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Disclaimer 

This report was prepared by the Technical University of Civil Engineering of Bucharest (UTCB) for 
the sole and exclusive benefit of the World Bank for the purpose of assisting the preparation of 
�W�K�H���-�X�V�W�L�F�H���4�X�D�U�W�H�U���D�Q�G���(�V�S�O�D�Q�D�G�D���'�L�V�W�U�L�F�W���'�H�Y�H�O�R�S�P�H�Q�W���3�U�R�M�H�F�W�����W�K�H���³�3�U�R�M�H�F�W�´�������D�Q�G���P�D�\���Q�R�W���E�H��
provided to, relied upon or used by any third party. This report is meant to be read as a whole, 
and sections should not be read or relied upon out of context.  

This report contains the expression of the professional opinion of UTCB, based upon information 
available at the time, including geotechnical data of sites close to the Esplanada District. UTCB 
staff has not verified such information and disclaims any responsibility or liability in connection 
with such information.  

This report is a conceptual analysis, accordingly, all estimates and projections contained herein 
are based on limited and incomplete data. Therefore, while the work, results, estimates and 
projections herein may be considered to be generally indicative of the nature and quality of the 
Project, they are not definitive. Furthermore, while it is believed that the information contained 
herein is reliable under the conditions and subject to the limitations set forth herein, this Report 
is based in part on information prepared by third parties, and UTCB therefore cannot and does 
not guarantee its accuracy. 

UTCB has conducted this work in accordance with the methodology outlined in the proposal 
document. It is important to note that the methods of evaluation employed, while aimed at 
minimizing the risk of unidentified problems, cannot guarantee their absence. No representations 
or predictions are intended as to the results of future work, nor can there be any promises that the 
estimates and projections in this report will be sustained in future work. 

The quality of the information, conclusions and estimates contained herein is consistent with the 
intended level of accuracy as set out in this report, as well as the circumstances and constraints 
under which this report was prepared. Any future design should not rely on this report other than 
as informational.   
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1. Introduction   

The Government of Romania and the Municipality of Bucharest wish to develop a long-vacant 
area in central Bucharest, the Esplanada Quartier, into a modern live-work-play neighborhood, 
anchored by a new Justice complex and enlivened by cultural uses, urban parks and other mixed-
use development. Given the site's strategic location and prominence, stakeholders in Romania 
view this as a once-in-a-lifetime opportunity to create a vibrant new, more economically and 
socially sustainable and resilient model of urban development in the heart of the capital city, with 
spillovers beyond the immediate site.   

The Esplanada site was intended to be developed for an Opera House thirty years ago. The works 
were initiated with the construction of the foundation but were suspended due to political events. 
Currently, there is a foundation structure occupying around 30.000 m2 in the central part of the 
Esplanada Quartier, as illustrated in 7.Figure 2. The development of Ministry of Justice buildings 
at the site will require a comprehensive analysis, technical, legal and economic aspects, 
considering the hypothetical reuse of the existing foundation structure or its replacement by a 
new foundation. 

1.1. Proposed development  

The architectural designs for the Ministry of Justice buildings have not been prepared yet and the 
precise location of the proposed buildings will be defined along the PUZ preparation, but the 
Ministry of Justice initial plan is to occupy around 30.000 m2, adjacent to the National Library. 
The Justice District is supposed to be an urban complex on which offices pertaining to the 
judicial system of Romania will be (re)located, with the aim of consolidating and concentrating 
many functions of the judicial system in one dedicated location. Judicial functions and offices 
are currently fragmented around downtown Bucharest, several being in buildings that face 
seismic risk. This consolidation / relocation would improve access and communication between 
different functions of the judicial system. It will also improve the safety and sustainability of 
services by reducing the seismic risk to critical public services.  

The following justice institutions are envisioned to be relocated in Esplanada site:  

- High Court of Cassation and Justice;  

- The Superior Council of Magistracy (CSM) with the Judicial Inspection grouped in one 
building;  
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- Courts sectors 2,3 and 5;  

- Higher education institutions (National School of Clerks and the National Institute of 
Magistracy) regrouped in individual buildings or in the same building for efficiency;  

- �7�K�H�� �3�U�R�V�H�F�X�W�R�U�¶�V�� �R�I�I�L�F�H�� �D�W�W�D�F�K�H�G�� �W�R�� �%�X�F�K�D�U�H�V�W�� �7�U�L�E�X�Q�D�O�� �D�Q�G�� �S�U�R�V�H�F�X�W�R�U�¶�V�� �R�I�I�L�F�H�V��
attached to courts of law for sectors 1, 2, 3, 4, 5 and 6 will be located in an independent 
building, but linked with the Justice Quarter by underground or above ground access.   

The following set-up for the Justice District has proposed2:  

- Buildings for courts and related activities: 80,750 sqm;  

- Office buildings for the main institutions of the judicial sector: 14,250 sqm;  

- Buildings intended for institutions of higher education: 7,190 sqm;  

- Buildings for offices for specific justice sector activities: 9,560 sqm; 

The Technical University of Civil Engineering of Bucharest (UTCB) was engaged by the World 
Bank to assess the likely impact of the existing foundation structure on the future development of 
the Esplanada site, considering its reuse or its demolition and replacement by a new foundation. 
The assessment took into consideration the existing structures support capacity, integrity and 
compliance with the current construction codes, including the current codes on design of 
earthquake-resistant buildings.  The precise location, dimension, high and structural 
characteristics of the new buildings have not been defined yet, limiting the accuracy of the 
analysis.  

