




work proceeded as follows: First, because of the presence of stratified rock and the blasting work, 

steel piles were drilled and cement grouted in the bedrock on both sides on the existing wall. Piles 

were designed separately as point bearing and as in-rock grouted piles. Steel beams were installed 

through the brick wall and loads taken by jacking the piles underneath them. The jacking operation 

itself was controlled by levelling in order to find the right jacking forces. During the digging work, 

the drilled steel piles were braced by welding rolled steel angles to them, effectively making them 

vertical trusses (Fig. 3). 

Rock blasting with explosives proceeded around these trusses with a minimum safe distance 

from piles to smooth blasted face of 0.5 m. For work closer to the steel piles and underneath the 

brick columns / brick wall, only old hand methods such as loosening rock by using wedge and 

hammer in close spaced holes were normally accepted. In some cases the loosening of rock could 

be done by hydraulic wedge machine (Photograph 2). Formwork and reinforcement were realised 

inside the temporary steel structures and subsequently the new column extensions poured. In one 

sector of the middle wall, to establish a new floor level, foundations on moraine had to be realised. 

As mentioned previously, the loads were taken temporarily on steel piles. In this case the sides of 

the brick columns were prestressed by tension bars to prevent structural collapse during 

underpinning work. The steel piles were drilled with Odex equipment, with a casting tube of 139.7 

x 5 and a core diameter of 80. Empty space between the tube and core was grouted using a cement 

mix w/c=0.45 and additives. 

 

 
Figure 3: Middle wall, Drilled steel piles,                                        Photograph 2: Middle wall,   Drilled   

Steel beams and jacking system, Bracing                                steel piles, Smooth blasted face              

                       

Eastern and Western Staircase Columns 

As in the case of the middle wall, the loads from the brick-made staircase columns were temporarily 

supported by drilled steel piles. Each irregularly shaped brick column needed first to be covered in 

a concrete mantel. Subsequently, in order to get enough friction force between the concrete and the 

column, the mantel was stressed against it by tension bars. To be sure that pretension on the 

concrete plate was properly set against the column the mantel was divided into four sections with 

Styrofoam joints in between them (Fig. 4, Photograph 3). Similar structural “independent” 

pre-stressed panel technique was also used later on (Avellan and Maanas 2001).   
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For both staircases, new concrete columns were poured underneath the existing brick ones, in 

accordance to the original dimensions. Furthermore, to avoid blasting damages, the entire column 

loads were taken by vertical steel dowels between concrete and rock (Fig. 5). The blasting and 

loosening of rock was made as mentioned previously for the middle wall.     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:Eastern stair column, Pretensioned 

concrete mantel, Drilled steel piles  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:Eastern stair column,                       Photograph 3:Eastern stair column, Old brick                                   

Pretensioned concrete mantel,    column, Pretensioned concrete plates 

Vertical steel dowels     Temporary steel supports 

   

South Exterior Wall, Western Part of the Building 

Near the southern wall, a pipe channel was built to the level + 2.5 m. The old wall was not strong 

enough to retain the earth pressure at rest. To solve this problem some of the earth adjacent to the 

wall was substituted with Leca-aggregate, hence the pressure minimized. Additionally, the wall 

was supported by using pre-stressed permanent rock and earth anchors (Fig. 6). These anchors 

were designed to take compressive as well as tensile forces. 
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Figure 6: South wall. Rock and earth anchors     Photograph 4: Reinforcement of concrete arch 

Footings of the south exterior wall were underpinned as follows: the old stone foundation, lying 

on moraine, was grouted slightly before digging under the stone foundation. Underpinning pits 

were dug down to the rock. Also vertical and inclined dowels (ribbed steel bars) were installed 

before casting concrete in the pits. In some places, where the old stone foundation had to be cut in 

order to get more room inside, the foundation was first covered with shotcrete and then injected. 

Finally rock blasting was done, and explosives could be used as near as 0.5 m from the wall. The 

last step consisted in using small amounts of explosives in one out of two holes drilled in line, 15 

cm apart. 

 
 

Figure 7: Measurements of facade movements during work (2 points at one of three exterior sectors) 

Structural and Facade Movements 

Throughout the work, horizontal displacements of the middle wall were small because the loads were 

taken temporarily by steel piles, which were grouted in rock and the loads of beams jacked against 

deflection. Possible dangerous situations were avoided by monitoring points at regular intervals, 

during the whole period of work (Fig. 7). A very slight inclination of the southern wall towards the 

sea was registered and the displacements measured locally at 2 mm (at level +3.99) and 4 mm (level 

 

Figure 6: South wall. Rock and earth anchors     Photograph 4: Reinforcement of concrete arch 

Footings of the south exterior wall were underpinned as follows: the old stone foundation, lying 

on moraine, was grouted slightly before digging under the stone foundation. Underpinning pits 

were dug down to the rock. Also vertical and inclined dowels (ribbed steel bars) were installed 

before casting concrete in the pits. In some places, where the old stone foundation had to be cut in 

order to get more room inside, the foundation was first covered with shotcrete and then injected. 

Finally rock blasting was done, and explosives could be used as near as 0.5 m from the wall. The 

last step consisted in using small amounts of explosives in one out of two holes drilled in line, 15 

cm apart. 

 
 

Figure 7: Measurements of facade movements during work (2 points at one of three exterior sectors) 

Structural and Facade Movements 

Throughout the work, horizontal displacements of the middle wall were small because the loads were 

taken temporarily by steel piles, which were grouted in rock and the loads of beams jacked against 

deflection. Possible dangerous situations were avoided by monitoring points at regular intervals, 

during the whole period of work (Fig. 7). A very slight inclination of the southern wall towards the 

sea was registered and the displacements measured locally at 2 mm (at level +3.99) and 4 mm (level 

Advanced Materials Research Vols. 133-134 901



+8.5). The reason for this displacement was thought to be a strike from the “Bobcat”, or the result of 

blasting or both. As a precautionary measure more bracing was done. 

Conclusion 

 Many other underpinning and strengthening works of lesser importance were also realised 

throughout the building, although the above mentioned were by far the most important and 

challenging ones for this project. Also of consideration was the fact that during the whole period of 

digging and blasting, construction work was also being done at the upper levels of the building. 

Because the building is of national heritage, designed by architect C. L. Engel, enough time was 

allocated to implement good design solutions. Finally credit should be given to the contractor who 

was responsible for this demanding project, one of a few Finnish companies with good experience 

and workmanship in this field.    
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