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1 Introduction

This report providestwo main parts: (i introduction to concrete structures in LILW
repositories in Finland and their degradation mechanisms anthéidest results and analysis

of the properties of hardened concrete for the LILW waste repository, conducted during the
year 2025.

1.1 Concrete structures in the LILW  nuclear waste repositories

Low and intermediatelevel waste is produced at nuclear facilities, particularly nuclear power
plants, during the processing of radioactive liquids and gases, as well as during repair and
maintenance activities within controlled areas, among other operai This category of
waste is also known as operational waste. Most of the operational waste contains radioactive
materials at levels that require it to be processed, stored, and disposed of in accordance with
radiation protection standardgl]. Currently, Finland operates two repositories for iamd
intermediatelevel waste (LILW) located near the Olkiluoto and Loviisa nuclear power plants
(NPP), as shown Figurel.
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demolition WHtte hall \
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} ‘ e e —
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-~
waste hall / — -
Planned extension of Olkiluoto's LILW Existing LILW In use Olkiluoto's LILW reporistory
disposal facility waste silos
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& Disposal waste hall 2 2
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Figurel. Operating and planned extension of (a) Olkiluoto and (b) Loviisa LILW n
waste repositorief?], [3], [4]
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The LILW repository at the Olkiluoto site is excavated in crystalline rock and has been in
operation since 1992. It is situated about 0.8 km from the power plant and is connected to
the surface by a transport tunnel and shatft. It currently consists olo2,sne for LLW and

the other for ILW. Both silos are approximately 24 m in diameter and 34 m high and excavated
at a depth of about 60 to 100 meters into the bedrock. A planned extension to the facility will
add additional silos for operational waste aladler for decommissioning waste from all units

[5], [6].

At Loviisa, the construction of the repository was started in 1993 and the operation of the

first phase of the disposal facility was started in 1988 Loviisa repository is located at a

depth of approximately 110 m in granite bedrock. The repository consists of tunnels for solid

[[2 O0aYIFAY(dSylyOS glaitaSeéo FyR I OF @SNy F2NJ 2
have dimensions of 6 m W x 5 m H20 m long and have a waste capacity of 126Qan

6,000 drums). The tunnel has a concrete floor andtaiebe walls with provisions for wall

drainage. The waste drums are stacked five layers high within the tunnel. The LLW tunnels

are not backfilled6], [7].

Both repositories at Loviisa and Olkiluoto are planned to be extended to contain the
decommissioning waste generated during the dismantling of the plant uHits.expansion
is planned to be completed in the late 2050s, prior to the decommissioning of the power plant

[8] [2].

1.2 Degradation of concrete in low - and intermediate level waste repositories

Reinforced concrete structures are used in the technical barriers of final depositories for low
and intermediate active nuclear wastes. The required service life for technical barriers is,
however, much longer than the present experiences from reinforaettiete structureg9.

The concrete structures in the levand intermediatelevel waste (LILW) repositories are
subjected to two completely different environmental conditions:

1) The operational phase covers the period before the closure of caverns, where dank air
(relative humidity 70%, temperature around 12 °C) with carbon dioxide content (500
600 ppm) surrounds the facilities.

2) The posiclosure period when the caverns will be filled by cool (temperature around
12 °C) and saline brackish groundwater. Slightly alkaline @H groundwater
contains moderate amounts of ions harmful for concrete and the steel reinforcement
such as dphate and chloride ionflL0].



School of Engineering

A' Aalto University RESEARCH REPORT 5(71)
|

AALTER002-2025
30.12.205 Confidentiality. Public
Operational period Post-closure period
<+«— Nowater infiltration < Increasing water infiltration —— - - —--
Estimated closure time:
Concrete in moist air: « Loviisa 2065 Concrete in groundwater:
* Environmental condition «  Olkiluoto 2120 * Environmental condition
* RH=50-80% ] M *  Water flow (rate = 40 dm*/min)
* T=10-15°C - * Chemicalions:Cl, S, Mg
= CO,=0,05-0,06% S £ * pH=7-9
* Expecting degradation of concrete E § g * T=12°C
= Carbonation induced corrosion in g 5 g = * Expecting degradation of concrete
oxic environments 7] find A ‘é * Lime leaching and sulphate attack
= ASR (at 70% RH) 8 3 ) & (DEF and thaumasite sulphate attack)
- 1] o - = » & 3
3 57 * Chloride induced corrosion in anoxic
8 £ environments
(3] * ASR (at 100% RH)
‘V’ v
1 10 100 500 1000 10000 100000
Time inyears

Figure 2. Typical environmental conditions and concrete degradation mechanisr
relation to the timescale in LILW nuclear waste reposit¢tiek

As presented inFigure 2, concrete structures are subjected to various deterioration
mechanisms, such as carbonation, corrosion in oxic and anoxic environment, conventional
and thaumasitesulphateattacks, leaching and alkadilica reaction.

1.3 Research objectives and expected results

The objective of this researahkias to enhance understanding of the lotgym performance
of concrete used in underground repositories. The research work in this study is divided into
three tasks focusing on:

1) Mix design and testing of conventional concretes
2) Mix design and testing of concretes of environmentally friendly components
3) Durability testing on concrete samples

The concrete mixturesvere based on the new cementitious materials manufacturing
technology and the recent concrete characteristic properties. Also, the use of new
components for LILW repository concrete by partial replacement of cement clinker with
supplementary cementitious matials (SCM). Due to the high price of silica fume and the
sharp decrease of fly ash, the ground granulated blast furnace slag seems the most promising
SCM for the selected concrete.

By testing the durability of concrete, construction professionals can gain valuable insights into
its resistance to different deterioration factors affecting the reinforced concrete structures in
the low- and intermediatelevel radioactive waste reposit@s. This information enables
them to select the right mix design, optimize construction techniques, and make informed
decisions regarding maintenance and repair strategies. Ultimately, concrete durability testing
helps enhance construction efficiency bydueing the risk of premature deterioration,
minimizing costly repairs, and ensuring the longevity of structures.
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2 Experimental program

The initiation of the experimental program was carried out during March 2024. The
experimental program is based on five concrete mixtures using different binders. A 100
different specimens per concrete mixture were prepared for hardened concrete testl. Tot
of 500 concrete specimens were stored in three different salt solutions, under water and in
relative humidity of about 75%RH.

This report is a continuation of the previous PERCO?2 reports:

1) AkNehawy, F., Ba Ragaa, A. 20Zhoratory investigation plan for accelerated
leaching and thaumasite attack of cementitious material®1.3 PERCO2 / WRl
Durability testing of existing concrete specimens. Aalto University School of
Engineering. Research Report, AAR2-2024. 25 p.

1) AkNehawy, F., Ba Ragaa, A. 2024mmary of the characteristic properties of
concrete for LILW waste repositoryD2.2. PERCO2 / WR2Design new durable
concretes for the LILW repositores. Aalto University School of Engineering. Research
Report, AALT®&002-2024. 94 p.

2.1 Concrete mix design

The mix design of the concrete was based on the C40/50 compressive strength class, S3
consistency class and maximum water to binder ratio of 0.45 by weight. The target air content
of the concrete mixtures was assumed to be 1.B¥asterGlenium SKY 600 superplasticizers,
(BASF) was used to enhance the workability of the concrete mixtures.

Tablel. The mix design on concrete.

Concrete mixtures SR SRSI KA KB KBSI
Cement amount (kg/m3) 375 306 375 375 306
Silica Fume amount (kg/m?) 34 34

Lahnajarvi 0/8 mm (kg/m¥)dry 1165 1177 1165 1165 1178
Inkoo 8/16 mm (kg/m3} dry 703 711 703 703 711
Water (kg/m3) 165 165 165 165 165
MasterGleniunSky 600 (kg/m3) 4,125 4,24 3,75 3,00 2,72
Density (kg/m3) 2409 2394 2409 2409 2394

The binderg11] used in the concrete mixtures are:

1. SR Sulfate resistance cemegtCEM | 42.5 N SR3

2. SRSI¢ Sulfate resistance cemertCEM | 42.5 N SR3 and 10% of binder weight of
Elkem Microsilicg Grade 920

3. KAc¢ Blast furnace cemerg CEM I1I/A 52,5 L

KB¢ Blast furnace cemerg CEM lII/B 42,5 ¢ LH/SR

KBSI¢ Blast furnace cement CEM III/B 42,5 ¢ LH/SR and 10% of binder weight of

Elkem Microsilicg Grade 920

o ks


https://safer2028.fi/wp-content/uploads/D1.3-Accelerated-leaching-and-thaumasite-Final.pdf
https://safer2028.fi/wp-content/uploads/D1.3-Accelerated-leaching-and-thaumasite-Final.pdf
https://safer2028.fi/wp-content/uploads/D2.2-_Characteristic-Properties-of-concrete-Final.pdf
https://safer2028.fi/wp-content/uploads/D2.2-_Characteristic-Properties-of-concrete-Final.pdf
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2.2 Preparation of concrete test specimens

Preparation of hardened concrete specimens are performed according to the European
adl yRINR -1a Bestingvhardeded concrete. Part 1: Shape, dimensions and other
NBIjdzA NBYSy Ga T2N a[Laf Gdr ¥ty shape of Rest SpRaizferk dube,
cylinder and prism, the nominal siZ@ (should be chosen to be at least three and a half times
the maximum aggregate siz&( according to EN 206) in the concrete.

] d * 3 corrosion specimens
| 6 cubes (150x150x150 mm)
6 prisms (100x100x500 mm)

A e
B 41 cylinders (D=100 mm & H=200 mm) §
I 24 cylinders (D=150 mm & H=300 mm)

s

Figure3. Casting of the test specimens for each concrete mixture.

The following testing specimens were cast from each concrete mixture as shéwgune3.

/| 8t AYRSNI 4LISOAYSYy&d wvmpn YY E lonn YY F2NJ
Cube specimens 150x150x150 mm for compressive strength test.

/| 8t AYRSNE &LISOAYSyYya&a u nsilensplitingyYandmodulusaf 1 Y'Y
elasticityin compression and rapid chloride migration coefficient tests.

Prism specimens 100x100x500 mm for shrinkage, accelerated carbonation, Micro X

ray Fluorescence (UXRF) and the microstructure (petrographic) analysis of concrete.
Special moulds for corrosion measurements.

Heat monitoring Box + thermocouple + logger.

2.3 Storing of concrete test specimens

To Do Do Do To Do

Five storage conditions representing the ground water in Olkiluoto, Loviisa, exposure class
XA3 and the environmental conditions at the operation phase of the repository as shown in
Figure4.

1o

Olkiluoto - . Loviisa=-®  XA3- - Moistair <% Tap'

condition ; water = 45
. (RH75%) =
E R

o

groundwater groundwater ~ exposure"
, Simulation . simulation . class

e - it S8
- — “Ahe—

R Ll

Figure4 ¢ Storage location of the specimens at the research tunnel of Aalto University.
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1) A salt solution container simulating the groundwater surrounding the Olkiluoto

repository.

2) A salt solution container simulating the groundwater surrounding the Loviisa

repository.

3) Asalt solutioncontainer simulating a chemical attack of exposure class XA3.

4) Moist air container (75%RH): Saturated NaCl solution for producing 75% RH contains

40¢ 45 g NaCl/200 ml water content.

5) A tap water container for storage of the mechanical and durability testing specimens.
The brines condition for the storage of the test specimens is presentelhlole 2. The
temperature at the storage location (Aalto University underground research tunnel) where
the temperature is 15+2°C and relative humidity varied between 85%.

Table2 ¢ The proposed simulation of the environmental condition during the operation phase.

Proposed aggressive Measured aggressive

Solution code Chemical component component (mg/l)
(mgll) 16.10.2024
Na2S04 SO4*= 160 210
Olkiluoto salt solution NacCl Ci=1400 1350
MgCI2:6H20 Mg?* =75 63,4
Naz2S04 SO4*=576 510
Loviisa salt solution NacCl Ci=5040 4130
MgCI2:6H20 Mg?* = 270 242
Na2S04 SO4*= 6400 6320
XA3 salt solution NacCl Cl=56000 52000
MgCI2:6H20 Mg?* = 3000 2770

TheaverageCQ content, relative humidity and the temperature of the storage locatigere
monitored at themoist air container during the storage timelhe monitoring results are
presented inTable3.

Table3. Monitoring results for the period from October 22, 2024, to April 1, 2025.

CQ Content| Temperature Relal_tlye

R Humidity

(ppm) (°C) (%RH)
Average 501,2 15,2 65,6
max 1000,0 19,4 78,0
min 130,0 13,9 35,3
Median 444.0 14,9 69,2

The average of the CO2 content inside the moist air container during the monitoring period
(22.10.2024¢ 01.04.203) was 501 ppm as shown igure5. The average temperature was

15 °C and the average relative humidity was 66% during the same monitoring period as
presented inFigure6.
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3 Results and analysis

Different experiments were performed to investigate the fresh, mechanical, and durability
properties of the concrete mixtureslable5 summarizes the studied properties, testing
standards, specimen type and size, and the number of specimens tested.

The workabilityand air contentests were conducted twice on thfeeshly mixedconcrete, (i)

after concrete batches arrived from the readyix plant to the laboratory and (ii) after 1 hour.
Data loggers with thermocouple temperature sensors were used to accurately monitor and
record concrete temperature throughout the curing process. Type K thermocouple probes
were embedded within the concrete so that the actual core temperature of the nexisir
logged, rather than just the ambient air temperature.

The tests related to mechanical properties of the concrete, including the compressive, tensile
splitting, and modulus of elasticity had 3 specimens. The durability tests were intended to
estimate the resistance of the concrete to accelerated carbonatidmjnkage, and
penetration of sulfate,magnesium,and chloride ions into concrete specimens. Primary
durability tests related to the resistance of the concrete to migration of water/chlorides
included the water absorption andhloride migration coefficienfrom nonsteadystate
migration experiments(RCTP)The schedule of the testingpr the year 2025and the

a LIS O A detaily @represented iTable4 and Table5 respectively.

Table4. Testing schedule for handed concrete tests.

