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ABSTRACT: The paper deals with the forecast outcome related to the change in the stress-strain state of the Stadium base taking into accou
nt anthropogenic and historical overcompaction of the soil, and a sequential dismantling of the old stands and construction of the    new ones, 
consolidation of the clay soils both in course of the construction activities and after construction completion. Those enabled to    proceed with 
the displacement design calculation for the base of the preserved wall and foundations of the roof cover as a result of the  new construction a
nd increase in the roof cover area as well as scheduling the activities to ensure preservation and stability thereof. These factors were considere
d when using a non-linear geotechnical model, namely soil hardening. For the purposes of a more accurate forecast of the soil behavior upon 
the in-lab and field tests thereof, a verification calculation was done to assess application of the geotechnical  model and adjust its parameters 
by means of standard calculations. The paper describes how the non-uniformity of the load application   and its removal affects the soil body 
in course of the dismantling activities and building the sitting area, and the impact on the stress-   strain state of the foundation slab. The ge
otechnical monitoring finings proved the credibility of the executed forecast and finalized design solutions. 

RÉSUMÉ: Dans l'article on amène les résultats du pronostic du changement de l'état tendu-déformé du Stade en tenant compte de compactage 
technogène et historique des terrains, des étapes du démantèlement des vieux et la construction des nouvelles tribunes, la consolidation argileux en 
train de la construction, ainsi qu'après sa fin. Ces facteurs étaient pris en considération à la suite de l'utilisation du modèle Hardening soil. Pour le 
pronostic plus exact de la conduite des terrains d'après les résultats de leurs essais de laboratoire et in-situ on accomplissait la vérification du modèle 
géomécanique appliqué et la précision de ses paramètres par des comptes inverses. Dans l'article on montre l'influence du compte de la non-uniformité 
de l'application et du retrait de l’effort au massif du sol à la suite du démantèlement et la construction des tribunes du Stade, et l’influence sur l'état 
tendu-déformé de l'empoise. Cela a permis de compter les déformations du mur gardé et les fondements de la couverture de la construction des 
nouvelles tribunes et l'augmentation de la place de la toiture et élaborer les actions selon la garantie de leur intégrité et la stabilité. Les résultats du 
monitoring géotechnique ont confirmé l'authenticité des pronostics accomplis et les solutions d’études.
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1 INTRODUCTION  

Russia was awarded the hosting rights for the 2018 FIFA 
World Cup. The matches will be played in 12 different venues 
located in 10 cities. Moscow, Saint Petersburg, Sochi are among 
the host cities. The key venue will be the Grand Arena of the 
Central Luzhniki Stadium in south-west Moscow. As part of the 
general preparation for the World Cup the Luzhniki Stadium is 
undergoing its restoration to meet the FIFA standards.  

 
2 MILESTONES IN CONSTRUCTION HISTORY OF THE 
LUZHNIKI STADIUM  

It took only 450 days to complete the Stadium construction 
in 1955-1956. The soils around the construction site were 
heavily waterlogged; thus, the design levels for the Stadium 
under development were increased by 0,5 m. In order to achieve 
that, the area of 180 ha was backfilled with some 3 billion m3 of 
soils taken from other construction sites in Moscow and washed 
in from the Moskva River using dredgers. The foundations of 
the initial stadium structure are of a raft type involving precast 
piles. 

Throughout its history, the Stadium has undergone the major 
overhaul activities three times.  

The first large-scale reconstruction took place in line with 
the development work to host the 22nd Summer Olympics in 
1980. The overhaul activities were predominantly associated 
with the premises located under the sitting area.  

The second overhaul took place in 1997-1998. The cover 
(roofing) was constructed over the Stadium being of an oval 
shape with the dimensions as follows: 247x308 m outside and 
180х120 m inside. The roofing rests upon the pillars around the 
perimeter spaced at intervals of 12,5 - 18,6 m, and of 23,4 m 

high. The pillars are 5 m distanced from the external Stadium 
wall. The foundations supporting the pillars are made of bored 
piles of 1 m in diameter and 24-28 m long. The foundation 
frame of cast-in-situ concrete runs over the pillars where the 
hardware to fix the columns is placed. In order to avoid bending 
moments likely caused by the thermal influence the foundations 
are linked with the pillars with cylindrical hinges. 

