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Presenter — Introduction

Sika Services AG

E Tueffenwies 16 - 8048 Ziirich - Switzerland
Phone: +41 58 436 4040 - Mobile: +41 79 933 4061

Velez.Alejandro@ch.sika.com - www.sika.com
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1994-1999

1977 2000-2001
Born in Medellin TH Karlsruhe
Colombia Germany
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2002-2015 2005-2006
University EAFIT Herrenknecht AG (Tunel de Pajares)
Colombia Germany Spain

2008-2015

(TBM Refurbishments in Spain, Brazil,
Mexico, Romania, Poland, Turkey, ...)
Germany

2002-2004 2007-2008 2015-
(Dublin Port Tunnel) (Brisbane Tunnel) Sika Services AG
Ireland Australia Switzerland
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What we do — Buil
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ding Trust

27,000+ EMPLOYEES

BUILDING TRUST

SIKA AT A GLANCE

99 NEW PATENTS IN 2021

100 COUNTRIES

+7 ACQUISITION IN 2021

300+ PLANTS WORLDWIDE

4 NEW FACTORIES IN 2021

WE ARE

THERE

9.2 BN CHF NET SALES
IN 2021

Our products might not always be visible but the
results they achieve are clear to see.
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NEW PATENTS WERE

Success Factors - Innovation

Sika’s long history of innovation has led to unparalleled
success in becoming a recognized global technology leader in
many markets, as well as creating value for Sika’s customers.

While investing in established and new technology centers
around the world, the company also nurtures and develops
an international network of scientists, partners, suppliers,
and customers.
We provide intelligent solutions using the most advanced
technologies, service and unique expertise.

B

@ INVENTION DISCLOSURES
FILED SINCE 2015 REGISTERED SINCE 2015

BUILDING TRUST

itali
EMPLOYEES ARE DEDICATED TO
RESEARCH AND DEVELOPMENT
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AMERICAS
[ Asia/pACIFIC

Worldwide — Market Presence

Sika is active in 100 countries on l 1

all continents with strong local
organizations. Sika has more than
300 plants worldwide.

BUILDING TRUST
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Sika’s strategy - Pillars for 2023

_ Market Penetration

_ Innovation

Operational Efficiency

of sales with new products

Values

D I B
v

l
_ Acquisitions
|
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TBMs — Depending on Geology

Gripper machine
Single Shield TBM

Double Shield TBM

Slurry TBM
VDM
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EPB TBMs — Products A @
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TBM Products — Foaming agents ™ A @
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TBM Products — What are foams? =™

The mix of ground with foams (consistency
of plasticine) build up a counter pressure
during excavation with EPB TBMs and
reduces friction.

The selection of the best type and quantity
of the foamingagent for

the soil con ningis dependent

on the specific geology.

Foams are tensides, combined with
I . dispersingagents to stabilize excavated
 groundin front of the TBM.

www.tunnelturkey.org

Foams — Advantages

Reduction of friction angle of Short term stabilization Reduction of dust Greater coaling effect with
soil of face Reduction of choking disc foam than with water
Short term cohesion of soil Lower clogging cutters, clean disc and faster Lower wear, abrasion
Lower wear Soil structuring changing possible Lower torque

Lower torque Lower permeability of soil

\"‘.‘K’l’? :
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Foams — Application

Clay —» « Silt > < Sand > <

Range

BUILDING TRUST

Gravel >

Sika® Stabilizer-1301 TBM —

Experience from many tunneling

Sika® Stabilizer-1101 TBM

projects and different laboratory tests
have confirmed the positive effects Of

Sika® Stabilizer-1110 TBM
Sika® Stabilizer-1118 TBM

50 |
Sika® Stabilizer-1501 TBM

Slurry / Polymer Range =

ground conditioning with TBMs. In fact,
this can be a mayor factor for the

40 | Sika® Stabilizer-1501 TBM
Sika® Stabilizer-1518 TBM

Percentage passing [%]

success of the TBM tunneling

excavation.

