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Abertura

Jean Pierre Ciriades

Presidente do CBT
2023/2024
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trabalhos para o 6°CBT!
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Eventos Especiais
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HORARIO ATIVIDADE APRESENTADOR
18:30 18:35 Abertura e explicacdao sobre a dinamica do evento Jean Pierre Ciriades
18:35 18:40 Relatos sobre a 502 Assembleia Geral da ITA Adriano Saldanha

18:40 18:45 Relatos sobre a cerimobnia de comemoracao da 502 edicao do WTC André Assis
Relatos sobre os artigos Brasileiros apresentados:
A methodology of risk management to urban tunnels and its application to Bogota subway Esteban Alarcén

The use of a reference cost system for contracting underground public works Eloi Palma Filho

18:45 19:20 BIM Modelling & reality capture in underground drill and blast caverns Pedro Rey Antdén
Practical approach for the control of surface settlements due to TBM tunnelling during excavation
by following up of monitoring
Challenges in the conventional tunnel mixed-face execution Thiago de Sa Lima
Relatos sobre participa¢cdo nos Working Groups:

WG-2 Research Felipe Gobbi

19:20 19:40 WG-3 Contractual Practices Eloi Palma Filho
WG-11 Immersed and Floating Tunnels Victor Hugo Rattia
WG-12 Sprayed Concrete Adriano Saldanha

Luiz Mamede - HLT
José Luiz Penido - J. Dantas
Eloi Palma Filho - DNIT

Pedro Rey Antdn - Acciona
19:40 20:00 Relatos da Feira Técnica Adriano Saldanha - MC Bauchemie

Victor Hugo Rattia

Thiago de Sa Lima - Construtora Aterpa
Alexandre Gil Batista Medeiros - DNIT

Felipe Gobbi - Geobrugg AG
20:00 20:10 Relatos sobre as visitas técnicas
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Acesso aos Artigos Tecnicos

Book
Tunnelling for a Betier Life 2o

Eﬁiﬁfﬁ- =

Tunnelling for a Better Life

Edited By Jinxiu Yan, Tarcisio Celestino, Markus Thewes, Erik
LRSS Eberhardt
S GAAT

b e T Edition 1st Edition

First Published 2024

OPEN ACCESS
eBook Published 28 May 2024

Creative Commons,

CC BY-NC-ND Pub. Location London
Imprint CRC Press
Pages 3728 . .
& Acesso: https://bit.ly/3yWhirR
eBook 1SBM 9781003495505
Subjects Engineering & Technology
BRAZLIAN AR
TUNNELLING AND CBT
UNDERGROUND SPACE

COMMITTEE
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Relatos sobre a 502 Assembleia Geral da ITA e
visao geral sobre o evento

Adriano Dornfeld Saldanha
Diretor ad hoc
2023/2024
Representante oficial do CBT no WTC 2024
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G

O Congresso Mundial de Tuneis 2024

AITA &
Oaites @
W. Mieczko

Promoting
Michal Miynar

g as the most
solution, while making the technology more
1 attractive in terms of price.
UN Assistant Secretary-General =
of UN-Habitat
Acting Executive Director
BAmDEEHE KARARRRBRGEE

Using new, more sustainable or recycled
materials in tunnelling.

* Carbon reduction jn tunneling projects
1th Muir Wood Lecture $14me/RE=R
Priscilla P. Nelson

* Decarbonation by the chemical industry
Underground Resources for a Sustainable Global Future
WTFRB @SR 18 A R

* Construction chemicals with reduced carbon
footprint

« Conclusion

ruweec g | CB]

1 4
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Dinamica do evento

WORLD TUNNEL CONGRESS 2024

Tunnelling for a Better Life @ 1254 2004

Achievements and innovation of
railway tunnels in China

Zhao Yong

Xizang Railway Construction Co,, LTD.

Tunnelling for a Better Life

BRAZLIAN CBT
TUNNELLING AND
UNDERGROUND SPACE | coMITE
COMMITTEE | BRASILEIRO DE
TUNEIS E ESPACOS
SUBTERRANEQ!

W A total of 1775 railway tunnels have been constructed. spanning 3,878 km in length, with a
speed targ'ft 0f 330 km/h, and tests achieving speeds of up to 400 km/h,
R The maximum tunnel length exceeded 40 km — a tunnel on & plateau railway (42,4 k),

TbeS»ssdemhunRﬂm £ RESS
R AL GO (Soite] CHINA RAILWAY N0 S ENGINEERING GROUPCO. LTD)
LTED) Tunnelhngfora Better'

Tunnellina for 3 Better Life V%"

Tunnelling for a B

www.tuneis.org.br



Relatos sobre a 502 Assembleia Geral da ITA

AITA e
Omss 2l

A G s o 35 FEn iy o
; e ; Z o Purt i@
e 2 53’5}&3’3 5
lT/‘\COSUY = Cha?(m""\E ICPREMAT 7~ITA e b ) .
: RIS 9 | B
* Evolutions

ITACOSUE
Committee on Operation:
Undergroung f

ITACUS

Committee on Underground Space

* Events

» workshop " Digitalization of tunnels ~ Tomurds EIV-based operotiint

ITAAITES 'S0th General Assembly; Shanzhen, Aptil 2

-~ Qo *
@t s S s
ST

i

ITACUS © Future activities

GLOBAL OUTREACH
* To t.he global built environment Community
enlightening them on the benefits of
underground works

* Exemplying WRy THE NEXT LEVEL Up |5
DOWN!

g [TAtech 2024 Annual Report 6&?531@
AITA = ¥ L Hew Activities 24
OA]TES'@ ' Sxx;;h:l&nwmab'

o S Pre»w::on’veum:ogies
lTAteCh : : = -IYAWnrkin;GroupS!mﬂme
Committee on New Technologies

ITAzech have baan heavily involved and supported the
development of the Peoposed new ITA structure for the
Working Grougs, bighlighting the supsert and
ENgagement thatthe prime $ponsoes ean provide to the
development of best practica,

165 AG ~ Update on Antular Groy

PLANNED CONTRIBUTIONS OF ITACUS AT NEW UPCOMING PUBLICATIONS:
Changing Cities Conference 2024
Placemaking Conference 2024
YPTDP Hong Kong 2024
WUF 2024
COP-29
Isocarp Congress 2024
World Systemic Forum 2025