This report constitutes the final and comprehensive report, consolidating all works and analyses 
performed by UTCB.  It addresses the existing structure characterizations, the site geotechnical 
characterization, (including seismic zoning), a structural assessment of the existing structures, 
findings and recommendations. A detailed description of the geotechnical investigation, lab tests 
and geotechnical evaluation conducted by UTCB staff is presented in annex (Raport Tehnic 
01/07.12.2018 - Esplanada Site �± Romanian). It is important to note that it was not possible to 
recover any document of the Opera House architectural and engineering designs, as well as the 
existing structures as built. The absence of the design specifications limited the preparation of 
reliable 3D model of the existing foundation and the support capacity evaluation.  

                                                 
2 This is extremely preliminary and only for reference.  Building masses and heights are not yet determined, though 
heights of up to 15 stories have been considered. 
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2. Technical description of the existing foundation structure 

The technical description is based on walkdown visual inspection to evaluate the structural 
components. Preliminary assessment refers to the quality of the concrete, quality of the steel, 
durability concerns and general condition of the structural elements. 

Design documentation, including the Opera House architectural and engineering designs and 
existing structures as built, were not available for this report. No drawings, specifications, nor 
construction records were submitted to UTCB prior to this report. 

The existing structure was designed as a part of the foundation of the National Center for 
Creativity an�G�� �&�X�O�W�X�U�H�� �Ä�&�k�Q�W�D�U�H�D�� �5�R�P�k�Q�L�H�L�´��buildings complex. Construction works began in 
������������ �$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �&�R�P�P�X�Q�L�V�W�� �3�D�U�W�\�� �R�I�I�L�F�L�D�O�� �Q�H�Z�V�S�D�S�H�U�� �Ä�6�F�k�Q�W�H�L�D�´���� �R�Q�� �-�X�O�\�� ������ ������������ �W�K�H��
president Nicolae Ceausescu inaugurated the construction works (Figure 1).  

The site is in downtown Bucharest, in an a�U�H�D���H�Q�F�O�R�V�H�G���E�\���%�O�Y�G�����0�L�U�F�H�D���9�R�G�����W�R���W�K�H���Z�H�V�W�����%�O�Y�G����
Octavian Goga to the south, Blvd. Nerva Traian to the East and Blvd. Unirii to the north (Figure 
2). The existing foundation spreads on an area of approximately 30 000 sqm within a perimeter 
of 780 m (Figure 3). 

According to the visual inspection, the existing foundation consists of a thick foundation mat. 
The thickness of the foundation mat is variable. The foundation is supported by a plain cement 
concrete poured just to create a flat and level base for the foundation. No upper structures were 
erected on the foundation mat. 

The thickness of the steel reinforced foundation mat is 125 cm on a rough area of 10000 sqm. In 
the northern part of the foundation mat the thickness is 220 cm on an area of 2200 sqm. In the 
southern part the thickness is around 100 cm on an area of approximately 5700 sqm. The 
thickness of the plain cement concrete leveling slab is 20 cm. The total concrete volume was 
estimated in 23 000 cubic meters, except for the plain concrete underlayer slab. 

According to the common practice for important buildings at the time of construction, concrete 
strength class is Bc25, having a characteristic compression of 20,5 N/mm2 determined on 150 
mm cubic specimens, or Bc30, having a characteristic compression of 24,3 N/mm2. The concrete 
quality is rather good and little signs of damage due to environmental conditions can be observed 
despite the full exposure to extreme temperatures (+40ºC to -30 ºC), freeze-thaw, snow and 
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water. No mechanical and chemical damage could be observed except for the damage 
intentionally caused by human action. 

The concrete foundation mat was heavily reinforced with steel bars. According to the Romanian 
standards at the time of construction, steel quality is OB37, ductile plain rebars with 
characteristic yield strength of 210 N/mm2 and an ultimate elongation of 25%, and PC52, ductile 
ribbed rebars with characteristic yield strength of 340 N/mm2 and ultimate elongation of 20%. 
OB37 rebars were used only as horizontal reinforcement. PC52 rebars were used horizontal 
reinforcement and starter bars. 

Most of the observed damage is caused by human action. Several parts of the foundation mat 
were subjected to partial demolition to remove steel bars (Figure 10, Figure 11, Figure 12 and 
Figure 14). The possible reason for removing the steel bars from the site is to sell them as scrap 
metal. 

All starter bars were cut and removed. A rough calculation shows that around 440 tons of steel 
were removed from the site just by removing the starter bars. D25, D22 and D20 mm were used 
(Figure 9). There overlapping length ranged probably between 1,50 m and 1,00 m. 

A 2D representation was prepared based on expedite measurements and satellite data. The 2D 
representation is included in Annex 1. 

 

3. Geotechnical Characterization   

3.1.  Geomorphological and Geological Conditions 

From the geomorphologic point of view, the site is located in the �9�O���V�L�D���3�O�D�L�Q�����V�H�H���)�L�J�X�U�H�����������L�Q��
the border area between Giulesti - Floreasca Field and Vergului Field, in the Terasa Victoriei, 
subunits of the Bucharest Plain���� �7�K�H���9�O���V�L�D���3�O�D�L�Q���L�V���F�U�R�V�V�H�G���I�U�R�P���(�D�V�W���W�R���:�H�V�W���W�K�U�R�X�J�K���D���V�P�D�O�O��
loessic gorge formed by the Ialom�L� �D���5�L�Y�H�U�
�V���V�S�L�O�O�D�J�H���L�Q���V�P�D�O�O���&�O�D�V�W�R�F�D�U�V�W�L�F�H���G�H�S�U�H�V�V�L�R�Q�V�� 

The micro-region of Bucharest includes three lithological and stratigraphic complexes: 

- superior (pleistocene superior) with a thickness of 20.0 ÷ 30.0m, consisting of alternations of 
loess, gravel and sands; 

- medium made up of marno - clay deposits with thicknesses of 50.0 ÷ 100.0m; 
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- inferior (pleistocene inferior) with a thickness of 100.0 ÷ 170.0m, generally consisting of sands 
and gravel but separated by the two interlayers of marches and clays in three horizons (A, B, C) 
followed by levantin. 

