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Latvijas www.ecsn.net
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ECSN Webinar — 29 March, 12:30 - 16.30 p.m. (CET)
Binders and concrete for the next decade

12:30 Introduction: European Concrete Societies Network & Short update
Richard McCarthy, Chair of ECSN & Managing Director of the Swedish Concrete Association (Sweden)

12:40 Circular concrete: CO2 mineralization combined with concrete recycling
Jan Skocek, R&D Program Manager, Carbonation Technologies, Heidelberg Materials (Germany)

13:00 New binders — what happens now and in the future?
Ingemar Lofgren, R&D Manager, Thomas Concrete Group (Sweden)

13:20 Review of life cycle analysis principles as they apply to building materials or why we should let trees grow
Hervé Camerlynck, Director of FEBELCEM (Belgium)

13:40 Carbon capture and utilisation in the cement industry — Case power-to-methanol
Ulla Leveelahti, Environmental Manager, Finnsementti (Finland)

14:00 Break

14:10 Volcanic pozzolan from Iceland — VPI
Bjorn Davia borsteinsson, Production Manager, BM Valla mortar factory — Part of Heidelberg Materials (Iceland)

14:30 Carbon capture, utilisation and storage in the Irish cement industry
Paul Monaghan, Group Head of Sustainability, Mannok (Ireland)

14:50 Low carbon concrete in the UK
MPA Cement (UK)
1510 Low carbon calcined clay-limestone cement - FUTURECEM

Jesper Damtoft & Stefano Zampaletta, Cementir Holding (Denmark)
15:30 Break

15:40 The composite cements and their direct certification for use in concretes according to exposure resistance classes
Jan Gemrich, Executive director, Czech Cement Association (Czech Republic)

16:00 Carbon capture and storage at the Brevik cement plant in Norway
Vetle Houg, Sustainability Manager, Heidelberg Materials Norway (Norway)
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09:00 Konferences atklasana
R. Cepurftis (LBS valdes priekssédétajs, SIA Primekss, NTNU)

09:20 Kas nosaka betona ilgizturTbu? [LV] G. Sahmenko (RTU)

09:45 Carbonization resistance of concrete / Betona karbonizacijas izturiba [EN]

U. Miller (SCHWENK Sverige AB)

10:10 Alkali-aggregate reactions in concrete / Sarmu silikatu reakcijas betona [EN]

B. Wigum (Heidelberg Materials)

10:35 Prevention of concrete alkali-silica reaction in Lithuania / Sarmu silikatu reakcijas
noveérsana betona, Lietuvas pieredze [EN] A. Augonis (KTU)

11:00 Kafijas pauze

11:20 Resistance of concrete towards chloride ingress / Betona izturiba pret hloridu difaziju [EN]
U. Miiller (SCHWENK Sverige AB)

11:45 Betona salizturibas testa metoZu salidzinajums [LV] J. Zale (SCHWENK Latvija)

12:05 Betona olimpiades rezultati [LV] G. Sahmenko (RTU), T. Nowacki (Stachema)

12:20 Pusdienu partraukums

13:20 Betonailgizturibas testésana lidlauka betonam [LV] J. Kudin$, (BPC) A. Krimins (A7 Betons)
13:40 TKO1 Salizturiba un LVS 156-1:2022 [LV] J. Zale (SCHWENK Latvija)

14:00 Unlocking the construction industry’s environmental challenges / Atrisinat vides
izaicinajumus blvniecibas nozaré [EN] T.Plauska (Consolis)

14:20 Betona stipribas noteikSana konstrukcijas nemot véra betona temperatiru cietésanas
laikd un ta ietekme uz betona ilgmazibu [LV] J. Kudin3 (BPC)

14:40 3D drukata betona ilgizturiba - aktualie pétijumi Sodien [LV]

M. Sinka (RTU), E. Dzene (SAKRET)

15:00 Sarmu silikatu reakcijas parbaude LV materialiem [LV] V. Baranovs (BPC)

15:15 Kafijas pauze

15:35 Skiedru betona plansienu trisslanu sienu panelu slodzes nestspéja [LV] U.Skadin3 (LBTU)
15:55 Jauna veida piedevas betona stipribas paaugstinasanai razosana izmantojot zema CO2
satura cementus [LV] G. Bianchin, K. Kravalis (Mapei)

16:15 Par UHPC plaksném Ola Foundation projekta [LV] E. Ozolins (MB Betons)

16:35 Rail Baltica prasibas buvju ilgmaZibai [LV] E. Oglins (RB Rail AS)

16:55 Jautadjumi, diskusijas un konferences noslégums

R. Cepurftis (LBS valdes priekssédétajs, SIA Primekss, NTNU)



CARBONATION RESISTANCE OF CONCRETE
SCHWENK Sverige AB

Scientific and Technical Conference Concrete durability and sustainability
2023-11-23, Riga, Latvia

Urs Miller, Technical Manager @ SBHWENK—




CONTENTS

What is carbonation of concrete?
Factors influencing carbonation
Effects of carbonation
Sustainability aspects

Testing carbonation resistance



WHAT IS CARBONATION OF CONCRETE?

Carbonation is a chemical process
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Carbonation is a chemical process and used for a long time for lime mortars: Lime cycle
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WHAT IS CARBONATION OF CONCRETE?

Carbonation of concrete: Essentially the same process

Hydrated cement phases + CO, — CaCO; + XYZ
Ca(OH), + CO, —» CaCO; + H,0O

Portlandite [ Calcite, water

(lime hydrate) Carbon dioxide  aragonite,
vaterite



WHAT IS CARBONATION OF CONCRETE?

Portlandite Calcite




WHAT IS CARBONATION OF CONCRETE?

Carbonation of concrete: Essentially the same process

Hydrated cement phases + CO, — CaCO4 + XYZ
Ca(OH), + CO, —» CaCO,; + H,0O

2KOH + CO, — K,CO4 + H,O
K,CO, + Ca(OH), — CaCO, + 2KOH

C-S-H: 9Ca0-6Si0,-11H,0 + 9CO, — 9CaCO, + 6Si0,-xH,O + (11-x)H,O

pPH 13-13.5 — 8—-10



WHAT IS CARBONATION OF CONCRETE?

Carbonation of concrete: Essentially the same process

Volume relations (schematic)

-0
d

Ca(OH), + CO, — CaCO, + H,0

C-S-H: 9Ca0-6Si0,-11H,0 + 9CO,
— 9CaCo, + 6Si0,-xH,0 + (11-x)H,0




WHAT IS CARBONATION OF CONCRETE?
SUMMARY

Carbonation of concrete
= Caused by CO, from atmosphere

Is a process which starts at the surface and progresses to the inside of the concrete
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The pH of the concrete is lowered in the carbonated areas from 13 to 13.5to 8 to 10
The main carbonated phases are portlandite and C-S-H

Volume increase with carbonation of portlandite; volume decrease with carbonation of C-S-H



FACTORS INFLUENCING CARBONATION

The carbonation of concrete is influenced by several factors

= Parameters for the transport of CO, into the concrete
- Porosity/permeability - w/c, w/b ratio
«  Water content of concrete (saturation)

= Composition of the binder/cement
= Curing conditions

= Environment towards exposure conditions (including temperature, moisture, CO, concentration)



FACTORS INFLUENCING CARBONATION
TRANSPORT PARAMETERS

= Porosity — wi/c ratio (w/c,) 0 o S

= Water saturation of concrete 90 | 0
 Solubility CO, in water low z %o} s
under ambient pressure § 7ol =
* Therefore: Water saturated 0 eof x

concrete no or very slow S sol =i5

carbonation S .l 5

- Exception: Concrete in contact $ ol . £ 9
with water of high bicarbonate Z ol E

or carbonate content fg . S

g o . o -
0 0l 02 0.3 0.4 T - Gt Sialie S Blescing) - RS

by weight)

Capillary  Porosity

Fig. 4. Permeability vs, capillury porosity for cement paste. Different
symbols designate different cements.

Powers (1958) Powers (1954)



FACTORS INFLUENCING CARBONATION
COMPOSITION OF CEMENT/BINDER

Accelerated carbonation (1 % CO,) for
Binders with pozzolana or GGBS 1 days W/c 0. 45

= Carbonate faster llmhmhmluuhmluuhmlnnlunlwn!