* UNDERGROUND SPACES FOR CLIMATE RESIL
AND SUSTAINABILITY, 20+ crapters (Spring
* TTACUS ACUUS contributions, 3

ruwewne o | (B
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ITA-CET

Fommnsed o U8ickion i Taeing

ITA training activities

WIC Shenzhen

19 th April 2024 — WG and Committee meeting

s o @
A Sustainability Commiee  QATTES &
Work to Date:

Task Group A~ BREEAM §
* Reviewin
> St

or Tunn,
REr

Task Group 8- Optioneer

* Developing recommendations for <
assessments

Task Group C- State of Practic

* Reviewing & documenti; g work done to

Task Group D~ Equity, Diversity,

ecommendat

TUNNELR&%&@S CBT

AR W
ERGROUND SPACE | cOMITE
e COMMITTEE [ BRASILEIRO DE
TUNEIS E ESPACOS

SUBTERRANEO:

Sz

ITAYm Steering Board 2024/75

&
ot
7D RS

[TA-ATES S0th General Assembly, She

ity usion in the
h.-nn(}ilmglndus Y and Recomme

Actions for the

* Further development Since 1NAUZUral m

* Discussed and shareqd eXperiences of
* recent Project proc
* future Projects

eeting

Urement and delivery

e underground designs Using LCA and 81,

ation and maintenance requirements inside cli

* growth of the Broup and a.common platiorm for sh.

* Development of ey client BIOUD areas of interest ¢
ITA

E0t organisations
ANNg case histaries ang

hat may inform activities of the

* Virtual meetings to be held later in 2024. All client organisations are welcome
* Please contact myself or {thomas.dalmalm@trafikverket se}to get more client
organisations involved

T —

1€ Budget 2024-2025

HTA-AITES 50th General Assembly, Shenzhen, Apdl 21-24,2024

www.tuneis.org.br




Relatos sobre a 502 Assembleia Geral da ITA

| Stockholm Watétfront

ITA-CET Training and ather Meetings.
anay-sawrdm/’s'-m‘my =5

ABABAs AnLdansa Ras aaa
L e YT Y 1T}

N

i gl['l TR ARe

O 21 - >
e ot s :
@&’%ﬁgﬁ ;
O =
Outes®

21 Approval of the Choice for WIC 207

Belgium
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One large space conn
Program and the exhibitors

Customs clearance on sjte

Heavy €quipment possibilities
on the trade show floor
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CerimoOnia de comemoracao da 502 edicao do WTC

Video Prof. André Assis

BRAZ\LAN
TUNNELLING AND
UNDERGROUND SPACE coM|
COMMITTEE BRASILEIRO DE ’ t . b
. www.tunels.org.or



Links para assistir a cerimbnia completa:

https://www.youtube.com/watch?v=TbZbjHf-nBs

https://www.youtube.com/watch?v=Vko8xCJmBIk

https://www.youtube.com/watch?v=YZbxP4xsyV8

Link para acessar os livros comemorativos:

https://about.ita-aites.org/50-anniversary/ita-50th-anniversary
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https://www.youtube.com/watch?v=TbZbjHf-nBs
https://www.youtube.com/watch?v=Vko8xCJmBIk
https://www.youtube.com/watch?v=YZbxP4xsyV8
https://about.ita-aites.org/50-anniversary/ita-50th-anniversary

Relatos sobre artigos brasileiros apresentados no WTC 2024
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TAATES WORLD TUNNEL CONGRESS 2024

hhhhhhhh ,

Tunnelling for a Better Life ®)19-25 April, 2024 (@) Shenzhen, China

A METHODOLOGY OF RISK
MANAGEMENT TO URBAN TUNNELS
AND ITS APPLICATION TO BOGOTA
SUBWAY

Pg. 3.585 dos
J. Esteban Alarcén G.1'2 Andre P. Assis? Anais

(1. Universidad de Antioquia, Colombia; 2. University of Brasilia, Brazil)

= I WY VN
www.tuneis.org.br




RMM As A Design Methodology /
Step 3: Quantitative Risk Analysis (QRA)

H; m)p Risk Scenarioi mp  P[H]

O’Reilly & Stovin ((‘Iz%%i)):and Eskesen ef al. Cinstein (1 996) ‘
R=P[H].C  R=P[H].P[C|H].C PIC[H,].C,
e d S8 833 v Z ’
[$1 [1 [9] [$] [1 [9]
Rror = Z [1_[ P[Hi].z P(Ci|H,]. C;
Vulnerability i i J

BRAZLIAN
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RMM as Design Methodology /
Step 3: Quantitative Risk Analysis (QRA)

e Calculation of P[H]
* (Calculation of consequences (C)
e (Calculation of risks (R)

Probabilistic
functions of the
input parameters x;

\

M\
VariableX; | / \_

A

I Probabilistic
Variable X, '/\\_ >. y= f (xl,x2_._x”) function of the

performance

1‘ indicator
_ \ Probabilistic methods y = fix))
Variable X; |\ applied to the

) engineering formulation

B ——

www.tuneis.org.br



CASE STUDY

BOgOté Su bway Risk Calculation and Spatial Representation

* Line 1 Underground
Alternative of 2010

:— Rm=Z{]'__[P[HJZP[Q|H.-]-C/} »

(0

Satetlive o

EEES i

Ll il T
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Evaluation of Consequences

om0 mes || EE | e
B> 0,002 Fissures and minor damage in surrounding buildings 60% 30% of building cost

Fissures and minor damage in the whole structure 100% 60% of building cost

Structural damage in surrounding buildings 60% 1,5 tlmeggsftbulldmg

B > 0,007

e .. _— Human life lost
Fatal victims inside affected buildings 20% re ara?lon cocft tfmes
gopulat

ion density
Major damage in own structure 100% Thrgﬁimrnegsggstt)wn
Structural damage in surrounding buildings 60% 1,5 time(s:gsftbuilding
VS > 0,03 v life lost
an life lo
Fatal pedestrian victims 50% r?aya?lon éo t tfmes
opulation density

Human life lost

Fatal victims inside affected buildings 70% re araflon cost times
FR)pu ation density
BRAZLIAN AR W
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VIS Thes EEpioos www.tuneis.org.br




Risk Calculation and Spatial Representation
Global Cost Concept

R=[$]

Time

It can let to:
Mitigation and recalculation of

R
Redefinition of Admissible Risk
(RA)
L L I
MSsS i C' www.tuneis.org.br



* CONCLUSIONS

 The best tool to handle uncertainties into a civil project,
such as tunnels, is Risk Management (RM), which must be
Incorporated into engineering stages.