From a Geological point of view (see Figure 6), the quaternary deposits represented by the 
higher pleistocene age (qp3

3) take part in the sedimentary cover structure of the natural ground 
structure. 

The Pleistocene sequence is composed of: 

- in the base, small, fine, yellowish sands with intercalations of limestone concretions, having the 
thickness of 8.0 ÷ 20.0m known in the literature as "Mostistea sands" over these develop 
intermediate deposits formed from sandy clays with loessoid aspect, with thickness of 5.0 ÷ 
10.0m, 

- above the intermediate deposits there is a horizon with gravels and sands with the thickness of 
4.0 ÷ 8.0m called "Colentina gravel complex", and above them the loessoid deposits; these 
deposits consist of sandy, clayey, yellowish, limestone concretions, with a thickness of 15.0 ÷ 
20.0m; in their succession there is mentioned in the literature the existence of some interlayers of 
reddish clayey silts, with a thickness of 1.0 ÷ 5.0 m, without being considered stratigraphic 
landmarks. 

3.2. Hydro-Geological Conditions 

From the hydrogeological point of view, the area of the site lies with its development on two 
sub-zones: a first zone whose hydrostatic level of the groundwater aquifer varies in the range of 
5.0 ÷ 10.0m, with development in the souther part of the city and the other with the hydrostatic 
level in the range 10.0 ÷ 15.0m. 

Based on the existing hydrogeological data analysis, it is known that the Colentina gravel 
complex is not a delimited and homogeneous layer, in its sequence there are permeable 
interconnections that communicate hydrodynamically. The character of the aquifer horizon of the 
Colentina complex is free, but there may be areas where it appears under pressure. The chemistry 
of its waters shows the weak carbonic aggressiveness on the concrete. 

3.3. Seismic Zoning 

From the seismic point of view, the analyzed site is included in seismic intensity macroson "81" 
(According to SR 11100/1/93 "Seismic Zoning - Macro-Termination of Romanian Territory"). 
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According to P100 / 1-2013 the seismic action for designing by seismic hazard and the control 
period value is plotted: the seismic hazard described by the peak value of the horizontal 
acceleration ag determined for the average recurrence interval IMR corresponding to the ultimate 
limit state (SLU) has the value of ag = 0.30g; value of control (corner) period Tc = 1.6sec. of the 
response spectrum. 

3.4. Geotechnical Investigation 

For the Esplanada site, a number of 3 DPSH Super-Heavy Dynamic Penetrations were made up 
to the depth of 10.3 ÷ 11.3m and the geotechnical data (physical characterization) from 3 
boreholes (with continuous soil sampling) were interpreted. The GPS positioning of the 
geotechnical investigations is shown in Table 1.  

 

Table 1: GPS coordinates of the geotechnical investigations in Esplanada Site (November 2018)  

Borehole  Latitude  Longitude  Depth (m)  Coordinates (mdMN)  

F1/  

DPSH1  
44°25'29.95"N  26°07'01.01"E  

12.0/  

10.5  72.0÷73.0   

(level above Black Sea) 
Reference:  

Google Earth and  

Topographic Plan  

F2/  

DPSH2  
44°25'32.24"N  26°06'58.40"E  

12.0/  

11.3  

F3/  

DPSH3  
44°25'30.76"N  26°06'52.91"E  

10.0/  

10.3  

  

The anthropic morphology indicates a flat surface (levelling concrete and raft foundations) the 
overall elevation in the area of the Esplanade Site being ~ 73.0mdMN.  

3.5. Results of the Geotechnical Prospecting 2015 (nearby site) 

After the analysis of the nature of the samples taken (according to Eurocode 7 and on the basis of 
the pictures of the samples), of the primary drilling sheets prepared for the geotechnical 
prospecting drilling, of the results of the DPH determinations, the following particular 
stratification can be identified for the Reference Site: 
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Horizon 1: Anthropic filling U; the thickness of the filler was identified in the site at ~ 1.6 ÷ 
2.4m, this thickness being conditioned by the position of drilling (in the area of the utilities 
routes and related land works: excavations with a depth of at least 5.0 ÷ 6.0m made for the 
positioning of the utilities); the actual thickness of the filings was mapped during the excavation 
work. 

Horizon 2: Cohesive C; Clay to sandy �± silty clay, brownish to yellowish brown, with stiff to 
medium consistency; the thickness of the cohesive material package is ~ 5.0 ÷ 6.0 m (from the 
depth of the filling to the depth of -5.0 ÷ 6.0 m); in the cohesive material layer at its base there 
are low cohesive lenses (medium fine sand with small gravel rolled into a silty matrix) in which 
it is possible to intercept the stabilized groundwater level; the information taken from dynamic 
penetration determinations made up to a depth of 10.0 m indicates moisture content 
corresponding to saturation starting from the depth of 6.0 ÷ 8.0m. 

Horizon 3: Non-cohesive N; Silty sands to Medium sand with gravel, yellowish - brownish, 
characterized as non-cohesive soils (from ~ 5.0 ÷ 6.0m to -8.0-9.0m). 