= Binders with pozzolana or GGBS have less Ca(OH),
- Ca(OH)2 is used up quicker
- C-S-H is carbonated much quicker compared to OPC
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FACTORS INFLUENCING CARBONATION
CURING CONDITIONS AND EXPOSURE CONDITIONS

= Curing influences the surface porosity of concrete - resistance towards ingress of CO,

= Availability of water in environment — State of concrete saturation
« Concrete dry in equilibrium with relative humidity (low humidity)
« Concrete permanently fully saturated

» Concrete partially saturated (moderate to high air humidity)

« Concrete variably highly saturated and dry (e.g. exposed to rain)

= Situations with increased CO, concentrations
* Road tunnels, parking garages, agriculture buildings

XC4 XF1 WF —
XC4 XD3 XF4 WA \

XC3 XD1 WA

XC4 XF4
XD3 X51
XM2 WS T

XC4 XF4
XS3 XA2 WA

2 Corrosion induced by carbonation

Where concrete containing reinforcement or other embedded metal is exposed to air and moisture, the

exposure shall be classified as follows:

XC1 Dry or permanently wet

Concrete inside buildings with low air
humidity; Concrete permanently
submerged in water

XC2 Wet, rarely dry

Concrete surfaces subject to long-term
water contact;

Many foundations

XC3 Moderate humidity

Concrete inside buildings with moderate or
high air humidity;

External concrete sheltered from rain

XC4 Cyclic wet and dry

Concrete surfaces subject to water contact,
not within exposure class XC2




EFFECTS OF CARBONATION
CHANGES IN POROSITY OF CONCRETE

Carbonation changes porosity in the binder

= Portland cement-based binders in concrete

* Mostly reduction of porosity due to
predominately carbonation of Ca(OH)2

- Slight increase in strength in carbonated
areas

* Reduction of permeability

* Reduction in moisture content (less pores =
less overall moisture)

= Binders with pozzolana and blast furnace
slag (GGBS)
« Slight increase or slight decrease in porosity
due to combined carbonation of Ca(OH), and

C-S-H - depending on amount of SCM
(depending on amount of SCM in binder)

 Slight reduction of strength in carbonated
areas

* Increase of permeability

.*l.

Data from mercury intrusion
porosimetry (MIP)

= Cement paste (w/c = 0.45)
-8

= OPC vs. 50 % slag

= Non-carbonated vs. carbonated

0.001t0 0.01 pm m0.01t00.1pum
0.1tolpm m1to 10 ym
M 10to 100 um

0.001t0 0.01 pm m0.01t0 0.1 pum
0.1tolpum B 1to 10 um
| 10to 100 pm

50%
slag

50%
slag

OPC OPC

pore volume, mm?3/g

non-carbonated

pore volume, mm?3/g

carbonated



EFFECTS OF CARBONATION
CHANGES IN POROSITY OF CONCRETE

Carbonation changes porosity in
the binder

Possible effects on frost
resistance

But: Only in extreme cases,
when severely carbonated
under ideal conditions and no
air entrainment

Scaling (kg/m?)

Concrete with 65 % slag as part of the binder, w/b-ratio 0.45

Dried, Carbonated (1 vol-%)

Dried, Uncarbonated

10 20 30 40 50
Number of freeze/thaw cycles

60



EFFECTS OF CARBONATION
CARBONATION SHRINKAGE

Caused by
i, Change in porosity and pore O 1 Carbonation of cement paste sample. After Verbeck (1958)
structure
: B B L
= Release of water during o o
carbonation (Ca(OH),, C-S-H) o O] S
- additional drying shrinkage % ey
= Different at different moisture < -0.05 =TT o
content =
—> carbonation lowest at very 2 0N
dry and wet conditions 2 2 FOR. S comblpsslminken, 00
-0.2 . . l
100 75 50 25 0

relative humidity (%)



EFFECTS OF CARBONATION
REINFORCEMENT CORROSION

= [ngress of CO, and successive
carbonation of concrete cover
-> lowering of pH < 9

= Loss of passivation layer of
reinforcement

= Access of O, to reinforcement
starts oxidation process

carbonated |
concrete

reinforcement

uncarbonated )
concrete




EFFECTS OF CARBONATION
REINFORCEMENT CORROSION

= [ngress of CO, and successive
carbonation of concrete cover
-> lowering of pH < 9

= Loss of passivation layer of
reinforcement

= Access of O, to reinforcement
starts oxidation process




SUSTAINABILITY ASPECTS
CONCRETE AS A CARBON SINK

Carbonated concrete surfaces
store CO,

With age the cover layer takes
up more CO,

A rough estimation gives values
of 15 to 20 % of CO,, which is
stored during the lifetime of a
concrete building

CO, uptake by concrete is now
recognized by EN 16757 and
can be counted e.g. in a
building climate/environmental
declaration

SIS single user license: Schwenk Sverige AB, Ordered by: urs.mueller@schwenk.com. Date: 2023-11-09

EUROPEAN STANDARD EN 16757
NORME EUROPEENNE
EUROPAISCHE NORM October 2022

1C$91.100.30 Supersedes EN 16757:2017

English Version

Sustainability of construction works - Environmental
product declarations - Product Category Rules for concrete
and concrete elements

Contribution des ouvrages de construction au Nachhaltigkeit von Bauwerken -
développement durable - Déclarations Umweltproduktdeklarationen -
environnementales sur les produits - Régles régissant Produktkategorieregeln fiir Beton und Betonelemente
la catégorie de produits pour le béton et les éléments
en béton

This European Standard was approved by CEN on 19 September 2022.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and
United Kingdom.

-
)



SUSTAINABILITY ASPECTS
CONCRETE AS A CARBON SINK

CO, uptake can be calculated
by m? concrete surface with
realistic carbonation depth over
time

Uptake is different for different
surfaces (painted vs. non-
painted surfaces, inner vs.
outer exposure, etc.)

CO, uptake should be used for
Improving the concrete
building’s climate footprint

From EN 16757 (2022)

CONSTRUCTION WORKS ASSESMENT INFORMATION
: SUPPLEMENTARY
CONSTRUCTION WORKS LIFE CYCLE INFORMATION | i
| LIFE CYCLE
A1-A3 A4-A5 B1-B7 c1-c4 : D
(CONSTRUCTION | BENEFITS AND LOADS BEYOND
PRODUCT STAGE oOCESS STACE USE STAGE END OF LIFE STAGE I e SYeTEnt pATY
Al AZ A3 Ad A5 B1 BZ B3 B4 BS B& B7 C1 2 <3 ca I D
|
§ |
. 2l g E |
& % ? i = ] I Reuse, recovery,
@ - = E g = =z | recycling, potential
= 2 = & L £ @ = a 2
o 1 £5 g H = k! T 3 I
= -k g g | E| Z EN el EL < [
Ell B 4 E |52 sl EE|E] 2 - A
E | E|l B E (28 R ERE RN gl g1
= e = c |J|S= = = o 2 & 5 & = = 2 8 I
llllllllllllll o sCenano enanio scenario scenario scenanio scenano scenaro scenario scenario scenaro scenario | SCEnano
= :
C30/37 sandwich (70+150 mm) From Lofgren (2021)
T 14 : : z : : =
ey : :
& < E %
g 12: - Utsida
3 ; : : : : 70mm
£ : : : . : ; : g : : :
,g: : ¢ __ : ;o 4 : " : 2 :
=3 10 ; : : - : : : : £
® ; : : : : : 3 ] . : :
=% :
= i :
5 : ¢ Insida
o : : 150 mm
; : maélad
0: : : : : : : . : :
0 20 40 60 80 100

Tid [ar]

- Figur 6. Koldioxidupptag i procent av utslappen fran cementet fér ett fasadelement

(sandwichetement, 75 mm betong pa utsidan och 150 mm insida med malad/tapet-
serad yta), i modul B1.



