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ABSTRACT: This article presents a case study regarding a circular retaining structure adopted for a technological shaft 

constructed within an aluminium processing plant in Medieșu Aurit, Satu Mare County, Romania. Works were carried out 

in 2023 in order to accommodate a monolithic reinforced concrete structure with dimensions of 6.3m x 3.95 m, with the 

bottom slab level of -11.07m (from the reference elevation level, ±0.00m), and a piston with a diameter of approx. 1 m, laid 

at -18.30m. Geotechnical investigation indicates cohesive and semi-cohesive soils to a depth of 6.4 m, followed by a layer 

of gravel with sand and boulder to the depth of about. 39.4 m. The groundwater level is located at -6.4m with respect to 

natural ground level. A self-supporting circular diaphragm wall shaft was the adopted solution, which has been modelled by 

means of finite element method (FEM) in the two critical stages: Excavation down to -14.7m, taking into account the 

existence of water and water exhausting down to -11.30m, after high permeability soils in the bottom of the diaphragm wall 

have been replaced with low permeability layers of soil. The diaphragm wall shaft was executed from the working platform 

(constructed at level -2.70 m) down to -17.8 m, creating an internal diameter of 8.0 m, inside which, soil was excavated 

down to -14.70m (under water) and a concrete plug was poured with a thickness of about 3 m (replacing the excavated soil), 

to ensure up-lift resistance during temporary stage. 
 

RÉSUMÉ: Cet article présente une étude de cas sur une enceinte circulaire pour un puits technologique dans une usine de 

transformation de l'aluminium à Medieșu Aurit, située dans la région de Satu Mare, Roumanie. Les travaux ont été exécutés 
en 2023. L’objectif des travaux consistait de l’étude et l'exécution d'un puits circulaire afin d'accueillir une structure 
monolithique en béton armé de dimensions 6,3m x 3,95 m, avec le niveau de fondation de -11.07m (à partir de l'élévation 

de référence, ±0.00m) au niveau du sol, et un piston d'un diamètre d'environ 1 m, avec le niveau inférieur de -18.30m. Les 

conditions géotechniques montrent des sols cohésifs et semi-cohésifs jusqu'à une profondeur de 6,4 m, suivis d'une couche 

de gravier avec du sable et des rochers jusqu'à une profondeur d'environ 39,4 m. Le niveau de la nappe phréatique se trouve 

au niveau -6,4 m. La solution proposé a été un puits circulaire de paroi moulée autoportant qui a été numérisé par la méthode 

de l’élément fini (MEF) dans les deux étapes critiques: excavation jusqu'à -14,7 m, en tenant compte de l'existence d'eau et 

le stage après l’évacuation de l'eau, après le débouchage du béton. Le puits de la paroi moulée a été réalisé depuis la 

plateforme de travail (niveau -2,70 m) jusqu'à -17,8 m, avec un diamètre intérieur de 8,0 m, à l'intérieur duquel le terrain a 

été excavé jusqu'à -14,70 m (sous l'eau) et un bouchon en béton a été coulé sur une épaisseur d'environ 3 m pour assurer la 

résistance au soulèvement lors de l'étape temporaire. 
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1 INTRODUCTION 

The project’s scope of works consisted in the design 

and execution of a deep excavation undergone inside a 

circular shaft in order to ensure conditions for the bot-

tom up construction of an interior structure, part of the 

vertical casting machine objective, a technological fa-

cility serving the future investment (Figure 1). 

In order to facilitate an efficient productivity for the 

Client and the Contractor, the project required a 

solution regarding the rapid construction of the future 

underground equipment (part of the expansion of the 

Aluminium extruded profiles factory), while 

minimizing the influence on the facility’s 
technological flow and logistics. 

The site is located in Medieșu Aurit, a city in the 

county of Satu Mare, situated in the north-western 

region of Romania, close to the Hungarian border. 