Horizon 4: Cohesive C; sandy �± silty clay, brown-yellowish to grey, with stiff to medium 
consistency, , with degraded soft limestone; the thickness of the cohesive material package is at 
least 6.0 ÷ 7.0m (below the bottom of Horizon 3 ie ~ 15.0 ÷ 16.0m). 

Horizon 5: Non-cohesive N; Fine to medium sands, with alternations of cohesive materials; the 
thickness of the cohesive material package is at least 5.0 ÷ 6.0m (below the bottom of Horizon 
4). 

3.6. Results of Geotechnical Prospecting 2018 (Esplanada site) 

In-situ geotechnical investigation was made by Dynamic Penetration Tests DPSH 1 ÷ 3 adjacent 
to boreholes. The tests with depths of 10.3 ÷ 11.3m were performed according to SR EN 22476 / 
22006 with Pagani Penetrometer (76.5kg, 500mm, 6kg rod, N / 20cm recording and processed 
Data for N / 20cm and N / 30cm).  

The results of the DPSH tested were interpreted according to the national and international 
standards (SR EN ISO 22476-3: Geotechnical researches and tests - Field tests - Standard 
penetration test complying with the European standard EN ISO 22476-3: 2005) in force by 
providing data on:  

-identification of the nature of the foundation soil on the depth investigated,  
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-identification of the state physical parameters of the foundation soil (consistency / relative 
density),  

-mechanical characteristics of the foundation soil: deformability / compressibility and shear 
strength.  

Geotechnical Boreholes  

For each borehole there is a description of the samples taken, the data of the granulometric 
nature for the presentation of the calculation stratification are correlated and the information 
necessary for the Geotechnical Design with reference to the geotechnical parameters is 
identified. The stratification of the foundation soil and the underground water level is shown in 
Table 2.  

Table 2: Stratification of the foundation soil revealed by boreholes F1÷F3  

H=72.0÷73.0mdMN  

Depth (m)  Layer description  Layer   
Elements for 
geotechnical 
design  

0.0÷4.3/4.6  
Yellow fine sand in cohesive matrix, in 
loose state  

Clayey sand 
(sand in 
cohesive 
matrix)  

Evaluation of 
allowable 
pressures and 
bearing 
capacity  

4.3/4.6÷5.0  
Lens of yellowish clayey sand / sandy clay 
with fine sand, with medium-soft 
consistency  

5.0÷9.0/10.0  
Yellow fine sand in medium dense state 
with lenses of sandy-silt clay, with stiff 
consistency  

9.0/10.0÷12.00  
Brownish clayey sand to sandy clay, with 
medium-soft consistency  

NHS=3.5÷3.7m  

3.7. Laboratory Test Results 

Geotechnical Laboratory Tests were established to identify the granulometric nature, identify the 
tamping state and tamping capacity, identify permeability conditions, deformability and shear 
resistance under vertical applied stress and hydraulic gradient. 
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Representative tests for the interaction with the cohesive layer (structure and consistency indices, 
deformability and shear resistance parameters considering the Stress Path and Drainage 
Conditions and Stresses due to the construction of Structures �± temporary or permanent) are 
considered for exploring direct foundation solutions on improved soil and piles foundation 
solutions and solutions for retaining structures (enclosure). 

Sample Programming and Testing Procedures are presented below for the following design 
stratification 

Layer 1: Infill; earthworks are used to take the level differences of for technological platforms, 

Layer 2: Un-cohesive (in cohesive matrix) NC; Silty Sand to Medium Sand with Gravel 

Mark C/CN 

si.Cl/sa.Cl to Si.Cl/sa.cl.Si/Cl 

Layer 3: Un-cohesive N; Fine Sand to Medium Sand, with cohesive lenses, very uniform, in 
dense state. 

Mark N/CN 

Sa/Sa.Si.Cl. 

Physical properties - structure indexes determined from Geotechnical Laboratory tests 

Tests on undisturbed samples taken from the cohesive foundation ground, were performed for 
determining compressibility and shear resistance parameters. The samples taken (ED and FD 
stamps) were also used to identify the structural indexes (undisturbed structure for cohesive 
soils). The results obtained are shown in the following domain values: �J=18.0÷20.0m, 
n=35÷45%, Sr>0.8 

The information will be used to assess the state of geological effort in the situation of 
Geotechnical Design at Limit State: evaluation of settlements, evaluation of the stresses that act 
on the pile elements and those that decide the consolidation / support structures, etc. 

3.7.1. Mechanical properties - deformability parameters 

Deformability parameters resulting from OED Geotechnical Laboratory tests 

On samples taken from the drilling boreholes, mechanical tests in the oedometric apparatus were 
performed to determine the compressibility characteristics (vertical deformation under the effect 
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of the anthropic and natural external loads, respectively, from decompression of the soil layers as 
a result of the excavation works). 

Settlement-compression tests were performed by modeling the vertical strain induced by future 
site earthworks, so the test steps were as follows: 

- vertical loading, in the natural state, at values higher than the current geological effort to 
determine the over-consolidation state, 

- immersing the samples at the contact step (10/12.5kPa) and recording the variation of the 
additional specific deformation due to wetting (antigravitational or gravitational) with the 
applied vertical stress, im=f(�V), 

- applying successive maximum / minimum effort steps to determine the Global Deformation 
Modulus (E) 

The results of the determinations are presented as values for: 

- deformation modules M, values determined for different applied effort steps, in the 
compression and decompression steps applied to the samples, 

- specific deformation,���H��under the 200 kPa step, 

- free swelling pressure, by immersion under the 10/12.5kPa contact step, 

- deformability characteristics corresponding to the Stress Paths, 

- the value of the over-consolidation ratio (RSC/OCR) for the soils taken from the foundation 
ground. 

