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PRESSURE GROUTING SUPERSTRUCTURE STRENGHTENING AND 
SUBSOIL UNDERPINNING OF PETER THE GREAT’S PALACE NEAR 

ST. PETERSBURG 
 
Large Strelna Palace, more widely known as Constantinovsky Palace, is located in the nearest 
suburb of St. Petersburg (see Fig. 1). Peter the Great did once take a fancy to that location where 
he resolved to construct masonry chambers. Imperial residences in the suburbs of St. Petersburg 
would commonly begin as modest buildings, at a later date to be expanded and reconstructed thus 
graduating to ever so more luxurious and pretentious edifices. 
Strelna Palace, however, had from its inception been conceived of as a stately and imposing 
structure. It enjoyed participation of the leading European and Russian architects of the time, 
such as Jean Batiste Leblon, Nicolo Micetti, Francesco-Bartolomeo Rastrelli. 
 

 
 

Fig. 1. Large Strelna Palace. Photo of 1910 

 
This palace was placed on the 8-m high slope-top of the historical Baltic coast, the height being 
far from insignificant for the typically flat ground of St. Petersburg and the environs. The slope 
was reinforced with a retaining structure fashioned into a series of loggias. It front of the palace it 



had been envisaged to provide a majestic fountain cascade to be followed by a canal leading into 
the sea. 
Suddenly as it was, the great Russian reformer lost his interest in Strelna and moved his feverish 
activity of setting up the official suburban residence to the town of Peterhof. The palace had lost 
its favour with the tsar whereupon its construction was very much delayed, the architect Micetti 
took offence and retired to his motherland to continue creation of masterpieces there, and the 
palace having theretofore been constructed up to the roof level remained uncompleted due to 
Peter’s demise. 
It was only following the accession of Empress Catherine that the fortune smiled on Strelna 
Palace once more and Rastrelli was commissioned to complete its construction. However the 
court never moved into the new residence. The luxurious palace was again forgotten for 50 years 
and as the case usually is with all abandoned buildings it was fast decaying for lack of attendance 
and no heating. It so happened that its new owner only appeared in 1802 when the emperor Paul 
presented the palace to his son Constantine whereupon it became to be known as 
Constantinovsky Palace. As witnessed by architect A.N. Voronikhin, who was hired to carry out 
pertinent reconstruction, the palace had been strongly dilapidated by that time. Refinishing of the 
palace was complete in one year being designed and supervised by Voronikhin. The sumptuous 
abode of the Grand Duke stood open to welcome its new owner. Fate, however, had indeed no 
remorse as an enormous fire broke out on 28 December 1803, destroying the entire artistic 
decorum of the hapless building. Everything was to be renovated by architect L. Ruska. 
Following renovation the long-suffering edifice enjoyed presence of residents for 100 years. In 
lieu of the abandoned fountains Voronikhin provided a series of grottoes whose roof served as a 
spacious terraced square facing the palace. The structures of the terrace at the same time 
functioned as a retainer for the palace conditioning stability of the entire palatial complex. 
Half a century later a court architect A.C. Stakenschneider reconstructed the middle Doric 
colonnade of Voronikhin’s grottoes styling it as lateral loggias. 
The palace was destroyed during World War II with just the walls remaining in place. In post-war 
period the only parts restored to the original condition were the elevations and two reception 
halls. 
After and more recently the destructive tendencies prevailed. Most important misfortune was the 
precipitation sewer going out of order. The water from the roof and the terrace found its way into 
retaining walls bringing about dampening and partial collapse thereof. The bearing timber piles 
were rotting away, the stone vaults of the terrace developed significant masonry fallouts. 
The staff of Georeconstruction Engineering commenced condition surveying of the grottoes in 
December 2000 witnessing the horror of what they would have to survey. The retaining wall 
forming the western loggias and leading into the Lower Park was so considerably dilapidated that 
it was possible to get into the cellars behind. The transverse walls of the cellar enfilade adjacent 
to that wall had developed major cracks and masonry fallouts, with two walls in the east part of 
the cellars developing tilt and collapsing (Fig. 2). Streams of water would run among the debris 
building up gigantic ice formations when frozen. Enormous stalactites were forming on the 
decrepit terrace gutters. Water creeping into the brickwork and freezing therein crumbled it into a 
mass of dusty rubble. 
Thus the staff of Georeconstruction Engineering dolefully concluded that the entire retaining 
structures were on the brink of complete dilapidation. Unless no immediate action was taken, the 
consequences for that slope-mounted structure would be dire. 
The following were the condition survey results.  



