the thickness of the reinforced concrete silo due to the elimination of lateral earth 
pressure. Another benefit of the void between the soil and silo was the creation of an effective 
capillary break whereby any percolated rainwater could be drained at the base of the silos. 
The void between structures also meant the elimination of the vibrations transmitted from the 
compaction process to the walls which allowed compaction works to be running 
simultaneously with sealant being applied on the inner side of silos walls.  
Steel cage formwork Fig 4 was installed to follow the circumference of the tanks as closely as 
possible with the custom reinforcement roll width of 3m determining that a 76 sided polygon 
was the closest approximation. In total 35 layers of high strength uniaxial polyester geotextile 
(refer to Table.1, geosynthetics Ia and Ib) wrapped around at the cage face and with a 10m 
anchorage length were used to form the vertical thrust relief walls around all 4 silos.  
The interfaces with the various technical systems consisting of tunnels and shafts did not 
adversely affect the functionality of the reinforced soil, but did pose some challenges needing 
careful detailing during construction of the walls (Fig.5). 
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Figure 6. Layout of typical layer arrangement of geosynthetic reinforcement (76 strips making a polygon 

around each silo) 

Figure 7. Cross section of earth structure with indicated reinforcement layers 

The main reinforced layers of vertical earth walls were horizontally spaced at 0.6 m to suit the 
height of the steel mesh formwork. Backfilling and compacting was executed every 0.3 m. 
After each lift the degree of compaction was measured to ensure it achieved 90% Proctor. 
Backfilling was carried out using the earth excavated from the construction site.   The vast 
majority of it (approx. 300 000 m3) was formed of fine sand and thus acceptable for reuse. It 
was purged of fractions above 125 mm and claystones and the rest was used as the main 
backfill material with following design parameters: γ = 19 kN/m3, φef = 28°, cef = 1 kPa. 
Approximately 20% of the site won soil was a diluvial loamy sand and clay, this was deemed 
unsuitable and was separated and removed from site. 

EuroGeo 6

25-28 September 2016

500



Table 1. Main specifications for geosynthetics used for reinforced soil structure 

Code of GSY Type of GSY 

Nominal 
Tensile 
Strength 
(kN/m) 

Elongation 
at nominal 

strength 
(%) 

Material 

O90 
(mm) 

Apperture 
size 

(mm) 

Ia GTX 600/50* Max. 12 PES 0,2 - 
Ib GTX 800/50* Max. 12 PES 0,2 - 
IIa GGR 60/60* 10-12 PES+PVC coating - 20 x 20 
IIb GGR 60/60* 10-12 PES+PVC coating - 20 x 20 

Erosion control Net 40/20* 12-17 PP+PVA coating - 6 x 6 
* (in machine and cross machine direction)

The outward slopes of the embankment were reinforced by biaxial polyester geogrids (refer to 
Table.1, geosynthetics IIa and IIb) with horizontal spacing of either 0,6 or 1,2m depending on 
slope inclination. Backfilling and compacting was identical to the reinforced vertical earth 
walls. 
All slopes with inclination up to 30° only needed reinforcement to be installed in layers up to 
the slope face whilst the top soil of the embankment was retained by erosion control nets 
(Table.1) anchored by steel pins at 2 x 2 m centres. Subsequently, the hydroseeding was 
sprayed to vegetate top-soil and ensure an effective and long term erosion control. 

Figure 8. Placement of top soil on installed green geogrid (steep slopes ≥ 30°) 
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Wrap-around techniques were applied only to reinforce slopes steeper than 30° (Fig.8), 
erosion protection was guaranteed by higher strength geogrids IIa/IIb specially fabricated with 
a green colour to form the wrap-around facing.  Prior to wrapping of the geotextile 
hydroseeding was applied to the face of the backfill. 

4. POST CONSTRUCTION MONITORING

For such technically demanding structures, a specific monitoring scheme had been agreed 
upon between designer and client. It was needed to check the reliability of the solution and 
provide valuable feedback during the construction phase but remains operational in post-
construction phase throughout the lifespan of the structures. Periodic monitoring contributed 
to safe progress during construction works and was also designed to quickly respond to any 
potential emergency situations. Currently all monitored deformations and strains have fallen 
within the limits predicted within the design analysis. The following methods were used for 
the monitoring scheme: 

• Inclinometer probes – installed to measure vertical deformation of shoring during
construction phase in monthly intervals.

• Hydrostatic leveling - monitoring of subsoil settlement was performed in monthly
intervals to check the development of surcharge from increasing height of earth
structure during construction phase.

• Extensometers on geotextiles – 3 level extensometers were installed to measure
relative deformation of the embankment.

• Micrometric sensors - (6 per silo) sensors were installed to monitor horizontal
deformation of wrap-around facing (Fig.9). Measurement mode of the gauges is the
same as at the extensometers, i.e. 1 month.

• Visual monitoring in void between silo wall and wrap-around facing of earth structure
through any commonly used audiovisual measuring devices.

Figure 9. A typical micrometric sensor in void between wrap-around facing and silo wall 
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5. CONCLUSIONS

The resulting use of woven geosynthetics in reinforced soil structures in this project has 
proved an economically feasible method to provide modern, safe and long term protection to 
undeground silos with assumed design serviceability to a minimum of 100 years. Wrap 
around facing of reinforced soil structures proved to be the most practical solution providing 
zero contact pressure on silos by maintaining a 0.3m offset. As a consequence the designers 
were able to reduce the thickness of the reinforced concrete walls and thus provide material 
saving in other engineering fields. This offset also allowed for drainage system to work more 
efficiently since voids around tanks act as vertical drainage shafts. One of the biggest 
advantages was the fact that huge quantities of excavated soil could be reused as a backfilling 
material (cca. 300  000 m3) contributing to substantial savings in material and costly logistics.  
To improve optimal balance of cost and end performance, a combination of geogrids, 
geotextiles and erosion control net products was engineered. This complete package of 
geosynthetics guarantes fast and simple installation in (almost) every soil type and all weather 
conditions which in this case helped contractor to hand over the structure to client couple of 
months ahead of schedule.   
Both, the uniqueness of the design solution and selected method of construction of this 
underground storage facility, which aimed to limit environmental impact on surrounding land, 
helped to earn a very prestigious Czech national award “BUILDING OF THE YEAR 2012”. 
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