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Geotechnical challenges in reconstruction of historical cities 
Les défis en géotechnique dans la reconstruction des villes historiques

V.M.Ulitsky —  St. Petersburg University of Highways, Russia

ABSTRACT : Major geotechnical challenges encountered in reconstruction o f historical cities are considered. It is suggested that 
those challenges are addressed comprehensively at every stage of reconstruction: condition surveying o f foundation structures and 
subsoil, design calculations and the actual works. Attention is paid to computational modelling of complicated geotechnical situations 
related to unavoidable strengthening of foundation and subsoil, research based support o f the works and geotechnical monitoring. The 
factual expertise accumulated by geotechnical experts in complicated ground conditions o f St. Petersburg is analysed.

RÉSUMÉ: On considère des problèmes géotechniques principaux dans la reconstruction des villes historiques. On propose de résou
dre ces problèmes en complexe en toutes les étapes de reconstruction: la diagnose d ’état de la construction et des sols; les calculs en 
établant le projet; la réalisation du travail. On attire l’attention sur moulage numérique des situations complexes dans reconstruction 
où il est nécessaire à renforcement des fondations et bases; sur accompagnement scientifique des travaux et monitoring géotechnique. 
On analyse l’expérience pratique accumulée par géotechniciens sur les conditions souterraines difficiles de St. Pétersbourg.

I believe this new century will be the century o f reconstruction. 
We have a set o f regulations and standards for new construction, 
but they are unsuitable for reconstruction. City reconstruction is 
a challenge not only architectural, but also geotechnical. This 
challenge becomes even more acute in historical cities where one 
will find buildings o f historical value. Some of them appear to 
have world-wide importance.

Historical cities - what cities should one really count as such? 
One would say naturally - Jerusalem, Jericho - these are about 
five thousand years old, Istanbul - Constantinople, Eternal 
Rome, Cairo and many others. However, there are also cities 
whose age does not exceed three or four hundred years. And 
they still will be thought o f as historical. Among these there are 
the major cities and capitals o f Europe, the Americas and Aus
tralia. There one will find monuments o f local and international 
importance. My native city - St. Petersburg - is one o f them.

What principal geotechnical problems do we face now that 
we have stepped over the threshold o f the new millennium?

Historical cities were built on rock soil, as if prompted by the 
famous dictum from the Gospel, as well as on unstable soil. 
Many cities appeared in river valleys and on seashores with a 
considerable portion o f unstable strata in the ground. The prob
lems may be systematically outlined as follows:
-  Stability and preservation o f historical monuments for pos

terity in the third and the fourth millennia regardless o f their 
locality.

-  Preservation o f historical buildings while the city areas get 
more congested (construction o f new structures next to the 
existing ones).

-  Development o f underground spaces o f the historical cities 
and its influence on subsoils, foundations and buildings them
selves.
Let us now look at the role o f geotechnics and geotechnology 

in successfully solving these problems. The principle o f life in 
union with nature will be taken as the basis, being represented by 
the centre with planets orbiting around it. Each planet has its 
name designating the most influential aspects o f human activities 
in the beginning o f the 21“ century. Such appealing scheme was 
proposed by Samsung department o f engineering. I believe it 
truly reflects the actual state o f affairs.

Figure 1 shows that geotechnology orbits very close to the 
centre. The centre represents the principle mentioned above. I

think it is an exaggeration, but only a slight one. Geotechnics 
and geotechnology are important for survival o f the human spe
cies and preservation o f the cultural inheritance passed down to 
us from the first and the second millennia.

Figure 1. The most important aspects o f  human activity ensuring life in 
union with nature (as proposed by Samsung department o f  engineering).

I propose to consider the below highlights in line with the 
featured problems. Colleagues o f mine from the International 
Committee X» 19 (TC-19 -  Preservation o f Historic Sites o f the 
International Society for Soil Mechanics and Geotechnical Engi
neering), o f which I am also a member, work on similar prob
lems under the guidance o f Professor Viggiani from Naples. The 
highlights are as follows:
1. Specifics in condition surveying o f foundations and subsoils.
2. Geotechnical modelling o f complex situations likely to arise 

in city areas and selection o f the safest option o f foundation 
construction.

3. Design calculations for justification o f the chosen reinforce
ment technique.

4. Selection o f the best applicable option o f reinforcement.
5. Estimation o f  the effect the new building will have on the 

existing ones.
6. Geotechnical monitoring ensuring sparing nature o f con

struction.
Figure 2 presents sequence o f reconstruction works subdi

vided into stages where participation o f  specialist geotechnical 
experts is unavoidable.