1. Foundations of the dilapidated retaining walls were constructed of brickwork. The 
foundations were no longer capable of being classified as a structure. There was immediate 
perspective of crushed brickwork giving way with formation of local bulges. 
2. The entire brickwork structures were soaked in water conducive to dilapidation thereof 
through repeated frost penetration.  
3. There were no foundations of the transverse walls of the cellars. Footing thereof was level 
with the cellars floor. Rotten timber pile crowns supported the transverse walls.  
4. Dilapidated terrace gutters had brought about weakening of some retaining wall sections 
adjacent to niches of the loggias and the grottoes. 
5. Dilapidated drainage incorporating precipitation sewer was formed by three straight courses 
underneath the retaining structures designed to divert precipitation and ground water from the 
palace. There were streams of water flowing through the ground underneath the cellar walls 
through dilapidated retaining wall sections. 
6. Most structural damage (fallouts) was associated with the destroyed drainage sections 
underlying the retaining structures. 
The dilapidation mechanism can be presented as follows. Damaged precipitation sewer caused 
random water discharge from the cess box adjacent to the gable end of the cellars chamber 
through the ground underneath the floor and the transverse cellar walls towards the retaining 
wall. Drainage under the floor alongside the retaining wall stopped functioning. The retaining 
wall took on hydraulic pressure, which process was accompanied by excess brickwork 
overdampening. Owing to the damage of the horizontal waterproofing of the terrace flooring, 
unorganised water discharge sufficiently increased with all cellar structures being finally soaked. 

 

 
 

Fig.2. Collapsing cellar wall behind east loggias. 
 
Frost penetration brought about the process of superficial brickwork corrosion accompanied by 
frost heave pressure on the retaining wall. At the same time the vertical terrace drains started 



malfunctioning thus decreasing and weakening the bearing section of the retaining wall. 
Reiterated cycles of frost penetration into damp brickwork occasioned destruction thereof by low 
temperatures. Countless traces of such destruction were observed everywhere. Intermittent water 
discharge into the ground in front of the retaining wall resulted in corrosion of the timber pile 
crowns supporting the transverse cellar walls bringing about their settlement. 
Seepage of water through the retaining wall in the weakened section thereof conditioned 
suffusion of mortar, formation of seepage passages and crumbling of brickwork around such 
passages during frost penetration. Movement of water through the wall occasioned a flow speed 
increase, as well as exceeding of critical pressure gradient in subsoil of the transverse walls and 
washing out of fines from under the transverse cellar walls with corresponding formation of 
washing out passages and cavities underneath the walls and the floors. 
Washing out from under the walls led to their uneven settlement (with the highest values thereof 
adjacent to the retaining wall). It also resulted in subsoil surcharge and generation of additional 
horizontal pressure on the retaining wall. Gradual dilapidation of the retaining wall brickwork 
finally resulted in its partial collapse in locations where its bearing section was most weakened 
with formation of gaping holes and fallouts (ground and dilapidated brickwork suffusion cones) 
in the loggia niches.  
The above description of the dilapidation mechanism was verified by means of detailed 
geotechnical calculations. 
Thus it is evident from the survey results that the retaining structure was in critical condition and 
demanded immediate rendering of complex strengthening works. Such strengthening had to 
ensure the following: 
reconstruction of brickwork solidity and subsequent preservation thereof; 
possibility for the retaining wall to assume horizontal ground pressure; 
reliable load transfer onto incompressible subsoil strata to rule out any subsequent settlement-
related deformations which may have arisen owing to dilapidation of the retaining structures and 
foundations. 
The following circumstances had to be taken account of when implementing the above: 
complete deterioration of foundations brickwork into crumbly mass with clayey filling; 
most probable prevalence of same condition on considerable subterranean portion of the retaining 
wall; 
thickness of the retaining wall of 3.2 m; 
absence of foundations underneath transverse cellar walls. 
In such circumstances possibility of any local patchwork or consecutive (bay-by-bay) progress of 
works was aggravated by unsatisfactory condition of the brickwork, danger of local collapse of 
structures, complete unavailability for local replacement of the brickwork of those retaining wall 
sections which were in immediate contact with the ground bank. 
In light of the overall surface dilapidation and general weakening of the brickwork the option of 
bandages, yokes or other exterior strengthening devices was considered impracticable as failing 
to provide safety of the retaining structures and defacing their historical outlook. 
Therefore the only option allowing solution of all the above tasks appeared to be that of pressure 
grouting and strengthening of brickwork, with underpinning of the entire range of retaining 
structures with piles having their toes embedded into stiff stratum. Grouting of the brickwork was 