Test Concrete mixture | Casting date| Testing date | Age
SR 14.05.2024 14.05.2025 365
Compressive strength | SRSI 20.03.2024 19.03.2025 364
Splitting tesilestrength | KA 25.03.2024 24.03.2025 364
Modulus of elsticity KB 27.03.2024 07.05.2025 406
KBSI 03.04.2024 19.03.2025 350
SR 14.05.2024 26.11.2025 561
Nonsteadystate SRSI 20.03.2024 03.12.2025 623
migration experiments | KA 25.03.2024 05.12.2025 620
(RCM) tes? KB 27.03.2024 | 09.12.2025 | 622
KBSI 03.04.2024 30.12.2025 636

) The oneyear testing was delayediie tothe renovation of the civil engineering laboratory at Aalto University.
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Table5. Testing methods and specimen details.

Test Specimen Specimen
Category Property standard type dimension #
Slump EN 1235@ 5.5 dm3 1
Air content EN 123567 8.0dm3 1
Fresh concrete Density of fresh concrete EN 123566 8.0 dm3 1
Temperatur_e monitoring 56 dm? 1
of freshly mixed concrete
Compressive strength EN 1239¢B Cylinder Mpnvs P o 3
Mechanical Splitting tensile strength EN 12396 Cylinder 10n v 200 mm 3
properties Modulus of elasticityn £\ 1539013 cylinder 107 5 20 mm 3
compression
Accelerated carbonation EN 1239a12 Prism 100*100*500 mm 2
Shrinkagef concrete  EN 12396016 Prism 100*100*500 mm 2
Chloride migration
coefficient from non NT BUILD Cylinder MANG B H 1
Durability steadystate migration 492
experiments (RCTP)
NDT of corrosion Slab 250 Xn?rio x 130 3
Natural carbonation Prism 100*100*500 mm 2
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3.1 Properties of fresh concrete

All tests of fresh concrete included in this report were executed in the laboratory facilities of
the department of civil engineeringalto University The fresh concrete tests were intended

to be carried out in accordance with the standards for testing fresh concrete, EN 2850
The testsperformed in this investigatiorwere slump, density and air content, which
corresponds to part 2, 6, and 7, respectively, in the standard EN 12350.

Table6. Fresh concrete test results.

Mix-1D SR SRSI KA KB KBSI
Immediately (10 minutes) after concrete delivery

Slump, [mm] 250 170 170 240 150

Measured air content (%) 1,6 3,4 3,5 1,9 2,8

Measured density (kg/m3) 2320 2290 2310 2360 2320
One hour after concrete delivery

Slump, [mm] 250 155 80 170 100

Measured air content (%) 1,3 2,8 3,0 1,7 3,0

Measured density (kg/m3) 2340 2360 2300 2370 2270

3.2 Mechanical properties of concrete

Performance of concrete is evaluated from mechanical properties which include compressive
strength, tensile splitting strength, and modulus of elasticity.

3.2.1 Compressive strength of hardened concrete

The compressive strength of concrete mixes tested at the age of 28, and 91, 369 ldawys.
compressive strength test was performed on cylinder specimens with diameter of 150 mm
and height of 300 mm in accordance with standard EN 128906 ¢ Sa G Ay 3 KI NRS
t I NI oY /2YLINBaaAgS [A4) NEeyrénoval the gonciete apecimensS O
FNRY VY2dzZ Rax GKS& 4SNB ai2NBR Ay OKFYdSN
tested in accordance with the procedure given in the standard.

028 days 0O91days 0O365days
100

80 ]
60
40

20

Comprissive strength, [MPa]

SR SR-SI KA KB KB-SI

Figure7 ¢ Development of compressive strength with time for different concrete mixes.

S
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As shown irFigure7s (0 KS O2y ONBGS YAEGdzZNBAE &aK26SR | aAa
At the curing age of 28 days, the concrete specimens achieved over 100% of-tlagy 28
compressive strength (C480). The addition of 10% silica fume by binder weighthe SRSI

(CEM 1 42.5 N SRBd 10% silica fumenix increases the 28 91- and 365dayscompressive
strength compared tahe SRmix. The compressive strength of the 8Bmix (CEM IlI/B 42.5

L ¢ LH/SR with 10% silica fume) decreases at 28, 91, and 365 days compared to the KB mix.
This reduction may be due to the air content of the mix, low cement content, high slag
content, or the presace of 10% silica fume. These components do not interact well,
egecially without the use of activatorhe air content of KBl was 3,0 % and the KB mix

had 1,7% air content. It is also noticed that compressive strength of KACEM (II/A 52,5 L
cement included 4@ 64% slag) and the KB mGEM III/B 42,5 ¢ LH/SReement including 66

¢ 80% slag) are almost the samhich could be because thair content of the mix. The air
content of KA was 3,0 % and the KB mix had 1,7% air content.

3.2.2 Slitting tensile strength of hardened concrete

The tensile splitting strength test of concrete mixess carried ouait the age of 91and 365

days The tensile splitting strength test was performed on cylinder specimens with diameter

of 100 mm and height of 200 mm in accordance with standardEBF$239& &G ¢ Sa i Ay 3
KF NRSYSR O2yONBGS® tF NI cY ¢Sy[EhAS retndhl A G G Ay
the concrete specimens from moulds, they were stored in chamber at (20 + 2) °C and relative
KdZYARAGE x dp 2 dzydAf GSAGSR Ay I OO0O2NRIYyOS 4

Figure8. Tensile splitting strength testing of concrete cylinder.

Results of the splitting tensile strength of cylindrical concrete specimens tested an€éll
365-days are presented iRigure9.
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Figure9 ¢ Development of tensile splitting strength with time for different concrete mixes.

The addition of 10% silica fume by binder weight todbacrete mixtures affecting the tensile
strength as same as the compressive strength. The ratio between tensile splitting and
compressive strength varies between 7,0 % and 8,8% at 28 days, whilebevesn 73 %
and10,8% at365days

3.2.3 Modulus of elasticity in compression

There are two types of elastic modulus. The static modulus is measured by plotting the
deformation of a cylinder under an applied load, usuallgB® of the ultimate loadviost
design codes include methods to estimate the static modulus from the compressive strength,
but these may not work for unusual concrete, such as very high strength riiixeslynamic
modulus is determined by resonance methods or by the measurement of ultrasonic pulse
velocity (UPV). The two test procedures do not give the same medisatue of the modulus.
Static modulus is the value usually quoted by concrete prodyédéis[17], [18]

The modulus of elasticity is determined by subjecting a cylinder specimen to uniaxial
compression and measuring the deformation by meanstr@iingauge fixed between certain
gauge lengthsStraingauge reading divided by gauge length will give the strain and load
applied divided by area of cross section will gitress A series ofeadingsaretaken,and the
stressstrain relationship is established

»

A Tangent
modulus

Initial
tangent \
modulus

S

Stress

Secant
modulus

Unloading

>
»
Strain

Figurel0. Diagrammatic stregstrain relationships for concref&9].
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EN 12396a13[20] standard for determination of secant modulus of elasticity in compression
wasused to measure the modulus of elasticity of concrete at the age of 91 flaggest was
conducted on cylindrical tests specimens with nominal dimensiofzsl60 mm x H300 mm

as presented irFigurella. In order to measure the strain, the specimens were loaded
according to the descriptions detailed in methoihAhe standardIn practice, the specimens
were loaded in two phases where each phase included 3 loading cycles, illustré&tiediie

12 below. The magnitude of the stress levels applied on the specimens were determined
based on the obtained compressive strength test results ofdibwecretespecimens of the
same age.

The elastic deformation properties of reinforced concrete depend on its composition and
especially on the aggregatds.designapproximate values for theesignsecantmodulus of
elasticityEm (secant value between: = 0 and 0.#), O (in GPa), is derived from the mean
compressive strengthiQQ (in MPa), from the expressid@a1l]:

“Q h
O 00H¢eE — (1)
v C G 0T
Ultrasonic pulse velocity (UPV) odncretespecimens at the age @bout 300days were
measured and dynamic modulus of elasticity of the specimens were determined by using PUL
1000 Pulsar A1410 Kiltrasonictest device(see Figurellb). In these experiments, cube
specimens with a size of @8150%x15 mm wasused. Three specimens froeachconcrete
mixture were tested and mean values wetalculated

- 0 0
0 0berep: 2P S
p U
whereOis the dynamic,( 2 dzyrab@dusof elasticity(GPa),wis the ultrasonigulse velocity
(km/s),” is thedensityof concrete(kg/md) and’ is thet 2 A & & 2 yAerardingto EN1BIR

1-1 [21] the value of Poisson's ratiomay be taken equal tb = 0.2 for uncracked concrete
and’ = 0O for cracked concrete.

@

(b)
Figurell. Measuring (a) static ndulus of elasticity and (b) dynamm®dulus of elasticity using UPV
device.




A Aalto University RESEARCH REPORT 16(72)
School of Engineering
- AALTER002-2025
30.12.205 Confidentiality: Public

Force in N/mm?

‘ + } + - e : - t é t + 1 +
0 100 200 300
Test timeins

Figurel2. Loading cycle for determination of initial and stabilineadulus of elasticity

Results of thestatic modulus of elasticitgire presented imMable7 and Figurel3. The results
showslight increment at the 365 day8 ¢ 5%)tests except for the KMix, the increment was
22%.

Table7. Staticmodulus of elasticity over the compressive strength of the cylindrical test specofiens (
150 mm x H300 mm) at91and 365days.

Average static; ' Averagg §tatic modulug MOE increment
modulus of elasticity| of elasticity at 365 days (%) '
Mix code at 91 days (GPa) (GPa)
SR 41 43 4
SRSI 40 42 5
KA 41 50 22
KB 41 42 3
KBSI 38 39 4

W Average static modulus of elasticity at 91 days (GPa)

W Average static modulus of elasticity at 365 days (GPa)

SR KB

SR-SI KA KB-S!I
Figurel3. Comparisomwnf averagestatic modulus of elasticitat 91 and 365 days

[9,] o))
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The dynamic modulus of elasticityas measured using theltra-pulse velocity measuring
device (UPV) at the age of 300 dayhe results are presented imable8. Generally, lhe
dynamic modulus is usually 20% greater than static moduli for-$tigtmgth concretes, 30%

for mediumstrength concretes, and 40% for lestrength concrete$22]. Thedesign secant
modulus of elasticitys calculated based on the average compressive strength of concrete at
365 days ageAs presented irFigure 14, the results show that the dynamic modulus of
elasticity is 7% higher than the static modulus of elasticity for th&/KAmixtures; otherwise,

it ranges from 22% to 27% for the other mixtures.

Table8. Measurement of the dynamic modulus of elasticity using an-plitse velocity measuring
device

Mix code: SR SRSI KA KB KB-SI
Density (kg/m3): 2413 2353 2337 2371 2319
Poisson ratio, : 0,2 0,2 0,2 0,2 0,2
> UPV 1 5,0 4,6 4,8 4,8 4.9
E UPV 2 4,7 4.8 4.9 4.9 4.7
}’ UPV 3 51 4,8 5,0 51 4.9
'g UPV 4 5,0 5,1 5,1 4.9 4.8
g) UPV 5 5,0 4,7 4.8 5,0 4.8
UPV 6 5,0 5,1 5,0 4.9 4.6
lg ) 01 53,6 46,6 50,5 49,9 51,2
32 = 02 47,4 50,5 51,2 51,8 48,6
E % % 03 55,4 50,9 54,7 56,2 52,5
% % 5 04 53,9 56,2 56,2 52,5 49,2
S © 05 53,6 47,7 49,9 53,2 49,2
a 06 54,3 55,4 53,9 52,5 46,6
Average dynamic MOE, Ed(GPg 53,0 51,2 52,7 52,7 49,6
Standard deviation, (GPa) 2.8 3,9 2,5 2,0 2,1
CoV, (%) 5,3 7,6 4,8 3,9 4,2

O Average static modulus of elasticity at 365 days (GPa)

E Average Dynamic modulus of elasticity at 300 days (GPa)
60

50 —

30
20

10

Modulus of Elasiticity, [GPa]

SR SR-SI KA KB KB-SI

Figureld. Comparison of average static, dynamic and design modulus of elasticity
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3.3 Concrete durability testing
3.3.1 Accelerated carbonation

When considering corrosion resistance of reinforced concrete structures, the carbonation of
O2yONB UGS LXlFrea I 1Se NRtS Ay | &aidNUzOGdz2NBQa
in order to ensure that the intended working life is achieveder€fore, the carbonation
resistance of concrete wadetermined byutilizing the accelerated carbonation method
stated in the EN 123902 standard23]. Twod=100 mm prism specimen of length 500 mm
was considered enough to perform all accelerated carbonation tests for eanhrete
mixture. When concrete specimensured for 28 days, the specimens were brought into
laboratory air environmental condition2@Q C 65%RBHBito dry for 14 days. Whereafter, the
specimens were placed into the chamber for exposure to carbon dipgrésented irFigure

15.

N

_Fan_

Y
\

- S M Satu_rated salt % ‘
T | solution (NaCl) I wlll b7
Manual ) —

‘ = flow | ‘
CcO: o ... controller i) bt 35 SN W= 14
? Gt G |
- > Bt BERH

v
LT |
i

>

d

Laboratory
eavircament
=1am

Vst acealbailll coedesdade

[ “ Saturated salt
sg;gg, % J‘I solution (NaCl) |

Data logger

Figurelb. lllustrative piping and instrumentation diagram of the system usethe accelerated
carbonation method24].

The target carbon dioxide content of 3,0 % in the chamber was obtained by manually
adjusting the air and CCflow rates by the flow controllerThe relative humidity was
maintained constant throughout the chambgy be about 605 % RHThe carbon dioxide
concentration and relative humidity as well as temperatwrere monitored throughout the
exposure period.

Phenolphthaleinsolution was used as pihdicator, for the determination of carbonation
depth. For the indicator to be applied, an approximately 5samplewas split off from the

test specimen using a hydraulic jack. Phenolphthalein clearly outlines the border between the
carbonated and the uncarbonated (pH less than 8.5) with a purple color séegurel6. In

this investigation, four points on each side of the cube were measured in order to determine
the carbonation depth at a certain time of exposure.
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Figurel6. Carbonation depth measurements on split specimen surface utilizing Phenolphthalein as
alkaline indicator.