As you can see there is a multitude o f problems and I will try 
to briefly address each o f them. If anyone may want to look into 
it more profoundly please refer to the following Web page: 
www.georec.spb.ru
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Figure. 2 Sequence o f  reconstruction works and their geotechnical sup
port.

The necessity to reinforce the foundation o f a historical 
building or o f a monument is determined based on careful con
dition survey and not less careful site investigation.

I will not dwell on the traditionally applied methods o f sur
veying. One would probably be interested in considering the 
most original ones performed on both civil and industrial recon
struction sites.

For the foundations o f the buildings constructed in the early 
20lh century the main types o f materials used were lime and sand 
stone, and more rarely granite and diabase. The strength pa
rameters o f those materials are still quite sufficient today. The 
buildings were constructed on linear foundations o f mostly rec
tangular, trapeziform or ledged cross-section usually on natural 
subsoils.

On weak soils and in the high ground water level conditions 
timber piles were used. On such piles a timber pilecap was usu
ally constructed serving as the basis for a crushed stone founda
tion courses. The effectiveness o f this foundation type is strongly 
related to the ground water level. Universal decrease o f this level 
in big cities leads to timber decay and dilapidation o f pilecaps. 
Thus in coastal European cities many historically valuable 
buildings have suffered critical deformations resulting from the 
pile heads decay. Similar problem has been identified also in 
St. Petersburg, especially in central city areas.

Table 1. Types o f  damage to foundation in historical buildings and their 
causative factors.___________________________________________________

c
c
o Damage type Causative factor

CL, PU

I
Disjoining o f  brickwork 
above edge o f  founda
tion

Annual freeze-thaw o f wet 
brickwork, moisturising o f 
brickwork occasioned by made- 
up ground (cultural layer) level 
increase

II
Steel or timber beams 
decay in intermediate 
floor above basement

Increased humidity accompa
nied by poor or no venting in 
basement area, waterproofing 
failure in walls and ceilings

III
Damage to anti-capillary 
waterproofing in brick 
walls

Ageing o f  materials, fragility o f 
old waterproofing

IV
Damage to waterproof
ing on basement floor

Mechanical damage during 
trenching and floor works

V
Decay o f  timber beams 
in foundation

Ground water level decrease or 
temperature increase o f  ground 
water occasioned by leakage 
from heating main

VI
Damage to walls water
proofing in beds for 
services

Poor sealing o f  services em
bedding, destruction o f  old 
waterproofing

VII
Crumbling o f  mortar in 
brickwork

Aggressiveness o f  ground wa
ter aeration, decrease o f  mortar 
strength in time, leaching of 
mortar

VIII
Timber piles heads de
cay

General decrease o f ground 
water level, water temperature 
increase, fungus on timber

The buildings studied by m yself in various regions of Russia 
made it possible to identify a system o f causative factors for the 
development o f damages to foundation (Table 1 & Figure 3).

Excavation o f trenches is usually the most widely applicable 
method o f condition surveying on foundations used in recon
struction. This trenching method allows visual inspection, soil 
penetration and the possibility to do coring on a larger scale, 
which permits to define the ground properties and determination 
o f change in physical and mechanical characteristics in com
pressed areas o f the subsoil.

The drawbacks o f trenching are high labour consumption in 
difficult conditions (under loaded structures o f  a building), fre
quent necessity to have the trench walls reinforced, as well as the 
need o f dewatering. These drawbacks sometimes make this 
method unusable.

The efficiency o f various investigation techniques increases 
considerably if complex comparative studies are conducted 
based on calibration with use o f correlation dependencies be
tween probing results and direct definitions o f physical and me
chanical ground properties. When probing the soil right under
neath the footing the bores o f 45-50 mm are to be drilled through 
the foundations to allow the actual probing (Figure 4).

Figure 4. Vane tests in foundation subsoil:
1 - foundation; 2 - wall; 3 -  vane probe; 4 - direction o f  vane penetration; 
5 - vane proper; 6 - hole perforated through foundation; 7 - coring bore; 
1, II, III - areas with different compaction-strengthening degrees

One o f  the most pressing tasks is the definition o f  the piles 
condition in the overall building structure. Over the long period