« Expressing Risk in monetary terms facilitates decision
making, either for structural failure, schedule or costs.

* Project Cost should be taken as global cost, adding direct
(construction) cost and risk cost.

* The calculation of the vulnerability (P[C|H]) is one of the
most relevant challenges, for practical engineering cases

* Risk management does not eliminate accidents
and disasters, but diminishes them and minimizes their
consequences in case they happen.
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WORLD TUNNEL CONGRESS 2024

Tunnelling for a Better Life £)19-25 April, 2024 () Shenzhen, China

The use of a reference cost system
for contracting underground public
Works

Eloi Angelo Palma Filho', Claudio Kazuo Miyazato?, Paulo Moreira Neto?

1 DNIT Brazil (national Transport Infrastructure Depariment)

2 Arteris Brazil Pg. 3.594 dos
Anais
meEe(TA ¥BEALEE A

AlTESl a‘: gy CHINA CIVIL ENGINEERING SOCIETY
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The SICRO reference cost system

Pedicrel ONIT
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From Design  Erom SICRO

1207663 Sprayed concrete 30 Mpa — area between 20 to 40 m* m® 385.0 1,250.00 481,250
6219504 Underground excavation Class V — area > 90 m* m® 954.0 135.00 128,790
6205797 Steel arch — Lattice girders kg 250.0 12.00 3,000
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Tunnelling for a Better Life )19-25 April, 2024 (8) Shenzhen, China

BIM Modelling & Reality capture in
underground drill and blast caverns

Pedro Rey Anton, Ivo Jose Ferreira Teixeira, Alessandra Barbetta,
Bruna Bezerra Vieira, Fernando Abreu

ACCIONA Construction Brazil Pg. 2.825 dos
Anais

Omw:rmrm = " ESEL T YN
AITES m@m& * CHINA CIVIL ENGINEERING SOCIETY
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Introducao

* Linha 6 do Metrdé de Sao Paulo

O maior projeto de Mobilidade
Urbana da Ameérica Latina

O maior contrato de parceria

KM DE EXTENSAO ESTACOES VSEs & SEs Patio de Trens Publica-Privada no Brasil

Tanel (TBM + NATM) Subterrdneas Poco de Ventilagdo e
Saida de Emergéncia

A = = =]

Design, Build & Operate
“Fast-tracking"

WEE FELICK R S ALMMANTE USE FHE| WEE MATO sE WEE VEE JO&D WEE YENARCHS WEE WEE HARE OE gE 0 1ma s WEE S UEE WSE FELIE VEE DOMIKOOS
DS SANTOS PEOHOS0 MAHOLES CANECA ROESD MTAFDUS  PataENE] Fmrah HO AFES  palETon BOLEA, ACMOE VELHG PPN WENLIES wE,
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= @\\TC 2024 19-25 April, 2024
o Tunnelling for a Better Life | e o
BRAZLIAN 1enzhen, China
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Aspectos Geologicos e Geotécnicos

 Estacao Joao Paulo |

- LADNIILL ALLUVIUM KESIDLUAL SO WEATHERED ROCK - HARD ROCK

Conceito da Escavacéo de Pogos: BIM
I.  Escavacéo completa em solo: aterro (2-5metros) e aluvido (até 10 metros) +
Il.  Transicéo: solo residual e saprélito com rocha alterada (mais de10 metros), Escaneamento 3D
Ill. Rocha Dura: granito classe II-llI-IV

Todos os trés tipos de escavacéao foram parcialmente revestidos com a aplicacéo
de um revestimento primario de concreto projetado (shotcrete) reforcado com tela
de aco nas regides de solo e concreto projetado reforcado com microfibra na parte
Tochosae:iEnsicRn (el muctolibra). Escavacao do Tunel: Método de perfurar e explodir

A escavacao do tanel foi realizada inteiramente em rocha.

= M\\TC2024 . ; 19-25 April, 2024
) BRAZLIAN CBT Jpe—— Tunnelllng for a Better Llfe shenzhen. China
' TUNNELLING AND X
C’ :
NS ThesE ks www.tuneis.org.br




BIM Modelling & Reality capture on Line 6

* Model Creation

Landusp: Design  People Flow asalysis  Iaserioe Design

L ll J
----------------------- Achitectural - ‘ | ”
Design .
[ Mee | - T l
" Lighting 5( ——————— | Structural |
Analysis J eSOy esin,

— Plumbing

‘N. 5

; :

____._4 i
m
2|7 Z|
3 < }
i~

A 1~ Ny
 Design —
e ) Modelo Federado
/__ .‘ - Coordenacgéo
icidsnn S « Minimizar retrabalho

Construction

BIM Models Process. Design Phase

M\WT1C2024 . . 19-25 April, 2024
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BIM Modelling & Reality capture on Line 6

* Model Coordination

Landscape Design People Flow amadvals Interior Design

B e | Achitectural |e- -~~~ ~e \
D , AI[:::“;'-‘ 1"’ \ I I’

£ MEP % Seructural Coatings
Lighting | == \ 5'[;'“:“::“ _g PR
| Analysis | | omemmmmm e \ )
] o Plumbing | .r x e £l L k‘ Sabstrucrures
', | Design | e %
v e =3
\ [ SR : B
4. | Electrical | - g . S ] =~
| I y
|
| S
|
|

| Design .‘-\‘\_ Federated Model

| (Construction Phase)
|

| Design | \
T )
— Model Cheking | Point Clouds
Suppliers | o .
Construction | \

BIM Models Process. Construction Phase

Modelo Federado
» Coordenagao
= Minimizar retrabalho

=& WTC2024
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BIM Modelling & Reality capture on Line 6

 Federated Model & Modelo de Nuvem
de Pontos

Operagdes de detonagao produzem overbreak e underbreak.