The carbonation depth measurements are shownFigure 17, and examples of these
measurements after 365 days in the carbonation chamber are providEdyurel8. The SR
MIX, SRSI MIX, and kMIX appear to exhibit good carbonation resistance under accelerated
conditions, compared to the KRIX and KESHMIX specimens. The greatest carbonation
depth observed was 36 mm in the 8BMIX concrete after 365 days ofcaterated exposure.

In contrast, the carbonation depth for SRMIX was measured at 6.6 mm after 365 days,
indicating a high level of carbonation resistance. TheMBR demonstrated decent
carbonation resistance, with a measured depth of 11 mm at 365.days

--5R -e-5RS -e-KA -e-KB -e-KB-SI

40
— 35 -
£ -
£ 30 R
=) e~
£ 25 _ -
[H) P
2 20 e le
2 R R
g 15 ,,I. ."‘-’ ------ o
(=] - R S T R e i A A A
2 10 . :;..—:_o-—-::& -------------- °
© / P -
Q / - 2= _:_-_--l'." ————— P - - e EmEm——-—————— = = ®

5 ¢,.8250%"

o E=°

0 30 60 90 120 150 180 210 240 270 300 330 360 390
Time, (days)

Figurel?7. Measuredaveragecarbonation depth based on the accelerated carbonation method.
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SRC MIX: SRSIc MIX: KA MIX: KBC MIX: KBSIC MIX:

Carbonaton =11 Carbonation = & Carbonaton =13 Carbonaton =20 Carbonation =36
mm mm mm mm mm

Figurel8. Carbonation depth measurements afg88&5daysin carbonationchamber.
3.3.2 Natural carbonation

The carbonation depth in the concrete specimens under natural was measured at the age of
6 months. A 500x100x100mm concrete prism wased to monitor the naturafor each
concrete mixture Concrete specimens werstored at air environmental conditions (20C,
65%RH) to dry fa28 days. Whereafter, the specimens were placed into toatainer with
environmental condition 066% relative humidity15°C temperatureand 500 ppm average
CO2 content The storage condition of the natural carbonation specimengeasegnted in
Table3.

SRc MIX SRSI¢ MIX KA ¢ MIX KB¢ MIX KBSIc MIX
Figurel9. Natural @arbonation depth measurements aftémmonths.

Figurel9 shows thenatural carbonation condition at Bonthsof exposure. Afte6 months
there was no carbonation in the mixes-SRX, SFSIMIX, KAMIX and KBJMIX. The mean
carbonation depth exhibited bXBSIMIX was about 2; 3 mm. The amount of calcium
hydroxide present in thecementitious system withsilica fume substitution could be
decreasedue to the pozzolanic actiohe rate of carbonation in the cementitious system
is dependent on the amount afarbonatable content in the cementitious system. Thus, the
mixes with lesser binder conterand higher partial substitution of clinker fractiowith
pozzolanic materialshowed higher carbonation dep{R5].

SRq MIX SRSI¢ MIX KA ¢ MIX KBg MIX KBSI¢ MIX
Figure20. Natural @arbonation depth measurements afteryear.
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Natural carbonation depth measurements after 1 yeae presented inFigure20. Small,
localizedcarbonation, up to 4mmwvas noticed at concrete SRMIX.there was no carbonation

in the concrete SRSIMIX Minor, localized carbonation, upo 1.9mmand 1.6 mm were
presented in the concrete KWIX and KBVIX respectively. The average carbonation depth
of the concrete KEBIMIX was 3.7 mm.

3.3.3 Non-destructive tests in the detection of corrosion

The ICOR device provided by Giatec Scierjftt¢ presented inFigure21, was used for
evaluation the corrosion activities in the concrete specimens. The iICOR device implements a
four-point array with an electrode spacing of 50 mm; with the surfac®inted array being
parallel to the rebar. The outer probes apply a narrow O#tep voltage for a short period

of time (3 to 10 seconds) and simultaneously record the voltage of the system with a relatively
high sampling rate. This typically leads to applied currents in the range of 0.5 to 2 mA (this
current is not the polarizinguerent since a large portion of the applied current flows explicitly
between the two probes).

Giatec iCOR®

Charging/Half-Cell connection terminal
Corrosion measurement electrodes
Rebar

rad! b

Half-cell potential measurement electrode Concrete

(a) (b)

Figure21. (a) side view of the @Rdevice and (b) principle of the Hakll potential measurement
using IOR

ICOR measures the electrical response of the rebar inside the concrete, which is determined
from the surface of the concrete with the use of four probes, which make it able to measure
the corrosion rate and concrete electrical resistivity without the neédebar connection.

iICOR is also equipped with a reference electrode fordgllfcorrosion measuremenEigure

21b). The purpose of the hatfell potential measurement was to determine the electrical
potential on the surface of concrete which is an indication of corrosion potential of rebar in
concrete.

Special reinforced concrete specimens, presenteéigure22 were prepared for monitoring
the corrosion potential of the reinforcement steélot rolled reinforcing steel bar B500B with
diameter of @ 12 mm were use@oncrete specimens were stored at air environmental
conditions (20'C, 65%RH) to dry f@B8days. Whereafter, the specimens were placed into the
container with environmental condition 066% relative humidity and about 15°C
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temperature. The storage condition of the natural carbonation specimens is presented in

Figure22b.

12

250 mm

(@)

Reinforced
#) concrete
specimens

NaCl salt solution

(b)

Figure22. (a) illustration of tle reinforced concrete specimen and (b) storage of the specinéB%oa

relative humidity and 15 °C container.

The results of corrosion potentiadlectrical resistivity of concretand corrosion rateafter
one year of storagare presented imable9, TablelOand Tablellrespectively.

Table9. Statistical analysis of the corrosion potential measurenaéter 20 months

Mi Corrosion potential, (mV/CSE)
iX
Sample | Sample Standard CoV,
code
1 2 Average deviation (%)
-12 -24
-15 -25
SR -18,4 7,6 41,4
-8 -26
-11 -26
-16 -33
-20 -30
SRSI -24.6 8,4 34,0
-12 -33
-21 -32
88 28
87 29
KA 56,0 31,6 56,5
86 26
81 23
111 64
119 78
KB 98,4 23,5 23,9
121 82
126 86
245 195
KBSi 211 220 220,8 14,4 6,5
226 221
229 219
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TablelO. Statistical analysis of thedectrical resistivity of concretaeasuremenafter 20 months

. I SN 3S 02y ONBGS NB
il Sample | Sample Average Standard CoV,
1 2 981 deviation (%)
285 273
254 248
SR 51 537 250,4 18,8 7,5
234 234
1312 1087
1342 1222
SRSI 1287 1134 1216,9 100,7 8,3
1261 1092
1507 1408
1472 1343
KA 1465 1347 1413,1 72,6 51
1455 1309
2226 2274
2203 2320
KB 190 5271 2251,4 43,9 2,0
2285 2244
KBSi No iCor resistivity measurement data was obtained fr
the KBSI test specimens.

Tablell. Statistical analysis of th@rrosion rateneasuremenafter 20 months

Mix Average corrosion rate, (LA/cm?)
code Sample | Sample Average Standard CoV,
1 2 9| deviation | (%)
0,7 1,0
1,2 1,2
SR 19 16 14 0,5 34,3
2,2 1,7
0,9 0,3
0,5 0,3
SRSI 0.7 0.3 0,5 0,2 48,8
0,6 0,3
0,5 0,3
0,7 0,5
KA 0.8 05 0,5 0,2 35,2
0,7 0,3
0,8 0,4
0,6 0,3
KB 13 0.4 0,7 0,4 54,8
1,0 0,5
KBSi No iCorcorrosion ratemeasurement data was obtaineg
from the KBSI test specimens.
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The comparison of corrosion potential, electrical resistivity of concrete, and corrosion rate
after 20month and 8month periods of storagare presented inFigure23, Figure24 and
Figure25respectively.

O[8 months] Average corrosion potential (mV/CSE)
O[20 months] Average corrosion potential (mV/CSE)

300
250

200
150
100
50
o hd J ]
L b Jd

-100
-150
-200 - - -
-250
-300
-350 - e - -
-400

450 _j— Probability of corrosion >90%
-500

e Probability of corrosion < 10%

Corrosion potential (mV/CSE)

= Uncerain probability of corrosion

SR SR-SI KA KB KB-Si

Figure23. Measurement otorrosion potential after 20 and 8 months of storage.

O [20 months] Average resistivity of concrete (Q.m)
O [8 months] Average resistivity of concrete (Q.m)

2400 —
2200
2000
1800

1600

1400 Low chloride ion

penetrability -
1200

Average resistivity of concrete (Q.m)

[y
(=]
o
o

800
600

400

SR SR-SI KA KB KB-Si

Figure24. Measurement of chemical resistivity of concrete after 20 and 8 months of stdvatjee
No iCor resistivity measurement data was obtained from th&KiBst specimens
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[20 months] Average corrosion rate (pA/cm?)

[8 months] Average corrosion rate (pA/cm?)
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Figure25. Measurement of arrosion rateafter 20 and 8 months of storagiotice:No iCor corrosion
rate measurement data was obtained from the-8Best specimens.

The ron-destructive test{NDT) resultin the detection ofthe reinforcement steetorrosion
show that:

1 The averagecorrosion potential values of reinforcement bars across all concrete
mixtures are greater thar200 mV/CSE, as illustratedkigure23. This indicates that
there is less than a 10% probability of steel corrosion activity, according to the limit
values shown ifTablel2a.

1 Theaverageelectrical resistivity oéll concrete mixturesaries betweer250to 2250
(K.m),as illustrated irFigure24. Thisndicatesa very low chloride ion penetration and
veryhigh resistance tgteel corrosion. It is also noticed that the addition of silica fume
increases the resistivity of concrete as presented foS8RIX.

1 The corrosion rate results after 20 months of storage indicate that the average
corrosion rate was 0.5 pA/cm? for mixtures-BRX and KBJIX, and 0.7 pA/cm? for
the mixture KBMIX. This suggests that there is no expected corrosion risk for these
mixtures. In contrast, the SIIX concrete exhibited an average corrosion rate
exceeding 1.4 pA/cm? after 20 months, implying that corrosion damage could occur
within 10 to 15 years for these concrete mixes.

1 Based on the20-months NDT corrosion measurements, i$ difficult to draw
conclusionsabout which concrete is suitable for the useLILWrepositories,and a
longerterm experiment is needed.
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Tablel2. Corrosion evaluationriteria and limit valuesa) Relationship between the potential values
and corrosion probabilityb) Criteria for the assessment of corrosion activity in terms of concrete
resistivityand c)dassification of corrosion ratesidexpected damage based oniCor device without
sensor control [27], [28].

Criteria for assessing the degree of reinforcement corrosion risk

w b2 O2NNRA&A2Y RIYI 3S
wModerate corrosioractivity

% a) Corrosion potential <-350 w az2NB (KlIy ¢m: 02 NNP
= Potential value, -350-200t0 | w | YOSNIFAYS pmE: O2NN
5 (MV/CSE) >-200 w [ 8da GKFy wmm: 02 NNR

- 3 PR <50 w ¥ BgN&hloride ion penetrability

3 E 9)) [REERIR) . 50 to 100 wHighchloride ion penetrability
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3.3.4 Shrinkage of concrete

Volume change or shrinkage of concrete is an unavoidable phenomenon and common issue
in construction. Shrinkage occurs mainly as water evaporates from the mixture, but also
through internal chemical reactions, i.e., autogenous shrinkage. The phenomendengea

the concrete and potentially causes cracks, warping and deflection. There are various types
of concrete shrinkage, namely plastic, drying and autogenous shrinkage. Dimensional changes
caused by thermal dilation and carbonation may also affect the repasimilarly.

Plastic shrinkage occurs soon after casting, causing the surface to collapse. However plastic
shrinkage can be mitigated with immediate polyethylene sheeting. Drying shrinkage is a
prolonged procespotentially initiated by water bleeding followed lwyater loss in the gel

pores when exposed to drying conditions. Autogenous shrinkage is caused by cement
hydration as the internal moisture reducggxternal chemical shrinkageYhe internal
chemical shrinkage does not contribute to dimensional reduction, buining hydration
generated voidsSilica fume is known to refine the pore structure, increasing the autogenous
shrinkage but decreasing drying shrinkage as less water evaporates due to increased capillary
pressure.Thermal dilation may cause harm to concrete if heated or cooled rapidly, causing
the concrete to expand or contract, respectiveyarbonation shrinkage is caused by the
carbonation of concrete, where the cement paste reacts with moisture and carbon dioxide
[29].

The sum of all types of volume change phenomenon contributes to the total shrinkage.
However, autogenous and drying shrinkage are considered as main contributors to the total
shrinkage seeFigure26. Shrinkage occurring durirggarly age concrete, prior to demting

are challengingo measure accurately. Since the main part of autogenous shrinttegeops
early, it is barely included when simply measuring the length difference in relation to the
initial length measured when demoulded. According to H28 there is one method (ASTM
C827) to measure this, however limited to vertical movement and applicability to more fluid
concretes. Measuring autogenous shrinkage can be determined by utilizing the rubber
membrane test. Whereas chemical shrinkage can be oreasapplying dilatometry or
weighing reduced buoyance.

A Shrinkage

Dry|ng To(al
shrinkage shrinkage
after drying

) Total
Drying shrinkage
shrinkage  after drying

......... —

PORY ey

Autogenous shrinkage

after drying
N s P \ ~ ) N A ~ N )
Start of 4 Autogenous  Concrete Start of  Autogenous Concrete
drying shrinkage age drying  shrinkage age

(a) (b)
Figure26: Shrinkage strain components(a) normalconcreteand (b) high-strength concret¢30].



A Aalto University RESEARCH REPORT 28(71)
School of Engineering
" AALTCR002-2025
30.12.205 Confidentiality: Public

During the initial days, concrete undergoes rapid shrinkage, which progressively slows down
over time. The most crucial factor affecting shrinkage of concrete is the drying conditions, i.e.,
humidity. Another important parameter is the w/b ratio as well the concrete richness.
Shrinkage may affect any poured concrete structure. Considering bearing walls and
foundations, shrinkage poses a significant risk to the stability and integrity of the entire
structure. In addition, since shrinkage of concrete irgkiinternal tensile stress and thus
cracking, the penetration and water tightness of a barrier may deteridi&ig

The drying shrinkage 600x100x100mm concrete prismsshown inFigure27, was monitored
throughout a period o#450days Thespecimensvere prepared and stored in a conditioning
room of a constant RH of 65% and a temperature 0£20C.The specimens were stored in
these conditions throughout the whole test execution period. A Mitutoyo instrument, seen in
Figure27, was used for determining the length of the prisms. The initial length of each
specimen was obtained by using a reference bar with known length. All thereon
measurements recorded were presented in relation to the initial length. Thus, total shrinkage
at the timedwas computable and dependent on the initial length. The gauge length was used
to calculate the straind a¥d ], describing the total shrinkage of each concrete specimen.