Additional specific settlement under water action (im3) for the depth ranges tested in 
geotechnical laboratory has the following values 

0.0 ÷ 2.0m: 0.06%; Recommended calculation value 0.06% 

2.0 ÷ 4.0m: 1.0 ÷ 1.7%; Recommended calculation value 1.7% 

The values shown are the result of a zero lateral deformation test (oedometer testing conditions); 
the results presented and their processing according to NP 112 are used to characterize the 
compressibility and determining the elastic deformation modules. 

From the compressibility characteristics point of view, the soils in the foundation ground are 
generally characterized by low to high compressibility level. 
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The classification is performed according to STAS 1243-88 by the value of the oedometric 
modulus M2-3 and the value of the specific deformation under the normal stress step of 200kPa, 
�H2. The interpretation will have to take into account the geological effort value and the evolution 
of earthworks (Stress Paths). 

The oedometer determinations results will have to be used to determine the specific axial 
deformation, anti-gravity deformation (lifting/swelling) that may occur in the layer due to the 
decompression and immersion of the cohesive material from the excavation base (in the case of 
foundation in the cohesive layer). 

3.8. Recommendations  

3.8.1. Foundation depth and type of foundation system for the existing structure  

For the existing structure in Esplanade site we can consider the value of 0.5 ÷ 1.0m for the 
foundation depth measured from the actual ground level (with approximately 4 m below the 
ground level of the neighborhoods). The foundation soil is composed on non-cohesive �± low-
cohesive materials (with or without "controlled" embankments / fillings). The type of foundation 
system is general raft.  

3.8.2. Conventional pressure - allowable pressure  

The preliminary value of the conventional pressure (for fundamental loads group) for direct 
foundation in Layer 1 is ~ 200 ÷ 220 kPa, this value being indicated by the identification of the 
nature of the foundation soil.  

The values indicated for the conventional pressure correspond to a foundation with the width B 
= 1.0m and the foundation depth Df = 2.0m. In the case of structures designed to determine the 
allowable pressure value as final conventional pressure, the depth and width corrections 
indicated in NP112 / 2014 will be made.  
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4. Preliminary estimate of the existing structure support capacity 

This assessment is performed to assess whether the existing foundation mat can be used, 
(without major and costly changes and retrofitting), as part of the foundation of the new Ministry 
of Justice buildings. According to the common engineering approach, the foundation bearing 
capacity is dependent on the structural characteristics of the buildings. As the concept of the new 
buildings is under development, the evaluation of the support capacity is made considering a 
uniform stress distribution. It should be noted that the design to seismic action may result in a 
different conclusion. This is a limitation of the calculation procedure. The bearing capacity of the 
soil is in accordance with the findings of the geotechnical study. Comments related to the legal 
frame on construction quality in Romania and its impact on the proposed project are included in 
this paragraph. 

Considering the current layout of the foundation structure and the results of the geotechnical 
study, the allowable soil pressure under gravity induced loads is 301kPa. If the weight of the 
existing foundation mat is subtracted, new building unit weight should exceed 250 kN/m2. This 
is equivalent with a 12-story high office building. However, under the horizontal seismic action 
the maximum pressure on the soil significantly increases further limiting the maximum weight of 
the new buildings. In this case the pressure on the soil is dependent on the flexural capacity of 
the structural members in the upper structure.  

Based on the observed longitudinal reinforcement, the flexural capacity of the foundation mat 
ranges roughly between 1500 kNm/m to 4200 kNm/m.   

In seismic design of buildings, the design of the foundation can be made only after the full 
design of the upper-structure is completed. Romanian seismic design approach is based on the 
principles of the capacity design method. According to this method, the design forces for 
foundation structural elements should correspond to the full development of the plastic 
mechanism in the upper-structure. Therefore, the foundation structural analysis should account 
for the forces acting on it after the full development of the plastic mechanism in the upper-
structure. Plastic hinging of the foundation structural members is not allowed. Moreover, 
checking of the soil should account for the forces and displacements induced into the soil after 
the full development of the plastic mechanism. Checking of the soils considering only uniformly 
distributed gravity loads on the foundation mat is not a suitable option. 
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Considering the current legal and technical frame in Romania, from structural engineering point 
of view, replacement of the foundation mat is the best solution to reduce the constraints on the 
architectural layout and to be able to develop structural solutions with optimal response to 
seismic action. The re-use of the foundation mat introduces strong uncertainties related to: 

1) the mechanical properties of the soil underneath the foundation mat which cannot be 
properly investigated because of the large area of the thick concrete mat 

2) the mechanical properties of the foundation mat for which there are no legal documents 
certifying the quality of the construction works 

3) the quality of the connection between the new structures and the existing foundation mat. 

By far, the largest shortcoming in using the existing foundation mat as the foundation of the 
new buildings is caused by the lack of starter bars to connect the new structure. Considering 
the current condition of the foundation mat, to be able to further use it, the options (a), (b) 
and (c) are considered in this report:  

(a) The use the existing foundation mat as the foundation for the new buildings (Figure 17):  

This would require building a proper connection between the new upper structures and the 
existing foundation mat. In the absence of the starter bars, post-installed anchors should be 
installed in the foundation mat. These are vertical steel rebars embedded in the existing 
concrete and fixed with a special mortar or epoxy resin. Considering the site-specific seismic 
loads, large diameter rebars are expected to be used in the vertical elements of the new 
structures. The available straight embedment length, determined by the thickness of the 
existing foundation mat, is not enough to anchor D25 or D20 mm rebars stressed at full 
capacity. This would require the installation of additional anchors. Deep vertical hole drilling 
in heavily reinforced concrete to install the anchors is difficult as steel reinforcement might 
be often intercepted.  

