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Disclaimer

This report was prepared by tiechnical University of Civil Engineering of BucharesfTCB) for

the sole and exchive benefit of the World Bank for the purpose of assisting the preparation of

WKH -XVWLFH 4XDUWHU DQG (VSODQDGD 'LVWULFW "HYHORSF
provided to, relied upon or used by any third party. This report is meant tadagsa whole,

and sections should not be read or relied upon out of context.

This report contains the expression of the professional opinion of UTCB, basehigooration
available at the time, including geotechnical data of sites close to the Espisaitt. 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 lired 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 infiorm@ontained

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 conductethis 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 representation
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 hecsinsistent with the
intended level of accuracy as set out in this report, as well as the circumstances and constraints
under which this report was prepardahy 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 avémagt
area in central Bucharest, the Esplanada Quartier, into a modesmoliikeplay neighborhood,
anchored by a new Justice complex and enlivened by cultural uses, utkkaammhother mixed
use development. Given the site's strategic location andipeope, stakeholders in Romania
view this as a onem-a-lifetime opportunity to create a vibrant new, more economically and
socially sustainable and resilient model of urbematiopment in the heart of the capital city, with
spillovers beyond the immedeasite.

The Esplanada site wagended to be developed fan Opera House thirty years ago. The works
were initiated with the construction tife foundation but were suspenddue to political events.
Currently, there is #oundation structure occupying around 30.000 m2 in the central part of the
Esplanada Quatrtier, as illustratedzifrigure 2 The development of Mistry of Justice buildings

at the site will requirea comprehensiveanalysis, techrical, legal andeconanic aspects,
consideringthe hypotheticalreuseof the existing éundation sticture orits replacement by a
new foundation

1.1. Proposed development

The architectural designs for the N&itry 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 conatiigl and concentrating
many functions of the judicial system in one dedicated location. aldicictions and offices

are currently fragmented around downtown Bucharest, several being in buildings that face
seismic risk. This consolidation / relocatiomud improve access and communication between
different functions of the judicial system. Itlivalso improve the safety and sustainability of
services by reducing the seismic risk to critical public services.

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

- High Court of Cassation and Justice;

- The Superior Concil of Magistracy (CSM) with the Judicial Inspection grouped in one
building;

Page5 of 36



UT Bd. Lacul Tei 122-124, Sect. 2, cod postal 020396, Bucuresti, Romania ==
Tel.: +40-21-242.12.08, Tel./Fax: +40-21-242.07.81 AC

C B secretariat@utcb.ro, www.utcb.ro

Universitatea Tehnica
de Constructii Bucuresti

- Courts sectors 2,3 and 5;

- Higher education institutions (National School of iIkeeand the National Institute of
Magistracy) regrouped in individual buildings or in the sdmiding for efficiency;

- 7KH 3URVHFXWRUYV RIILFH DWWDFKHG WR %XFKDUHV
attached to courts of law for sectors 1, 2, 3, 4, 56wl be located in an independent
building, but linked with the Justice Quarter by undergobar above ground access.

The following setup for the Justice District has propo$ed

- Buildings for courts and related activities: 80, 50

- Office buildngs for the main institutions of the judicial sector: 14,2§0n
- Buildings intended for ingutions of higher education: 7,18Qm

- Buildings for offices for specific justice sector activities: 9,56@

The Technical University of Civil Engineerirgf Bucharest (UTCB) was engaged by the World
Bank to assedbe likely impact of the existinjoundation strature on theudturedevelopnent of

the Esplanadaite, considering its reuse ais demoliion and replacement ey new foundtion

The assessment took into consideration thetiagistructures support capacity, integrity and
compliance withthe current construction cogleincluding the current codes on design of
earthquakeesistant buildings.  The precise location, dimension, high and structural
characteristics of the new buitdjs have not been defined yet, limiting the accuracy of the
andysis.

This report constitutethefinal and comprehensive report, consolidating all works and analyses
performed by UTCB. It addresses the existing structure characterizations, the sithmgjeat
characterization, (includingeismic zoning), a struntal assessment of the exigjirstructures,
findings and recommendations. A detailed description of the geotechnical investigation, lab tests
and geotechnical evaluation conducted by UTCB staffresented in annex (Raport Tehnic
01/07.12.2018 Esplanad&ite £tRomanial. It is impotant 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 builThe absence of the design specifications limited the preparmit

reliable 3D model of th 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.