Figure27: Shrinkage of concretemeasurement system.

The results ar@resentedin Figure28. It has been observed th&@EM IlI/A and CEM II(BA
MIX, KBMIX and KESIMIX)concretes exhibited slightly higher shrinkage, i.e. a difference of
approximatelyl00 to200x10° from CEM [SRMIX and SFSFMIX)concretes with the same
w/c ratio.
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Figure28. Mean total shrinkage strain expressed in mnofdifferent concrete mixtures.

3.3.5 Rapid Chloridd®?ermeability Test(RGT)

Chloride migration is defined as the movement of chloride ions driven by a difference in
electrical potentialCharged chloride ions [AB1.1] will always migrate toward regions with
lower electrical potential; therefore, negatively charged chloride ions will move toward the
positive anode regions, such as in concr@g]. As in diffusion, only free chloride ions in a
solution can contribute to the flow of migration. In practice, pure migration is hardly ever
encountered since the migration process is always coupled with diffusion as a result of a
concentration gradienf32].

The Rapid Chloride Permeability Test (RCPT) is a widely used method to evaluate the
resistance of concrete to chloride ion penetration. Chloride ingress is a primary cause of steel
reinforcement corrosion in concrete structures, leading to significantlilita concerns. The
RCPT provides a standardized and efficient approach to assess this critical property of
concrete. This test is particularly important for infrastructure exposed to marine
environments, ddcing salts, or other chloridach conditions.The penetration of chloride
(RCPTip performedaccordingo the Nordlest NT Build 492 protoc{33].

The RCPT is performed by monitoring the amount of electrical current that passes through a
sample 50 mm thick by 100 mm in diamete@# 48 or 96ours (sed-igure29). This sample

is typically cut as a slice of a core or cylinder. A voltagd® qf60V DC is maintained across

the ends of the sample throughout the test. One lead is immersed. MQG2osodium chloride

salt (NaCl) solution and the other in a 0.3 M sodium hydroxide (NaOH) solution

An electrical potential 080 ¢ 60 VDC is applied across the cell. The negative terminal of the
potential source is connected to the electrode in the NaCl solution, and the positive terminal
is connected to the electrode in the NaOH solution. The negatively charged ions will migrate
towards the positive terminal resulting in current through the specimen. The more permeable
the concrete isthe more negative ions will migrate through the specimen, and a higher
current will be measure{34].
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Figure29. Schematic presentation oféfRapid Chloride Permeability Test (RCPT)

The apparatus used in the RCPFesented irFigure30, includes specialized instruments
designed to apply electrical current to the concrete specimen and measure its resistance
accurately. These devices are engineered with precision to ensure reliable test rébelts.
measurement datas used to estimate the chloride diffusion coefficient of concrete for the
service life prediction and design of concrete structures as well as the durddaigd quality
control of concrete.

Figure30. The Rapid Chloride Penetrati®CPapparatus

The test was performed on 50 mm thic&ncrete discs, extracted from the central section of
three identical 100 x 200 mm cylindefie test procedure includes the following stdBSs],
[36]:

1) Vacuum Saturatiorithe specimen is saturated under vacuum to ensure it isviater
saturaion. Accordingo NordTest, calcium hydroxide solution is used to saturate the
specimens.

2) Electrodes Setuplfhe specimen is placed between two chambers, one containing a
sodium hydroxide (NaOH) solution (anolyte chamber) and the other containing a
sodium chloride (NaCl) solution (catholyte chambéipnreactive electrodes are
attached to both sides of the specimen.
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3) Electrical TestA direct current (DC) voltage is applied across the specimen for a
specific duration, typically 6 hour8n electrical potential between 10V and 60V was
applied to induce chloride ions to migrate into the concrete specinidre current
passing through the specimen is measured during the test pedanding from24 to
96 h.

4) Measuring the penetration depthAfter a set period, ranging frorg4 to 96 h, the
specimers areaxially divided into two parts. To determine the chloride penetration
depth, each half was sprayed with a 0.1 mdilver nitrate AgNQ) solution on the
freshly splitsurface.When the white silver chloride precipitation on the split surface
is clearly visible (after about 15 minutes), the penetration depth is measured to an
accuracy of 0.1 mm, from the centre to both edges at intervals of 10 mmHigieee
31) to obtain seven depthsThe nonsteadystate migration coefficients were then
calculated according to NT Build 492 guidelin€ke results are compared to
Salilrot AaKSR (KNBakKz2tRa 2NJ adlyRFINRA G2
penetration. Lower permeability values indicate better durability.

10 mm | Measurement zone |10 mm
|

e

X 45
X g4
X 4
xd1
x

X 45
xdT

10 10 10 10 10 |10 mm

Figure31. lllustration of measurement for chloride penetration depths.

Thenon-steadystate chloridemigration coefficienis calculated usingquation(3).

) ¢ Fog X 0°Y? [‘)Z . . CXo'YzZ0zw
= = 3
(@) Y <70 W Tmgay N c 3

Where:

(0] is thenon-steadystate migration coefficientm?/s)

"Yis theabsolute value of the applied voltag®/)

“Yis theaverage value of the initial and final temperaturesha anolyte solution(°C)
0 is thethickness of the specime(m)

@ is theaverage value of the penetration depths))

0Ois the test duration, i)

The chloride migration in concrete can be quantified by the -smadystate chloride
migration coefficientO , which is to be understood as the permeability of cementitious
materials to chlorides. The high& |, the lower the resistance against chloride ingress.
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As still no acceptance criteria exist for the chloride diffusion coefficient, the inventor of the
rapid chloride migration test Tan@2] has given the following guidelines for the chloride
migration coefficientO measured by the RCM methotihe levels of theon-steadystate
chloride migration coefficien© against the concreteesistance against chloride ingress
are presented imablel3[37], [38], [39], [40]

Tablel3. O limits determined via the NT Build 492 standpid].

The nonsteadystate chloride

S - Concrete resistance against chloride ingress
migration coefficient . y yo

Verygood resistance against chloride ingres
¢ pT AQON (e.g., seicompacting concrete, high
performance concrete).

Y pTm aon Goodresistance against chloride ingress
PO pTT QOf Moderateresistance against chloride ingresg

. Poor resistance to chloride ingresmt suitable
PO pT AOGK gresm

for aggressive environment

The depth of chloride penetration was determined based on the visible white silver chloride
precipitation. The penetration depths for various concrete specimens are shohabie14.
Examples of thevisible white silver chloride precipitatioon the split surfacein different
concrete mixtures are shown Figure32.

A caliperwas used to measure the penetration depth from the centre to both edges at
intervals of 10 mm with accuracy of 0.1 mm. Seven penetration depths were measured. Depth
measurements within 10 mm from the edge were ignored due to edge effects that can occur
during the test. When the penetration front was blocked by the presence of an aggregate, the
depth at that point was ignored as long as there are more than five valid depths. If there was
a significant defect, such as a void, in the specimen reguhi penetration depth significantly
larger than the average value, the depth at that point was eliminatedtails of the
penetration depths of different concrete specimens are presentetiénAppendix.7.
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Tablel4. Penetration depths for various concrete specimens

position Chloride penetration depth, (mm)

(mm) [SR-1SR-2SR-3SR-SI-ISR-SI-PSR-SI-BKA-1| KA-2 KA-3 KB-1{ KB-2 KB-3 KB-SI-1KB-SI-2KB-SI-

X4 (-30) | 25,0( 27,0] 25,0 9,0 10,0 | 9,0 |22,0]|125|115/ 30| 6,0 60| 11,0 6,5 5,0

X44 (-20) | 26,0{ 40,5| 27,0 10,0 | 155 | 8,0 |21,0/16,0{10,0( 50| 6,0 (135 75 5,0 5,0

X42 (-10) | 30,0 37,5| 25,0 10,0 | 10,0 | 11,0 | 20,0/ 19,0 20,0(11,0(14,0{ 75| 6,0 2,0 6,0

Xq1 (0) |26,5[34,0{29,5 8,0 8,5 7,0 [18,0{14,0|16,5/11,0{22,0{12,0] 7,5 5,0 3,0

Xg3 (10) [25,5]29,0{32,0/ 11,0 | 100 | 7,0 |125(11,0|16,5/ 65| 80| 9,0| 6,5 8,0 11,0

Xg5 (20) [32,0] 28,0{ 34,0 105 | 12,0 | 10,0 |16,5( 14,0/ 16,5/13,0{11,0|{ 80| 8,0 13,5 515

Xg7 (30) | 24,5|26,0| 25,0 9,0 13,0 | 12,0 | 19,0/ 11,0/ 13,0/ 55| 85(12,0] 7,5 4,0 4,5

Average|27,1{31,7[28,2] 9,6 11,3 91 (18,4|139]|149| 79]10,8| 9,7 7,7 6,3 5,7

STDEV| 28 |57(37]| 1,0 24 20 132]129(35|38|57]28]| 16 3,7 2,5

CoV, (%)10,4| 17,8/ 13,1 10,7 | 21,1 | 21,3 |17,3]|20,6| 23,5/48,0{52,8/28,8] 20,8 | 58,8 | 44,0
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Figure32. Examples afplit specimens with silver nitrate solution
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Table 15 summarizes the average chloride penetration depths along with other input
variables for various concrete mixtures, each consisting of three samples.

Tablel5. The input data for calculating the nateadystate migration coefficient of various concrete
specimens.

SR SR-SI KA KB KB-SI
Cast date 14.05.2024 20.03.2024 25.03.2024 27.03.2024 25.03.2024
Test date 27.11.2025 03.12.2025 27.11.2025 11.12.2025 27.11.2025
Age (days) 562 623 612 624 612
Specimen code | SR-1| SR-2| SR-3[SR-SI-JISR-SI-PSR-SI-BKA-1 | KA-2| KA-3| KB-1] KB-2] KB-3 |KB-SI-|KB-SI-pKB-SI-
Thickness (mm) | 498 | 495 | 49,7 | 495 | 495 | 495 | 49,7 | 498 | 495 | 495 | 49,7 | 498 | 498 | 49,6 49,7,
Time, t (h) 24 24 24 24 24 24 48 48 48 96 48 48 96 96 96
Voltage,U (V) 20 20 20 60 60 60 60 60 60 60 60 60 60 60 60
Temperature, T (K) 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 | 295 295|
Average
penetration, xd 27,1 | 31,7 | 282 | 9,6 113 | 914 | 184 | 139 | 149 | 94 8,9 9,7 7,7 6,3 5%
(mm)
Dhssm(M?/s) 191 | 225 | 200 | 21 2,5 2,0 2,1 1,6 1,7 0,5 1,0 11 04 0,3 0,3

The nonsteadystate migration coefficient is calculated from the valuesTable 15 using
Equation(3). Average value of the three samples is calculated along with the coefficient of
variation to evaluate the accuracy of the te$able16 shows theaveragenon-steadystate
migration coefficient. Coefficient of variation is computed whereaistthree samples are
evaluated from the sameoncreteat the same age.

Table 16. Non-steadystate migration coefficient withaverage standard deviationcoefficient of
variationand age of different concrete mixtures.

Sample 01 | Sample 02 | Sample 03 | Average STDEV | COV, (%) Age (days)
SR 191 225 20.0 20.5 1.8 8.6 562
SRS 2.1 25 2.0 2.2 0.3 121 623
KA 2.1 1.6 17 1.8 0.3 15.8 612
KB 0.5 15 1.1 0.9 0.4 345 624
KBSI 0.4 0.3 0.3 0.4 0.1 17.2 612

Table 16 shows the variation of coefficient relativior different concrete mixtures As
presentedthe coefficient of variation ranges consideraly60o t034.5%).

1 The coefficient of variation of reproducibility8%% for Portland cement concresand
12.1%for Portland cementoncrete mixed witlL0%silica fume

1 Thecoefficient of variatiorior concrete mixed with slagement Blast furnace cement
¢ CEM 1II/A 52,5)Lwhich contains36% to 656 slags 15.8%

1 The highest coefficient of variation is 34.5%, observed in concrete mixed with slag
cement (Blast Furnace Cemen€EM I1I/B 42.5 ¢ LH/SR), which contains 66% to 80%
slag. The addition of 10% silica fume reduced the coefficient of variation to 17.2%.

Thenon-steadystate migration coefficienor concrete tested at an age of approximaté§0
days is presented iRigure33.
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Although the sample size is too small to allow for definitive conclusions, it is observed that
the migration coefficient decreases with the addition of secondary cementitious materials
(silica fume and blast furnace slag) to the concrete mixtures.

Asillustratedin Figure33, the average norsteadystate migration coefficient for the concrete

mixture SRMix (Sulphate Resistance Cememt 9a L nH®p b {wo0 Aa HANAC
indicates that the concrete exhibits poor resistance to chloride ingress and is unsuitable for
envronments with aggressive chloride exposure. However, incorporating 10% silica fume
NERdzOS&a GKS YAIANIXrdAz2y O2STFAOASY(H (2 wodw P
against chloride penetration.

The averag@on-steadystate migration coefficient for the concrete mixtiweontaining slag

cements was less than®P ™ n e y indicating khat slag concretesxhibit excellent
resistance to chloride penetration

25 =
x W Sample 01 > 16X102 Poor
v m Sample 02 resistance against
s ~— . .
20 i chloride ingress
e Sample 03 €
€
a
o
b ==
8 ., 15
U oas
c NE < 16X101?
-8 ~ Moderate
o - . .
Eﬂ cl'.a resistance against
g = 10 chloride ingress
z
S """""""""""""""""""""""" T T
9 < 8X10'? Good
? 5 resistance against
L B chloride ingress
vl
<
s
= II II 5 < 2X102 Very good
0 -l - resistance against
SR SR-SI KA KB KB-S| chloride ingress

Figure33. Nonsteadystate migration coefficienfor different concrete mixtures.
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4 Summary

The aim of this research is to investigate the properties of hardened concrete for acquisition
of real data on longerm performance of the reinforced concrete over 30 years (202@54).
Thisreport presents theexperimental results of mechanical properties and durability studies
conducted on concrete composite containing different cement types and addition of silica
fume. Theperformance of concrete is evaluated from mechanical properties which include
compressive strengthiensile splitting strengthand modulus of elasticity.