At present, the Stadium has been under the third 
reconstruction run and it has been the most substantial so far. As 
part of this reconstruction stage, dismantling of the old stands is 
scheduled with their subsequent replacement by the newly 
developed ones in addition to expansion of the existing large-
span structure.  

The structure under reconstruction is of 6 levels; it is 
elliptical in shape and its utmost dimensions are 240×300 m and 
57,2 m in height. The entire structure is covered with a 
translucent shell of a dome shape. Once reconstructed, the 
Luzhniki Stadium will become an elite category football 
stadium designed for an all-year-round use, with the pitch of 
68х105 m and spectator capacity reaching 81 thousand people 
(Fig. 1). 

The key constraint of the current reconstruction is that the 
above stated activities should ensure preservation of the 
heritage façade wall and the Stadium roofing. 

 
3 BRIEF STATEMENT OF GEOTECHNICAL CONDITIONS  

The development site is located within the floodplain of the 
Moskva River. The site is composed of different soils (top-
down) as follows: 

Till the depth of 1-6 m from the surface the anthropogenic 
soils are revealed: sand, loam and clay with inclusions of 
construction debris; these soils are consolidated, moist and 
water-saturated. 
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Below and up to the depths of 10-13 m the inequigranular 
sands are predominantly deposited of different density and 
moisture content. 

The sands rest upon the Jurassic stiff clay of stiff and firm 
consistency.   

There is only one free-flow aquifer. The groundwater has 
been tapped at the depths of 1,5-6 m. 

Fig. 2 shows a typical geotechnical section. 

 
Fig. 2. Typical geotechnical section 

 
4 FOUNDATION SOLUTIONS   

The initial design presumed the conservation of all the 
existing foundations and to use them to partially support a new 
slab, thus resting both on the existing foundations and on 
consolidated, compacted backfill soils. This solution would 
increase the performance efficiency of the foundations, reduce 
the time term and labor input thereof.  

Still in course of the work execution the decision was taken 
to dismantle the major part of the old foundations due to a 
number of reasons. Firstly, numerous radial and circle channels 
were incorporated under the foundation slab and which were 
crossing the existing foundations. It was hard to anticipate that 
in advance as there was very little as-built foundation 
documentation left for consideration. Secondly, the design 
calculations for the complex foundation as such required 
precise data on the structure dimensions and laying depths for 
the old foundations that varied widely in their geometric 
parameters. 

Consequently, the ultimate decision taken was the following: 
The structures and foundations of the façade walls (bearing 

posts of the laying depth reaching 3 - 4 m) and covers (clusters 
of piles of 1 m in diameter and 24 - 28 long) would be 
preserved. The remaining structural parts would undergo a step-
by-step dismantling of the old foundations. Once accomplished,  
backfilling of the developed excavations and substitution of 
loosened soil with a layer-by-layer compaction would take 
place. Then a cast-in-place reinforced concrete foundation slab 
of 900 and 500 mm thick would be laid.  

In order to prevent the stresses affecting the foundation 

edges of the to-be-preserved façade wall, it was resoluted to 
build a concrete base to meet the elevation of their bed (Fig. 3). 
The foundation envisioned filling a physical gap between the 
preserved foundation and concrete base with light concrete. The 
upper part of the gap was supposed to be filled with polystyrene 
to avoid the stress borne by the edges of the old foundations and 
produced by the newly built foundation.  

 

 
Fig. 3. Joint point of the sitting area foundation slab and 
preserved façade wall  

 
Taking into account the outcome of the geotechnical 

calculations (stated below), for the purposes of compensation of 
the any likely non-uniform deformations of the foundation base 
of the preserved wall (along Axis 10) using a compensation 
grouting method [1], it is envisioned to install pipe leads-
through into the foundation slab of d=108x4 mm spaced at 
intervals of 700 mm. 