Figure3. Traditional foundation structures in historical buildings with 
their characteristic damages (I - VIII see Table 1): 
a - crushed stone foundation on natural subsoil; 6 - piled foundation;
1 - wall brickwork; 2 - intermediate floor above basement; 3 - pipe 
through foundation; 4 - crushed stone courses on mortar; 5 - basement 
floor; 6 - floor waterproofing; 7 - timber beams in foundation; 8 - stone 
filling; 9 - foundation waterproofing; 10 - ground water level at recon
struction commencement; 11 - ground water level during construction; 
12 - historical datum; 13 - new datum at made-up ground level increase; 
14 - old anti-capillary waterproofing; 15 - timber piles; 16 - timber pile
cap.
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of use the bearing of piles must increase. However, here prob
lems arise which are difficult to be accounted for in the calcula
tions. The bulk of ground in adjacency to old timber piles may 
be polluted. In such case both the soil and the timber pile struc
tures (including pilecaps) should suffer biological injury as has 
been proved by special analyses. The ITS (Integrity Test Sys
tem) method permits to specifically define the actual length of a 
pile along with its integrity and the static loading test will deter
mine the actual bearing. Figure 5 features the description of a 
rather unusual test on some old timber piles. Trenches were ex
cavated and a jacking device was positioned on pile heads. Of 
interest also are the tests carried out on a RC pile in the existing 
pilecap to determine the load increase onto columns following 
reconstruction.

a)

As is evident from the compaiative test results featured in 
Figure 6 the pile increased its bearing over the period of 26 years 
of being employed in a pile cluster to a considerable extent. The 
pile tested was the one on the side of the pile cap and the most 
convenient of access. Such tests are undoubtedly complicated 
and labour consuming. So one can use the existing theoretical 
solutions and the methods of numerical calculations for solitary 
and clustered piles to determine their bearing. These issues are 
studied in respective sections of the specialised conferences and 
geotechnical congresses.

7«)

Figure 6. RC pile test in a structures

The application of the above-mentioned ITS method proved 
successful in definition of integrity of timber and RC piles. The 
results of those tests are featured in Figure 7.

Despite the increasing demand for reconstruction of various 
types of buildings there have been developed no standards or 
norms establishing the way of calculating foundations and sub
soils in different reconstruction cases. The most widely spread 
instances include:
-  load increase on the existing foundations (superstructuring, 

use of heavier structures, etc);
-  construction of new foundations on the site of the ones de

molished under reconstruction;
-  adjoining of the new buildings to the existing ones;
-  strengthening or restructuring of foundations and the subsoils.

b)

Figure7. Pile integrity test results a) timber pile (8.7 m); 6) RC pile 
(21m).

The bearing must be undoubtedly sufficient in order to retain 
stability of the subsoil whereat the settlement differential must 
not exceed the permissible limits. Thus, the reconstruction de
sign must feature two aspects (bearing and deformation).

The objective of the bearing calculation (first aspect) is to en
sure sufficient bearing and counteraction to development of ex
cessive plastic deformations in future use of the building.

This calculation is carried out based on the general condition:

c^crA,<^u. (1)

where Fa = specified load onto subsoil following reconstruction; 
Fu = extreme resistance of subsoil with the account of change in 
the ground properties for the building under reconstruction.

Bearing insufficiency for subsoil and foundation of the 
building under reconstruction is determined following the survey 
results analysis. Generally:

Fd = îpd - (2)

where F ^  = required bearing of subsoil of piles taken with the 
account of the possible increase of sustained or temporary loads 
during reconstruction; Foi = bearing of subsoil or piles with the 
account of the possible increase of ground properties quality in 
the process of the use of the structure.

If ̂ rpd = F^, then there is no apparent need to either underpin 
or strengthen the foundations. The strengthening, however, may 
only be abandoned when the subsoil and the foundation have 
been calculated for the other aspect.

For the calculation of the other aspect the following condition 
must be observed:

Pn S  Rc, (3)

where pn = actual pressure on the foundation footing following 
reconstruction; Rc = specified soil resistance with the account of 
its compaction throughout the life of the structure.

The values of the compacted ground resistance can also cal
culated through the following expression:

Rc= mpmsR, (4)

where R = calculated subsoil resistance in its natural (uncom
pressed) state; mp = ratio of the pressure value on the footing 
prior to the reconstruction load increase p0 to calculated resis
tance R: at p0/R 0,8 mp = 1,3; at 0,8 p0/R 0,5 mp= 1,15; at p0/R
0,5 mf = 1,0; m% = coefficient taken based on Table 2 below de
pending on ratio of settlement value Sr, whereat footing pressure 
equals p0> to the maximum permissible settlement Su defined for 
the type of structure in question.
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Table 2. ms values

Subsoil strata
m, value at S J  S a
0,4 0,8

Coarse and semi-coarse sand 1,4 1,0
Fine sand 1,2 1,0
Silty sand 1,1 1,0
Cohesive soil with I L 10 1,2 1,0
Same with / L 0,5 at age of 
building exceeding IS years 1,1 1,0

* - for intermediary Sp/ S„ values ms ratio is interpolated

When using this method it is necessary to bear in mind that 
the relative deformations following superstructuring must not 
exceed the limits that would bring the building into critical state. 
It is also necessary to take into account that the uneven settle
ments have a similar direction profile before and after super
structuring.