SUSTAINABILITY ASPECTS
CONCRETE AS A CARBON SINK

From EN 16757 (2022)

CONSTRUCTION WORKS ASSESMENT INFORMATION

SUPPLEMENTARY
CONSTRUCTION WORKS LIFE CYCLE INFORMATION tﬁkgﬁgﬁiﬁwﬁ%
= Butalso, CO, uptake after end- . e :
. PRODUCT STAGE oOCESS STACE USE STAGE END OF LIFE STAGE e svemt pmiay
Of- | Ife Al A2 A3 Ad A5 B1 B2 B3 B4 BS B& BY ©1 2 3 ca D
- Construction and demolition 3 ;
: o =
. - . = " a é H
waste (CDW): if consisting S0 e R A =,
. ¥ e || £ c |28 £ ElE|E Z g = _
mainly of concrete ARRRIRAt: Sl 2l el el ellells)z
3£ 2 ELSEN|L 2 2 e &) & ElLE =12
!!!!!!!!!!!!!! o scenario scenario scenario scenario scenario scenaro scenario scenario scenario scenaro scenario sCenano

= Reuse of recycled carbonated
concrete as aggregate

= Reuse of fines from recycled,
carbonated concrete for
producing cement
- EN 197-6




TESTING CARBONATION RESISTANCE

l-k
7 ’;"a‘fg;'

= Determination of carbonation depth on existing concrete structures is done with pH indicators
» Solution of phenolphthalein (pH 9)
» Solution of thymol blue (pH 9.6)
» Other indicators

= Phenolphthalein solution is less used due to health and safety concerns

= Preferred is a fractured over cut surfaces - more accurate

= Important: The indicators should turn their color around pH 9-10

= EN 14630:2006 - but uses still phenolphthalein solution




TESTING CARBONATION RESISTANCE
CARBONATION TEST METHODS

Test
methods

natural
exposure

accelerated
exposure

EN 12390-10:2019 EN 12390-12:2019
= Samples: Concrete prisms or cubes = Samples: Concrete prisms, cubes or cylinders
= Preconditioning: Wet curing until 28 d (chamber), = Preconditioning: Wet curing until 28 d,
sealed until 50 % of reference strength (natural) thereafter 14 d under laboratory conditions
= Storage: Either in climate-controlled chamber = Storage: In a climate-controlled chamber or
(COy¢onc = 0.040 % or natural exposure in air cabinet at a CO, . =3 %
(protected from rain) = Measurement: Carbonation depth after 7, 28
= Measured: Carbonation depth at least after 3, 6 and 70 days
and 12 month; if carb. depth <5 mm extension of = Evaluation: Carbonation depth d, vs. square
test to 2 years root of time t and carbonation rate K,
= Evaluation: Carbonation depth d, vs. square root d, = a+ Kyt

of time t and carbonation rate k.
d, = k.t
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Alkali-Aggregate Reactions in Concrete

What we know, what we do not yet
know, and where we are going.

Prof. Bérge Johannes Wigum

BorgeJohannes.Wigum@heidelbergmaterials.com




Presentation

= What we know

* Alkali Aggregate Reactions — History — RILEM
* RILEM TC 258-AAA

= What we do not yet know
» Alkali-Release from Aggregates (ARA)

= Where we are going

* New RILEM TC ASR

Heidelberg

2 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 u Mqteriqls




Alkali Aggregate Reactions (AAR)

= Alkalis producing a silica-gel by dissolving
soluble SiO, (e.g. Quartz) in the aggregate.

" Gel has hygroscopic properties, leading to
expansion under moist conditions.

= ~1-20vyears, depending on the type of
aggregate and environmental conditions

Heidelberg
Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 Mqter|qls



ALKALI AGGREGATE REACTIONS

Mechanisms of AAR

Reactive aggregates

Alkalies

Low alkali-cements

Water

Pozzolanas
Eztlzgr;:L Ték::ll:ns - —6\ (or high moisture content)
\) Temperature

~ Heidelberg
4 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 Mqter“]ls



ALKALI AGGREGATE REACTIONS

Cracking - Expansion

Heidelberg
Materials

5 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023




ALKALI AGGREGATE REACTIONS

Elgeseter Bridge Trondheim, Norway

=  Built 1949-51
= Length 220 m
= Width23m

= Height17 m

Heidelberg
Materials

6 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023




ALKALI AGGREGATE REACTIONS

Elgeseter Bridge Trondheim, Norway

-3

Heidelberg

7 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 l Mqteriqls



ALKALI AGGREGATE REACTIONS

Elgeseter Bridge Trondheim, Norway

Installation of new columns

Heidelber
Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 Mqter|q|s



ALKALI AGGREGATE REACTIONS

Elgeseter Bridge Trondheim, Norway

- A o
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Confinement with Carbon.Fibre'ReinforcementyPo

e

Heidelberg
Materials

9 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023




ALKALI AGGREGATE REACTIONS

Heidelberg
Materials

10 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023
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ALKALI AGGREGATE REACTIONS

Swimming pool

Survey initiated due to severe
damages in the pool, after only 1.5
years in service

Tiles falling off
Cracking of concrete

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023
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ALKALI AGGREGATE REACTIONS

Swimming pool

Heidelber
12 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 Mqter|q|s



Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023

13



14

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023
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.. Concrete road - Canada

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023
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ALKALI AGGREGATE REACTIONS - HISTORY

Test Methods

Testing for decades
Many test methods — difficult to compare

Cement and Concrete Research
Wolume 16, Issue 2, March 1986, Pages 181-189

ELSEVIER

An accelerated method for testing the potential alkali
reactivity of siliceous aggregates
R.E. Oberholster ®, G. Davies *

Show more

hittps:/idoi.org/10.1016/0008-5546(56)90134-1 Get rights and content

Abstract

The National Building Research Institute has developed a quick, reliable test which
gives an indication of the relative alkali reactivity of opaline and of quartz-bearing

aggregates. This paper describes the test method and discusses factors which can
affect the precision of the results

Thomas Stanton (1940) Oberholster & Davies (1986)
ASTM 227 — Mortar Bar Test The South-African Accelerated Mortar Bar Test

Heidelberg
Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 Mqter|qls



ALKALI AGGREGATE REACTIONS - RILEM

AAR — Holistic Approach

International Union of
_ Laboratories and Experts in
\ Construction Materials, System
and Structures

Heidelber
17 Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023 Mqter|qls



ALKALI AGGREGATE REACTIONS - RILEM

RILEM Technical Committees (TCs) — since 1988

. TC 106 (1988 — 2001) - Accelerated Aggregate Tests
. TC 191-ARP (2001 — 2006) - Diagnosis/Appraisal & Specification
. TC 219-ACS (2006 — 2014) - Performance Testing & Modelling

25 years; 1988 — 2014

Dr lan Sims — Secretary

Dr Philip Nixon — Chairman

Heidelberg
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ALKALI AGGREGATE REACTIONS - RILEM

Test methods for aggregates — (RILEM)

Petrographic Method
(RILEM AAR-1)

2 Accelerated Mortar Bar Test (AMBT)
(RILEM AAR-2)
80°C + 1N NaOH

Concrete Prism Tests (CPT)
(RILEM AAR-3 & AAR-4.1)

38°C or 60°C+ 100% RH

Alkali Aggregate Reactions| Latvian Concrete Society’s 31t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023
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than G.M. Wood td”m

Guide to Diagnosis and
Appraisal of AAR Damage
to Concrete in Structures

Part 1 Diagnosis (AAR 6.1

2013

ALKALI AGGREGATE REACTIONS - RILEM

RILEM deliverables 2016 - TC 219-ACS

RILEM State-of-the-Art Reports

Philip J. Nixon
lan Sims Editors

RILEM Recommendations
for the Prevention of
Damage by Alkali-
Aggregate Reactions in
New Concrete Structures

State-of-the-Art Report of the RILEM
Technical Committee 219-ACS

E Q Springer

2016

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023

Isabel Fernandes

Maria Anjos Ribeiro
Maarten ATM Broekmans
lan Sims

Petrographic Atlas:
Characterisation of Aggregates
Regarding Potential Reactivity
to Alkalis

RILEM TC 219-ACS Recommended Guidance AAR-1.2,
for Use with the RILEM AAR-1.1 Petrographic Examination
Method

! @ Springer
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ALKALI AGGREGATE REACTIONS - RILEM

RILEM TC 258-AAA (2014 — 2020)

(Avoiding Alkali Aggregate Reactions in Concrete — Performance Based Concept)

The purpose of this Technical Committee (TC) is to
develop and promote a performance based testing

concept for the prevention of deleterious Alkali Aggregate il
Reactions (AAR) in concrete.

Strong emphasis will be put on the implementation of the RILEM methods and
recommendations as national- and international standards.

Heidelberg
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ALKALI AGGREGATE REACTIONS - RILEM

RILEM TC 258 AAA (2014 — 2020)

Professor Bgrge Johannes Wigum
Chairman — RILEM TC, AAA
HeidelbergCement Northern Europe
Norway/lceland

Dr Jan Lindgard
Secretary — RILEM TC, AAA
SINTEF Building and Infrastructure, Trondheim - NORWAY

WP2 - Performance testing and laboratory vs. field; Exposure site.

WP3 - Assessment of detailed alkali inventory in concrete

WP4 — Verification of Performance Testing.

Heidelberg
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ALKALI AGGREGATE REACTIONS - RILEM

P1 - Performance testing and accelerated testing in laboratory.