The aim of the special foundations works was to 

obtain an efficient structural system in terms of 

correlation with the future structure and equipment, by 

adopting a solution optimally adapted to the 

particularities of the project that will ensure the work 

flow is enhanced for carrying out the construction 

works. 
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D – Current and new construction methods 

 
Figure 1. Technical concept – Vertical casting machine. 

 

Due to its underground positioning, the casting 

shaft dimensions and adjacent operating equipment 

which are designed to function inside a reinforced 

concrete infrastructure, the foundation level was 

designed at a depth of 11,3 meters with respect to 

natural ground level. 

2 GEOTECHNICAL CONDITIONS 

The on-site geotechnical report is based on several 

boreholes, with a maximum depth of 50 meters, 

determined by in-situ tests and electrometric 

investigations. 

The general site lithology indicates thick layers of 

sand and gravel (down to over -40.0 meters), 

• ±0.00 m ... -1.00 m – organic fillings; 

• -1.00 m ... -5.20 m – stiff clay; 

• -5.20 m ... -6.40 m – sandy clay; 

• -6.40 m ... -40.00 m – sand and gravel; 

The theoretical water level indicated by the 

geotechnical report is set at -6.50 meters. 

The sand and gravel layer contains minor 

percentages of fine particles, 10-20% clay & silt, thus, 

in order to reach the designed depth, in common 

projects, the high permeability of the stratum would 

generate the need to adopt a difficult dewatering 

system that would interfere with the factory’s water 
supply. 

The local design norms related to geotechnical 

documentations offer maximum score in terms of the 

theoretical solution to be adopted regarding the 

dewatering necessary for constructing the reinforced 

concrete under an approximate water table of 6.0m. 

3 CIRCULAR DEEP SHAFT SOLUTION 

3.1 General information 

In order to construct the aforementioned structure laid 

at -11.30m, considering the project’s particularities, 
the adopted solution consists in a circular shaft of 8 

meters diameter, constructed as diaphragm wall (slurry 

wall) reinforced concrete panels which will ensure 

construction and installation of the interior vertical 

casting machine’s structure in conditions of maximum 

safety and efficiency. 

Following dedicated calculations, the diaphragm 

wall thickness has been set at 60 cm and the specific 

polygonal shape generated by the panelling layout was 

executed aided by shaped guiding walls (Figure 2). 

 

  
Figure 2. Isometric view of circular shaft and casting shaft 

geometry. 

 

In the design process, multiple excavation support 

solutions have been regarded (ground anchors, 

horizontal or inclined temporary struts, top-down 

excavation method, etc.). 

Calculations were performed with design 

approaches according to current regulations such as 

Eurocode 7 with corresponding national annexes, or 

local Romanian regulations, NP 120 (2014) and NP 

124 (2010). 

In order to achieve a retaining system which can 

provide excavation protection, as well as an increased 

productivity of execution, by implementing the 

circular shaft solution, for which earth and water 

pressure loads are transferred as compression by 

means of arch effect of in the concrete mass, resulting 

in a self-supporting diaphragm wall, no internal or 

external bracing is required. 

The length of the designed diaphragm wall panels 

is 15 meters, embedded in sand and gravel ground 

layers. 
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Circular diaphragm wall for a deep shaft 

Due to the presence of large packs of sand and 

gravel, in terms of financial efficiency, embedment in 

a lower clay layer has not been feasible, thus 

generating the necessity of adopting a soil 

improvement method for isolating the base of the 

diaphragm wall below excavation level in order to 

limit dewatering works that could generate multiple 

exploitation risks. 

The adopted soil improvement solution consists in 

substituting permeable layers of soil with hydraulic 

concrete on a certain length under the designed 

foundation level. 

The resulting concrete layer is designed with a 

thickness of approximately 3 meters. 

 

 
Figure 3. Finite Element Model of circular shaft 

(axisymmetric model). 
 