Page6 of 36



UT Bd. Lacul Tei 122-124, Sect. 2, cod postal 020396, Bucuresti, Romania ==
Tel.: +40-21-242.12.08, Tel./Fax: +40-21-242.07.81 AC

C B secretariat@utcb.ro, www.utcb.ro

Universitatea Tehnica
de Constructii Bucuresti

2. Technical description of the existing foundation structure

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

Design documentation, including the Opdiouse architectural and engineering designs and
existing stratures as built, were not alatle for this report. No drawings, specificationsy
construction records were submitted to UTCB prior to this report.

The existing structure was designed apaat of the foundation of the National Center for
Creativity anG & XOW XUH A & k Q WuilldingsDcomBléxk Qdnstruction works began in

$FFRUGLQJ WR WKH &RPPXQLVW 3DUW\ RIILFLDO QHZVSI
president Nicolae Ceausesinaugurated the construction worksgure J.

The site isn downtown Bucharest, inanthAHD HQFORVHG E\ % OYG OLUFHD 9RG
Octavian Goga to the south, Blvd. Nerva Traian to the East and Blvd. Unirii to the Figrihe(

2). The existing foundation spreads on an area of approxinz@edp0 sgm whin a perimeter

of 780 m Figure 3)

According to the visuainspection the existing foundation consists of a thick foundation. mat
The thickness of the foundation matvariable The foundation is supported by a plain cement
concrete poured just toeate a flat and level base for the foundation. No upper structures were
erected on théoundationmat

The thickness of the stedinforced foundation mat is 125 cm onoaigh area of 10000 sgm. In

the northern part of the foundation mat the thickne&2@cm on an area of 2200 sgm. In the
southern part the thickness is around 100 cm on an area of approximately 5700 sgm. The
thickness of the plain cement concrete lewglsiab is 20 cm. The total concrete volumas
estimatedn 23 000 cubic meters, exatefor the plain concrete underlayer slab.

According to the common practice for important buildings at the time of constructbacrete
strength class is Bc25, havimgcharacteristic compression of 20,5 N/frsketermined on 150
mm cubic specimens, or Bé3having a characteristic compression of 24,3 Ngnithe concrete
quality is rather good and little signs of damage due ¥o@mmental conditions can be observed
degite the full exposure to extreme temperatures (+40°€3@0°C), freez¢haw, 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 corerete foundation mat was heavily reinfallogith steel bars. According to the Romanian
standards at the time of construction, ktegeality is OB37, ductile plain rebars with
characteristic yield strength of 210 N/mand an ultimate elongation of 25%, aP@52, ductile
ribbed rebars with characistic yield strength of 340 N/mfrand ultimate elongation of 20%.
OB37 rebars were usenhly as horizontal reinforcement. PC52 rebars were heezontal
reinforcement and starter bars.

Most of the observed damags caused by human action. Several paithe foundation mat
were subjected to partial demolition to remove steel damie 10, Figure 11 Figure 12and
Figure 14. The possible reason for removing the steel bars from the site is to sell thempas scr
metal.

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

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

3. Geotechnical Characterization

3.1. Geomorphological and Geological Conditions

From the geomorphologigoint of view, the site ifocated inthe9 O VLD 30DLQ VHH )LJXI
the border area between Giulestrloreasca Field and Verlyil Field, in the Terasa Victoriei,

subunits of tb Bucharest Plain 7KH 90 VLD 30DLQ LV FURVVHG IURP (DVW
loessic gorge faned by the lalooh D 5LYHU V VSLOODJH LQ VPDOO &ODVWRF

The microregion of Bucharest ingtles three lithological and stratigraphic complexes:

- superior (pleistocene superior) with a thickness of 20.0 + 30.0m, consisting of alteroétions
loess, graveand sands;

- medium made up of marnalay 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 interlayemsafches and clayin three horizons (A, B, C)
followed by levantin.

From a Geological point of view (see bEig 6), the quaternary deposits represented by the
higher pleistocene age (Gptake part in the sedimentary cover structure of the natural ground
structure.