\ 4

Correcoes realizadas posteriormente causam impacto no cronograma.

\ 4

Necessario atualizar os modelos de projeto de acordo com as tolerancias
especificas de cada disciplina, quase que em uma “day by day" basis.

\ 4

A decisao foi de ter "nuvem de pontos” gerando um modelo de topografia
realista para federar com os modelos de projeto e construcao.

\ 4

Canal de tomada de decisdes desde as fases iniciais.
“As-Built” work models.

BRAZLIAN

TUNNELLING AND
UNDERGROUND SPACE
COMMITTEE

(BT 1

COMITE
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Tunnelling for a Better Life |

Federated BIM Model with Point Clouds Model
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Exemplo Estacao Joao Paulo |

 Overbreak e Underbreak

Principais integracées:

I.  Validar e simular as possiveis ground improvements
el/ou reforgos de revestimento e seu impacto na
viabilidade da arquitetura, sistemas e diferentes
subcontratados de sistemas.

Il. Integracéo da nuvem de pontos com os espagos
resultantes da escavacao por detonagao: overbreak
e underbreak. ‘.'

* Modelos com tolerancias, gabaritos, pé direitos, rotas
de fuga, extracao de ar, etc.: estudar alternativas

» Obter quantidades e medigbes: permite a otimizagao e
a tomada de decisées baseadas nos custos diretos.

» Visualizagdo dos modelos: compreensao dos projetos.

\ 4

Troca bidirecional de informacdes entre disciplinas.

Modelos BIM de analise de Overbreaks e Underbreaks

7= @\\WTC 2024

—— e S | )
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%acciona

Exemplo Estacao Joao Paulo |
* Mudancas

Redugao da caverna Norte Aumento das estruturas de refor¢o

F=M\1C2024 . . 19-25 April, 2024
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Exemplo Estacao Joao Paulo |
* Nichos de Evacuacéao laterais

Y

» Nova necessidade de projeto
(durante a fase de construcao)
» Limitagao geotécnica/estrutural importante

19-25 April, 2024
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Conclusoes

Modelo BIM + Nuvem de Pontos: Vantagens do Modelo Federado

« Conexao completa entre construcao e projeto, se excedendo para os
subcontratados.

» Analise do processo, integracao da obra e do projeto em tempo real.

: WORK
Reajuste em tempo real.

BEINGDONE -

«  Quaniificar e mitigar o impacto do retrabalho na construgao.

« QO aprimoramento da conscientizacdo do projeto: monitoramento da
escavacgao
» verificagao
» quantificacdo

REWORK ANALYSIS

« interpretacio ENOWN UNDISCOVERED
i : Sis S REWORK REWORK
» mitigar espacos, de acordo com necessidades multidisciplinares

s =
* Melhorar a visuzalizagao dos impactos das alteractes do projeto, com -

mais dados. ‘

» Otimizar o processo de tomada de decisdo e executar agbes
corretivas gerais em um espaco de tempo mais curto. Reduzindo o
retrabalho. Ciclo de Retrabalho: Linha 6 - Metré de S&o Paulo

= @/TC 2024

— CComm S )
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Challenges in the conventional
tunnel mixed-face execution

#700

Thiago de Sa Lima !, Bruno Scodeler?, Eloi Angelo Palma Filho?

; Construtora Aterpa; 2 Maffei Engenharia; 3 DNIT Brazil (National Transport Infrastructure D Pg. 1.424 dos
Anais

s SR TA PR EALTE AL

AlTES %"@“&” CHINA CIVIL ENGINEERING SOCIETY
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Mixed-face definitions

» By characteristic, definitions of mixed sections bring inaccuracy, with
Impacts on the project, economic viability and execution. Example of
iIdealized mixed section is showed in Figure 1.

21 < ANR < 30 548 | AAM A1 < Eth = 80 AOCHA SA

ROCK SECTION

RVE < 20 wA

SOIL SECTION MIXED SECTION

|

1
|
|

L
GREDE [

- —

I |

i
o
|
4
e

Ral
& A RLIR = 31 ROCHA POUCT ALTERADS
FoR = 41 nenwaTa y Fetild 24
& o~ -
SECAO §2 SECAO M2 SE T‘f;.o R2
INICIO) MICIO
eec. 1200 ase. 1200

Figure 1 Mixed section, in center, an intermediate situation
between soil (left) and rock (right). Source: Authors.
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Difficulties and results

3

BN AL B st S R, "'{é—i}‘s:
fferent locations where mixed face support
was applied in the same tunnel. Source: Authors.

Tunnelling for a Better Life

P WTC2024
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Difficulties and results

B e re P e e P e P e g e el N T e e

soll section, resulting in shorter excavation/support times and
lower costs.

Table 2 Tunnels data (extensions, in meters)

I SOIL ____ MIXED | _ROCK ___

FORESEEN 515.23 1,438.08 5,130.71
REALIZED 917.02 1,045.20 5,121.79
DIFFERENCE +401.79 - 392.88 -8.92
- W/TC 2024 : . 5 i
o Tunnelling for a Better Life |3 o0t cine

(BT 1

COMITE
BRASILEIRO DE Q
en OSC' www.tuneis.org.br
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Abordagem para o controle dos
recalques superficiais devidos a
escavacoes de tuneis com TBMs pelo

acompanhamento do monitoramento

VICTOR RATTIA Pg. 822 dos

SENER BRASIL Anais
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INTRODUCAO

N Compreender o comportamento da maci¢o devido a construgdo do tlnel

. ‘;‘w:mclz
=

[

=7 |
Sl

N Andalise 2D R _ Analise S0
- Estimativa do fator de seguranca ' % N> _1 Qb, Estimativa do volume de perda e do
(FS) de estabilidade da face - B % recalque maximo da superficie

be sener
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MODELAGEM DO RECALQUE SUPERFICIAL
IC@ pubishing e s
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ABORDAGEM METODOLOGICA

e e a7 s S S |
| Input Data : Construgdo do modelo
: Geotechnieal Tunnel Geometry |
- Soil stratigraphy - Tunnel diameter | - P
: - Soil properties - Tunnel cover depth | Sma-‘ 5 ( ¢ )
| : D b\ (Pu -P ) 1