The forecast of the additional settlement of the subsoil of the 
buildings under reconstruction is recommended to be determined 
by a special calculation conducted in two stages: Stage One - 
calculation of the initial stressed-strained subsoil condition prior 
to reconstruction; Stage Two - definition of the additional foun
dation settlement following reconstruction.

If the additional settlement following reconstruction exceeds 
the maximum permissible values defined with the account of the 
actual condition of the building then strengthening cannot be 
avoided.

Foundation and subsoil strengthening profiles are diverse. 
They are presented in Table 3. It is evident that the most effec
tive are the modem grouting methods.

The calculation stages can be presented in numerical model
ling. Figure 8a shows the influence of Building 7, recently con
structed on weak soils, on the old building constructed more than 
100 years ago (Building 5). Building 5 was deformed earlier 
when Building 3 was constructed nearby in 1950 (Figure 8b). It 
is possible to model the strengthening profile with the account of 
the one already implemented with the help of short dividing 
sheet piles.

As an example I would like to mention a prompt research and 
project development for the reinforcement of a palace in subur
ban St. Petersburg. The reinforcement is necessary because of its 
dangerous location on the historical coastal slope of the Baltic. 
The foundations of this place were constructed both on the natu
ral subsoil and on piles.

This section shows the ground conditions and the structural de
tails of the palace. It is difficult to be comprehensive in a lecture 
so I will briefly mention the main features. The terrace and the 
grottoes of this palace act like a retaining structure holding the 
palace in place and ensuring its stability.

The terrace is getting dilapidated because precipitation water 
is not diverted properly and finds its way into the brickwork. In 
wintertime the water freezes thereby destroying the brickwork. 
The process is typical for northern countries and is obviously ir
relevant to the historical cities of the south, such as Jerusalem, 
Jericho, Rome, Istanbul and Cairo, where there are no low tem
peratures.

As the result, part of the brickwork has been destroyed. Tim
ber piles have rotted. All these conditions were taken account of 
in the computer models. The modelling assessment showed that 
the foundation and the terrace must be reinforced. This rein
forcement will ensure stability of the whole palace (See Figure 9, 
10, 11, 12).
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Figure 9. Ground conditions on Strelna Palace reconstruction site.

a)

b)
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Figure 8 Influence of the buildings under construction on the existing 
buildings.

The building will soon be 300 years old, it is one of the first 
masonry buildings of Peter the Great epoch. All Russian czars 
starting from Peter himself to Nicolas II occasionally resided or 
stayed there or a while. Peter the Great initiated its construction.

Figure 10. Model o f geotechnical situation with and without timber piles.

Prior to reinforcement the dilapidated vaults will be strength
ened by structural still. Special grouting will then be performed 
on the brickwork. Through the reinforced brickwork the root un
derpinning piles will be constructed, the piletoes entering the 
stiff strata (Cambrian or moraine). We believe that such rein
forcement is the best, which is proved by the calculations. Ab
sence of strengthening may result in movements and dilapidation 
of the building (Figure 13).

Reliability of numerical modelling in geotechnical forecast 
can be illustrated by settlement monitoring conducted over the 
period of 20 years. The calculations show good correlation of the 
modelled and surveyed data. The wing movement reached 300
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Figure 12. Fragment o f the terrace strengthening with bored piles.

a)

Figure 13. Model of geotechnical situation with virtual deformations of 
the palace building without the terrace strengthening.

mm. The reinforcement issue is still pending. I propose to the 
lecture participants here to think about this problem (Figure 14). 
There are lots of similar cases in St. Petersburg and they are re
lated mostly to large settlement. For instance, St. Isaac Cathedral 
has the accrued settlement of about 1 m (while being constructed 
on twelve thousand timber piles). This is the largest Eastern Or
thodox Church cathedral and its only salvage is that there has 
been virtually no settlement differential, it settles evenly.

Near St. Isaac Cathedral there are two more interesting 
monuments where I personally was employed as a reconstruction 
specialist many times. One of them is a monument to Russian 
czar Nicholas I (Figure 16). The monument was constructed on 
weak ground and has over one thousand timber piles of 6 to 6,5 
meters long. There is a granite pilecap of about four meters long.