If new buildings with more than 3 stories are planned, a stiff and strong first story should be 
considered to transfer the forces from the upper structure to the foundation mat with limited 
stress in the post-installed anchors. This would require the installation of a dense network of 
concrete walls with small openings in the first story, including a full perimeter wall. 
Considering the design for seismic action, the critical regions of the vertical elements, where 
the yielding of the vertical rebars is expected, should be located at least one story away from 
the foundation mat. 
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Out the three options considered in this report, this solution requires the highest constraints 
on the architectural configuration of the new buildings. The total height of the new buildings 
will be limited because of the low capacity of the connection anchors.  

 

Weak points:  Strong points: 

Expensive large diameter post-installed 
anchors, difficult deep hole drilling in heavily 
reinforced foundation mat, long construction 
time for installing the anchors 

 

Sensitive technology for post-installing 
anchors �± connection quality strongly 
dependent on the quality of workmanship 

 

Tough constraints on the configuration of the 
new buildings, the need for a strong and stiff 
first story 

Full usage of the existing foundation mat 

No extra foundation costs 

 

(b) The use of the existing foundation mat as an underlayer for a new foundation system 
Figure 18): 

A new foundation system can be used to transfer the forces from the upper structures to the 
existing foundation mat. The new foundation system would be directly supported by the 
existing foundation mat without any anchoring system. Given the high compression strength 
of the support layer (the existing foundation mat) the new foundation system can consist of 
individual footings and/or continuous foundation beams.  

If new buildings with more than 3 stories are planned, a stiff and strong first story should be 
considered to transfer the forces from the upper structure to the new foundation system. This 
would require the installation of a dense network of concrete walls with small openings in the 
first story, including a full perimeter wall. Considering the design for seismic action, the 
critical regions of the vertical elements, where the yielding of the vertical rebars can occur, 
should be located at least one story away from the new foundation system. The total height 
and weight of each new building is limited by the soil capacity. A highly non-uniform stress 
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distribution into the soil is expected as a result of the seismic input, limiting further the total 
height and weight of the buildings. 

 

Weak points:  Strong points: 

Important constraints on the configuration of 
the new buildings, the need for a strong and 
stiff first story 

 

New foundation system is necessary 
(additional costs and construction time) 

 

Limited usage of the existing foundation mat 

Common design solution and construction 
technology, easy to design and build 

 

(c) The use of the existing foundation mat as the foundation for a base isolation system 
(Figure 19): 

The existing foundation mat can be used as the foundation for a new base isolated structural 
system. Base isolation is a common technology for the seismic protection of building. This 
imply the construction of a new concrete base system supported by the foundation mat 
through a base isolation layer.  

Remodeling of the upper face of the existing foundation mat is necessary. This might include 
partial demolition of the mat, in thicker areas, and refinishing or remodeling of the upper 
concrete layer. Because isolation units are not usually subjected to high tensile forces, only a 
limited number of anchors is necessary to fix the isolation units on the existing foundation 
mat.  

Design of isolation system requires highly qualified engineers. Extremely large seismic 
displacement demands, exceeding 60 cm, are expected under the design earthquake in 
Bucharest. This requires a base isolation solution with large diameter (roughly over 100 cm) 
base isolators and sliding bearings. Dampers might be necessary as well. Large diameter 
isolators might require laboratory dynamic tests that cannot be performed in Romania.  
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The base isolation system allows the control of the seismic loads on the upper structure, 
limiting the structural and non-structural damages caused by severe earthquakes and allowing 
for slender structural solutions for the buildings. Out the three solutions introduced in this 
report, the base isolation solution requires the lowest constraints on the architectural 
configuration of new buildings. 

The total weight of each new building is limited by the soil capacity. A roughly uniform 
stress distribution into the soil is expected as a result of the seismic input, allowing for larger 
values of the total weight of the buildings. 

 

Weak points:  Strong points: 

Expensive isolation system 

 

Sensitive design (for seismic conditions of 
Bucharest) and construction technology 

 

Need for remodeling of the upper face of the 
existing foundation mat 

 

 

Complete usage of the existing foundation 
mat 

Damage free design of the upper structure, 
buildings can remain operational after a 
severe earthquake 

Limited constraints on the configuration of 
new buildings 

 

According to this preliminary assessment, the existing foundation mat might be further used as a 
part of new structural system for a complex of low to medium rise buildings (up to 5 story high), 
considering one of the foundation options mentioned in this paragraph. Base isolation might 
offer the best option with regard to the complexity of the new buildings. 

The conceptual structural design can be performed and the proper decision regarding the re-use 
of the existing foundation mat can be made only based on the general architectural concept of the 
new buildings. If the re-use of the existing foundation mat is strictly necessary, the architectural 
concept design should be made in close cooperation with the structural engineers and technical 
experts to be able to accommodate suitable structural solutions. It should be clearly understood 
by all stakeholders and design professionals that the existence of the foundation mat is a situation 
that requires a specific design approach. The re-use of the foundation mat introduces severe 
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constraints on the height and weight of the structures, architectural and structural layouts, 
distribution and sizes of the main structural elements.  

The complete structural analysis of the existing foundation mat can be made only after the 
completion of the structural design of the new buildings. Thus, it is an intertwined process: the 
design of the new structures shall be made considering the limitations of use of the existing 
foundation mat and the complete structural analysis of the existing foundation shall be performed 
considering the full design of the new structures. Because of this feed-back, an iterative process 
might be necessary. 