The axisymmetric model is used in cases where 

circular structures are modelled, with uniform sections 

and loads distributed around the central rotation axis. 

The basic premise for this model is the identical 

configuration in any radial direction regarding soil 

lithology and loads (Figure 3). 

3.2 Design particularities 

Due to the particularities of the project and to the fact 

that the diaphragm wall is not embedded in a clay 

level, FEM modelling of the circular shaft has been 

performed for critical stages such as excavation down 

to -14.7 meters, with no water evacuation, as well as 

water evacuation down to -11.70 meters, after the 

execution and hardening of the concrete soil 

improvement. 

To establish the geometry of the soil improvement, 

thus leading to the thickness of the newly poured 

hydraulic concrete layer, dimensioning has been 

performed for several structural internal verifications 

that were required for internal stability of the pit, both 

for temporary and permanent phases. 

The most important verification for uplift checks 

consists in validating the thickness of the concrete 

layer so it withstands the under pressure generated by 

the difference between the exterior water table and the 

interior water table resulted after water exhaustion 

takes place. 

The inferior level of the VCM (vertical casting 

machine) structure is situated at -18.00 meters under 

the natural terrain level and is laid on a reinforced 

concrete raft laid at a level of approximately -11.10 

meters with respect to natural ground level (Figure 4). 

 

 
Figure 4. Shaft’s cross section with concrete plug. 
 

The casting shaft’s piston is designed to slide inside 
a technological steel pipe with a section of 1400x10 

mm, from -11.10 meters level, down to approximately 

-18.00 meters. 

In order to accommodate the future pipe and to 

ensure verticality is obtained, a supporting barrette, 

has been constructed inside the shaft, as support of the 

casting shaft’s pipe, and as a supplementary support 
for the casting shaft against water under pressure due 

to uplift. 

4 MONITORING OF THE RETAINING 

STRUCTURE 

Lateral pressure generated by the soil massif acting on 

the exterior surface of the diaphragm wall is 

transferred by arching effect in the concrete structure 

as hoop forces. 

The diaphragm wall’s thickness is dependent on the 
diameter of each circular cell with a direct impact on 

the arching effect of the lateral loads. 
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A higher diameter of the circular cell generates an 

amplified soil pressure, caused by the decreasing 

arching effect. 

Monitoring of the circular shaft was obtained by 

means of strain gauges, installed on steel rebar cages 

(Figure 5). 

 

 
Figure 5. Concrete strain gauge installation. 

 

Values resulted from monitoring indicate variation 

of stresses that are situated below dimensioning value 

(maximum 5 MPa measured value with respect to 10.2 

MPa corresponding to the designed value). 

Other factors that have to be considered in the 

design process are related to non-uniform loads that 

may appear from various equipment and logistics at 

ground level as well as excavation sequencing, or 

discontinuity in soil layers and their relevant 

parameters (Figure 6). 

 

 
Figure 6. Excavation inside the shaft. 

5 CONCLUSION 

This particular project combines previously acquired 

information and return of experience in similar 

projects that allowed the proposal for a much more 

effective solution, with reduced quantities 

(approximately up to 35% less materials) and a 

performant execution time management. 

The reduction of the materials’ quantities also 
resulted in a reduction of the CO2eq emissions of 45%. 

Using the right materials and minimising as much 

as possible the distances for their supply, proved to be 

particularly effective in reducing the project’s carbon 
footprint (Figure 7). 

The monitoring performed during the execution 

process provided valuable information for future 

developments of similar projects, both in heavy or 

light industry for factories and other special facilities, 

as well as other private applications or research & 

development purposes. 

 

 
Figure 7. Comparison of materials’ CO2eq emissions 
between initial concept and final design. 

 

In conlusion, using right technology, considering a 

circular design of the shaft taking into account arching 

effect in the concrete structure, using proper reduced 

CO2 emissions materials, prove to be a proper solution 

of small technological shafts. 
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