Initial tests made in the laboratory can

give orientation to indicate the most
suitable materials to use in each case.

0.002 0.02 0.2 2

Particle size [mm]

20 Then these can help to define the
dosage and quantity of the products.

SLURRY
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Foams — Application Range

Foamingagent Compressedair Cutting wheel

FIR

Foam
injected

c FER

X
Water Foamingsolution . Foam
Ground
excavated

WIR

Foam
generator

BUILDING TRUST

Parameters. such as the Foam Expansion Ratio (FER).
Foam Injection Ratio (FIR), Water Injection Ratio

(WIR) and Concentration (c) can determine the
success of excavation. so must be defined:

“ ¢ (%): Concentration of the foaming agent in water

FER: To define the quantity of foam generated from a solution
and represents the proportion of air to liquid in the foam. It is
defined as a ratio and may normally vary between 4 and 20 (e.g.
4 - 20 liters of foam from 1 liter of foaming solution)

FIR: The quantity of foam injected as a proportion of the ground
excavated. Dependent on the ground conditions, FIR may vary
considerably between 10% and 80%

WIR: The quantity of water injected as a proportion of the
ground excavated. Dependent on the ground conditions, WIR
may vary even above 5%.

TURELCILIK DERNEGH
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Foams — FER
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Foams — FIR
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Foams — Stickiness
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Foams — Flow and Conditioning =™ A @

TUNELCILIK DERNEG]
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Foams — Proposal for the Client =™ A @

C=2%
FER =1:8

WIR = 10%

....but!

m
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Foams — Environmental Analysis =™

Consideration related to the environmental impact of
excavated material from EPB-TBMs is becoming

more relevant and is a key for the selection of the
most adequate conditioning agent.

As TBM s are excavating longer and probably more
complex and mixed geologies, the conditioning,
disposal or re-use of the excavated material is now
more relevant even in the planning phases of

the projects.

www.tunnelturkey.org

Foams — Chemical Composition =™

Solvents (water to produce the foam itself)
>50%

anionic surfactants
5-40%

minor compounds (additives to increase half-life, stability,
viscosity, anti-freezing or to preserve the chemical
characteristics)

<5%

www.tunnelturkey.org
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Foams — Environmental Impact

In order to determine the environmental impact of the foaming agents
(foam), different analysis may be carried out:

Chemical characteristics
Biodegradation
Eco-toxicity

The main idea is to identify the impact of these products after the soil
conditioning in the mortality or growth inhibition on defined organisms.

BUILDING TRUST

www.tunnelturkey.org

Foams — Biodegradation

The biodegradation is the process after organic compounds (mainly surfactants)
are reduced to simple molecules by micro-organisms.

The biodegradation is influenced by:
characteristics of the foaming agent
dosage

external factors such as the environmental conditions where the
biodegradation may take place.

BUILDING TRUST
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Foams — Biodegradation

Foaming agents commonly used during excavation with TBMs may be considered
biodegradable....
The speed of the degradation depends on several factors:
pH value (5.5 to 8.5 are recommended for aerobic micro-organisms)
concentration of the foaming agent

temperature (micro-organisms have their optimal growth temperature
between 25 and 45 °C. If the temperature increases, the speed of the
biodegradation increases too)

humidity and amount of oxygen
type of micro-organism available in the environment
type of soil to be conditioned

external components (such as pollutants or toxic substances
present in the soil)

TURELCILIK DERNEGI
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Foams — Biodegradation

Biochemical Oxygen Demand ( ): amount of oxygen required for
the biological stabilization of the organic compounds. The oxygen
concentration is measured by pressure gauges on the caps of the
bottles in which the sample solution is diluted.

Chemical Oxygen Demand ( ): oxygen required for the chemical
oxidation of the organic compounds. The measure is performed by an
UV-Vis spectrophotometer.