The Reistocene sequence is composed of:

- in the base, small, fine, yellowish sands with intltans of limestone concretions, having the
thickness of 8.0 + 20.0m known in the literature as "Mostistea sands" over these develop
intermediate dposits formedrbm sandy clays with loessoid aspect, with thickness of 5.0 +
10.0m,

- above the intermediatdeposits there is a horizon with gravels and sands with the thickness of
4.0 + 8.0m called "Colentina gravel complex”, and above them the loedspakits; these
deposits consist of sandy, clayey, yellowish, limestone concretions, with a thicknes® ef 15
20.0m; in their succession there is mentioned in the literature the existence of some interlayers of
reddish clayey silts, with a thickness b0 + 5.0 m, witout being considered stratigraphic
landmarks.

3.2. Hydro-Geological Conditions

From the hydrogedogical point of view, the area of the site lies with its development on two
subzones: a first zone whose hydrostatic level of the groundwateieagaries in te range of

5.0 + 10.0m, with development in the souther part of the city and the othetheittydrostatic
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 deliméd and homogeneous layer, in its sequence there are permeable
interconnections that commuaie hydrodynamically. The character of the aquifer horizon of the
Colentina complex is free, but there may be areas where it appears under prégschemistry

of its waters shows the weak carbonic aggressiveness on the concrete.

3.3.  Seismic Zoning

From theseismic point of view, the analyzed site is included in seismic intensity macroson "8
(According to SR 11100/1/93 "Seismic Zoniiglacro-Termindion of Romania erritory").
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According to P100 /-R013 the seismic action for designing by seismic haaaddthe control
period value is plotted: the seismic hazard described by the peak value of the horizontal
acceleration @determined for the averagecurrence inteal IMR corresponding to the ultimate

limit state (SLU) has the value of a 0.30g; valueof control (corner) period = 1.6sec. of the
response spectrum.

3.4. Geotechnical Investigation

For the Esplanada site, a number of 3 DPSH SHpavyDynamic Penetradns were made up

to the depth of 10.3 + 11.3m and the geotechnical data (physical chaedey from 3
boreholes (with continuous soil sampling) were interpreted. The GPS positioning of the
geotechnical investigations is shown in Tahle

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

Borehok | Latitude Longitude Depth (m) Coordinates (mdMN)
F1/ 12.0/
44°25'29.95"N | 26°07'01.01"E _
DPSH1 105 72.0+73.0
(level above Black Se
F2/ 12.0/ _
44°25'32.24"N | 26°06'58.40"E Reference:
DPSH2 11.3
Googk Earth and
F3/ 10.0/ ;
44°25'30.76"N | 26°06'52.91"E Topographic Plan
DPSH3 10.3

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

3.5. Results of the Geotechnical Prosgcting 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 sagrtes), of the pgmary drilling sheets prepared for the geotechnical
prospecting drilling, of the results ahe DPH determinations, the following particular
stratification can be identified for the Reference Site:
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Horizon 1: Anthropic filling U; the thickess of the fikr was identified in the site at ~ 1.6 +
2.4m, this thickness being conditioned by the parsiof drilling (in the area of the utilities
routes andelated land works: excavations with a depth of at least 5.0 + 6.0m made for the
positionirg of the utilities); the actual thickness of the filings was mapped during the excavation
work.

Horizon 2: Whesive C; Clay to sandysilty clay, brownsh to yellowish brownwith stiff to
medium consistengythe thickness of the cohesive material package 5.0 + 6.0m (from the
depth of the filling to the depth 65.0 + 6.0 m); in the cohesive material éaat its base there
are low cohesive lenses (medium fine sand with small gravel rolled silty ahatrix) in which

it is possible to interceghe stabilized groundwater level; the information taken from dynamic
penetration determinations made up to eptd of 10.0 m indicatesnoisture content
corresponding to saturation startiingm thedepth of 6.0 + 8.0m.

Horizon 3: NoncohesiveN; Silty sandsto Medium sand with gravel, yellowish - brownish,
characterized ason-cohesivesoils (from ~ 5.0 + 6.0m te8.0-9.0m)

Horizon 4: CohesiveC; sandy *silty clay, brownyellowish to grey with stiff to medium
consistency, with degraded soft limestoneetlthickness offte cohesive material package is at
least 6.0 + 7.0m (below the bottom of Horizon 3 ie ~ ¥51.0m).