Concrete durability issues can be caused by many different factors that occur during the life
of the concrete. In this research we performed the following durability tests: (i) drying
shrinkage (ii) accelerated carbonation tests and (iii) chemical analysis of the sulphate
chloride and magnesium ions using Micro XRF and (iv) microstructural analysis using
petrographic thirsection analysis.

The results indicate that the use of sulphate resistance cement with addition of silica fume
enhances the mechanical properties of concrete as compressive streiegtsile splitting
strength and modulus of elasticity. Addition of silica fume has an adverse effect on the dry
shrinkage and carbonation property of concrete composites.

The following conclusions can be draw from terimentalresults

w The use of sulphate resistance cement (CEM | 42.5 N SR3) with addition of silica
fume enhances the mechanical properties of concrete as compressive strength
tensile splitting strength and modulus of elasticity compared to concrete with only
sulphate resistance cement.

() The lowest mechanical properties were produced in concrete mixtures using the
blast furnace cement CEM 111/B.B2.¢ LH/SR and 10% of binder weight of Elkem
Microsilica.

w |l RRAGAZ2Y 2F aAftAOlF FdzvyS Kla | ROSNAS
concrete composite. The dry shrinkage strain in the concretes containing silica
fume was more than that in the concrete without silica furiilbe addition of silica
fume also enhances the concrete resistance to chloride migiration.

w Presence of silica fume in concrete composites increases the carbonation depth
considerably in concrete mixtures using the blast furnace cement CEM II5R 42
¢ LH/SR and 10% of binder weight of Elkem Microsilica.

w The addition of silica fume can improve the carbonation resistance of the concrete
composite using sulphate resistance cement and 10% silica fume.
w Based on the corrosion potential and the Rapid Corrosion Migration

measurements, the addition of silica fume can also improve resistance to chloride
migration into the concrete and decrease the probabilitycofrosion.

W Based on the 2@nonth corrosion measurements, it was difficult to draw a
conclusion about which concrete is suitable for use in LILW repositories, and
longerterm measurements are needed.

w»
(=t
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6 Appendices

6.1 Appendix 1 i Datasheets of cement types and microsilica

Cement

Sulphate resistant cement
CEM142,5N-5R3

SEMENTTI CEMENT
L\

SR cement is a sulphate-resistant cement that is suitable for sulphate
stressed applications. Typical applications are foundations and bridge
structures exposed to sulphate stress, as well as concrete structures
for the wood processing and chemical industries.

Thanks to the low water demand of SR cement, concrete can be
produced with a low water-cement ratio, which improves the tightness
of the concrete and thus also its durability. SR cement is made from
special cement clinker with a maximum CA content of 3.0%.

Cement properties

Requirements (SF5-EN 197-1)

Strength 2 d 210 MPa

Strength 28 d = 42,5 MPa and < 62,5 MPa
Initial setting time = 60 min

Soundness <10mm

Loss on ingnition 5%

Inscluble residue 5%

SO, <3,0%

Chloride content <0,10%

Cre+ =2 mglkg

CA <3,0%

Cement composition

Requirements (SFS-EN 197-1)

Cement clinker

= 05% and < 100%

FINNSEMENTTI

A CRH COMPANY

Finnsementti Oy
FI-21600 Parainen, Tel. +358 201 206 200

info@finnsementti.fi, name.surname@finnsementti.fi

semnet.fi, finnsementti.fi
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Blast furnace cement
CEM IlI/A52,5L

S
W TI

Kolmossementti is a high-strength blast furnace cement.
Mainly used is in ready-mixed concrete, but applications can be
found in various concrete products and element applications.

Kolmossementti is also excellent for stabilization.
The high amount of GGBFS makes it an environmentally friendly

Cement properties Requirements (SFS-EN 197-1)
Strength 2 d =10 MPa
Strength 28 d = 52,5 MPa
Initial setting time =45 min
Soundness <10 mm
Loss on ingnition = 5%
Insoluble residue 5%
so, <4,0%
Chloride content <0,10%
Cre+ =2 mglkg

Cement composition

Requirements (SFS-EN 197-1)

Cement clinker

= 35% and = 64%

GGBFS

= 36% and = 65%

FINNSEMENTTI

A CRHCOMPANY

Finnsementti Oy

FI-21600 Parainen, Tel. +358 201 206 200
info@finnsementti.fi, name.surname@finnsementti.fi
semnet.fi, finnsementri.fi
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Blast furnace cement
CEM III/B 42,5 L - LH/SR

fo

Bertta

KolmosBertta is a blast furnace slag cement. As a LH and SR grade
cement, it is suitable for use in concrete applications requiring sulphate
resistance and low heat of hydration. Thanks to its low heat of hydra-
tion (270 )/g), KolmosBertta is ideal for massive concrete structures.
Thanks to the high blast furnace slag mix, KolmosBertta is Finnsement's
most environmentally friendly cement, currently.

KolmosBertta is suitable for use in concrete alone or in combination
with other binders, which gives the concrete manufacturer wide
possibilities to implement various applications.

Cement properties Requirements (SFS-EN 197-1)
Strength 7 d =16 MPa
Strength 28 d >42,5MPa and < 62,5 MPa
Initial setting time = 60 min
Soundness <10 mm
Loss on ingnition = 5%
Insoluble residue 5%
so, <4,0%
Chloride content <0,10%
Cre+ =2 mglkg
Heat of hydratation =270 )/g
Cement composition Requirements (SFS-EN 197-1)
Cement clinker = 20% and < 34%
GGBFS = 66% and < B0%

FINNSEMENTTI

A CRHCOMPANY

Finnsementti Oy

FI-21600 Parainen, Tel. +358 201 206 200

info@finnsementti.fi, name.surname@finnsementti.fi c E
semnet.fi, finnsementti.fi
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6.2 Appendix 2 T Aggregate gradation and petrographic analysis

RUNKOAINETUTKIMUS N:o
Rakentaja Keskiarvo kaikista seulonnoista
Rakennustyd
3.11-25.11-2020
i Tunnus
Runkoaine
25 naytettad
Laji 0-8 bs
Hankkija T TYKKIMAEN
Saantipaikka Lahnajarvi keski. s
Humus s
Liete %
Rakeisuusluku 612,5
Niyte, g 0
Kosteus %
Seulan silmén Seulalle ja@nyt Lapaisy- Sallitut ldpdisyarvot :
suuruus mm# q % arvo %
Pohja 0 0,0 % #mm Max Min
0,125 0 0,0% 2,5% 0,125
0,25 0 0,0% 9,0 % 0,25
0,5 0 0,0% 250% 0,5
1 0 0,0% 45,0 % 1
2 0 0,0% 62,0 % 2
4 0 0,0% 76,0 % 4
8 0 0,0 % 93,0% 8
16 0 100,0 % 16
32 0 100,0 % 32
64 0 100,0 % 64
Yhteensd 0 0,0 % 612,5
Laatinut : Mikko Aho
100,0 %
90,0 % /‘
80,0 %
pd
70,0 % /
g 60,0% A
] / —— (-8
-
50,0 %
§_ // Min
T 40,0% / Max
30,0 % 7/
20,0 % //
10,0 % /T
0,0% §
0,125 0,25 0,5 1 2 4 8 16 32 6 mm#
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X% MITTA

Laboratoriopalvelut
PANK-hyviksytty testausorganisaatio

Laborateriopalveluita vuodesta 1951

RAKEISUUSTUTKIMUS
Asiakas Tykkimaen sora Oy Kunta Inkoo
Projekti Tykkim&en Sora Oy 2023 Materiaali |KaM
Urakoitsija Lajite 8-16
Paikka Inkoo Diaarinro
Yhteyshenkildo | Mikko Aho Kasa
MNaytetunnus 3 Seulat | Ohjealus Lapdisy
Naytteenottopvm 11.2023 mm__| min mex *
Na tioka P " 24 98 100 100
aytteenottotapa siakkaan ottama 15 20 . 2
11.2 5 70 41
| Seulontatapa | Pesuseulonta (SFS-EN 933-1:2012) 8 0 20 1
56 2
Kokeen nimi (Menetelma) [ Yksikka ] Tulos 2 Ll 5 z
2 2
Vesipitoisuus (SFS-EM 1097-5:2008) [ % | 0.7 1 2
05 1
0.25 1
0.125 1
0.063 0.6
" Poikkessa ohjeseulslts
0.063 0.2 0.6 2 6.3 _ 20 __31 5 45 B3 80 150
% Betoni 8/16 GcB0/20, BY43 2018 | | 3 AT 3
S0 0 % rakeisuuksista oltava chjealueella = 7 E
80 3 WA/ 3
= ; i =
T E // =
&0 5 : i 5
50 3 =
o = L -
20§ = s =
B 3 / =
108 E = E
D.[;!S 0125 0.25 05 1 2 4 56 8 12 16 224 40 56 90 125 1_80
— — Ohjealus mm
Huom! Testaustulos koskee ainoastaan testattua ndytetts. MNéyte 3
| Jakelu
Mitta Oy,/ Vantaan keskuslaboratorio
Riihimiehentie 3 E
s PP 01720 Vantaa
Pdividys 07.11.2023 Allekirjoitus jouko.ojanen@mitta.fi
Jouko Ojanen 040 - 352 3809

Kivitesti-100402-002-3.8.0.277 (C) Mitta Oy
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Tutkimusseloste

>A MITTA

PANK-hyviksytty testausorganisaatio
Tyonumero 21-146

Petrografinen kuvaus (SFS-EN 932-3)

Tilaaja Tykkimiien Sora Oy
Projekti
Niiyte Lahnajarvi

Niytteenottaja | Tilaaja

Yhteyshenkilé | Mikko Aho

Kivilajikoostumus

Kivilaji Prosenttiosuus (p-%) [ Raekoko
Graniitti 16 keskirakeinen
Hienorakeinen eraniitti 11 hienorakeinen (x)
Hapan vulkaniitti 11 hienorakeinen (x)

Emiksinen vulkaniitti 8 hienorakeinen (x)
Kiilleliuske 8 hienorakeinen (x)
Kvartsi-maasilpiliuske 5 hienorakeinen (x)
Kvartsi-maasilpdgneissi 3 keskirakeinen
Hiekkakivi 3 hienorakeinen (x)
Amfiboliitti 3 hienorakeinen (x)
Gabro 2 keskirakeinen
(x) suoritettu VTT:n ohjeistuksen mukainen lisdtutkimus
Kuvaus
Rakeiden muoto —kokonaan murskaantuneita 33 %, osittain murskaantu-
neita 47 %, murskaantumattomia 20 %
Kiderajat —iiviit ja teriviit
Rapautuneisuus —srapautumaton (Rp0)
Simpukan kuoren kappaleet —el havaittu
Malmimineraalit —ei havaittu
Alkalireaktiivisuus —Luokka l-alkali-kiviainesreaktiivisuus erittdin epéto-

denniikdinen (makroskooppisella luokittelulla paino-
tettu <0.2 mm:n kvartsin osuus 6.3 %, VTT4-2020)

Kiviaineksen kelpoisuus
Kiiyttokohde | Standardi Soveltuvuus Vaadittavat lisiitestit
Asfaltti SFS-EN 13043 Soveltuu
Sitomattomat | SFS-EN 13242 Soveltuu
Betoni SFS-EN 12620 Soveltuu
Mitta, Laboratoriopalvelut Typpitiz 1 90620 Culu Etunimi_sukunimi@mitta. fi

Yeunnus 07793883 worw.mitta. i 0401828345
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Tutkimusseloste

XX MITTA

PANK-hyvaksytty testausorganisaatio

Tyonumero 23-473

Petrografinen kuvaus (SFS-EN 932-3)

Tilaaja Tykkimiien Sora Oy

Viite

Niyte Inkoo, KaM &/16

Niytteenottaja Mika Gardemeister 5.4.2023

Kivilaji Graniitti (montsograniitti)

Mineraalikoostumus

Mineraali Prosenttiosuus (til- %) Raekoko (mm)
Kalimaasilpa 38 <0,1-7,5
Kvartsi 29 <0.1-8.1
Plagioklaasi 25 <0.1-5,0
Biotiitti 7 <0,1-2.2
Muut mineraalit 1

Mineraalien %-osuus laskettu pistelaskurilla (2000 pistettd)

Kuvaus

Aksessoriset mineraalit

Tekstuuri
Anisotropia
Huokoisuus
Viiri

Muuttuneisuus

Rapautumisaste
Kiderajat
Rajapinnat

Alkalireaktiivisuus

—zirkoni, kloriitti, titaniitti, malmimineraalit, granaatti, epidootti, seri-
siitti, apatiitti, karbonaatti

—skeskirakeinen. allotriomorfinen
—heikosti suuntautunut

—ei havaittu

—punainen

—biotiitti—kloriitti
—maasilvit—serisiitti, karbonaatti, epidootti

—rapautumaton
—fiiviit ja teravit
—suorat ja loivasti aaltoilevat/lahdelmaiset

—Luokka [-alkali-kiviainesreaktiivisuus erittiin epitodennikoinen,
alle 0.2 mm:n kvartsin osuus 6,8 % (By74, 2022)

47 (72)
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Kiviaineksen mineraloginen soveltuvuus

Kiivttikohde | Standardi Soveltuvuus | Vaadittavat lisiitestit
Sitomattomat | SFS-EN 13242 soveltuu

Raidesepeli SFS-EN 13450 soveltun

Asfaltti SES-EN 13043 soveltuu

Betoni SES-EN 12620 soveltuu

Mitta, Laboratoricpalvelut

Y-tunnus O7793883-3

Typpitie 1 0620 Oulu

wwmitta. fi

etunimi_sukunimi @ mitta.fi
0400681114
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MASTER®

> BUILDERS

SOLUTIONS

MasterGlenium SKY 600

Kaytetddn notkistimena ja vdhentdmaan sementtipohjaisten materiaalien

vedentarvetta

TUOTEKUVAUS

MasterGlenium SKY 600 on toisen
sukupolven tehonatkistin, jossa on kaytetty
polykarboksyylieetteripolymeerejd, joiden
polymeerirakenteessa on pitkia sivuketjuja.
MasterGlenium SKY 600 —molekyylit
mahdollistavat hidastetun adsorboitumisen
sementtipartikkelin pinnalle ja taten erittain
tehokkaan dispersion, mika mahdollistaa
korkealaatuisen betonin valmistamisen.
Verrattuna muihin PCE-polymeereihin
perustuviin tehonotkistimiin MasterGlenium
SKY 600:lla saadaan korkealaatuinen beteni,
Jolla on pidennetty tyastaaika kurtenkin ilman
vivastettyd sitouturnisaikaa, myos alhaisilla
vesi-sementtisuhteilla.