Dr Terje F. R@nning
HeidelbergCement Northern Europe, Norway

Methods:
“RILEM AAR-0” (Outline Guide to the Use of RILEM Methods)

“RILEM AAR-10" (38°C concrete performance test)

“RILEM AAR-11 & 12” (60°C concrete performance test)

“RILEM AAR-13" (Japanese test procedure — alkali wrapping)

Heidelberg
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ALKALI AGGREGATE REACTIONS - RILEM

RILEM AAR-10: Increase prism size

Jan Lindgdrd, 2013

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023

AAR-3: Prisms 75 mm
AAR-10: Prisms 100 mm

.... to reduce leaching
and obtain a realistic
expansion
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ALKALI AGGREGATE REACTIONS - RILEM

WP2 - Performance testing and laboratory vs. field; Exposure site.

Professor Benoit Fournier
Université Laval, Québec, Canada

New cube study (2015) — Environmental effects
Old blocks study (2005) — Post-documentation
STAR-report on the lab./field correlation.
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ALKALI AGGREGATE REACTIONS - RILEM

WP?2 - Laboratory testing vs. field behavior — Testing the performance?

Comparing apples and pears?

Heidelberg
Materials
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ALKALI AGGREGATE REACTIONS - RILEM

WP?2 - Laboratory testing vs. field behavior — Testing the performance?

Effect of temperature

Accelerated conditions,
6-8 minutes — 100°C

Real life,
21 days —38°C

Heidelber
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ALKALI AGGREGATE REACTIONS - RILEM

P3 - Assessment of detailed alkali inventory in concrete, including internal
aggregate release, recycling and external supply.

Dr Esperanza Menéndez Méndez
CSIC, Madrid, Spain

RILEM AAR-8 (Releasable alkalis from aggregates)

STAR-report on “alkali inventory”

Heidelberg
Materials
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ALKALI AGGREGATE REACTIONS - RILEM

WP3 - The available resources of alkalis - inventory

Efficient
alkali-load?

(critical 2.5kg/m?)
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ALKALI AGGREGATE REACTIONS - RILEM

WP4 - Verification of Alkalis Released from Aggregates (ARA).

Professor Klaartje De Weerdt
Norwegian University of Science and Technology, Norway

Verification of potential alkali-release in performance testing in lab.

Validate a test method for alkalis released by aggregates.

Heidelberg
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ALKALI AGGREGATE REACTIONS - RILEM

Official Deliverables:

| | | 2 Springer
Recommendations -submitted to Materials & Structure — Summer 2021 —

° RILEM AAR-0 (2021) Outline Guide to the Use of RILEM Methods in the Assessment of the Alkali-Reactivity Potential of Concrete.

° RILEM AAR-8 (2021) Determination of Potential Releasable Alkalis by Aggregates in Concrete.

° RILEM AAR-10 (2021) Determination of Binder Combinations for Non-Reactive Mix Design Using Concrete prisms — 38°C test Method.

° RILEM AAR-11 (2021) Determination of Binder Combinations for Non-Reactive Mix Design or the Resistance to Alkali-Silica Reaction of
Concrete Mixes Using Concrete Prisms — 60°C Test Method.

° RILEM AAR-12 (2021) Determination of Binder Combinations for Non-Reactive Mix Design or the Resistance to Alkali-Silica Reaction of
Concrete Mixes Using Concrete Prisms — 60°C Test Method with Alkali Supply.

. RILEM AAR-13 (2021) Application of Alkali-Wrapping for Concrete Prism Testing to Assess the Expansion Potential of Alkali-Silica Reaction.

Heidelberg
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ALKALI AGGREGATE REACTIONS - RILEM

New RILEM TC: 301-ASR (2021 — 2025)

Risk assessment of concrete mixture designs
with alkali-silica reactive (ASR) aggregates

Chairman: Jason H. Ideker - Professor
Oregon State University, USA

Deputy Chairman: Klaartje De Weerdt — Professor

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023

Norwegian University of Science and Technology, Norway
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New RILEM TC: 301-ASR (2021 —2025)

Risk assessment of concrete mixture designs with alkali-silica reactive (ASR) aggregates

WP1 — Validating test methods
- Benchmarking against:

- exposure blocks

- structures
- Assess the reliability for

- efficacy of SCMs

- aggregate reactivity

. 4

WP2 — Alkali inventory

- Validation of AARS

- Threshold alkali content for
reactivity

- Impact of SCMs

- Impact of external sources of

alkali

Accounting for:

WP3 — Risk assessment of concrete mixture designs with ASR
aggregates (based on data from WP1&WP2).

- the uncertainty of the test methods
aggregate reactivity

chemical composition of the binder (SCMs)
exposure conditions

the structural classification and service life

Alkali Aggregate Reactions| Latvian Concrete Society’s 31°t Scientific and Technical Conference| Prof. Bgrge Johannes Wigum | 23.11.2023
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Summary

= What we know

e RILEM - Aggregate Test Methods

e RILEM TC 258-AAA — Performance Testing

* Alkali-Release from Aggregates

= Where we are going

* New RILEM TC ASR:

v" Validation of Test Methods
v' Verification of Alkali Release
v" Risk Assessment

Heidelberg
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CEN European Standards

EUROPEAN STANDARD EN 12620
NORME EUROPEENNE
EUROPAISCHE NORM Sepaemer 200z
ICE & 90015 8410030
Engilsh werzion
Aggregates for concrete
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H et wrw e rsorel tascers bodms of Acetrie, Beighor, Crech Hapusiic, Desres, Fiomnd, Francs, Gesrmey, Gresos
nan-uulnd Faly, Lizenbourg, Malta, hsferiads, horway. Pocugal, Spein, Swecen, Swicsand and Unksd Kingso.

Jonathan Simm
Christophe Mueller
Xavier Guillot

Chair CEN TC154 - Aggregates
Chair CEN TC104 - Concrete
CEN TC51 - Cement

NOTE

=

FURCPRAN COMMITTES FOR STAMDARDEATION
COMITE EUROPEEN DE HORMALISATICN
EUROPAMSCHES KOMITER FUE NORMUNG

Management Canirec rus de Saxsart, 38 5-1030 Brussels

5.7.3 Alkali-silica reactivity

When required the alkali-silica reactivity of aggregates shall be assessed in accordance with the provisions valid in
the place of use and the results declared.

Guidance on the effects of alkali-silica reactivity, is given in annex G.
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Thank you for your attention!
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LITHUANIAN REACTIVE AGGREGATES



ASR problems in Lithuania

In Lithuania, two types of coarse aggregates are
used in the construction sector: gravel (gravel
crushed stone) and dolomite crushed stone.

In Lithuania, about 45 years ago, a serious problem
of ASR was noticed, which caused defects and
cracks. ASR was caused by the aggregates used in
the construction, which contained impurities of
opoka (opal) and flint particles. Decisions were
made limiting the amount of Na20 eqv in

portlandcement to 0.8%. Since then, there is no

classic ASR (volumetric crack deformatlon) in

Lithuania. However, we have a problem with ASR

(pop outs) on the concrete surface.




ASR problems in Lithuania
Typical Lithuanian gravel and sand
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Opoka (an opal-type mineral)

Opoka is considered to be a gray (various shades,
may be spotted), hard, conch fracture porous rock,
which is dominated by (up to 90%) opal silica, and
may contain various, even carbonate, additives.

- density about 1000 - 1300 kg/m3;
- hardness is average ;

- A significant part of SiO2 in the opoka is
amorphous, i.e. reacts with alkalis.

Opal, Si02:nH20, is
amorphousan aggregate
composed of gel, and
therefore is mineraloid.




Flint

Flint comes in various dark or light colors,
consisting of crystalline and amorphous SiO2 and
other impurities.

-hard (scratches glass);
brittle;
breaks into sharp-edged piece

density about 2600 kg/m3;
the flint has a glassy luster;

a significant part of SiOz2 in flint is amorphous, i.e.
reacts with alkalis.
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ALKALINES IN CONCRETE
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ALKALINES IN CONCRETE

11
MNa
22 G

13
o

a9 038

Basic alkalis:
e Sodium (Na*)
e Potassium (K*)

Calculated in Na, O,
(Na,0O)ekv = Na,O +0,658K,0

According to the technical requirements currently
legalized in Lithuania, the equivalent amount of alkali
in cement, with the exception of slag portland
cement and slag cement, must not exceed 0.8%,
because Lithuanian gravels are contaminated with
reactive rocks that react with the alkalis of cement
and its additives.
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ASR environment classes of concrete according to LST 1974:2012

for normal concrete.