Horizon 5: NoncohesiveN; Fineto mediumsands, with alternations of cohesiweterials the
thickness of the cohesive material packemgat least 5.6- 6.0m (below the bottom of Horizon
4).

3.6. Results of Geotechnical Prospecting 2018 (Esplanadde)

In-situ geotechnical investigation was made by Dynamic Penetration Tests DPSH 1 + 3 adjacent
to boreholes. The tests with depths of 10.3 3thlwere performe according to SR EN 22476 /
22006 with Pagani Penetrometer (76.5kg, 500mm, 6kg rod, Nm 268cording and processed

Data for N/ 20cm and N / 30cm).

The results of the DPSH tested were interpreted according to the national and imtakrnatio
standards (8 EN ISO 2247&3: Geotechnical researches and testSeld tests- Standard
penetration tedscomplying with the European standard EN ISO 2237@005) in force by
providing data on:

-identification of the nature of the foundation soiltbe depth invegjated,

Pagell of 36



UT Bd. Lacul Tei 122-124, Sect. 2, cod postal 020396, Bucuresti, Romania 32 &
Tel.: +40-21-242.12.08, Tel./Fax: +40-21-242.07.81 AQ Fer
CB secretariat@utcb.ro, www.utcb.ro S0 9001 W

Universitatea Tehnica
de Constructii Bucuresti

-identification of the state physical parameters of the foundation soil (comsistenelative
density),

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

Geotechnical Boreloles

For each brehole there is a description of the samples taken, the data of the granulometric
nature fo the presentation of the calculation stratification are correlated and the information
necessary for the Geotechnical Design with reference tog#wechnical pameters is
identified. The stratification of the foundation soil and the underground veatelris shown in

Table 2.

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

H=72.0+73.0mdMN

Elemens for

Depth (m) Layer description Layer geotechnical
design
Yellow fine sand in cohesive matrix, i
0.0+4.3/4.6
loose stad
Lens of yellowish clayey sand / sandiay
4.3/4.6+5.0 with fine sand, with mediursoft Clayey sand Evaluation of
consistency (sand in allowable
hesi pressures and
Yellow fine sand in medium dense sta| “ON€sIV€ bearing
matrix)

5.0+9.0/10.0 with lenses of sandgilt clay, with stiff
consistency

capacity

Brownish clayey sand to sandy clay, wit

9.0/10.0+12.00 . .
mediumsoft consistency

NHS=3.5+3.7m

3.7. Laboratory Test Results

Geotechnical Laboratory Tests were established to identify the grantitonegtre, identify the
tamping state and tamping capacity, identify permeability conditions, deformability and shear
resistance under vertical djgal stress antydraulic gradient.
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Representative tests for the interaction with the cohesive layer (s&w@td consistency indices,
deformability and shear resistance parameters considering the Stress Path and Drainage
Conditions and Stresses due ke tconstructiorof Structuresttemporary or permanent) are
considered for exploring direct foundation sauos on improved soil and piles foundation
solutions and solutions for retaining structures (enclosure).

Sample Programming and Testing Procedures presented belv for the following design
stratification

Layer 1: Infill; earthworks are used to take tbeel differencesof for technologicaplatforms,
Layer2: Un-cohesive (in cohesive matrix) NC; Silty Sand to Medium Sand with Gravel
Mark C/CN

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

Layer 3: Uncohesive N; Fine Sand to Medium Sand, with cohesive lenses,undoym, in
dense state.

Mark N/CN
Sa/Sa.Si.Cl.
Physical properties- structure indexes determined from Geotechnical Laboratory tests

Tests on undistbed samples t&h from the cohesive foundation ground, were performed for
determining compressibility anchear resistance parameters. The samples taken (ED and FD
stamps) were also used to identify the structural indexes (undisturbed structure fovecohesi
soils). The esults obtained are shown in the following domain valués8.0+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 settlemem®uation othe stresses that act
on the pile elements and those that decide the consolidation / ssippoitires, etc.

