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ABSTRACT 
 

     Silos belong to the most important and strategic buildings for any country. In this 
regard, their operation without any interruption is vital. Moreover, it is necessary to take 
into account their remaining lifetime and required capacity for future needs. From this 
aspect, the capacity of the existing silo 57 of Swissmill in Zurich is increased by 
erecting the new Swissmill tower. This tower is the heaviest and second tallest building 
in Zurich. Moreover, it is the highest grain silo all over the world. Major challenges of 
this project were the construction around and above an existing silo being always in 
operation, the limited construction site, the interaction of old and new structure and the 
location at the river bank. Due to the importance of the building and its potential danger 
to environment in failure cases of the load-bearing structure, earthquake analysis was 
carried out using a 3D finite element model, which includes the entire structure and the 
soil under the silo. Current article is about construction and seismic analysis of the new 
Swissmill tower in Zurich, Switzerland. The paper is divided into a construction and an 
analysis part. In the construction part general overviews of project organization and 
execution stages are discussed. In the analysis part, the 3D-models of the silo, subsoil 
including the piles used for the earthquake calculations are described.  
 
KEYWORDS: Silo, Construction management, Earthquake analysis, High-rise building, 
Soil-structure interaction 
 
1. INTRODUCTION 
     Silos belong to the strategic buildings in any country due to their supplying tasks. In 
this regard, their sustainability is essential to provide needs of society continuously. 
Hence, it was necessary for Swissmill to increase the silo capacity in Zürich. The older 
still existing silo of Swissmill is named silo 24 and was constructed in 1924. Later, silo 
57 was erected in 1957. The evaluation of projects for future capacity requirements 
results in increasing the capacity of the existing silo 57 by erecting the so-called 
Swissmill tower or Kornhaus, located in the Limmat Valley in Zurich, Switzerland (Grob 
2016). 
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     The authorities of Zürich demanded space for a future public footpath along the 
river. Thus a cantilever situation, see Fig.6, had to be made in a silo corner on the 
riverside. This part is highly stressed due to stress concentration from above parts. It is 
strengthened by thickening the outer wall and installation of complex steel 
reinforcement. Later and during the second phase of the construction, demanding and 
uniquely distinctive investigations were made regarding to stresses under heavy loads 
and possible dynamic effects. These studies have shown that the load-bearing 
structure in this silo corner must additionally be reinforced by an internal concrete 
structure above the pile cap. This difficult reinforcement work was carried out under 
direct supervision of project engineer Dr. Josef Grob. It began in mid-September 2015 
and was completed in a perfect quality at the end of January 2016. Plan view and inner 
reinforcement of this part are shown in Fig.6.  
 

 
(a) Plan view of upper part (Grob 2016) 

 

 
(b) Inner reinforcement 

Fig. 6  Plan view of lower part with internal reinforcement (Grob 2016) 
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Fig. 12  Probabilistic hazard map of Switzerland showing the peak horizontal ground 
acceleration (agd) in cm/s2  (Wenk 2014) 
 
     Such amplifications are reported in past earthquakes. For instance, Michoacan 
earthquake (Mexico) at 1985 with magnitude of 8.1 had an epicenter 350 km away from 
Mexico City. This earthquake produced accelerations equal to 0.04g at rock sites, while 
recorded accelerations at soft soil sites were up to 5 times greater than those at rock 
sites. Therefore, soil-structure interaction should be considered. Soil condition includes 
different layers of the site. 
     In order to extract demands on the building, 3D finite element model using ADINA 
software is constructed and linear analysis are conducted. The model has more than 
3,000,000 elements. The structure is modeled using shell and solid elements 
(Mohasseb 2015, Bathe 2006). Soil-structure interaction is considered by assigning 
equivalent springs and dashpots located under foundation. General concept is shown 
in Fig.13. In cases which fundamental frequency of the building is less than frequency 
of site, no radiation damping is expected (NIST 2012). This phenomenon is due to 
existence of the cutoff frequency. First frequency of site soil is 0.9 Hz, which is greater 
than 0.3 Hz of the structure. Therefore, no radiation damping is considered (Mohasseb 
2015).  
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Fig. 15  Wave propagation from cone method 

 
     Finally, first Eigenperiod is obtained as 3.1 Sec (Fig.16). In order to control roof 
displacement under possible ground motion, Duzce record is applied to the model. The 
maximum roof displacement approximately equals to 21 cm. 

Fig. 16  First mode of vibration 
     At the end, von Mises stresses and lateral displacement of piles using load 
combination of dead loads and earthquake are calculated. Horizontal displacement of 
foundation under earthquake excitation equals as 3.1 cm. In addition, axial force and 
bending moment of piles equal to 19,000 kN and 3,430 kN m, respectively Fig.17.  
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(a) von Mises stresses at piles and cap foundation (b) pile displacements 
 

Fig. 17  Stress and displacement at foundation level (Mohasseb 2015) 
 
 
5. CONCLUSIONS 
     The article is about the new Swissmill tower or Kornhaus in Zurich, which was 
erected by increasing the capacity of the existing silo 57. It is constructed around and 
above the old silo 57. The tower belongs to Swissmill, the largest flour production plant 
in Switzerland, which provides approximately 30% of the whole country’s requirements 
of grain products. Major design and construction challenges were the construction 
around and above an existing silo being always in operation, the limited construction 
site, the soil-structure interaction, the interaction of old and new structure and the 
location at the river bank. The Swissmill tower is the second tallest and heaviest 
building in Zurich. Moreover, it is the highest grain silo all over the world. First, 
structural system is discussed; later construction phases and followed stages are 
described. At the end, seismic response of tower is investigated. In spite of being 
located in a region with intermediate seismicity; weak site soil condition could amplify 
earthquakes. Therefore, soil-structure interaction is taken into account. Substructure is 
modeled using springs and dashpots. Since, cutoff frequency phenomenon is detected, 
no radiation damping is expected. Finally, stresses, forces on foundation and roof 
displacement under earthquake excitation are calculated. 
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