Construction works are necessary for reusing the existing foundation mat: 

- repairing of the damaged areas; 

- remodeling/refinishing of the upper concrete face; 

- filling the large openings in the foundation mat according to the architectural concept of 
the new buildings, post-installed anchors might be necessary to be able to transfer forces 
from different age sections of the foundation mat; 

- demolishing part of the foundation mat that are no longer necessary. 

According to the legal frame in Romania, the decision on how the existing foundation mat can be 
used can be made only by a technical expert. The technical expert is a civil engineer, specialized 
in structural engineering, certified as a technical expert by the Ministry of Public Administration 
and Regional Development.  

Based on the advice of the technical expert, the structural design works are undertaken by a 
designer which is a specialized design company in the field of structural engineering. 

At their completion, the design works are checked by a design verifier. This is a civil engineer, 
specialized in structural engineering, certified as a design verifier by the Ministry of Public 
Administration and Regional Development. 

The technical expert, the designer and the design verifier are hired by the investor. Their 
technical decision should always be in line with the technical regulations enforced by the 
Ministry of Public Administration and Regional Development.  

The technical expert, the designer and the design verifier share the responsibility regarding the 
quality and safety of the new structural system. The investor cannot decide in structural 
concerning issues. 
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5. Cost estimate for demolishing the existing structures  

The cost estimate for demolishing the existing structures and removal of construction debris, 
cleaning the site for the construction of the new buildings takes into consideration the local 
environmental, health and safety regulations, and occasional limitations for night work, use of 
explosives and heavy trucks traffic. The total cost for demolishing the existing structures is 
estimated at 800.000 euro. Up to 50% of this cost might be compensated by selling the steel as 
scrap metal. 

 

6. Summary of the changes in the design and construction codes since the design of the 
Opera House foundation  

Structural design of buildings in Romania is governed by the seismic action. Bucharest is highly 
exposed to strong intermediate depth earthquakes from Vrancea region of Romania. Because of 
the shape of the seismic design acceleration spectrum, the base shear coefficients for medium 
rise concrete buildings are rather high, ranging from 0,15 to 0,25.  

Seismic design of buildings in Romania is performed according to the Seismic design code for 
buildings P100-1/2013. This is a national code enforced by the Romanian government through 
the MDRAP. The code provisions are mandatory for all engineers and professionals certified by 
MDRAP, such as structural design verifiers or technical experts. Code provisions specify 
minimum standards for structural safety. 

Two fundamental requirements are defined for normal importance buildings in P100-1/2013: 

a) Life safety requirement (Ultimate Limit State, ULS): the structure must withstand the design 
seismic action without local and global collapse, retaining a residual load bearing capacity after 
the earthquake. The design seismic action is associated with a mean return period (MRP) of 225 
years (20% probability of exceedance in 50 years); 

b) Damage limitation requirement (Serviceability Limit State, SLS): the structure must withstand 
a seismic action having a larger probability of occurrence than the design seismic action, without 
significant damage, maintaining normal operation. The repairing cost should not be 
disproportionately high in comparison with the replacement cost of the structure. The 
corresponding seismic action is associated with a MRP of 40 years (20% probability of 
exceedance in 10 years). 
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Performance levels in P100-1/2013 are in accordance with the provisions of EN1998-1. In 
comparison with the recommendation of EN 1998-1, the design seismic action in P100-1 has a 
larger probability of exceedance. EN 1998-1 recommends, for life safety requirement, design 
seismic action with 475 years mean return interval (10% probability of exceedance in 50 years). 
A design seismic action with 100 years mean return period was previously prescribed by the 
former edition of the Romanian seismic design code P100-1/2006. 

For buildings of higher importance, a longer MRP of the design seismic action (associated with a 
lower probability of exceedance in 50 years) is required. The use of importance factors ��I,e 

greater than one, equal to 1,4 or 1,2 for importance classes I and II, shifts the MRI of the design 
seismic action.  

Af ter March 4, 1977 Vrancea earthquake the intensity of the design seismic action was 
continuously increased. The MRP of the design seismic action prescribed by the seismic design 
�F�R�G�H�V���F�K�D�Q�J�H�G���I�U�R�P���§�������\�H�D�U�V���L�Q�������������W�R�����������\�H�D�U�V���L�Q�������������D�Q�G���W�R�����������\�H�D�U�V���L�Q��2013. In the city 
of Bucharest, the design peak ground acceleration increased from 0,2g in 1981 to 0,3g in 2013. A 
future consideration of the 475 years MRP of the design seismic action, as recommended by EN 
1998-1, is foreseeable.  

The National Center for �&�U�H�D�W�L�Y�L�W�\�� �D�Q�G�� �&�X�O�W�X�U�H�� �Ä�&�k�Q�W�D�U�H�D�� �5�R�P�k�Q�L�H�L�´�� �E�X�L�O�G�L�Q�J�V�� �F�R�P�S�O�H�[�� �Z�D�V��
designed based on the Romanian Seismic Design Code P100-81. This was a revised edition of 
the Romanian seismic design code issued and enforced after the 1977 Vrancea earthquake in 
Romania. The horizontal design peak ground acceleration for Bucharest area was 0,2g. 
Considering a behavior factor of 3, in accordance with the requirements of P100-81, a base shear 
coefficient of 10% results.  