3.7.1. Mechanical properties- deformability parameters
Deformability parameters resulting from OED Geotechnical Laboratory tests

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

Settlemenicompression tests were perfomniey modeling the vertical strain induced by future
site earthworks, so the test steps were as follows:

- vertical loading, in the natural state, \&lues higherhan the current geological effort to
determine the overonsolidation state,

- immersing thesamples at the contact step (10/12.5kPa) and recording the variation of the
additional specific deformation due to wetting (antigravitational avigational) with the
applied vertical stressy¥f( V,

- applying successive maximum / minimum effort stépgletermine the Global Deformation
Modulus (E)

The results of the determinations are presented as values for:

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

- specific deformationHinder the 200 kPa step,
- free swelling pressure, by immersion under the 10/12.5kPa contact step,
- deformability charaeristics corrggonding to the Stress Paths,

- the value of the overonsolidation ratio (RSC/OCR) for the soils taken from the fatiod
ground.

Additional specific settlement under water action (im3) for the depth ranges tested in
geotechnical laboratgihas the followng values

0.0 + 2.0m: 0.06%; Recommended calculation value 0.06%
2.0 +4.0m: 1.0 + 1.7%; Recommended calculationedl. 7%

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

From the compressibility characteristics point of view, the soils in the foundation ground are
generally charactezed by low to hgh compressibility level.
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The classification is performed according to STAS 1283by the value of the oedometric
modulus M-z and the value of the specific deformation under the normal stress step of 200kPa,
K 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, antgravity deformatian (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 fothe 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 foundatioil is composed on narohesive xlow-
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 press(ior 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 foundatiomewitidth 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 buildingsAccording 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 rogsade
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 g@binical 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 256. K¥is

is equivalent with a 1-8tory high office building. However, underetthorizontal 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 upgéucture.

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

In seismic design of buildings, the design of the foundation can be made only after the full
desgn of the uppestructure 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 developmertteoplastic
mechanism in the uppstructure. 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 structurambers 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 omé fourdation 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 Isesitionto reduce the constraints on the
architectural layouand to be able to develop structural solutions with optimal response to
seismic action. The rase of the foundation mat introduces strong uncertainties related to:

1) the mechanical properties of the soil underneath the foundation mat which cannot be
propely 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 stines 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 thedundation mat, to be able to further use it, the opt{@ps(b)

and (c)areconsidered in this report:

(a) The use the existing foundation mat as the foundation for the new bui{Eiggse 17:

This would require building a proper connection betweemthwe upper structures and the
existing foundation mat. In the absence of the starter barsinstatied anchors should be
installed in the foundation mat. These are vertical steel rebars embedded in the existing
concrete and fixed with a special mortarepoxy resin. Considering the sipecific 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,sinot 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
beoften 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 poshstalled anchors. This wid 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 grtical rebars is expected, should be located at least one story away from
the foundation mat.
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Out the threeoptionsconsidered in this report, this solution requires the highest constraints
on the architectural configuration of the new buildings. Thd tetmht of the new buildings
will be limited because of the low capacity of the connection anchors.

Weak points: Strong points:

Expensive large diameter peasstalled| Full usage of the existing foundation mat
anchors, difficult deep hole drilling in heavi
reinforced foundation mat, long gstruction
time for installing the anchors

No extra foundation costs

Sensitive technology for pesistalling
anchors + connection quality strongl
dependent on the quality of workmanship

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

(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 upptrres 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 fdiordaystem 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 newtioorsjstem. 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, whdre 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 highlyuroform stress
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distribution into the soiis expected as a result of the seismic input, limiting further the total
heightand weight of the buildings.

Weak points: Strong points:

Important constraints on the configuration| Common design solution and construct
the new buildings, the need for a strong ¢ technology, easy to design and build
stiff first story

New foundation system is necess:
(additional costs and construction time)

Limited usage of the existing foundation m3g

(c) The use of the existing foundation mat as the foundatiorafbase 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 worete 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 remodefitige 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 giiedl 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.nipers might be necessary as well. Large diameter
isolators might require laboratory dynamic tekestcannot 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 mestructural 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
configurdion 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 Complete usage of the existing foundat
mat

Damage free design of the upper struct
buildings can remain operational after
severe earthquake

Sensitive design (for seismic conditions
Bucharest) and construction technology

Limited constraints on the configuration

Need for remodeling of the upper face of | ey puildings

existing foundation mat

According to this preliminary assessment, the existing foundation mat might be fudeasua

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 paragBase. isolation might
offer the best option with regard to the complexity ofriber buildings.