I reckon there exists only one monument to foundation. It is 
the “Bronze Horseman” - monument to Peter the Great at the 
Senate Square in St. Petersburg created by Faulconet. The foun
dation almost entirely consists of a single solid granite boulder - 
the famous Thunder Stone (Figure 17). It also has some weak 
strata in the subsoil. The pressure area is big, but the foundation 
is rather small. Owing to its considerable weight it is not subject

b)

Figurel4. Comparison of calculation results and in situ measurements 
a - loading diagram of the building (deformation scale enlarged); b - re
sults of calculation; c - results o f measurements;

2487



Table 3

Assessment o f various options o f foundation strengthening

Opportunity for application o f  option o jtion relevance parameter

Ground condition Reasons for strengthening
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Increase foundation footing width • o o • • • o o O o o o o o
1-2 Subsoil grouting • o o • o • • • • • • • • •
1-3 Construction of new foundation • o o o o • o o o o o o o o
1-4 Bored piles • • • • o • • • • o o • o •
1-5 Jacked piles o • • • o • • o • • • • o •

2-1
2. Pressure grouting 

Boted-injected piles • • • • • • • • • • • • • •
2-2 Jet piles

2-3 Subsoil grouting at high pressure

•  Yes 

O N o

T-l possibility o f speedy implementation; T-2 works scope reduction; T3 structures compatibility; T-4 possibility to work in congested areas; T-5 possibility 

to reduce materials consumption; T-6 cost effectiveness; T-7 timeframe

Palace layout in plan

Const an tino vrsky Palace

Chink M2 
(Abs. mark .1 2  720)

2 - 2  
M 1:100

|

A
bs

. 
m

ar
k 

of 
bo

tto
m

, 
m

Ik

tg

9.92

2.8

8.72 1.2

Ig III

5.02

X 7

/ / /
/ / /

/  /  /  
/  /  /  
/  /  /

-0.4Î

5.5

/ >

g III
-2.28

2.8

Cml

-.¡51 5.8 - f ìy

-5.51
2.0
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Figurel5. Profile o f  St. Isaac cathedral for geotechnical modelling 
1 - timber piles; 2 - granite pilecap; 3 - basement areas; 4 - spiral stairs to 

belfry; 5 - bas-reliefs.

Figurel6. Monument to Nicolas I near St. Isaac Cathedral

to low temperature heaving. The foundation is not concealed in 
the ground and can be observed by everyone. One should agree 
that it is a fair monument also to the foundation.

I should like to use the opportunity to invite the participants 
of the conference to the 300 anniversary of our city to be cele
brated in May 2003.

The historical buildings and the monuments in St. Petersburg 
were constructed over a rather long period of time. Construction 
of St. Isaac cathedral was ongoing for more than 50 years. Our 
time is that of much higher speeds, and the construction field is 
not the exception to this general rule. This fact also imposes ad
ditional technically generated load both on the ground and the 
existing buildings. In this respect the numerical and in situ as
sessment of various geotechnologies and potentially harmful 
factors influence on the subsoils and buildings in general be
comes very important. Without such assessment no foundation

Figurel7. Sculpture o f  Peter the Great and its foundation

technique, albeit the most highly advanced, cannot be considered 
sparing and capable of ensuring the building safety for the long 
years to come. The examples here would be the instances of dis
astrous application of casing protected bored piling in St. Peters
burg during construction of a hotel on Nevsky Prospect and CFA 
piling near Moscow Station. In both cases the adjacent historical 
buildings were destroyed. Any state-of-the-art and perfect tech
nique must be adapted to the specific ground conditions of each 
particular city. There are many such examples throughout the 
world. Rigid geotechnical monitoring must accompany all stages 
of reconstruction activities to ensure stability of both new and 
old buildings. It is our duty to preserve the cultural heritage 
passed down to us through thousands of years. Unfortunately, 
the way the geotechnical norms are at the moment in many 
countries including Russia allows one to save money on this in
tellectual type of activity. Trying to save on intellect, however, 
always incurs critical cases and more losses. It is our duty -  our
selves being a consortium of geotechnical specialists -  to create 
conditions under which avaricious behaviour will become im
possible and the professional knowledge of geotechnical experts 
will always be in demand. Without the strenuous labour of geo
technical experts there will be no way to protect and continue to 
create masterpieces which will bring joy and wonders to those 
living in the third and fourth millennia.

I should like to express my gratitude for the invitation to de
liver the special lecture in front of so demanding audience con
sisting of the most prominent geotechnical experts from around 
the world. Thank you for the time you have spent on reading this 
article.
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