Class

Description of the environment

B Table 4 of the standard LST 1974:2012 shows the ASR effect classes of aggregates

The environmental impact class

MEIES

includes examples

XRO Non-aggressive environment with relative | Internal structures of buildings,
humidity in the room ¢ < 60% protected from moisture
XR1 Aggressive environment with relative | Internal constructions of wet
humidity ¢ = 80%, when there is free | rooms, e.g. in swimming pools,
moisture in the concrete saunas, etc., and external
structures of buildings not
protected from the effects of the
atmosphere.
XR2 Very aggressive environment with free|Floors of road and bridge

moisture in the concrete and additional Na
and K compounds, e.g. with salts due to
icing

structures, garages, car washes,
poorly insulated floors from soil
moisture, etc.
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Table 4 of the standard LST 1974:2012 shows the ASR effect classes of aggregates for
normal concrete — requirements:

XRO. There are no restrictions on the composition of the concrete mix used for
the aggressiveness of XRO in terms of alkaline corrosion in the environment (see
LST 1974:2012 Appendix L).

XR1. The aggressiveness of XR1 in terms of alkaline corrosion in the environment
(see LST 1974:2012 Appendix L), using a concrete mixture with aggregates from
Lithuanian gravel quarries or with non-reactive coarse aggregates from other
quarries but with fine aggregates (sand) from Lithuanian quarries, Na and K
oxides, converted to equivalent (Na,O)ekv = Na,0O +0,658K,0, the amount in CEM
| cement must be < 0.8% (mass), and the equivalent amount of Na and K oxides in
the concrete mix must not exceed 4,0 kg/m3.

XR2. The aggressiveness of XR2 in terms of alkaline corrosion in the environment
(see LST 1974:2012 Appendix L), using a concrete mixture with aggregates from
Lithuanian gravel quarries or with non-reactive coarse aggregates from other
quarries but with fine aggregates (sand) from Lithuanian quarries, Na and K
oxides, converted to equivalent (Na,O)ekv = Na,O +0,658K,0, the amount in CEM
| cement must be < 0.8% (mass), and the equivalent amount of Na and K oxides in
the concrete mix must not exceed 3,0 kg/m3.




Ktu | iSinosios Prevention of ASR

1922

Limitation of alkali content in concrete according to Canadian standards

Prevention level Alkali Na,O,,, content in concrete,
kg/m3

Weak 3,0
Average 2,4
Strong 1,8

Exclusive 1,8+Pozzolans
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THE MOST COMMON DAMAGES OF

CONCRETE DUE TO ASR IN LITHUANIA



ktu

kauno
technologijos
universitetas

1922

DAMAGE TO CONCRETE DUE TO ASR

Weak reaction. Visual features

Bsurface Pop-Outs. The expansion near the concrete
surface due to the reaction of alkali and aggregates
causes the cone-shaped mortar portion above the
aggregate to break off, leaving the reactive aggregate
unprotected at the bottom of the resulting conical
depression.;

M- Surface discoloration and gel plague (cracks caused
by ASR are often bordered by a wide zone - leaks,
giving the appearance of a permanently wet zone).










o
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Ktu | S Test methods for aggregates

1922

1) THE METHODOLOGY FOR DETERMINING THE CONTAMINATION OF
AGGREGATES IS PRESENTED IN APPENDIX M1 OF THE LST 1974:2012 STANDARD

2) THE ASR OF CONCRETE IS DETERMINED ACCORDING TO RILEM OR ASTM
METHODOLOGIES, OR THE METHODOLOGY ACCREDITED BY KTU SMKTC
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LST 1974:2012 M1 STANDARD

METHODOLOGY FOR DETERMINING THE CONTAMINATION (REACTIVE ROCKS)
OF THE AGGREGATES

SPECIMENS:

COARSE AGGREGATE (GRAVEL OR CRUSHED STONE) AND FINE AGGREGATE
(SAND) ARE TESTED SEPARATELY.

STAGE 1: HYDROCHLORIC ACID (HCL) 10% SOLUTION; CARBONATES ARE
DISSOLVED - GRANITIC AGGREGATES REMAIN WITH REACTIVE ONES. OPOKA
AND FLINT ALSO DO NOT DISSOLVE IN ACID AND REMAIN.

STAGE 2: SODIUM ALKALI (NAOH) 10% SOLUTION;
IN THIS STEP, REACTIVE AGGREGATES ARE DISSOLVED.

The total amount of reactive rocks (opoka and flint) (%) in coarse and fine
aggregate is calculated by summing the determined amounts of opoka and flint
in the respective aggregates.
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Test method LST 1974
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Local gravel and cruched gravel Other aggregates (granite or artificial)
i N
a) Test light aggregates according ASTM C123 in gravel %ﬂ&pﬁ;ﬂﬁ'ﬁ
N o
)
] soaen TAIP
e
y N
B | Test amorfous $i02 part according LST 1974:2012 M1
b 7
Aggregates are

not reactive
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KTU SMKTC ACCREDITED METHOD

(RILEM AAR-4.1 based)

,BSK-1/2016*

B (75+5)x(7515)%(250+50)mm Concrete prisms made
from the tested recipe are kept for 20 weeks 60 °C
(r.h. >95%) in a chamber above water.

This test methodology is applied to determine the resistance of samples of
various concrete compositions to ASR of concrete, which are intended for
operation in natural outdoor conditions or indoors with increased structural
humidity. Not only changes in mass and expansion deformations are
evaluated, but also the visual condition of the concrete surface.
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PRINCIPLE

An independent laboratory forms 6 concrete samples according to the concrete
production mix provided by the concrete manufacturer, using the same materials
and components that the concrete manufacturer actually plans to use.

Concrete samples (prisms) are placed in a shot blasting chamber, in which the water
height is 35 5 mm and the temperature 60°C+2°C.

After 5, 10, 15, 20 weeks after mixing, the prisms are removed from the
shaking chamber and placed in water as soon as possible for 24 +1h,
20C+2C, and then visually checked for cracks and the change in mass is
determined W¢, W,,, W,, W,,, and change in length C; , C,,, C;5, Cyg
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Concrete test method

Proposed methodology and assessment of ASR in Lithuania

« After 20 weeks of retention, all planes of the six concrete specimens are visually
inspected (it consist of approx 0,50 m? area). The amount of dark and white spots
detected on the concrete surface, the amount of local ASR hearths - the amount of
local surface pop-outs and cases of a network of cracks are recorded separately.

Threshold criteria for the assessment of ASR after 20 weeks of maintenance
in an isothermal chamber:

« Average relative expansion deformation of concrete specimens < 0,050%
(for an individual sample < 0,060%);
» Local Pop-outs of the concrete surface — must not exist (0).
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Concrete test methods
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» Test protocol

» Commercial normal concrete LST EN 206 C30/37-XC4-XD2-XS1-XF4(LT)-F300(LT)-
W12(LT)-XA2-XM2(LT)-XR2(LT)-CI0,2-D16-S1, conforms the requirements of the
resistance of concrete to ASR, according to the KTU SBK-1/2016 research methodology.

 In Lithuania, alkali-silica reaction of concrete with Lithuanian quarry aggregates is
not typical due to volumetric developmental deformations, but it can occur in local
locations due to pop outs of the concrete surface at individual reactive particles of
aggregates. This can happen if aggregates for concrete contain individual particles of
amorphous SiO2- rocks (opal and flint) and these particles can cause localized
surface pop outs on the concrete surface as characteristic of alkali-silica reaction. It
Is for this reason that KTU SMKTC has accredited the ASR evaluation method
(BSK-1:2016*) suitable for Lithuanian conditions with Lithuanian quarry
aggregates, according to which more attention is directed to the evaluation of the
surface condition of concrete samples after 20 weeks of test according to Rilem
AAR-4.1.
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fachnaleglos PREVENTION OF ASR

1) Execute LST 1974:2002 requirements, i.e. not exceed
Na20ekw 3 ir 4 kg/m3 calculating 1m3 of concrete from the
amount of cement, according to the relevant
environmental classes (XR1 and XR2):

2) The use of low-alkalinity cement or the use of less
cement.

3) Use uncontaminated aggregates, e.g. granite.

Other options:

Use of slag cement (CEM III).

Insulation of concrete from moisture.

Use of pocolan additives? (Rilem 4 method).

Experience of concrete producers and aggregate quarries!




The importance of the primer film
ASR causes bubbles on the coating.