YHTEENSOPIVUUS

MasterGlenium SKY 600 el ole yhteensopiva
muiden tehonotkistimien kanssa.
MasterGlenium 5K 600 on yhteensopiva
seuraavien lisdaineiden kanssa:

* MasterAir 100 -huokostin

* MasterSet RI30 -hidastin

* Master X-Seed 100 -kiihdytin

* MasterRoc SA |67 -ruiskubetonin kihdytin
* MasterMatrix |00 -stabilaatton

* Muut lisgaineet seka betonin sisdiset
Jalkihcitoaineet; neuvottele teknisen
palvelumme kanssa muiden lisaineiden
kaytosta

*» Synteettiset kuidut ja teraskuidut

* Ennakkokokeet ovat suositeltavia
yhteensopivuuden varmistamiseksi

Swu | /3
Kesakuu 2023
TOTAL PERFORMANCE CONTROL

Keskeinen osa Total Performance Control
(TPC) -konseptissa on MasterGlenium SKY
600, TPC varmistaa, ettd valmisbetonin
tucttajien, urakortsijoiden ja suunnittelijciden
on mahdollista saada betonia, joka on
alkuperdisten vaatimusten mukaista prosessin
kaikissa vaiheissa; valmistettaessa betoni-
asemalla, toimitettaessa, valettaessa seki
betonin kovettuessa seka valmiissa raken-
teessa. Edelld mainittu voidaan saavuttaa kun
pystytaan kortrolloimaan kahta tarkeinta
tekijdd; betonin tyGstettavyytts ja vesi-
sementtisuhdetta.

KAYTTOKOHTEET

* Valmisbetonit; normaalt lujuusluckat seka
korkealujuusbetonit

* Suojahuokoistetut/saankestavat
valmisbetonit

* [T-betonin (itsetivistyvan betonrt) valmistus

OMINAISUUDET JA EDUT

MasterGlenium SKY 600 mahdollistaa
korkealaatuisen betonin valmistuksen, jossa
on matala vesi-sementtisuhde ilman, etta
tyostettavyysominaisuudet heikkenevat.
Tuotteella saavutetaan paremmat betonin
sallyvyysominaisuudet seka korkea-
laatuisemmat valupinnat. Tuotteen
ominaisuuksia voidaan hyodyntaa hywvin
monessa tilanteessa.

RN

6.3 Appendix 3 i Datasheet of the MasterGlenium SKY 600 superplasticizer
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MASTER® Sw2/3

» BUILDERS

Tekniset tiedot*

Kesakuu 2023

Tuote Tehonotkistin
Olomuoto MNeste
Van Keltainen

Alkdtiivinen ainesosa

Polykarboksyylieetter

Kurva-aineprtolsuus

17,5% = 0,9%

Ominaispaino, tiheys (20 °C)

1030 = 20 kg/m?

pH 20 1%
Kloridipitoisuus < 0,02 %
Alkalipitoisuus <20%
* Edellg alevat anvot ovat ohjeellisia eikd nitd tule kiymad PAKKAUS
rakennesuunnitelmisn perustana N .
210 litran tynnyrn
ANNOSTELL [ 000 Iitran kontt
o ) Salidautotoimitus
Minimi: 0,2% sideaineen painosta
(sementu—+pozzolaantt) VARASTOINTI
Maksimi: 2,0% sideaineen painosta
(sementti+pozzolaanit) MasterGlenium SKY 600 tulee varastoida

Edelld mainttuista poikkeavia annosteluja
voidaan kayttaa enkoistapauksissa. Silloin
suosittelemme ottamaan yhteytta tekniseen
palveluumme.

KAYTTOOH]EET

MasterGlenium SKY 600 on kayttdvalmis
nesterndinen tehonotkistin, joka lisatdan
betoniin annosveden jalkeen. Optimaalisin
notkistusteho saavutetaan annosteltaessa
betoniin, kun annosvedestd on annosteltu
vahintaan 809, Vaha annostelemasta kuvaan
side- tai kiviaineeseen.

+5°C- +25°C lampéulassa. Tuotteen
varastointiaika avaamattomassa alkuperdis-
pakkauksessa edella esitetyssa
lampstilaolosuhteessa on |2 kk. Tuotetta on
sekortettava ennen kayttdd tal sdannallisest.
Jastymaan paassytta betonin lis3ainetta el
suositella kdytettavaksi ennen konsultointia
teknisen patvelumme kanssa.

TURVALLISUUS

Tutustu tuotteen
kayttoturvallisuustiedotteeseen ennen
kayttoa.

»»N
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6.4 Appendix 4 i Concrete mix design

Ruskon Betoni Eteld Oy

Kivenlahden tehdas

keskiviikko 6. maaliskuuta 2024 16.58

Tuomas Mannonen

g W
Espoo,Kivenlahti & mé
Ruukinmestarintie 13 rb.kivenlahti@ruskonbetoni.fi
puhelin: 020 7933 340
02330 Espoo
Tehdas Resepti Lyhenne Kuvaus
5222 Espoo Kivenlahti Aalto SR C40/50 Aalto PERCO #16 S3 SR-mix
Betonitiedot
Betonityyppi Ryhma Laadun valvonta Tarkastuks Rasitusiuokat
en ik
Normaalibetond Kylla 28 XC1, XC2, XC3, XC4, XA2
Lujuusiuokka Tavoitelujuus Lujuuden  limapitoisuus (%) Notkeusluokka Tuotteen Kioridi-lk  Valvontaluokka
(N/mm?) kehitys notkeus
C40/50 450 1.5 S3 0 Ci0,20
Tiheysluokka  Kohdekiintotiheys Rakeisuustyyp Max, Rakelsuuskayraalu Rakeisuuskyré Max. [aannosvesi (%)
(kg/m?) pi kiviaineskoko e nro
(mm)
16 No16 b 0
Kaytd Ominaisuudet
100v kiyttoiks
Jalkikasittelyn kestoaika Kasiteltiivyysaika (h) Min. sementti Min, sideaine ~ Max. V/Sk Betonin lampdtila (°C)
(pdivad) (kg/m?) (kg/m?) Min Max
320 0,45
Ohjearvot
Kuvaus Valmistaja Ohjearvo  Ykskk  K-arvo P-kuiva (kg/m*)
ko
Lahnajar 08 Tykiomaen Sora 62,00 % 1165
Inkoo 8/16 Tykiomaen Sora 38,00 % 703
Summa — 1868
CEM | 425N SR3 Finnsamentti Lappeenranta 375,00 kg 375
Kylma vesi 165.00 kg 162
MasterGlenium Sky 600 Master Buiders Solutions Finkand Oy 1.10 % 413
Vesi V/ISkille Sideaineet  V/Sk Kiintotiheys Sideaine Aktiivinen Hiencainespitois Hienoaines (hiekka) Kloridipitoisuu
(kg/m*)  ViSkille (kg/m?) (kg/m?) (kg/m®) pastamddr8  uus (kg'm?) (kg/m?) s (%)
(m?%)
165 375 044 2409 375 0,286 411 486
Allekirjoitus Laatupsslikkd

Swu 11
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Ruskon Betoni Eteld Oy Kivenlahden tehdas

A
Espoo,Kivenlahti m
e rb.kivenlahti@ruskonbetoni.fi 5 N

Ruukinmestarintie 13

02330 Espoo
Tehdas Resepti Lyhenne Kuvaus
5222 Espoo Kivenlahti Aalto SR-Si C40/50 Aalto PERCO #16 S3 SR-Si-mix
Betonitiedot
Betonityyppi Ryhma Laadun valvonta Tarkastuks Rasitusiuokat
en ka3
Normaalibetond Kylla 28 XC1, XC2, XC3, XC4, XA2
Lujuusiuokka Tavoitelujuus Lujuuden  limapitoisuus (%) Notkeusluokka Tuotteen Kioridi-k  Valvontaluokka
(N/'mm?) kehitys notkeus
C40/50 450 1.5 S3 0 C10,20
Tiheysluokka  Kohdekiintotiheys Rakeisuustyyp Max, Rakelsuuskéyralu Rakeisuuskayrs Max. jaannosvesi (%)
(kg/m?) pi kiviaineskoko e nro
(mm)
16 No16 b 0
Kayttd Ominaisuudet
100v kiytidika
Jalkikasittelyn kestoaika Kasiteltiivyysaika (h) Min. sementti Min. sideaine Max. V/Sk Betonin lampdtia (°C)
(pdivad) (kg/m?) (kg/m?) Min Max
320 045
Ohjearvot
Kuvaus Valmistaja Ohjearvo  Ykskk  K-arvo P-kulva (kg/m*)
kd
Lahnajar 08 Tykiomaen Sora 62.00 % "
Inkoo 8/16 Tykiimaen Sora 38,00 % m
Summa e 1888
CEM | 425N SR3 Finnsementti Lappeenranta 306.00 kg 306
Micro-Siica Exem 34.00 kg 2,00 34
Kyimé vesi 165,00 kg 162
MasterGlenium Sky 600 Master Buiiders Solutions Finkand Oy 1,10 % 374
Vesi ViSkille  Sideaineet ViSk Kiintotiheys Sideaine Aktivinen Hiencainespitois Hienoaines (hiekka) Kloridipitoisuu
(kgim*)  ViSk:lle (kg/m?) (kg/m?) (kg/m?) Paﬂ(ll":;ﬂ'ﬂ uus (kg/m’) (kg/m?) $ (%)
m
165 374 0.44 2394 340 0,293 376 453
Allekirjoitus Laatupailiikkd

keskiviikko 6. maaliskuuta 2024 16.57 Sivu 11

puhelin: 020 7933 340

Tuomas Mannonen
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Ruskon Betoni Eteld Oy Kivenlahden tehdas —-
Espoo,Kivenlahti & Eﬁg%
Ruukinmestarintie 13 rb.kivenlahti@ruskonbetoni.fi
puhelin: 020 7933 340
02330 Espoo
Tehdas Resepti Lyhenne Kuvaus
5222 Espoo Kivenlahti Aalto KA C40/50 Aalto PERCO £16 S3 KA-mix
Betonitiedot
Betonityyppi Ryhma Laadun valvonta Tarkastuks Rasitusiuokat
en ka3
Normaalibetont Kylla 28 XC1, XC2, XC3, XC4, XA2
Lujuusiuokka Tavoitelujuus Lujuuden  limapitoisuus (%) Notkeusluokka Tuotteen Kioridi-k  Valvontaluokka
(N/'mm?) kehitys notkeus
C40/50 450 1.5 S3 0 Ci0,20
Tiheysluokka  Kohdekiintotiheys Rakeisuustyyp Max, Rakelsuuskéyralu Rakeisuuskayrs Max. jaannosvesi (%)
(kg/m*) pi kiviaineskoko e nro
(mm)
16 No16b 0
Kayttd Ominaisuudet
100v kityttoiks
Jalkikasittelyn kestoaika Kasiteltiivyysaika (h) Min. sementti Min. sideaine Max. V/Sk Betonin lampdtia (°C)
(paivaa) (kg/m?) (kg/m?) Min Max
320 045
Ohjearvot
Kuvaus Valmistaja Ohjearvo  Ykskk  K-arvo P-kulva (kg/m*)
kd
Lahnajar 08 Tykiomaen Sora 62.00 % 1165
Inkoo 8/16 Tykiimaen Sora 38,00 % 703
Summa - 1868
CEMINAS25L Finnsamentti 375,00 kg 375
Kyima vesi 165.00 kg 162
MasterGlenium Sky 600 Master Buiiders Solutions Finkand Oy 1.00 % 375
Vesi V/ISkille Sideaineet  V/Sk Kiintotiheys Sideaine Akfiivinen Hiencainespitois Hienoaines (hiekka) Kloridipitoisuu
(kg/m*)  ViSk:lle (kg/m?®) (kg/m?) (kg/m®)  pastamddrd8  uus (kg/m?) (kg/m?) s (%)
(m%)
165 375 044 2409 375 0,286 41 486
Allekirjoitus Laatupsilikkd

keskiviikko 6. maaliskuuta 2024 17.02

Tuomas Mannonen
Sy 111




Al

Aalto University
School of Engineering

RESEARCH REPORT
AALTGR002-2025
30.12.205

53(71)