The conceptual structural design can be performed and the proper decision regardingé¢he re

of the existing foundation mat can be made only based on the general architectural concept of the
new buildings. If the reise of the existing fondation 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 st&keholders and design professionals that the existence of the foundation mat is a situation
that requires a specific design approach. Thasee of the foundation mat introduces severe
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constraints on the height and weight of the structures, architectulaktaurctural 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 buildindsus, it is an intertwinedrpcess: 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 structurescddise of this feeldack, 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 thfoundation mat according to the architectural concept of
the new buildings, poshstalled 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 nodomgcessary.

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 tachhexpert 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 enggneeri

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 exgrt, 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 dgser 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 falemolishing 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 nightuserkf
explosives and heavy trucks traffic. The total cost for demolishing the existing structures is
estimated at 800.000 eundp to 50% of this cost might be compensated by selling the steel as
scrap metal.

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

Structural design of buildings in Romania is governed by the seismic action. Bucharghktyis
exposedo 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 Romaniapisrformedaccording to the Seismic design code for
buildings P106@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. Codesjomi specify
minimum standards for structural safety.

Two fundamental requirements are defined for normal importance buildings irlP20XB:

a) Life safety requiremerfltimate Limit State, ULS)the structure must withstand the design
seismic action whout local and global collapse, retaining a residual load bearing capacity after
the earthquake. The design seismic action is associated with a meampeeindiMRP) of 225

years (20% probability of exceedance in 50 years);

b) Damage limitation requement(Serviceability Limit State, SLS}he 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 witthMRP of 40 years (20% probability of
exceedance in 10 years).
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Performance levels in P1a02013 are in accordance with theoyisions of EN1994L. In
comparison with the recommendation of EN 1998he design seismic action in P10Mhas a
larger probability of exceedance. EN 19B8ecommendsfor life safety requiremeniiesign
seismic action with 475 years mean return irae(0% probability of exceedance in 50 years).
A design seismic action with 100 years mean refperiod was previously prescribed by the
former editionof the Romanian seismic design cdiE031/2006.

For buildings of higher importance, a longer P& the design seismic action (associated with a
lower probability of exceedance in 50 years) is required. The use of importance fagtors
greater than onegual to 1,4 or 1,2 for importance classes | and I, shifts the MRI of the design
seismic action.

After March 4, 1977 Vrancea earthquake the intensity of the design seismic action was
continuously increased. The NPRf the design seismic action prescribed by the seismic design
FRGHVY FKDQJHG IURP §8 \HDUV LQ WR 2013 Drukhe ¢itQ DQ
of Bucharest, the desigreakground acceleration increased from 0,29 in 1981 to 0,3g in 2013. A

future consideration of the 475 years RIBf the design seismic action, as recommended by EN
19981, is foreseeable.

The National Center fo&@ UHDWLYLW\ DQG &XOWXUH A&KkQWDUHD 5RPKk!
designed based on the Romanian Seismic Design Code81dMis was a revised edition of

the Romanianseismic design codssued and enforcedfter the 1977 Vrancea earthquake in
Romania. he horizontal desigrpeak ground acceleration for Bucharest area was 0,2g.
Considering a behavior factor of 3, in accordance with the requirements oBR18Mase shear

coefficient of 10% results.

According to the current seismic design code, the bota desigrpeak groundacceleration 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 6% 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 struetuggart of the foundation for the
new building,is not appropriate due to a series of technical, legal and ecoaep@cts The use

of the existing structure impaseevere limitations for the design of the Esplanada site building
complex, severelgonstraints the configuratioand functionalityof the new buildingsmight
generate higher construction costs and brings major and unnecessary technidalr riblkes
prgect.

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 reuse of the foundation introduces strong utaisties 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 foundationdad capacity and the design of the new building

A major flaw in using the existing foundation mat, as the foundation of the new bujldéngs
caused by the lack of starter bars to connect the new structure. The abgbecmital design
project and ofeliableinformation 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 foundatios anatajor technical
constraint

Legal and Regulatory Aspects
Legal and regulatory considerations also point fordpéacement of the existing foundation.