(S.u.u J - 590 (R> = )
----------------------- | D b (B, —P)—1
|  Estimation of initial TBM support pressure - P, | e 'm( . )
Lo st i o e i Satax _M
I D lowerbound b\ll} ( P P) 1
Model construction
E. Settlement curve : : Upper bond 1 06 9 120 150 .’:H:{» 230 270 300 330 360 390
' ‘i Lower bond : i A8
fl vl e e e e e e
£ L.~ /,-"" =
LA
Settlement E 2 I
@ 2 'I o Monitoring data )
hl‘easures I —FEOPOSED CURVE > RT Q170
.14 ! Bound Lemit l':ov 2 10%
! Ly
Weaeral 24 VIT — a8 ¥ 'l = seuns it CoV = 0%
Model |NOT ACCEPTABLE | Application of g —— Lozl
Comparison Countermeasures A retroanadlise constante dos dados de monitoramento,
comparada com os dados de escavagado permite :
Pl s OBTER UM SISTEMA DE CONTROLE EFICAZ
ACCEPTABLE Calibrated DO DESEMPENHO DA ESCAVACAO “2 gener
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ANALISES DE ESTUDOS DE CASO

Projeto Linea 1 — Milao, Italia Projeto MRTA — Bangkok, Tailandia
Support pressure (kPa) Support pressure (kPa)
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 0 20 40 60 80 100 120 140 160 180

1T =

Surface settlement (mm)
Surface settlement (mm)

) { I 1 t I | x| : ’ { | !
51 I % Field data SRR Lo e el e e Ko » Field data {
- : Fitting curve -> R*: 0,9737 560 1 > ; !.I' ——Fitting curve -= R™: 0.8131 |
- : : : ' = = Bound limits, CoV =37 % ' ' ' i - = Bound limits, CoV =52 %
24 £ i i I 5 == A i R ] -65
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CONCLUSOES

Com base no trabalho publicado por Rattia et al. (2022), o presente artigo teve como objetivo propor
uma abordagem pratica para o controle do desempenho da TBM e resposta do macico, usando para
isso a estimativa dos recalques superficiais, a pressdo de suporte da face da TBM aplicada durante a
escavacao e na variabilidade inerente das propriedades do solo através da definicdo de limites
inferiores e superiores.

Os estudos de caso apresentados, provenientes de trabalhos publicados em Italia e na Tailandia
(Antiga e Chiorboli, 2009; e Suwansawat e Einstein, 2006), foram utilizados para validar a abordagem
aqui apresentada. Pode ser observado que o modelo se ajustou bem ao comportamento da massa de
solo registado para cada estudo de caso.

Finalmente, os autores acreditam que o modelo proposto constitui uma ferramenta valiosa no projeto
de escavacdo de tuneis com TBM, pois oferece um procedimento para recalibracdo do modelo de
resposta do macico a medida que novos dados de monitoramento e de pressdo de suporte sao
incorporados, permitindo uma informagao em tempo real para a tomada de decisdes.

T sener
19-25 April, 2024
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Relatos sobre participacao nos Working Groups
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@120 2 Meeting 2024 - AGENDA ~ITA &=
WG-2: Research. Eﬁﬂg:{gg‘lﬂﬂn ' |%L.B%ention Center - Hall 18 — Room CC101B AITES

%

* 14h00 - 14h10: Welcome & feedbacks .* * Free time for Sub-groups to organise internal
v The task force on WGs Reorganisation meetings and Set their own Work p]an

» Exchange session with WG9 on merging 7

14h10 - .
v Longitudinal Joints Design = INTERNAL REVIEW

Damage of Segmental Lining

Face Support Pressure in TBM Tunnelling

Quantitative Risk Management

~ N RN

Sustainability Task Force

= 15h45 — 16h00: Break
= 16h00 — 16h45: New topics A
<

;g; = 16h45 - 17h30/ 18h00: Open discussion
v WG2 new name & mission statement
v' Merging with WG9
() WG2 Annual Meeting at the ITA-AITES 50th WTC — Shenzhen April 215, 2024
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IN-SiTu STRESS MEASUREMENTS

ITA Working Group

N* ISBN: 978-2-9701670-6-1 ITA REPORT N°?? / MARCH 2024

LSSOCMTKN
INTERNATIONALE DES TUI
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A|T ES AND UNDERGROUND SPAGE
SOCIATION
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Operational Procedure:
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WN-SITU STRESS MEASUREMENTS n

O Finalisation status: draft print,
needing reediting by the ITA
Secretariat

Foi apresentado na se¢ao técnica
de quarta feira por um dos
autores, Dr. Camilo Marulanda

Estara disponivel em breve e é

uma contribuicao importante para
a comunidade técnica.
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WG-3: Contractual Practices. Eng. Eloi Angelo Palma Filho

- O grupo WG3 irda mudar seu nome para Contractual Practices, Procurement & Delivery.

- Anunciada a primeira obra a utilizar o “Emerald Book” 2019 First Edition. Homole Road Tunnel, na Republica
Tcheca.

List of work products in progress: Anticipated completion
Topic or title of the guideline date
® Translation into PT/BR of the ITA Report #25 “The ITA Contractual Framework 9/2024

Checklist for Subsurface Construction Contracts (2nd Edition / 2020) —
published on January 2021 (With CPT and CBT)

e Guideline on NEC4 application to underground works 4/2025

® Checklist on TBM specification by Owners (with WG14) 2025-2026

e Contribution to Workstream B of the special task group on sustainability TBD by task group
e Update of ITA Report on Risk management (with WG02) TBD by joint group
® Revision of survey on procurement practices 9/2024

BRAZ \LIAN

TUNNELLING AND
UNDERGROUND SPACE
COMMITTEE

CO
BRASILE?RO DE .
ey OSC' www.tuneis.org.br



-
@ ' Corvid Brovbive o0 Ture: & 3
o ITA Contractual Proctices 2* Edition (2020)
Corissde Porluguess de Tonels ITA Praticas Contratusis 28 Edhzao — PT (2024)

WG-3: Contractual Practices.
GRUPO DE TRABALHO N¢ 2 da CPT

e WORKING GROUP N2 3 do CBT

- Pelo CBT, Tiago Ern, Rafael
Moreno Junior e André Pacheco
de Assis.