Confidentiality: Public

Ruskon Betoni Eteld Oy Kivenlahden tehdas —-
Espoo,Kivenlahti & Eﬁg%
Ruukinmestarintie 13 rb.kivenlahti@ruskonbetoni.fi
puhelin: 020 7933 340
02330 Espoo
Tehdas Resepti Lyhenne Kuvaus
5222 Espoo Kivenlahti Aalto KB C40/50 Aalto PERCO #16 S3 KB-mix
Betonitiedot
Betonityyppi Ryhma Laadun valvonta Tarkastuks Rasitusiuokat
en ka3
Normaalibetond Kylla o1 XC1, XC2, XC3, XC4, XA2
Lujuusiuokka Tavoitelujuus Lujuuden  limapitoisuus (%) Notkeusluokka Tuotteen Kioridi-k  Valvontaluokka
(N/'mm?) kehitys notkeus
C40/50 450 15 S3 0 Ci0,20
Tiheysluokka  Kohdekiintotiheys Rakeisuustyyp Max, Rakelsuuskéyralu Rakeisuuskayrs Max. jaannosvesi (%)
(kg/m*) pi kiviaineskoko e nro
(mm)
16 No16b 0
Kayttd Ominaisuudet
100v kityttoiks
Jalkikasittelyn kestoaika Kasiteltiivyysaika (h) Min. sementti Min. sideaine Max. V/Sk Betonin lampdtia (°C)
(paivaa) (kg/m?) (kg/m?) Min Max
320 045
Ohjearvot
Kuvaus Valmistaja Ohjearvo  Ykskk  K-arvo P-kulva (kg/m*)
kd
Lahnajar 08 Tykiomaen Sora 62.00 % 1165
Inkoo 8/16 Tykiimaen Sora 38,00 % 703
Summa - 1868
CEM IWB 425 L - LH/SR Finnsamentti 375,00 kg 375
Kyima vest 165.00 kg 163
MasterGlenium Sky 600 Master Buiiders Solutions Finkand Oy 0.80 % 3,00
Vesi V/ISkille Sideaineet  V/Sk Kiintotiheys Sideaine Akfiivinen Hiencainespitois Hienoaines (hiekka) Kloridipitoisuu
(kg/m*)  ViSk:lle (kg/m?®) (kg/m?) (kg/m®)  pastamddrd8  uus (kg/m?) (kg/m?) s (%)
(m?)
165 375 044 2409 375 0,286 41 486
Allekirjoitus Laatupailiikkd

keskiviikko 6. maaliskuuta 2024 17.04

Tuomas Mannonen
Sy 111
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Ruskon Betoni Eteld Oy Kivenlahden tehdas

A
Espoo,Kivenlahti m
e rb.kivenlahti@ruskonbetoni.fi 5 N

Ruukinmestarintie 13 puhelin: 020 7933 340

02330 Espoo
Tehdas Resepti Lyhenne Kuvaus
5222 Espoo Kivenlahti Aalto KB-Si C40/50 Aalto PERCO #16 S3 KB-Si-mix
Betonitiedot
Betonityyppi Ryhma Laadun valvonta Tarkastuks Rasitusiuokat
en ka3
Normaalibetond Kylla 91 XC1, XC2, XC3, XC4, XA2
Lujuusiuokka Tavoitelujuus Lujuuden  limapitoisuus (%) Notkeusluokka Tuotteen Kioridi-k  Valvontaluokka
(N/'mm?) kehitys notkeus
C40/50 450 1.5 S3 0 C10,20
Tiheysluokka  Kohdekiintotiheys Rakeisuustyyp Max, Rakelsuuskéyralu Rakeisuuskayrs Max. jaannosvesi (%)
(kg/m*) pi kiviaineskoko e nro
(mm)
16 No16b 0
Kayttd Ominaisuudet
100v kiytidika
Jalkikasittelyn kestoaika Kasiteltiivyysaika (h) Min. sementti Min. sideaine Max. V/Sk Betonin lampdtia (°C)
(pdivad) (kg/m?) (kg/m?) Min Max
320 045
Ohjearvot
Kuvaus Valmistaja Ohjearvo  Ykskk  K-arvo P-kulva (kg/m*)
kd

Lahnajar 08 Tykiomaen Sora 62.00 % 1178
Inkoo 8/16 Tykiimaen Sora 38,00 % m
Summa - 1889
CEM IWB 425 L - LH/SR Finnsamentti 306.00 kg 306
Micro-Siica Exem 34.00 kg 2,00 34
Kyimé vesi 165,00 kg 163
MasterGlenium Sky 600 Master Buiders Solutions Finkand Oy 080 % 272
Vesi ViSkille  Sideaineet ViSk Kiintotiheys Sideaine Aktivinen Hiencainespitois Hienoaines (hiekka) Kloridipitoisuu

(kgim*)  ViSk:lle (kg/m?) (kg/m?) (kg/m?) paﬂ(ll":;ﬂ'ﬂ uus (kg/m’) (kg/m?) $ (%)

m
165 374 0.44 2394 340 0,293 376 453
Allekirjoitus Laatupailiikkd

Tuomas Mannonen
keskiviikko 6. maaliskuuta 2024 17.05 Sy 111
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6.5 Appendix 5 i Datasheet of the coating materials

TECHMICAL DATA SHEET ].-
2023.06.0 s’ TEKNOS

15

INERTA 165 i

Epoxy coating

INERTA 165 is a two-pack epoxy coating with low solvent content and
based on liquid epoxy resin. - -

Used on steel in Epoxy coating system. Also suitable on concrete. Also used on objects immersed in water, e.g. sluice gates and
pipelines of hydropower plants.

INERTA 165 has good adhesion to blast-cleaned steel and excellent abrasion resistance due to smooth and hard surface of the
cured film. It is therefore suitable for use on structures that are to be subjected to heavy abrasion. INERTA 165 can be applied
by airless spray, either one-component or hot twin-feed spray.

Also INERTA 165-02 HARDENER can be used in the product. Compared to the standard hardener INERTA 165 HARDEMER it
enables to shorten the curing time and to extend the pot life. In addition the spraying properties of the paint get better, itis
possible to paint thicker films without sagging and the drying temperature can be +5°C.

TECHNICAL DATA

Fields of application Concrete constructions, Steel constructions

Recommended substrate Steel, Concrete

Binder Epoxy

Solids INERTA 165 HARDEMER 92 =2% by volume
INERTA 165-02 HARDENER 94 +2% by volume

Total mass of solids INERTA 165 HARDEMER approx. 1300 g/l
INERTA 165-02 HARDENER approx. 1360 g/l

Volatile organic compound (VOC) INERTA 165 HARDENER approx. 100 g/l

INERTA 165-02 HARDENER appraox. 70 g/|

The VOC value provided is the average value for factory produced products, and
consequently it will be subject to variations between individual products
covered by this TDS.

I
www.teknos.com 1/5
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TECHNICAL DATA SHEET
2023-06-02

15

INERTA 165

|
5y TEKNOS

Theoretical spreading rate

Practical spreading rate

Colours

Gloss (60°)
Hardener

Mixing ratio (A:B)
Pot life

Thinner

Storage

DIRECTION FOR USE

Surface preparation

Theoretical spreading rate

Dry film (pm) Wet film(pm) i
200 215 46
250 270 37
300 320 31
400 425¢ 2.4

* only when using INERTA 165-02 HARDENER.

As many of the paint's properties will change if too thick coats are applied, itis
not recommended that the product is applied to a film thickness that is more
than double of the thickest recommended film.

The values depend on the application technique, surface conditions, owerspray,
etc.

White (TM 101) and black (TM 102). Other colours with some restrictions.
Gloss

Comp. B: INERTA 165 HARDENER or INERTA 165-02 HARDENER

2:1 parts by volume

INERTA 165 HARDENER 30 min

INERTA 165-02 HARDENER 60 min

TEKNOSOLY 9506

The storage stability is shown on the label. Store in a cool place and in tightly
closed containers.

Remove from the surfaces any contaminants that might be detrimental to
surface preparation and application. Remove also water-soluble salts by using
appropriate methods. The surfaces are prepared according to the different

materials as follows:

STEEL SURFACES: Remove mill scale and rust by blast cleaning to preparation
grade Sa 2% (standard IS0 8501-1). The profile of the blast-cleaned surface
must be at |east coarse (reference comparator "G"). See standard 150 8503-2

(G).

Severely pitted steel can be stopped up with INERTA 160 FILL, which is applied
by twin-feed airless spray and smoecthed immediately with a steel trowel (width
20 - 30 cm). Alternatively, TEKNOPOX FILL can be used. It is applied by steel
trowel.

CONCRETE SURFACES: The concrete must be at least & weeks old, well-
hardened and solid. The water content of the top layer must not exceed 4% by
weight.

Smooth down any spatter and irregularities on the surfaces by grinding. Brush

www.teknos.com 275




A Aalto University RESEARCH REPORT 57(71)
School of Engineering
" AALTCR002-2025
30.12.205 Confidentiality. Public

TECHNICAL DATA SHEET ].-

2023-06-02 L{r TEI(NOS
15

INERTA 165

away loose cement, sand and dust. Wash oily and greasy surfaces with
detergent or solvent. Remove dense laitance if present by etching with RENSA

ETCHING etching liquid or by grinding or blast-cleaning.

Big cavities in the concrete are repaired with cement mortar immediately after
the removal of moulds. Before the productis applied, all holes are to be filled,
and if necessary, the whale surface is stopped up with TEKNOPOX FILL.

OLD PAINTED SURFACES SUITABLE FOR OVERCOATING: Any impurities that
might be detrimental to the application of paint (e.g. grease and salts) are
removed. The surfaces must be dry and clean. Old, painted surfaces that have
exceeded the maximum overcoating time are to be roughened as well. Damaged
parts are prepared in accordance with the requirements of the substrate and
the maintenance coating.

The place and time of the preparation are to be chosen so that the prepared
surface will not get dirty or damp before the subsequent treatment

Additional instructive information for surface preparation can be found in
standards EN IS0 12944-4 and 1S0 8501-2.

Prefabrication primer: All prefabrication primer coats must be completely
removed regardless of the binder type. In practice this means that when the
surface is viewed vertically from a distance of 1 meter and in normal lighting
conditions the surfaceis of an evenly grey colour, i.e. the preparation grade is Sa
2% (IS0 8501-1).

Application method Birless spraying, Hot twin feed-spraying

. _________________________________________________________________________________|
www.teknos.com 3/5
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TECHNICAL DATA SHEET ].-

2023-06-02 L{r TEI(NOS
15

INERTA 165

Application MIXING OF THE COMPONENTS: Take into consideration the pot life of the
mixture when estimating the amount to be mixed at a time. Before application
the base and hardener are mixed in right proportion. Stir thoroughly down to the
bottom of the vessel. Mixing by machine is recommended, for example a slow-
rotating hand-drill equipped with a mixer. Inadequate stirring or incorrect mixing

ratio results in imperfect curing and impaired film properties.

Apply with airless spray with great pressure ratio. Use either one-component
airless spray or hot twin-feed spray. Suitable nozzle size (turn-nozzle) 0.018 -
0.026".

Take the pot life of the paint into consideration while painting.
WARNING! The amount and the temperature of the mixture will affect the pot
life. The spray equipment will be damaged if the paintis let to cure inside it.

Tofill the pores in concrete surfaces, a coat of 200 - 300 pm is first sprayed and
smoothed by brush or rubber spatula over porous areas. Immediately thereafter
another coat is applied to achieve the total coat thickness of 500 pm.

Application conditions The surface to be treated must be dry. During the application and drying period
the temperature of the ambient air, the surface and the product shall be above
+10°C and the relative air humidity below 80%.

When using INERTA 165-02 HARDENER: The surface to be treated must be dry
and the relative air humidity below 80%. During the application and drying period
the temperature of the ambient air and the surface shall be at least above +5°C,

and the temperature of the product above +15°C during mixing and spraying.

Additionally, the temperature of the surface to be treated and the product must

be at least +3°C above the dew point of the ambient air.

I
www.teknos.com 415
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TECHNICAL DATA SHEET L
2023.06 2 Yy TEKNOS

15
INERTA 165
Drying time +23°C/ 50% RH (dry film 250 pm)
-dust free INERTA 165 HARDENER / INERTA 165-02 HARDENER
6h/4h{509117-3:2010)
- touch dry INERTA 165 HARDENER / INERTA 165-02 HARDENER
12 h/ 7h(IS0 8117-5:2012)
= fully cured 7d
Overcoatable curface by itself, using INERTA 165 by itself, using INERTA 165-02
HARDENER HARDENER
temperature . .
min. max. * min. max. ¥
+5°C = = 24h 3d
+10°C 10h 2d 9h 2d
+23°C 6h 24h 5h 24h
* Maximum overcoating interval without roughening.
Increase in film thickness and rise in the relative humidity of the air in the drying
space usually slow down the drying process.
Cleaning TEKNOSOLY 9506

HEALTH AND SAFETY

Safety and precaution measures See safety data sheet.
ADDITIONAL INFORMATION
Maintenance instructions Brush or roller can be used for touching up.

Teknos Group Oy Takkatie 3, P.0.Box 107 FI-0037 1 Helsinki, Finland Tel. +358 9 506 091

The above information is normative and basad on laboratory tests and practical expe riences. The information s noncommittal, and we cannot acce pt liability for the results
obtained under working conditions beyond our control, and corsequently the buyer orthe useris not releasad from the obligation to test the suitability of our products for specific
means and application methods under the actual application conditions. Our liability covers only damage caused directly by defects inthe products supplied by Teknos. This
product is intanded for professional use only. This implies that the user possesses sufficient knowledge for using the product correctly with regard to technical and working safety
aspacts. The latest versions of Teknos’ Technical Data Sheets and Safety Data Shests are available from our home page www teknos com. All trade marks displayed onthis
docume nt are the exclusive property of Teknos Group orits affiliated companies.

www.teknos.com 5/5
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PRODUCT DATA SHEET 15.05.2023

TIKKURILA

HOLE-IN-1

ULTRA LIGHT REPAIR KITT

DESCRIPTION Ultra light filler for holes, joints and cracks on walls and ceilings. Especially suitable for one time
filing. Practically non-shrinking =5%.

RECOMMENDED USES Walls and ceilings in dry interior premises.

PRODUCT FEATURES For dry interior surfaces. On concrete, plaster, brick, filler-treated surfaces and the common
building board surfaces. Also previously painted surfaces. The surface is easy to sand and
paintable with normal wall paints. Filling capacity without cracking 50 mm.

TECHNICAL DATA

Colour Shades White.
Can sizes 0.251,051
Drylng time Second layer or painting of the surface can be carried out after the filler has dried,

under normal conditions after 2-24. Totall drying in deep holes can take several days
depending on the layer thickness, temperature and the relative humidity of the air.

Density (kg/l) 0,55 kg/l, 1SO 2811

Heat resistance +75°C

Volume solids (%) 55

Grain size Max. 0,10 mm.

Storage Protect from frost. Badly closed or short cans endure badly long-time storage.

Storage dry temperature between #5°C - +25°C.

APPLICATION INSTRUCTIONS

Application conditions
The surface to be treated must be dry, the temperature of the air over 5°C and the relative humidity of the air below 80 %.

Surface preparation
Unpainted surfaces:

Remove dirt, dust and loose material from unpainted surfaces. Fill the surfaces directly with Hole-in-1. The porous surfaces like
gypsum fillers must be primed for getting better adhesion.