The concrete is not permeable to water as a liquid, but it is permeable to water vapour, which
can be confirmed by lifting the polymer coating at the factory to reveal condensed moisture.
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Thank you for your attention
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RESISTANCE TOWARDS CHLORIDE INGRESS
SCHWENK Sverige AB

Scientific and Technical Conference Concrete durability and sustainability
2023-11-23, Riga, Latvia

Urs Miller, Technical Manager @ SBHWENK—




CONTENTS

= Chloride induced steel reinforcement corrosion
= Chloride in hardened cement paste

= Factors influencing ingress of chlorides

= Mitigating chloride ingress

= Testing resistance of concrete towards chloride
Ingress




CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
ONE OF THE MOST PROMINENT DAMAGES IN CONCRETE

¥4

Marine environment Parking garages/structures



CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
ONE OF THE MOST PROMINENT DAMAGES IN CONCRETE

% - F <9

Traffic infrastructures



CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
ONE OF THE MOST PROMINENT DAMAGES IN CONCRETE

Common concrete damages on Dutch infrastructure buildings

(data from TNO, 2012)

®m RE Corrosion
ASR

mFire

m frost/salt

= Acid attack

m Other




CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
PROCESSES

Ingress of chloride to the reinforcement can start the corrosion process

concrete with
chloride

reinforcement-.

concrete without<
chloride




CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
PROCESSES

Ingress of chloride to the reinforcement can start the corrosion process by depassivasion of steel

Cathode Anode

H,O + %20, + 2e- > 2(OH) Fe + 6Cl- > FeCl* + 2e-
FeClg* + 2(OH)- > Fe(OH), + 6CI-

Fe + 2(OH)- - Fe'l(OH), + 2e-
Fel(OH), + O, + H,O > Fe!'(OOH) + OH-

/

rust




CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION

EXPOSURE CLASSES

EXxposure situations

= Deicing salts (traffic infrastructure)
= Sea water (traffic infrastructures, harbor structures, energy structures, etc.)

3 Corrosion induced by chlorides other than from sea water

4 Corrosion induced by chlorides from sea water

Where concrete containing reinforcement or other embedded metal is subject to contact with water
containing chlorides, including de-icing salts, from sources other than from sea water, the exposure

shall be classified as follows:

Where concrete containing reinforcement or other embedded metal is subject to contact with
chlorides from sea water or air carrying salt originating from sea water, the exposure shall be
classified as follows:

Exposed to airborne salt but not in direct

XS1 P . Structures near to or on the coast
contact with sea water

XS2 Permanently submerged Parts of marine structures

XS3 Tidal, splash and spray zones Parts of marine structures

D1 Moderate humidity Conml"ete surfaces exposed to airborne
chlorides
Swimming pools;
XD2 Wet, rarely dry Concrete exposed to industrial waters
containing chlorides
Parts of bridges exposed to spray
XD3 Cyclic wet and dry containing chlorides. Pavements,
Car park slabs




CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
EXPOSURE CLASSES

Exposure situations
= Deicing salts (traffic infrastructure)

Sea water (traffic infrastructures, harbor structures, energy structures, etc.)

not protected by approved bridge
deck waterproofing membrane.

B

Illustrations from: www.specifyingconcrete.ie

R |
Based on exposure class diagrams in
Appendix A of Tl publication DN-STR-03012

B
h““‘"

depending on
exposure

XA1 for inert material
surrounding otherwise XA2 or XA3
to be determined by designer.



http://www.specifyingconcrete.ie/

CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION
TOLERATED CHLORIDE LEVELS IN CONCRETE

Table 15 — Maximum chloride content of concrete

. Maximum Cl~ content
. ACCO rd | n g to E N 20 6 : 2 O 1 3 Concrete use Chloride content class 2 by mass of cement®
%
u S I n g Ie m ate rl als Not containing steel reinforcement or other
embedded metal with the exception of Cl1,00 1,00
° Ce me nt S O ] 1 O 0/0 (exce pt C E M I I I ) corrosion-resisting lifting devices
Containing steel reinforcement or other Cl0,20 0,20
° Fly aSh, Slag S 01 0 % embedded metal Cl10,40¢ 0,40
HH 0 Containing prestressing steel reinforcement in €l 0,10 0,10
¢ S I | ICa fu me S O . 30 /0 direct contact with concrete 10,20 0,20
° Ad m ixtu res S O . 1 O % a4 For a specific concrete use, the class to be applied depends upon the provisions valid in the place of use of

the concrete.

Py Aggregate to be determlned’ natlonal Where additions are used and are taken into account for the cement content, the chloride content is

expressed as the percentage chloride ion by mass of cement plus total mass of additions that are taken into
account.

req u I rements € Different chloride content classes may be permitted for concrete containing CEM III-cements according to

- Water 500 mg/l (pre-stressed), 1000 mg/I (with e
reinforcement), 4500 mg/I (without
. Tabell 6 — Hogsta kloridhalt i betong (svensk tillimpning av tabell 15 i
reinforcement) SS-EN 206:2013+A2:2021)

: : : : Betongens anvindning Kloridhaltsklass | Hdogstakloridjonhalti férhillande
= National applications, e.g. Swedish standard fill méngden cement som
massfraktion®

Utan stalarmering eller annan ingjuten metall med Cl1,0 1,0 %

undantag av korrosionsbestidndiga lyftanordningar

Med stdlarmering eller andra ingjutna metaller Cl10,20 0,20 %

Med spannarmering av stal i direkt kontakt med clo,10 0,10 %

betongen

a Dar tillsatsmaterial av typ II anvands och beaktas i cementhalten, anges kloridhalten som mdangd kloridjoner uttryckt som massfraktion
per mangd cement plus total mdngd medraknat tillsatsmaterial.




CHLORIDE INDUCED STEEL REINFORCEMENT CORROSION

TOLERATED CHLORIDE LEVELS IN CONCRETE

Threshold levels for corrosion —
two definitions (schiesl & Raupach, 1988)

Cl-concentration, causing
depassivation of reinforcement
surface, independently if
concrete damages are
detectable

Cl-concentrations, causing
detectable damages due to RE
corrosion

Higher Cl concentrations can
be expected in the second case

Evaluation of literature data
and experiments indicate a
minimum CI| concentration level
of 0.20 mass-%

cement

probability of RE corrosion (%)

100

80

60

40

20

0,2

0,4 0,6
critical chloride concentration (mass-%.qment)

0,8

After Breit (1997)



CHLORIDE IN HARDENED CEMENT PASTE
HYDRATION OF CEMENT

cement (anhydrates) water

Cement hydrates
= Calcium silicate hydrate (C-S-H)
= Calcium hydroxide (portlandite, Ca(OH)2, CH)
= Calcium almuminate hydrates
« Ettringite (AFt)
*  AFm phases (monosulfoaluminate, hemicarboaluminate, monocarboaluminate)



CHLORIDE IN HARDENED CEMENT PASTE
HYDRATION OF CEMENT

cement (anhydrates) water

Cement hydrates
= Calcium silicate hydrate (C-S-H)
= Calcium hydroxide (portlandite, Ca(OH)2, CH)

= Calcium almuminate hydrates
« Ettringite (AFt)

C AFm phases (monosulfoaluminate, hemicarboaluminate, monocarboaluminate))




CHLORIDE IN HARDENED CEMENT PASTE
CHLORIDE BINDING BY HYDRATE PHASES

= Adsorptive binding by C-S-H phases
—> fairly low amounts of Cl- and not stable bound

= Chemical binding by AFm phases in form of
Friedel and Kuzel salt 3Ca0O-A,0O;-CaCl,-xH,O
»  Chemically stable bound in cement paste

= The higher amount of AFm, the higher binding capacity can be assumed

= Higher levels of AFm can be created by specific SCM, fly ash or slag

Friedel salt
+ a 2> Kuzel salt

= Therefore: Bound and free chloride ions should be considered




FACTORS INFLUENCING INGRESS OF CHLORIDES

=  Water/binder ratio - influences transport parameters

Ol

eff cient

Lo

0.2 03 04 3 06 07
Water-Cement Ratio (Corr. for Bleeding) - wo/c
(by  weight) :

From Powers (1954)

08

chloride concentration (mass-%cement)

After Tang et al. (2018)

Exposure time: 20 years

'| Exposure place: Next to motorway

w/c

-o- 0.30

-0~ 0.40

-0~ 0.50
0.75

20 40 60
depth (mm)

80 100




chloride concentration (mass-%cement)

FACTORS INFLUENCING INGRESS OF CHLORIDES

= Type of binder

After Tang et al. (2018)

Exposure time: 20 years

1,4 - Exposure place: Next to motorway - CEM|
_ ~o- CEM 1+5% SF
194 ~o- CEM 1+10% SF

depth (mm)

From Miuiller, C. (2006)

Chloride ingress - RCM (Migration coeffizient D¢,y in 10™** m?/s)

20

w/c = 0.50
Age: 28-35d

Increase of the
resistance against
chloride penetration

CEMI

CEM II-LL

CEM II-M CEMII-S CEM I
(S-LL)




FACTORS INFLUENCING INGRESS OF CHLORIDES

= Marine environment — exposure zones

From Boubitsas et al. (2014)

Figure 2.2 Overview of the Traslovslage field site.

Figure 3.1 Samp

ling ot

A NN .

erview of a conc

w

o

o .