- WG-3ira levar essa ideia para que
o documento seja traduzido para
varias outras linguas.

- Primeiro no formato de colunas
paralelas, mantendo a versao
original.
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WG-3: Contractual Practices

BRAZLIAN CBT
TUNNELLING AND
UNDERGROUND SPACE | COMITE
COMMITTEE | BRASILEIRO DE
TUNEIS E ESPACOS
SUBTERRANEO:

Conditions of Contract for
Underground Works

ENERAL CONI

HE PREPARATION OF PART

JANCE FC PARATION
AND ANNEXES: EXAMPLE FORMS F
YOMPLETION SCHEDULE AND SCHEL
F CONTRACTOR'S KEY EQUIPMENT

FORMS OF LETTER OF TENDER, LETTER OF ACCEPTANCE
JONTRACT AGREEMENT AND

DISPUTE AVOIDANCE/ADJUDICAT

ON AGREEMENT

FIDIC | International Federation of Consulting Engineers

Guidance on NEC and underground works

Diraft for discussion by I TA-AITES Working Group 3

Prepared by & joint NEC-WG3 task group: Peter Higgins (NEC), Hannes Erl, Andres
Marulanda (WG3)

1 INTRODUCTION 1
2 ALTERNATIVE APPROACH OF RISK ALLOCATION 2
3 GEOTECHNICAL INVESTIGATION AND REFERENCE DESIGN 2
4 RISK MANAGEMENT 3
5 GROUND CLASSIFICATION SYSTEM 4
6 PREPARATION OF THE GBR 4
7 TENDERED PRICES AND PRODUCTION RATES 5

8 PAYMENT AND TIME FOR CARRYING OUT THE EXCAVATION AND LINING WORKS 5

9 ADDITIONAL CONDITION OF CONTRACT (Z CLAUSE) 6

9.1 Appendix 1 model Z clause 7

1 Introgiiction

The NEC Enginearfing and Construction Contract (ECC) has been designed for all types of
enginéering and constroction work, including sub-surface work. Risk of ground conditions
being different from expected is allocated through compensation event 60.1(12), there is a
compensation event if:

The Contractor encounters physical conditions which:

» are within the Site,

» are not weather conditions and

+ anexperienced contractor would have judged at the Contract Date to have such
a small chance of occuming that it would have been unreasonable to have
allowed for them.

This is supported by Clause 60.2:

In judging the physical conditions for the purpose of assessing a compensation event, the
Confractor is assumed to have taken into account:

New Engineering Contract (NEC)

www.tuneis.org.br
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WG-11 Immersed and Floating Tunnels. Victor Hugo Rattia
S JYIC20 WORLD TUNNEL CONGRESS 2024
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- PUBLICACOES RECENTES

* DISPONIBILIDADE DE ACESSO DE DADOS E
PROJETOS EM CURSO

* “TUNNELLING FOR BETTER LIFE”

* PROJETOS FUTUROS E/OU EM CURSO
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PUBLICACOES RECENTES

Definicao de tunel flutuante
Implantacao e construcao
Condicdes do local / terreno / leito marinho
Analise de risco
Normas e critérios de projetacao
Gerenciamento do projeto
Manutencgao e destino final do tunel

- ~ .
VA{A .- l‘ { | —
, I‘
N
Italy ~ Messing Strat Japan - Funka Bay Mexico - Gulf of China - Jintang strait
[Martire ot al, 2009; {Kanie, 2010) Gallfornia (Faggiano et (Fagiiano et ai, 2002),
fapganc et al, 2001) 3, 2016
Y e~ sy
=y | ¢ ' =
|/ r— ":.\ L .
=) O
W\ "/ - '\\ >
hina - Qiandao Lake Norway - Sognefjord Japan - Onacshi in-port | Japan - Dalkokujima
(Marzolani et al, 2001, {Fjeid et al, 2012) (Karve 20109 crossing (Kanie 2010)

2007, 2008; Fagglano et
al, 2008, 2018}
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ACESSO DE DADOS E PROJETOS EM CURSO

Pesquisas recentes l

Troca de informagdes
Projetos em andamento
Futuros projetos

Disponivel s6 para:
Associados do ITA-AITES (https/about ita-aites.org)
Representantes do WG-11

Animateur: Marcel't Hart

19-25 April, 2024
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TUNEIS SUSTENTAVEIS g o
Integrar a responsabilidade social e —
ambiental nas fases de construgéo e operagao

¥ emissado de CO,

TECNOLOGIA:

- Concreto / Ago

19-25 April, 2024

shenzhen, China

“TUNNELLING FOR BETTER LIFE”
DISCUSSOES: —l, % IR
TUNEIS RESILIENTES pu— m
Condigdes do local de implantagao i
Tunel imerso ou flutuante EFR S N
X Inundagées Fehmarnbelt immersed tunnel
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S WTC 2024
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PROJETOS FUTUROS E/OU EM CURSO

. _ FEHMARNBELT
Fehmarn Belt fixed link: FIXED LINK
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PROJETOS FUTUROS E/OU EM CURSO
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Tanel Imerso Santos-Guaruja | e e
1,5 km de extensao i b el B
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Tunel submerso VIADUTO

18 & UPALA0 Lobmarma mtre Santos o Guares . (R N : il VLT

aoucho ot 75 DEIVOSTATEASEMOL
m.?: NE EXTENSIODE ESTRADA
TRAVESSIA EM INTRE O) MONOPI3S
FELACAO ASALsA

ATENDINENTO OE
APEOLMADARENTE
A0 ML PESS0AS

CicLovia

PASSEI0 TRES FAIXAS POR SENTRO,
COM PESSIBAIDADE DF
INTECRAGAD COMVLY

wr

WTC 2024 . - 2 ril,
Cfa:: Tunnelling for a Better Life |3 2om i
', T

UNDERGROUND SPACE | comie c
COMMITTEE  BRASILEIRO DE

TUNEIS E ESPACOS
SUBTERRANEO!