According to the current seismic design code, the horizontal design peak ground acceleration in 
Bucharest area is 0,3g.  An importance factor 1,2 is to be considered for high importance 
buildings. Considering a behavior factor of 3, in accordance with the requirements of P100/2013, 
a base shear coefficient of 26% results.  This is almost 2.6 times higher than the seismic design 
requirement prescribed by the seismic design code enforced in 1981. These values are likely to 
change in accordance to the structural and architectural layout of the new buildings. 
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7. Findings and Recommendations 

The analyses concluded that the use of the existing structure, as part of the foundation for the 
new building, is not appropriate due to a series of technical, legal and economic aspects.  The use 
of the existing structure imposes severe limitations for the design of the Esplanada site building 
complex, severely constraints the configuration and functionality of the new buildings, might 
generate higher construction costs and brings major and unnecessary technical risks for the 
project.  

 

Technical Aspects 

From the technical point of view, (geotechnical and structural aspects), the replacement of the 
existing foundation is the best alternative, due to the following considerations. 

The re-use of the foundation introduces strong uncertainties related to the mechanical properties 
of the soil underneath the foundation mat, which cannot be properly investigated because of the 
existence of concrete mat. The lack of precise geotechnical information comprises the estimate 
of the foundation load capacity and the design of the new building. 

A major flaw in using the existing foundation mat, as the foundation of the new buildings, is 
caused by the lack of starter bars to connect the new structure. The absence of the initial design 
project and of reliable information on the mechanical properties of the foundation mat, for which 
there are no legal documents certifying the quality of the construction works and the quality of 
the connection between the new structures and the existing foundation mat is a major technical 
constraint. 

 

Legal and Regulatory Aspects 

Legal and regulatory considerations also point for the replacement of the existing foundation. 

The existing structure was designed in accordance to the Romanian Seismic Design Code P100-
81, which is obsolete and has been replaced several times since then. At that time, the horizontal 
design peak ground acceleration for Bucharest area was 0,2g. Considering a behavior factor of 3, 
in accordance with the requirements of P100-81, a base shear coefficient of 10% results.  
According to the current seismic design code, the horizontal design peak ground acceleration in 
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Bucharest area is 0,3g. An importance factor 1,2 or 1,4 is to be considered for high importance 
buildings. Considering a behavior factor of 3, in accordance with the current requirements, 
P100/2013, a base shear coefficient of 26% results.  This is almost 2.6 times higher than the 
seismic design requirement prescribed by the seismic design code used for the design of the 
existing structure.  

It is, also, important to note that the approval for using the existing foundation mat can be made 
only, on a definite basis, by the technical expert and the designer responsible for the new 
building3. The technical expert, the designer and the design verifier share the responsibility 
regarding the quality and safety of the new structure. Consequently, it is necessary to consider 
that the technical experts and designers may not accept the use of an old structure as part of a 
large building complex, due to the technical problems and uncertainties presented above. 

 

Economic Aspects  

The use of the existing structure may not result in savings for the Government of Romania, in the 
developing the Esplanada Area.  In fact, it might generate higher construction costs.  Moreover, 
the overall value of the assets planned on the site will likely decrease if the constraints previously 
mentioned related to the existing foundation are disregarded in the decision process. 

Extensive works would be needed for using the existing foundation mat, including repairing of 
the damaged areas, remodeling/refinishing of the upper concrete face, filling the large openings 
in the foundation mat according to the architectural concept of the new buildings, post-installed 
anchors might be necessary to be able to transfer forces from different age sections of the 
foundation mat, and demolishing part of the foundation mat that are no longer necessary.  

Additionally, the use of the existing foundation structure imposes a series limitations in the 
design of  the building complex.  If new buildings with more than 3 stories are planned, a stiff 
and strong first level should be considered to transfer the forces from the upper structure to the 
foundation mat with limited stress in the post-installed anchors. It would be necessary, also, 
expensive large diameter post-installed anchors, that face significant technical challenges. The 
use of the existing structure also impairs the construction of additional underground levels at the 
site.     

                                                 
3 The technical expert must be certified by the Ministry of Public Administration and Regional Development. 
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Overall, the technical study found that the best option is removing the existing structure, 
conducting a comprehensive geotechnical investigation of the site and design a new foundation 
in accordance to the current technical standards and codes (notably the current Romanian 
Seismic Design Code). The removal of the existing structure is necessary for developing 
structural solutions with optimal response to seismic action and in accordance to the current best 
engineering practices.  
 



 
 

Page 27 of 36 

 

 

Figure 1. Inauguration of the construction works reported by state media in 1989 

 

 

 
Figure 2. Location of the site 
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Figure 3. Envelope of the existing foundation 

 

 
Figure 4. North part of the foundation 

 
Figure 5. East part of the foundation 
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Figure 6. West part of the foundation 

 
Figure 7. South part of the foundation 

 
Figure 8. South part: general view 

7.Figure 10 

7.Figure 11 7.Figure 8 

7.Figure 12 
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Figure 9. South part: diameter and spacing of the starter bars (4D22/175 mm) 

 
Figure 10. South part: partially demolished foundation beams 

 
Figure 11. South part: partially  damaged foundation mat (upper layer removed, 25 cm deep) 
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Figure 12. South part: severely damaged foundation beams  

 
Figure 13. Cracking pattern in the plain concrete leveling slab 

 
Figure 14. North part: severely damaged foundation mat 
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Figure 15. North part: diameter and spacing of the upper reinforcement 2D25/20 (starter bars are cut) 

 

 
Figure 16. West part: protection of the damaged starter bars with a thin layer of mortar 
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Figure 17. The use the existing foundation mat as the foundation for the new buildings �± simplified 
representation 
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Figure 18. The use of the existing foundation mat as an underlayer for a new foundation system �± 
simplified representation 
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Figure 19. The use of the existing foundation mat as the foundation for a base isolation system �± 
simplified representation 
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Annex 1: Expedite geometrical survey of the existing foundation mat 
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