3 Atmospheric zone
3

&

o Sa

3

3 Splash zone
iR

)

3 Su

3

iy

o

o

g Submerged zone

rete slab after exposure.

Cl-% of binder

8.0

m
o

£
o

g
o

0.0

| | |
Concrete 1-35, CEM |

—e—Sub. —&—Splash —D—Atmos."

A N

‘6\0—-—-—-—.—0
T =N :.-I
0 10 20 30 40 50 60
Depth [mm]



FACTORS INFLUENCING INGRESS OF CHLORIDES

= Marine environment — exposure age

—6—3-40 S 0.8 years
- ©- 3-40 A 0.8 years
—0—3-40 S 1.2 years

—=—3-40 S5years | |

- £1- 3-40 A5 years
—6—3-40 S 10 years

- ©- 3-40 A 10 years | |

From Boubitsas et al. (2014) From Tang (2003)
8 -
w 7 -
3
3 Atmospheric zone
3 6
3 K
§>1 Sa -E, d)
3 Splash zone Q
- £
g Su (o]
3 § 3
)
5 2 -k
g Submerged zone
1
e S pe— 0

Figure 3.1 Sampling overview of a concrete slab after exposure.

Depth [mm]




FACTORS INFLUENCING INGRESS OF CHLORIDES

= Concrete age

« Chloride migration coefficient of the
same concrete of different ages

- CEM llI/A, 350 kg/m3 cement

DnTaagz (1072 m?/s)

-+ O

100 150 200
time (d)



MITIGATING CHLORIDE INGRESS

Some of the methods

= Protection systems conform with EN 1504-2
* Hydrophobic impregnations
« Polymer based coatings

=  Admixtures in form of corrosion inhibitors
» Anodic inhibitors
» Cathodic inhibitors

= Cathodic protection (for mitigating reinforcement corrosion)
* Passive system
« Active system (impressed current cathodic protection)



MITIGATING CHLORIDE INGRESS
HYDROPHOBIC SYSTEMS AND COATINGS

= Hydrophobic agents and coatings

water repellent impregnation sealed impregnation coating

= Hydrophobic impregnations consists most of silanes and sometimes siloxanes

= Coatings consist of polymers such as epoxy, polyurethane or polyester and can be combinded with
hydrophobic properties

= More information in the standard series EN 1504



MITIGATING CHLORIDE INGRESS
CORROSION INHIBITORS AND CATHODIC PROTECTION

Corrosion inhibitors = needs to be applied in fresh concrete

= Anodic inhibitors = form a passivation layer on anodic surfaces and shifts the potential to the
passivation zone

* Reduced corrosion rate

* Anions such as nitrates, nitrites, chromate (oxidizing) as well as phosphate, molybdate (non-oxidizing)
= Cathodic inhibitors in form of zinc or magnesium salts

Cathodic protection - can be applied to existing concrete

sprayed mortar layer
titanium- or carbon mesh

thermally sprayed zinc anode

|" I 4(OH4)'—>02+2H20+49- p Na4 Ca2+
/\\ OH ' ClI ‘ I
B T e e T Voo N N T T N e T R T TR T R e N,
e ) S NI N VT S N R N VM e R
0, + 2H,0 + 4e" — 4(OH)



TESTING RESISTANCE OF CONCRETE TOWARDS CHLORIDE INGRESS
DIFFUSION BASED METHOD (UNIDIRECTIONAL)

= Test method according to EN 12390-11

+ 3 % NaCl solution until 90 d (or longer)

]
"6 \\

® 4,00

I N

3 3,00 < —8—Cl6-3-1
g E‘\s\

a S~ -4 - Cl6-3-2
22,00 B

3 S=s--

S 1,00 {1 I

—~a
0,00 T T 1
0 5 10 15
Depth (mm)
7
2 6 i
[]
@
g 5 \
t
) 4
€ "N\
o 3 N\
Q
2 \
S 2
5 e
NG
1 &
0 L L L L L L L L L L L L L L n L L L L
0 5 10 15 20 25
Depth, mm
Curve-fitting results
Surface CI content Cs, mass%o: 6.137
Transport coefficient D, m%/s:| 2.07E-12
R 2 (for selected data): 0.949




TESTING RESISTANCE OF CONCRETE TOWARDS CHLORIDE INGRESS
MIGRATION BASED METHOD (UNIDIRECTIONAL)

= Test method according to NT Build 492
» Uses external electrical potential to force chloride ions into concrete
» Catholyte 10 % NaCl solution, anolyte 0.3 % NaOH solution
+ Before test vacuum saturation of test specimen with Ca(OH), solution for 18 h
» Duration for test usually around 24 h

B L") u
Test for Chloride Migration Coefficient
according to NT BUILD 492

4 Client: [Acciona
1 Project No.: |PX20T36-02
5 Specimen ID: |RCM 28d
5] Ape at the atart of test. day: |28
. = - = T ¥ Date of test: |2013-05-21
* potential . " | » S g 4 8 Tested by:
= (DC ) ‘ g Mean value of D ymasi 7.0 A0 mils
\ “ ¥ : A 3 10 Standard deviation: 19 A0 s
. o ¥ P GCosfficint of Variation: %8 %
- \ - - , 1 ™ ':' ) 2 Specimen No.:| 1 7Top 1 Bottom 2Top 2Bottom
: s 2| Diamelerd 100 100 100 100 mm
\ ‘A : Sy R TN y | Thickness L 50,0 E] 50,0 0.0 mem
- . _ - i " K K 15 Chioride concentration ¢, 10 0 10 10 NaCl:
' ] o A S 8y SRS B ¢ PN k Applad potential U | 35,0 a0 350 ‘o |V
22 =5 ¢, v a8 3 SER 2 SR P 7 Currant st start { 5 25 35 35 A
R - g S P B 5 Tempersture at start T 203 203 29 |k
- y : : : . b e me | e 1 mo | me
5 3 ‘ 20 Gurrent at end {; 0 0 30 0 mA
. 21 Temperature al end T, 254 204 294 284 K
22 Average penelration deplh x 20,1 157 120 12,3 mm
o Migration coefficient Dy niz 9.5 73 55 58 ' ls
24 Expanded uncertainty (i =2} 0,00 0,00 0,00 0,00 '™ mils
- Individual chloride penetration depth
a. Rubber sleeve e. Catholyte N Pe——— oY s TR
b. Anclyte f. Cathode = Penstration depth xa| | 240 180 20 | 15 |mm
c. Anode g. Plastic support 2 . Perctmtondaptxa| 220 | L5 we | ol g
d. Specimen h. Plastic box ] I P e 153 20
3 dopthxes| 210 20 10 om
3 Ponetration depth x 7.0 15,0 1.0 mm
2 Penelralion depih % o 0 0 men
Remarks
"




Chloride content

TESTING RESISTANCE OF CONCRETE TOWARDS CHLORIDE INGRESS
OTHER TEST METHODS

= Efficacy of hydrophobic agents towards chloride ingress

= NT Build 515: Hydrophobic impregnations for concrete — prevention of chloride ingress — filter
effect

—¢{ =Ref form —&— Ref sawn

A — =P4form —&— P4 sawn

1 0,8
—o— Reference 09
0,7
—o— Treated ’ Q
£ 0,8 < = 06 -
- \O r
£ o N s
I ’ \ o ,5
S o5 N 8
FILTER g A\ T 04
EFFECT g 05 \ S L .
§ 04 N\ o
g 03 A L N 02 7
-8 ! '
2 & N _
AN \\.b -
0,1 : : 0 -
—° &0
= 0 T¥¢ : —
depth from surface
0 5 10 15 20 25

Depth, mm
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Latvijas
Betona
Savieniba

BETONA SALIZTURIBAS TESTESANAS
METOZU SALIDZINAJUMS

Janis Zale, LBS 31. zinatniski tehniska konference
23.11.2023., Riga
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SALA IZRAISITIE BOJAJUMI BETONA

|. attéls Kalnciema tilta apmale Riga 2.attels Gaisa tilta brauktuves apmale Riga

Latvija — biezi problémas ar sasalSanas/atkusanas rezultata izraisitiem bojajumiem betona

26/01/2024 °



EN 206 STANDARTA PRASIBAS

5.