The existing structure was designed in accordance to the Romanian Seismic Design Cede P100
81, whidth is obsolete and has been replaced several times sincéthtbat 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 RBA0Q a base shear coeféat 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 factorat,2,4is to be considered for high importance
buildings. Considering a behavior factor ®, in accordance with the current requirements,
P100/2013, a base shear coefficient of 26% resultss 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
building®. The technical expert, the designer and the desigifieveshare the responsibility
regarding the quality and safety of the new struct@onsequently, 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 tbe 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 constructten déoreover,

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 exgsioundation 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 buildingggtakéd
anchors might be etessary 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 limitatiohs in t
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 pasitalledanchors. It would be necessary, also,
expensive large diameter passtalled anchors, that face significant technical challenges. The
use of the existing structure alsopairsthe construction of additional underground levels at the
site.

3 The technical expert must kertified 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 cmprehensive geotechnical investigatminthe site and design a new foundation

in accordance to the current technical standards and codes (notably the Romertian
Seismic Design Code The removal of the existing structure is necessarydfarelopng
structural solutions with optimal response to seismic aetain accordance to the current best

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

Figure 2. Location of the site
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Figure 4. North part of the foundation

Figure 5. East part of the foundation
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Google Earth

Figure 7. South part of the foundation

Figure 8. South part: general view

Page29 of 36



secretariat@utcb.ro, www.utcb.ro

UT Bd. Lacul Tei 122-124, Sect. 2, cod postal 020396, Bucuresti, Romania
C B / Tel.: +40-21-242.12.08, Tel./Fax: +40-21-242.07.81

Universitatea Tehnica
de Constructii Bucuresti

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 13. Cracking pattern in the p
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Figure 14. North part: severely damaged founétion 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 maas the foundation for the new buildngs +simplified
representation
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simplified representation

Page35 of 36



. Bd. Lacul Tei 122-124, Sect. 2, cod postal 020396, Bucuresti, Romania ar
UT pos . 52 N
900

Tel.: +40-21-242.12.08, Tel./Fax: +40-21-242.07.81 B INet
CB A

secretariat@utch.ro, www.utcb.ro 1S O 9
Universitatea Tehnica
de Constructii Bucuresti

Annex 1: Expedite geometrical survey of the existing foundation mat
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Annex 2 Geotechnical report (in Romanian)

Raport Tehnic 01/07.12.2018

%XOHYDUGXO, Q.30 F%l OFXRIG i W L
Esplanada Site

1.DenumLUHD O XFU Ragort Tehnic
,GHQWLILFDUH &RQGL LL +LGUR*HF

2. Faza 'RFEXPHQWD LH 7THKQLF SHQWUX
(YDOXDUHD 7THKQLFar& RQGL LL GH )

3. Beneficiar OLQLVWHUXO -XVWL LHL ([SURSULD
n baza Legik55/2010, cf. Art. 2) alin. 3)
litera d3), raportat la Art.16), alin. 1)

(ODERUDUH 'RFPHYOWWOLDVLMWDWHD 7THKQLF GH &RQ\
Contract nr. FN/2018

Colectv de Elaborar®aport Tehnic Verificator Af,
Conf. univ. d. ing. Andrei Constantin Olteanu Conf. univ. dr. ing. Ernest Olinic

,QJ &ULVWLQD 7RPUD O06F

(YDOXDUH &RQGL LL +LGUR*HRORJLFH UL *HRWHKQLFH
Evaluare Risc Geotehnic Asociat

$QGUHL 9LuUDQ
DetH U P L QQU & Laé/ D&badator Geotehnic
JRUDMH *HRWHKQLFH 0L '"HWHUPLQ UL GH BHQHWUDUH 'LQDP

6DQGX 3DQ XUX
'HWHUPLQ UL GH /DERUDWRU *HRWHKQLF
(YDOXDUHD 1DWXU *UDQXORPHWULF (L ,QGLFL GH 6WDUH ¢

% X F X OH2e¥einbrie2018
Raport Tehnic pentru Amplasamentul Raport Tehnic 01
%XOHYDUGXO OLUFHD 9R €Esgdfadd/Irée) RT

%YHQHILFLDU OLQLVWHUXO -XVWL LHL Pagina RT1 din RT-42






























































































