Total Organic Carbon (T0OC): the organic carbon content in a medium.
The measure is performed by the TOC analyzer.

www.tunnealturkey.org
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Foams — Biodegradation

The biodegradation rate, the time The BOD test is used to describe
that the bacteria require to acclimate the biodegradation in the time.
to the medium and the time to start

the oxidation of the carbon sources, The change of the dosage can
reflects the presence of toxic and modify the function of the micro-
difficult compounds or if the amount organisms responsible for the

of carbon may affect the biodegradation, leading to a
biodegradation process. different biodegradation time.

www.tunnelturkey.org
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Foams — ECO-Toxicity

One of the most This test provides an excellent
internationally recognized tests reproducibility of testing measurement.
for toxicity screening of
chemicals and for toxicity
monitoring of effluents and
contaminated waters is the
acute toxicity test with daphnid
crustaceans (performed with
Daphnia magna).

TBM commercial chemicals — being highly
soluble in water - can be assessed as
products which at the end of their work
life end into an aqueous ambient, thus the
target organisms to be used for the
ecotoxicity tests should belong to an
aqueous environment.

www.tunnelturkey.org

14



12/4/2022

®
BUILDING TRUST A

Foams — ECO-Toxicity

Sample are diluted at 0,5% and at 0,1% concentration of
{:\% the chemical product and are used as reference solution
for next trials at different dilutions.

The goal is to find the EC50 which means
the concentration of the sample at which 50% of the
total Daphnia magna population dies or are immobilized.

At same concentration of two chemicals, the higher is
the value of EC50, the lower is the toxicity of the product
toward the micro-organism.

T!!l(llll DERNEGI
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Foams — Environmental Analysis

BIODEGRADATION ECO-TOXICITY
BOD/CODO (%) EC50 (mg/L)
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Foams — Conclusions @

An environmental study consists of two
related parts: biodegradation and the eco-
toxicological.

Larger values (TOC>120 mg/L and COD>400
mg/L considering 0.1% aqueous solution)
may be a first indication to the
biodegradability and eco-toxicity profile.

Considering different products analyzed in
the past, we now know that the eco-
toxicological response may not be directly
correlated to biodegradability.

The change of the dosage can modify the function of
the micro-organisms responsible for the biodegradation, leading to
a different biodegradation time.

When comparing the same foaming agent under different dosage,
the initial concentration has a notable influence in the
biodegradation process: if the concentration increases, it is
possible to have a higher biodegradation rate. Whereas, in some
cases, the increase in the concentration may lead to an inhibition
phenomenon caused by excesses of organic carbon.

Environmental test with site material and during excavation would
provide more accurate information about the impact of chemical.

TU!I!EILIK DERNEGI
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Sika — Latest on Foams @

Sika® Stabilizer-1118 TBM

Foaming agent for granular soils
without glycol

Sika® Stabilizer-1518 TBM

Foaming agent for cohesive soils
without glycol

Sika® Stabilizer-1513 TBM

Foaming agent for granular soils,
friction reducer

www.tunnelturkey.org

Sika® Stabilizer-1118 TBM

© s

Sika® Stabilizer-1518 TBM

f
|
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Foams — Latest in Turkey

Sika® Stabilizer-1513 TBM

Foaming agent for granular soils, friction reducer

460 000 kg with an average of 50 kg per ring, making 9200m
(6,6m dia) tunnel in abrasive soils:

e 200 000 kg -> Airport Metro Line

e 180 000 kg -> Gdztepe Atasehir Umraniye Metro Line

e 80000 kg -> Halkali Airport Metro Line

www.tunnealturkey.org

Challenges — TBMs in the Future ™™

| Reduce clinker/cement

| Minimize water use

| Minimize curing time

| Recycle concrete

Maximize concrete
durability

Improve performance
(flow, workability, etc.)

www.tunnealturkey.org

Alternative aggregates

v
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References — Sika@Work (SAW) e A @
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Sika Products — Brochures A @

TUNNELING MICRO TBM SEGMENTS SHOTCRETE RELEASE A.

|

INJECTION MEMBRANE FIBERS

WATERPROOERE,
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TBM Products — Our Homepage =™ A @

‘Salutions for Tunnel Baring Machines
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