The reconstruction project envisions a strict sequence of the 
work execution in terms of dismantling, excavation, and 
construction of foundation and above-foundation structures (Fig. 
4): 

1. Pit excavation to accommodate the foundation slab 
of the sitting area and underneath premises in Axes А - Z. 

2. Concrete casting of the foundation slab of the sitting 
area and underneath premises in Axes А - Z. 

3. Pit excavation to accommodate the foundation slab 
in Axes 10 - Z. 

4. Foundation slab laying in Axes 10 - Z. 
5. Structural construction in Axes 10 - Z up to the 

elevation of +5,150. 
6. Construction of the middle part of the stands in Axes 

Z - H up to the elevation of +25,100. 
7. Structural construction in Axes 10 - Z at the 

elevation of +5,150 up to the elevation of +25,100. 
8. Structural construction in Axes Z - H beyond the 

elevation of +25,100 and in Axes H - A. 
  

Fig. 1. Cross-section  

Concrete base 
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Fig. 4. Breakdown of activities to illustrate the sequence of 
stands framework construction  

 
5 GEOTECHNICAL ASPECTS TO CONSIDER IN 
COURSE OF RECONSTRUCTION   

The main geotechnical matter worth consideration while 
proceeding with the reconstruction activities is described below. 

Firstly, the Stadium natural base was formed with 
overconsolidated Jurassic clay deposits experiencing high 
stresses from the historic consolidation, low filtration and yield. 
Deformation process of the base formed of such soils may be 
long in time including the entire term of the building operation 
[2]. 

Secondly, the new Stadium stands are supposed to replace 
the previously existed ones. In some areas (at the foundation 
beds of the old foundations) the soils are compacted 
(anthropogenic compaction). 

Thirdly, it was envisioned to use the anthropogenic (backfill) 
soils under the foundation bed of the newly built stands. The 
Stadium under reconstruction has a wide network of the 
collectors accommodating the utilities and which are positioned 
under the foundation slab; they are partly below the 
groundwater level which in fact could cause a damming effect 
due to significant dimensions of the asset (increase in the 
groundwater table) and this would result in wetting the 
anthropogenic soils and their additional displacement. Relying 
on the outcome of the forecast of changes in hydrogeological 
conditions carried out at some stage, the shift in the 
groundwater table resulting from the reconstruction activities 
shall not be significant and shall not affect the Stadium structure 
under reconstruction.  

These details were taken into consideration while proceeding 
with the calculations which included the following stages:  

- geotechnical forecast of impact from the reconstruction 
activities onto the deformation pattern of the preserved 
foundations bases; 

- verification analysis of the bases and foundations of the 
Stadium under reconstruction. 

The calculation were completed in several stages in a 3D 
environment and taking into consideration mechanical 
properties of the soil, geometrical and stiffness properties of the 
Stadium, non-linear interaction of the soil base with the 
foundation itself (Fig. 5, 6). The simulation model relied on the 
history of formation of the stress-strained condition of the base, 
and activities related to installation and dismantling of the old 
foundations. 

The first stage of the calculations implied determination of 
the parameters for mathematical modelling of changes in the 
stress-strained conditions of the soil body due to the 
construction activities: the characteristics were selected for the 
soil model, calculation area and other parameters. 

One of the principal calculation factor and substantially 
defining the soil base behavioral pattern under the foundation 
bed is a soil geotechnical model. 

Since the Asset under analysis undergoes the reconstruction 
activities that includes dismantling of the older Stadium 
structures (in order to remove stress borne by the base) and 
construction of the new stands (application of loads onto the 
base), the geotechnical soil model was supposed to provide for 
the correspondence between the soil stress-related properties 
and the stress-strain state of the base. The soil model was 
supposed to make provision for the history formation of the 
stress-strained states for the natural and anthropogenic soils at 
the base. The requirements as stipulated are met if the soil 
model with isotropic hardening is considered (hereinafter 
referred to as HS) and recreated by the PLAXIS software 
complex.   