necessary in order to restore its strength and solidity, whereas strengthening thereof was required 
to provide for its joint action within the framework of the entire structure. Finally, the 
underpinning piles had to be constructed in order to render the loads onto the incompressible 
subsoil stratum. It needs to be particularly noted that provision of traditional underpinning piles 
installed at an angle from the level of the lower terrace (around 4.0 m Baltic Datum) would have 
proved ineffective as the dilapidated foundation brickwork was incapable of accommodating the 
crowns of the underpinning piles, the retaining wall itself being practically unavailable for 
underpinning. 
 

 

 
 

Fig. 3. Underpinning of the retaining structure. 
Based on the above the foundations underpinning of the retaining structures was carried out in 
the following sequence (Fig. 3, 4). 
Stage One. Strengthening of the critically dilapidated structures (three left and three right 
loggias). 



1. Provision of temporary propping scaffolding in cellar chambers installed on wedges on the 
cellar floors. Wedging of the scaffolding was regularly inspected. The spans in locations of 
the brickwork fallouts were likewise propped. 

2. Drilling of 42 mm vertical bores above the partitions of the retaining wall from the terrace in 
front of the palace down to the brick-wall footing level. Following that the brickwork was 
grouted by intervals with packing lime mortar until completely permeated. 

3. Redrilling of the bores by 151 mm core bores down to the roof of the firm Cambrian stratum 
following 70% setting of the mortar. Drilling below foundation footing was either carried out 
in thixotropic grout or was casing protected. Cement grout with added plasticizing and 
shrink-proofing agents was pumped into subsoil and brickwork at 0.2 and 0.1 MPa 
respectively, following which a reinforcement casing of stain-proof tube was oscillated into 
the grout mix. The resulting pile was thus constructed with toe against the stiff Cambrian 
stratum reinforcing and underpinning the entire retaining brickwork section. Such tube in the 
capacity of pile reinforcement was required to ensure both long lasting pile life and 
subsequent possibility of patchwork on bricking and deepening of the cellars. Toe levels and 
bearing of the piles had been previously confirmed based on the static loading tests. 

4. Similar to 2 and 3 above, drilling of 42 mm vertical bores paced at approximately 1.0 m from 
the terrace in front of the palace along each transverse wall down to the brick-wall footing 
level (absolute level 8.9 m Baltic Datum) in order to reinforce the transverse walls and rear 
longitudinal wall of the cellars. This was followed by interval grouting and subsequent 
redrilling of the bores by 151 mm augers used in bored piles construction down to absolute 
level of 1.5 m Baltic Datum. Those piles were likewise reinforced through their entire length.  

5. Construction of pile crowns in the dilapidated areas of the transverse walls at the level of the 
brickwork footing (absolute level 8.8 m Baltic Datum), with subsequent construction of 
pilecaps and masonry courses within the original scope. 

Stage Two. Completion of works on retaining structures strengthening. 
6. Provision of works described in 2 and 3 above for unreinforced sections of walls.  
7. Removal of terrace surface material and construction of an RC wall connecting pile crowns 

above the brick vaults.  
Stage Three. Provision of the terrace surfacing incorporating drainage and snow melting 
systems, finished by tiling. 
The provided strengthening should serve to ensure reliability and long life of the retaining 
structures, preserving their appearance and historical material almost completely unscathed by 
any patchwork or replacement of brickwork. Such approach proved most sparing in relation to 
that significant architectural monument. 
To crown it all we should perhaps point out that the constructed strengthening option indeed 
passed muster when faced with an unexpected challenge. The architects suddenly developed an 
idea to provide the front access to the palace from the Lower Park and furnish a vestibule 
underneath the terrace. To do this all cellars had to be deepened by 1.0-1.5 m whereupon the 
transverse brick walls got ‘suspended’ on the thin underpinning piles (Fig. 5 ). Quality of the 
strengthening was attested by the fact that not one section of the brickwork was in any way 
displaced. It was therefore ascertained that our strengthening had in fact reanimated the palace 
structures and helped render them ready to act as new official residence of the Russian President. 
 



 
 

Fig. 5 The transverse brick walls ‘suspended’ on the thin underpinning piles 
 