Previously painted surfaces:

Wash down previously painted surfaces with Seindpesu cleaning detergent. Allow the surface dry before next treatment. Remaove
loose paint with a scraper and sand hard, glossy surfaces matt. Remove sanding dust.

Application

Apply Hole-in-1 with a spatula (with a smoothing frowel) . Sand the dried surface and remove sanding dust. Apply ancther filling
coat, if necessary.

For the best, even surface use topcoat top of the filler.

Cleaning of tools
Clean tools with water.

Environmental protection and waste disposal
Deliver empty packaging and hardened mortar to a recycling point or waste tip according to local regulations.

Health and Safety

The product is not classified as dangerous. Wear protective gloves. Contains 1,2-benzisothiazol-3(2H)-one (BIT) and reaction
mass of 5-chioro-2-methyl-2H-isothiazol-3-one and 2-methyl-2H-iscthiazal-3-one (3:1) (C(M)IT/MIT (3:1)). May produce an allergic
reaction. This product contains a biocidal product for the preservation of the product during storage. Contains: reaction mass of 5-
chioro-2-methyl-2H-iscthiazol-3-one and 2-methyl-2H-isothiazol-3-one (3:1) (C(M)IT/MIT (3:1)).
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6.6 Appendix 61

Details of the storage salt solution

Molar mass of solute and ions in solution, [g/mol]
Molar mass o
lons ions Solutes lons
[g/mol]
Na,SQ, NaCl MgCl-6H,0 sQ* CI Mg?*
Na 22,99 45,98 22,99 - - - -
S 32,065 32,065 - - 32,065 - -
(@) 15,999 63,996 - 96,0 63,996 - -
Cl 35,453 - 35,453 70,9 - 35,453
Mg 24,305 - - 24,3 - - 24,305
H 1,0079 - - 12,1 - - -
6H20 108,1
Total =| 142,04 58,44 203,30 96,06 35,45 24,31
Olkiluoto salt solution
Molar mas§ Molar mass | lons concentration| Volume of Amount of | Amount of solute
lons [Solute of solute, of ions, in the storage water in solute for 1 dmj needed for 400
[g/mol] [g/mol] solution, [g/dm?] |solution, [dm3]| solution, [g] | dm?3 solution, [g]
sQ*  [NaSQ 142,04 96,06 0,160 1,00 0,237 95
Mg™*  |MgCL-6HO 203,33 24,31 0,075 1,00 0,627 251
cI NacCl 58,44 35,45 1,091 1,00 1,798 719
MgC}-6H0 203,33 35,45 0,109 1,00
Loviisa salt solution
Molar mas§ Molar mass | lons concentration| Volume of Amount of | Amount of solute
lons [Solute of solute, of ions, in the storage water in solute for 1 dmj needed for 400
[g/mol] [g/mol] solution, [g/dm3] |solution, [dm3]| solution, [g] | dm?3 solution, [g]
SQZ' Na,SQ 142,04 96,06 0,560 1,00 0,828 331
Mg™* MgC}-6H0 203,33 24,31 0,263 1,00 2,196 878
o NaCl 58,44 35,45 3,817 1,00 6,293 2517
MgC}-6H0O 203,33 35,45 0,383 1,00
XA3 - Solution
Molar mass Molar mass | lons concentration| Volume of Amount of | Amount of solute
lons [Solute of solute, of ions, in the storage water in solute for 1 dmj needed for 400
[g/mol] [g/mol] solution, [g/dm3] |solution, [dm3]| solution, [g] | dm?3 solution, [g]
sSQ*  [NaSQ 142,04 96,06 6,400 1,00 9,463 3785
Mg™* MgC}-6H0 203,33 24,31 3,000 1,00 25,092 10037
i NaCl 58,44 35,45 43,625 1,00 71,917 28767
MgC}-6H0 203,33 35,45 4,375 1,00
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Tilausnumero : HL2405062
Asiakas : Aslic-yliopisio
Analyysitulokset
Naytematriisi: VES] Aziakkaan ndytefunnus Olkiluoto
Laboratorion ndytefunnus HL2408062-001
Asiakkaan naytfeenotiops LE] 2024-10-16 00:00
Parameatri Tulos | MU | Yhaikkd LOR Menefelma Laboratoria

Kokonaismetallit

Ca 32100 + 3210 pall 50 W-METAXDG1 PR
K 25000 + 2500 pall 15 W-METAXDG1 PR
Ma T30000 + 78000 pall 30 W-METAXDG1 PR
Fysikaaliset parametrit

pH-arvo | £.42 | +0.08 | - | 1.00 | W-PH-FCT | PR
oridi | 1350 | + 203 | mgL | 1.00 | W-CL-IC | PR
livkoinen silikaatti (Si02) 6.56 1.3 mgL 0.020 W-SI103-5PC PR
livkoinen silikaatti (Si03) &30 = 1.68 mg'L 0.100 W-SI103-5PC PR
liukaoinen silikaatti metapiihappona (H25i03) 8.52 - mgL 0.100 W-SI03-5PC PR

| 210 | +315 | mgiL | 5.00 | W-S04-IC | PR

Kokonaismetallit

Mg | 634 | =5.34 | mg/L | 0.010 | W-METAXDG1 | FR
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Tilausnumero : HL2405082
Asiakas : Aslic-yliopisio

Aziakkazn ndytefunnus Loviisa
Laboratorion niytefunnus HL2405062-002
Asiakkaan naytteenottopaivaiaia 2024-10-16 00:00
Paramatri Tulos | MU Yhaikkd LOR Ienefeims Laboratforia
Kokonaismetallit
Ca 27400 + 2740 wall S0 W-METAXDGT PR
K 13500 + 1350 pall 15 W-METAXDG1 PR
Ma 2410000 = 241000 wall 30 W-METAXDGT PR
Fysikaaliset parametrit
pH-arvo | 824 | 2 0.08 | - | 1.00 | W-BH-PCT | FR
Epdorgaaniset parametrit
Kloridi | 4130 | + 619 | mgiL | 1.00 | W-CL-IC | PR
livkoinen silikaatti (Si02) 4.97 +0.003 mg/L 0.080 W-SI03-SPC FR
livkoinen silikaatti (Si03) 629 +1.28 mg/L 0.100 W-S103-5PC FR
livkoinen silikaatti metapiihappona (H25i03) 646 —_ mg/L 0.100 W-SI03-SPC FR
sulfaatti | 510 | + 765 | mgL | 5.00 | W-S04-IC | PR
Kokonaismetallit
Mg | 242 | £242 | mg/L | 0.010 | W-METAXDG1 | PR
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Tilausnumero : HL2405082
Asiakas : Aslic-yliopisio

Aziakkaan ndytefunnus XA3
Laboratorion niytefunnus HL2408062-003

Asiakkaan nayfteenottopsiviiaika 2024-10-16 00:00
Paramaetri Tulos | MU Yhaikkd LOR IMenefeims Laboratforia
Kokonaismetallit
Ca 134000 £ 13400 wall S0 W-METAXDGT PR
K 115000 + 11500 wall 15 W-METAXDGT PR
Ma 26600000 + 2860000 wall 30 W-METAXDGT PR
Fysikaaliset parametrit
pH-arvo | 862 | £ 0.00 | - | 1.00 | W-BH-PCT | FR
Epdorgaaniset parametrit
Kloridi | 52000 | + 7800 | mgiL | 1.00 | W-CL-IC | PR
livkoinen silikaatti (Si02) 4.84 + 0,068 mg/L 0.080 W-SI03-SPC FR
livkoinen silikaatti (Si03) 613 +1.23 mg/L 0.100 W-S103-5PC FR
livkoinen silikaatti metapithappona (H25i03) 629 —_ mg/L 0.100 W-SI03-SPC FR
sulfaatti | 6320 | + 948 | mgL | 5.00 | W-S04-IC | PR
Kokonaismetallit
Mg | 2770 | +277 | mgiL | 0.010 | W-METAXDG1 | PR
Naytematriisi: VESI Asiakkaan ndytetunnus MacCl

Laboratorion ndytefunnus HL2405062-004

Asziakkaan nayffeenofiopdiviaiaika 2024-10-16 00:00
Parametri | Tulas | My Yhaikkd LOR | Menefeima | Laboratoria
Kokonaismetallit
Na | 24400000 | + 9440000 | pall | 30 | W-METAXDG1 | PR
Fysikaaliset parametrit
pH-arvo | 11.8 | £0.12 | - | 1.00 | W-PH-PCT | PR
Epédorgaaniset parametrit
Koridi | 146000 | + 21800 | mg'L | 1.00 | W-CL-IC | PR
Kokonaismetallit
Ma | 0,500 | — | mgiL | 0.010 | W-METAXDG1 | PR

Analyysiraportin tulososa pasttyy tahin
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Tilausnumera : HL2405082
Asiakas : Aslic-yliopisio

Lyhyt menetelmikuvaus

W-CL-IC

CZ_S0OP_DO8_02_088 (CSM  EM 150 10304-1) Liukeisen fluoridin, kloridin,  ni
maarittdminen  ionikromatografisesti.  Mitritt-  ja  nitrasttitypen  sekd sulfasftiikin madrttdminen laskennallisest
arvoista, sisdltaen myds kokonaismineralisaation laskennan.

tin, bromidin, nitraatin @ ja

sulfaatin
rritatuista

W-METAXDGT CZ_S0P_DOB_02_001(US EPA 2007, CSMH EN IS0 11885 WUS EPA 8010, SM 3120, CSM T757353)

méarittdminen  ICP-AES-tekniikalla ja yhdisteiden pitcisusksien ma&drittiminen stoikiometristen laskentojen  awulla

mineralisaifiin typpihapalla autoklaavissa korkeassa paineessa ja lampatilassa ennen analyysia.

Alkuaineiden

arvoista, sisdltden  mydés kokonaismineralisaation  laskemnan ja  Ca#Mg  summan laskennan. MEyte homogenisoiin ja

mitatuista

W-PHPCT

CZ_SOF_DOB_02_105 (CSN IS0 10523, US EPA 150.1, SM 4500-H+ B) pH:n masritaminen potentiometrisesti.

W-SI03-5PC

CZ_SOP_D08_02_109 Livenneiden silikaattien maarittdminen diskrestilld spektrofatometrilla sekd
kokonaisminerslisaation maartt@minen laskennallisesti mitatuista arvoista (CSM EM 150 16264, EPA 370.1).

H25i03 ja

W-S04-IC

CZ_SOP_D0G_02_068 [65N EM ISQ  10304-1) Liukoisen flueridin,  kleridin,  nitriitin,  bromidin,  nifraatin @ ja
maarittdminen  icninestekromatografila ja  nitrittitypen, nitraattitypen  ja  sulfsattiikin m Sarittdminen  laskennallisesti
arvoista, sisdltaen myds kokonaismineralisaation laskennan.

sulfaatin
rritatuista

Lyhenteet:

LOR = Raportointiraja (Limit OF Reporting) edustaa normaalia raporicintirajaa kyseessa olevalle parametrille ja menetelmaélle. Huomicithan,
ettd raportointiraja voi nousta esim_ liian pienen ndytem&arén vuoksi tai jos néyte joudutasn lsimentamasn matriisihdirdiden vuoksi.

MU = Mittausepavarmuus

* = Merkki tuloksen yhteydessa tarkoittsa akkreditoimatonta analyysia.

Mittausepavarmuus:

Mittausepivarmuus on ilmoitetfu laajennetiuna mittavsepdvarmuutena (dokumentin “Guide to the Expression of
Measurement”, JCGM 100:2008 Comrected version 2010" madritelman mukaan), jossa on kaytetty kattavuuskerrointa 2,
Jjolloin luotettavuustaso on noin 35%. Mittausepdvarmuus raportoidaan vain havaituille yhdisteille, foiden pitoisuudet
ovat yii raporfointirajan.

Alihankkijoiden mitfavsepdvarmuus on yeensd annettu laaj: th mittausepan itena, jossa on kiytetly
kaftt, kerrointa 2. Lab riolta saa lisdtietoja pyydetidessa. Asbesti- ja haitta-ainelaboratorio AHA-LAB Oy:n osalfa
edellisestd poikkeawvat tiedot mittausepivarmuudesta on esitetty kunkin analyysimenetelman kuvauksessa.

Analysoiva laboratorio

Laboratorio

PR

Analysoinnisfa vastaa ALS Czech Republic, s.r.c., Na Harfe 336/0 Praha 0 - Vysocany Téekki 180 00 Akkreditointielin: CAl
Akkreditointinumero: 1163, CSN EN ISO/IEC 17025:2018
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6.7 Appendix 771 Rapid Chloride Permeability Test (RCPT)

Migration depth (mm)

50 -40 -30 -20 -10 O 10 20 30 40 50

Position (mm)

Chloride penetration depth of SRIX Sulfate resistance cemeqtCEM | 42.5 N SR8 Sample 1

Migration depth (mm)

-50 -40 -30 -20 -10 0 10 20 30 40 50

Position (mm)

Chloride penetration depth of SRIX Sulfate resistance cemeqtCEM | 42.5 N SR8 Sample 2

Migration depth (mm)

50 -40 -30 -20 -10 O 10 20 30 40 50

Position (mm)

Chloride penetration depth of SRIX Sulfate resistance cemeqtCEM | 42.5 N SR8 Sample 3
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Migration depth (mm)

-50 -40 -30 -20 -10 0 10 20 30 40 50

Position (mm)

Chloride penetration depth of SBEMIX CEM | 42.5 N SR310% silica fuma) Sample 1

Migration depth (mm)

50 -40 -30 -20 -10 0 10 20 30 40 50

Position (mm)

Chloride penetration depth of SBEMIX CEM | 42.5 N SR310% silica fuma) Sample2

Migration depth (mm)

50 -40 -30 -20 -10 0 10 20 30 40 50

Position (mm)

Chloride penetration depth of S®IMIX CEM | 42.5 N SR310% silica fuma) Sample
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Chloride penetration depth of KKIX Blast furnace cemerg CEM III/A 52,5)l1 Sample 1

Chloride penetration depth of KKIX Blast furnace cemerg CEM III/A 52,5)l1 Sample 2

Chloride penetration depth of KKIX Blast furnace cemerg CEM IlI/A 52,5)l1 Sample 3