 
Fig. 5. Geotechnical model of Section 5 

 
Рис. 6. Geotechnical model of Sections 6 and 7 
 

For that reason, at the second stage of the calculations a 
multi-step verification took place on the grounds of numerical 
modelling of the in-lab and field soil tests with their further 
juxtaposition with test data. Whenever required, adjustment for 
strength and deformation soil parameters was done. Charts 7 - 9 
show the output of the improved parameters.  

 
Fig. 7. Charts revealing the results of the stabilometrical tests for 
Engineering Geological Element EGE-3; HS-A without and HS-С with 
improvement 
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Fig. 8. Charts revealing the results of the stabilometrical tests for 
Engineering Geological Element EGE-5; HS-A without and HS-С with 
improvement 

 
Fig. 9. Test plate results for Engineering Geological Element EGE-4: 
МС – default value (a mean value generated from multiple plate test 
results assessing EGE in question), HS-A – no improvement done, HS-
B, HS-С are improved  

 
At the third stage, a 3D-environment is used to proceed with 

the control verification calculations for the base and 
foundations as well as the geotechnical forecast to examine the 
impact form the reconstruction activities onto the bases of the 
preserved foundations displacement pattern. 

In accordance with the calculations (Fig. 5, 6), the ultimate 
foundation displacement values of the sections did not exceed 5 
cm. The mean design displacement reached 2 - 3 cm. At that the 
admissible ultimate displacement was 15 cm. 

The experts at TsNIISK (Moscow State Research Institute 
for Building Constructions) also determined the ultimate 
additional displacements for the base of the preserved façade 
wall and roof cover supports which were 7 and 8 cm 
respectively.  

The forecast displacement values: 
- façade wall: 2,7…4,7 cm; 
- large-span roof cover: 2,3 - 3,5 cm. 
The obtained displacement values did not exceed the 

ultimate values. 
A set of monitoring activities was carried out at the 

development site to observe the displacements of the preserved 
and newly constructed structures. 

The monitoring started in July 2014 to observe the preserved 
structures, and in February 2015 the observations of the newly 
built stands commenced. Over the observation period the 
foundation displacements of the preserved structures ranged 
from 0,3 to 2,7 cm. The displacements recorded for the newly 
erected foundations were under 2 cm. 

Fig. 10 shows the calculation (a) and observation (b) results 
for the base of Section 8 of the Stadium. The analysis of the 
displacement isofields proves that the displacements are of the 

same nature; the areas revealing the biggest displacement 
values correspond quite successfully to the calculation values. 
Still there are some discrepancies in terms of displacement 
absolute values; this is justified by the fact that at the time of 
the monitoring activities the Stadium sections were not loaded 
to their entire capacity as well as due to a longish time required 
for the soil to consolidate and yield (Jurassic clay of the natural 
base). This is clearly seen in the chart in Fig. 11.  

 

Fig. 10. Calculation (а) and observation (b) results for the base of 
Section 8 of the Stadium

 
Fig. 11. Base displacement observation results for Section 8 of the 
Stadium (projected in time) 

 
6 CONCLUSIONS 

1. The scientific and technical supervision carried out 
at all subsequent stages of the investment cycle of surveying, 
design and construction activities in course of the general 
reconstruction of the one-of-a-kind projects allows shaping a  
feasible and definitely reliable technical solution. 

2. Taking into account the initial stress state of the soil 
at the base structure before the reconstruction of the buildings 
and structures, including the stadia, gives room for a significant 
increase in the operational efficiency when taking final design 
solutions. As for a sports facility under reconstruction, a 
sequence of the construction activities is considered in terms of 
the soil deformation modulus affected by the stress state.  

3. Verification of the design model against the in-lab 
and field soil tests significantly increase the reliability of the 
geotechnical forecast of the base displacements in course of the 
new construction and reconstruction of the existing buildings 
and structures. 
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