www.tuneis.org.br



g Frapt 3
AR AT o

LRS- WG 1) Sprayed concrete yge

BAWTC 024

Animateur: Kar| Gunnar Holter (Norway)
Vice Animateuyr: David Oliveira (Australia)
Tutor: Jenny Yan (China)

TUNNELEIEIJEZLE@B CBT
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ERGROUND SPACE | COMITE
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€2024

ay 2023:
S persons
* Work: progress and

data collection for Our project work
condition of spraye

d concrete in tunnel linings”

' * WG meeting during the WTC 2025 Shenzhen:

= ol il * Successful conducting of the meeting in hybrid form with 13 persons physically

(g i presentand 9 persons participating digitally from overseas

o * Substantial discussion and engagement in the process “how does WG12 wish to
work and contribute to the ITA in the future” s 2

* Main outcome: the current proposal from the Ex is ;: p&oersdutmn
in terms of increasing the quality and level of.con}r A ee e

* Main reason: the WG needs to move furtherin- P expertise,
than diluting it

In-service

WG 12 - Sprayed concrete use NA
FUTURE PROPOSED ACTIVITIES e
* Main acknowledgement: many impo i i
multidisciplinary Y Important tasks in tunnelling are
* Hence, initiate several working projects ACROSS the W6
* Examples of future tasks for the WG12 in collaboration:
WG12
TASK, WORKING )

SPRAYED
PROJECT E CONCRETE
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Relatos da Feira Técnica e das Visitas Técnicas
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WTC 2024

TUNNELLING FOR ABETTER LIFE
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1. SUSTENTABILIDADE

F F
e e

)DANTAS

Reducao da significante emissao de carbono em obras de construcao
de tuneis usando métodos inovadores, buscando a sustentabilidade
(36%):
1.1 — Projeto
1.2 — Especificacao de materiais
1.3 — Reducao de aco e cimento para contencoes provisdrias que
significam 35% do total a ser consumido.
1.4 — O concreto projetado reforcado com fibras da primeira fase deve
ser considerado como parte do revestimento final.
1.5 - Reducao da espessura do revestimento final com uso de
concreto de alta resisténcia com uso de escoria e silica ativa.
1.6 — Reducao das emissoes de diesel e eletricidade no uso de
equipamentos.

e Diminuicao das distancias de transporte e ventilacao. Reducao

da quantidade de movimentacao de materiais (solo e rocha);

e Uso de veiculos elétricos a bateria;

e Uso de hidrogénio como combustivel;

¢ Diminuicao do consumo de explosivos.

BRAZLIAN
TUNNELLING AND
UNDERGROUND SPACE
COMMITTEE

(BT =1

o OSCD www.tuneis.org.br
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1. SUSTENTABILIDADE

e ™
T ot

) )DANTAS

1.7 - Tratamento e reaproveitamento da agua e esgoto.
Reciclagem dos residuos e do esgoto das instalacdes e da
construcao;
1.8 — Evitar excessiva poluicao sonora e de iluminacao.
1.9 — Inteligéncia artificial tecnoldgica.
1.10 — Reducao da emissao de carbono (CO2) durante a
operacao e manutencao do tunel (64%):

e |luminacao, ventilacao, manutencao e reformas;

e Uso da energia solar, edlica e geotérmica.

1.11 - Protecao do Ecossistema (vida selvagem).
Conservar os recursos da terra e da agua. Restauracao
ecoldgica

BRAL\LIAN
TUNNELUNGAND
UNDERGROUND SPACE
COMMITTEE

?BQEREEE‘RE%BE OSCD www.tuneis.org.br

SUBTERRANEQ!



2. RESILIENCIA

o)
o

) )DANTAS

e A capacidade de voltar ao estado normal.

e Capacidade natural para se recuperar de uma situacao
adversa, problematica; superacao.

e Resilire, que significa “voltar atras”.

e A resiliéncia é a capacidade intrinseca de um sistema de
ajustar seu funcionamento antes, durante ou apos
mudancas e disturbios, de modo que possa sustentar as
operacdoes necessarias, mesmo apds um grande acidente
ou na presenca de estresse continuo.

e Exemplos de resiliéncia. 4
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DEPARTAMENTO
NACIONAL DE
INFRAESTRUTURA

DE TRANSPORTES

Observagoes sobre a Feira — Eng. Eloi Angelo Palma Filho

- Estandes de Universidades. 3 instituicdes expondo
suas linhas de atuacao cientifica, voltadas ao
ambiente subterraneo.

- Ventilagao de frente de obras. Filtros montados
sobre caminhodes (Dust Removal Vehicles).
Objetivam acelerar a limpeza da frente de
escavacao pos-desmonte, para reduzir o tempo do
ciclo Drill and Blast.

- Espuma Biodegradavel para uso em TBMs, a partir
de dleo vegetal.

- Equipamentos. Empresas chinesas, conhecidas por
nds por fabricarem TBMs, possuem toda a linha de
equipamentos para ‘NATM’ e mineracgao.
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Nome do projeto: Guangzhou-Dongguan-Shenzhen intercity link
1 Dados do projeto Observacgoes sobre a Visita Técnica — Luis Filipe Mamede - HLT

* Comprimento do tunel: 3.511,28 metros, inclinagdo maxima 27%, raio minimo da curvatura 1300m;

* Passagem por estruturas: o tunel passa pelo Tunel Fubao, Linha 3 do Metr6, Ponte da Zona Franca n? 3, atravessa o Tunel Shenzhen-Hong Kong, passa pela Estacdo de
Abastecimento de Gasolina Huanggang , pela entrada do estacionamento Yitian Parking e pela Zona Franca em Futian.

* Profundidade maxima de enterramento do fundo do tlnel nesta sessdo é de 46m e a pressdo maxima é de cerca de 4,6bar.

2. Visao geral dos segmentos

* Especificacdo do segmento (ID/OD - largura do anel): 12.800/11.700-2000mm

* O tunel adota duas pistas de trem com pecas de galerias pré-fabricadas integrais na parte inferior.

* Transporte interno dos segmentos e galerias por MSVs da NDF, similares aos que estao
trabalhando na L7 de Santiago no Chile

3. Dados do TBM

* Slurry TBM modelo ZTS13220 da CRCHI

* Diametro de escavagdo: @ 13.270mm, comprimento de 126m e peso de 3.300 tons
* Poténcia instalada: 9.010kW

* Torque maximo: 198.470kN@350bar

* Velocidade maxima de propulsdo: 50 mm/min

* Poténcia do acionamento principal: 14x350kw

* Torque nominal: 29.540kNm a 1,4rpm

* Pressdao maxima de trabalho: 8 bar

* Selo da cauda do escudo: 5 linhas de escovas

4. Dados adicionais:

* Cabeca de corte acessivel: A troca acessivel dos cortadores evita que pessoas entrem na cdmara sob pressao.

* Monitoramento dos cortadores: O sistema de monitoramento em tempo real fornece uma base confidvel para a troca dos cortadores (monitora rotacao, desgaste, temperatura e
carga de cada cortador em tempo real)

* Acionamento principal telescdpico: Deteccdo em tempo real da forca na cabeca de corte e aviso prévio para evitar danos anormais.

* Sistema de reforco avancado: Com sistema integrado de probe drilling e grouting.
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Observacgoes sobre a Visita Técnica — Eng. Alexandre Gil Batista Medeiros

Hong Kong Trunk Road T2 and Cha Kwo Ling TneI

ED/2018/04 Trunk Road 72 and
fras! Works for
at tise Fosmer South Apran

Subsea Tunnels - Layout and Geology
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T2 - PROJECT GENERAL INFORMATION
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v Twin Tube Road tunnels - 3.4km long - 2 traffic lanes in each tube:
TBM Tunnels — approximately 2.4km — bored with 2 slurry TBMs 27K il £ & #4 (14m diameter)

Cha Kwo Ling Tunnel — 400m — excavated in rock by Drill & Blast/Break IR BN T %
technique

v
Approx. 2.4km long subsea drive — Around 45m below sea level
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RUNK ROAD T2 - SUBSEA TUNNELS

;unnel Boring Machines &AL
. & M MEF 6 MTR TRAIN CARS

@@@@@@

iy 120 3k m
DECKER
BUSES

v 2 Nos. of Tunnel Boring Machines
* Supplier: Herrenknecht, Germany
* Boring Diameter: 14m
* Slurry Mixed Shield with Accessible Cutterhead J]#%
* Design Pressure: 7 Bars max
* Nominal Torque: > 23 MN.m

v TBMs are reused from TM-CLKL Proje i i

and retro-fitting of Accessible Cutterr:egfiaﬂer i e i Germany and China)
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Esta aberta a submissao de
trabalhos para o 6°CBT!
Os resumos podem ser enviados
até o dia 30 de junho.

O C(ONGRESSO BRASILEIRO
DE TUNEIS E ESTRUTURAS
§ SUBTERRANEAS
= =

o SEMINARIO INTERNACIONAL
> Ss== "LATIN AMERICAN TUNNELLING

'..‘\\\ SEMINAR - LAT 2025"
Pl 10013 demarvede 2025 /' Sdo Povio-5 4

https://6cbt.tuneis.org.br/

Inscrigées
abertas! 60 CONGRESSO BRASILEIRO
DE TUNEIS E ESTRUTURAS
SUBTERRANEAS

o= SEMINARIO INTERNACIONAL
s~== "[ATIN AMERICAN TUNNELLING
q‘\\ SEMINAR - LAT 2025

10a 12demargode2025 J SéoPauio-SP A

‘s“ ’,/

Primeiro lote com desconto
até 10 de setembro

BRAZLIAN

TUNNELLING AND
UNDERGROUND SPACE

' COMMITTEE

(BT 1

Sislro C) www.tuneis.org.br

SUBTERRANEO:




60 CONGRESSO BRASILEIRO

M DE TUNEIS E ESTRUTURAS
SUBTERRANEAS a— S
§ % ’_- SEMINARIO INTERNACIONAL Realizacao Organizagao
% "LATIN AMERICAN TUNNELLING

:.‘\\\ SEMINAR - LAT 2025"

Desenvolvimento e Sustentabilidade por meio BRAZILIAN
de Tuneis e Estruturas Subterraneas TUNNELLING AND CBT ﬁ
UNDERGROUND SPACE | cOMITE =

COMMITTEE | BRASILEIRO DE
TUNEIS E ESPACOS
SUBTERRANEQ

=i

Eventos Especiais

Endorsement Apoio

An event endorsed by

A

s BB ITA @ = —

O AITESIEEE%  chmr A e o ) 1 t
ASSOCIACAO BRASILEIRA DE GEOLOGIA p = s 4 o Ul s AS

comité brasileiro de DE ENGENHARIA E AMBIENTAL TECNOLOGICAS
mecanica das rochas

» r2
[Izbraman g TBRAM G IR

de manutengado e gestao de ativos

. ENGENHARIA

https://6cbt.tuneis.org.br/

BRAZILIAN 1 4
TUNNELLING AND CBT
e e () :
NS ThesE ks www.tuneis.org.br



Platina

O C(ONGRESSO BRASILEIRO
\ DET UNEI.i E ESTRUTURAS
SUBTERRANEAS .
N ; Diamante

] == SEMINARIO INTERNACIONAL
o" So== "LATIN AMERICAN TUNNELLING

q‘\\\ SEMINAR - LAT 2025"

Desenvolvimento e Sustentabilidade por meio
de Tuneis e Estruturas SubterrGneas

rmenmg Systems SO'Otrat

SOLUCOES EM JET GROUTING ‘\\ SHEKI\N

ANCOR-JET

l AFIBRAS

Praia
Ouro

CONOREYO FROgCTADO OO0 BRASL

«. BRUGG
Acolubo Geobrugg A O

TECNOGEO
GROUND

’ Bronze
4 m [_J rocscience @
3R

4 —
’ fan I CONSTRUIR E CUIDAR

https://6cbt.tuneis.org.br/

BRAZILIAN 1 4
TUNNELLING AND CBT
R e () :
LR www.tuneis.org.br



FIM.

O conteudo desta apresentagdo ndo reflete, necessariamente, a opiniéo do CBT.
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