Sasalsanas - atkusanas iedarbiba ar vai bez atledosanas reagentiem

Ja betons mitra stavokli

ir paklauts butiskam sasalSanas-atkusanas ciklu iedarbibai, jaklasifice sadi:

XE1 Videjs  udens  piesatinajums,  bez|Vertikalas betona virsmas, kas paklautas
atledosanas reagenta lietus un sala iedarbibai
g _ B Vertikalas cela  konstrukciju  betona
Videjs udens piesatinajums, ar|_. ) A . . .
XF2 . . virsmas, kas paklautas sasalSanai un gaisa
atledosanas reagentu .. . ..
esosiem atledo3anas reagentiem
XE3 Augsts udens  piesatinajums, bez|Horizontalas betona virsmas, kas paklautas
atledosanas reagenta lietus un sala iedarbibai
Celu un tiltu segumi, kas paklauti
atledosanas reagentu iedarbibai;
XF4 Augsts ~ udens  piesatinajums,  ar|Betona virsmas, kas paklautas tie$am

atledosanas reagentu vai juras udeni

saltim, kas satur atledosanas reagentus, un
sasalstosas juras konstrukciju slakatu
zonas, kas paklautas sasalsanai

26/01/2024 °




LVS 156-1 STANDARTA PRASIBAS TESTESANAI

2 testésanas metodes atbilstosi LVS 156-1 prasibam

i CEN/TS 12390-9 5.p. (platnes tests) LVS 156-1:2017 A pielikums
Arejas vides iedarbibas
klase o L 5 Aréjas vides iedarbibas
Masas zudumi p&c 56 cikliem (g/m”) Kklase
: Stipribas zudumi
Salizturibas klase prt 10\’,. Zudti
]
XF1 mss = 1000
. = 65072
XF2 ms = 650 XF1 F100
XF3 mss < 500
XF2 F200
= 2802 < 5
XF4 mss = 350 =-
XF3 F200
PIEZIME
Metode attiecindma uz betoniem, kuriem primara ir konstrukcijas funkcionilas
virsmas noturiba pret sala tedarbibu — galvenokart celu un laukumu nodilumvirsmam, XF4 F300
[k3 arT nenesosajiem un pasnesosajiem dekorativajiem betona elementiem.
* Salizturibas parbaudi veic, betona paraugus izturot 3% natrija hlorida (NaCl) Skiduma. PIEZIME
"Metode attiecindma uz betoniem, kuri paredzeti bitvkonstrukeiju nesofajim
konstrukeljdm, un primara ir to stipribas nodrodmmasana visa ekspluaticijas perioda pie
atbilstoam iedarbibas klasem.

26/01/2024 a



BETONA BOJAJUMUS RADOSIE MEHANISMI

AZ
a) Ar smil$u striklu apstradata virsma d) Epoksids ;
Y Y VY Y VYV Yy VvV V ) _\f_e
Stikls l iStikls l_"—> x! 7
Ll
c | *t
b) T-T, e) ;
/Epoksids (o)
I 2 77 O, 1 Os
Stikls Stiepe oe
AL
¢) T=<T, I -
Nt Ve
7
W, l !
8

. QST

Atrauta virskarta

3.attéls Sala-sals zvinosanas mehanisms — izskaidrots ar «limes
atslanosanas» mehanismu stikla/epoksida kompozita

Liela kapilara pora Gaisa pora

Udens spiediens

Nesasalusais udens
mazakas kapilarajas poras

[ |Gaiss[7JLeduslllll Nesasalis Gdend___|Cieta viela

4 attéels Udens sasalSanas rezultata raditas
mikroplaisas betona matrica

26/01/2024 °




PETUUMA METODIKA

6 betona sastavi:

Paraugu identifikacija LI96 LI97 L1201 L1202 L203 L204
355 450

355 450

355 450

Plastifikators SikaViscocrete D712, %
no cementa svara 1,2 1,2 0,5 06 08 0,7

Gaisa piedeva Mapeair 50 (5%), % no
cementa svara 08 oI5 0,12 0I5 02 0,5

793 753 793 753 793 753
997 947 997 947 997 947
DL 0 ;2 160 165 160 165
0,45 0,38 0,45 037 045 0,37

- Gaisa saturs — 4,5-6% robezas
- Betona testésana atbilstosi XF4 salizturibas klasei

26/01/2024 6




PETUUMA METODIKA

Testésanas metodes:

- CEN/TS 12390-9, virsmas masas zudumi (LVS [156-1 5.1.tabula)

- Stipribas zudumi (LVS 156-1 5.2.tabula, A pielikums)

- Gaisa poru sadalijums sacietéjusa betona

- Ultraskanas izplatisanas atruma izmainu noteiksana (CEN TR 5177 metode)

- Paraugu kvalitativa analize ar skenéjosas elektronu mikroskopijas (SEM) palidzibu

26/01/2024 0




REZULTATI

Svaiga betona parametri

Paraugu identifikacija L196 L197 L201 L202 L203 L204
Cementa veids CEM Il A-P 52,5 N CEM |1 42,5 N SR3 CEM Il A-LL 52,5 N
0,45 0,38 0,45 0,37 0,45 0,37 vidéiais
Parauga apziméjums | caurskanosanas
Gaisa saturs, % 5,7 5,5 5,6 4,5 5,9 5,9 atrums, mls
Blivums, kg/m?3 2353 2357 2330 2365 2342 2362
0 65 13 19,5 16,5 1 LI9% roferances

Relativa dinamiska
elastibas modula izmainas

T : _
Saciet€jusa betona gaisa poru struktura
references 100
Asqp mikrogaisa 5133
R St (‘:_‘:;“ H— o 5148 N
ope€jais gilsa Izmers | f,_ . patneja : tf:a uma £098
Parauga saturs A, %, 0,3mm) vidéja virsma mm', | koeficients, mm, _
i vidéja vertiba vértiba, % vidéja vertiba vidéja vértiba EE0SNCISESnes >177 89
4873
726 262 29 0.126 5224 N
700 187 267 0183
10,59 2,09 26,6 0,134
RDM,, = 85%
6,29 1,71 25,4 0,193
7,66 1,85 27,2 0,164
7,78 1,91 24,3 0,187
>25mm-! <0,2mm

26/01/2024 °



REZULTATI

Betona stipribas zudumi atbilstosi LVS 156-1 A pielikumam

Paraugu identifikacija L196 L197 L201 L202 L203 L204
65,5 77,9 63,3 77,3 63,7 74,5

References paraugu vidéja stipriba, Mpa

’ ’ ’ ’ ’ ’

CikloSanai paklauto paraugu vidéja stipriba,

65,3 79,6 62,9 79,7 60,6 75,0
Mpa
Stipribas izmainas, % -0,03%  2,20% -0,60%  3,10% -490% 0,70%
>-5%

26/01/2024 °




REZULTATI

2,500

2,000

1,500

1,000

0,500

0,000

Vidéjie paraugu masas zudumi kg/m2, CEN TS 12390-9

===
e
/ ® e
B I
r — e e S —0

Masas zudums péc 7 cikliem kg/m2  Masas zudums péc 14 cikliem kg/m2 Masas zudums péc 28 cikliem kg/m2 Masas zudums péc 42 cikliem kg/m2 Masas zudums péc 56 cikliem kg/m2

—e—CEM Il A-P, U/C 0,45 ——CEM Il A-P, U/C 0,38 —e—CEM |, U/C 0,45 —e—CEM |, U/C 0,37
—e—CEM Il A-LL, U/C 0,45=e—CEM Il A-LL, U/C 0,37 — Standarta limits

26/01/2024 @




REZULTATI

CEM IIA-LL 52,5 N,
U/C 0,45

CEM IIA-LL 52,5 N,
u/C 0,37

26/01/2024




REZULTATI - KORELACIJAS

Masas zudumi, CEN/TS 12390-9, XF4 kg/m2

-6,0%

Virsmas masas zudumi vs stipribas zudumi

2,5

-0,5
Stipribas zudumi LVS 156 A pielikums, 75 cikli (F300)

2
1,5
|
R? = 0,8694
0,5
0
-50% -4,0% -3,0% -2,0% -1,0% 0,0% 1,0% 2,0% 3,0% 4,0%
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REZULTATI - KORELACIJAS

a b
0,48
048 0.4¢ R? = 0,5653
R? =0,5549 0,46 . 0’44 Fod FoH oA
10 —_ — — — = !
S o : 042
9 0,42 2%
= 8 04
g o s 0,38
B 038  — R
- 0,34 S
03 0,32
03 0,3
’ 0 I 2 3
-10% -5% 0% 5%
Stipribas zudumi betona, % Virsmas masas zudumi, kg/m?2

U/C attiecibas ietekme uz betona stipribas zudumiem (a) un virsmas masas zudumiem (b).
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REZULTATI - KORELACIJAS

Klinkera un cementa piedevu ietekme uz betona kapilaro porainibu un salizturibu:

- CEM142,5 N SR3 —95% klinkers

- CEMIIA-P 52,5 N — 80% klinkers + 15% opoka (dabigais pucolans, piedalas CSH reakcijas) = 95% cementéjosie

minerali

- CEM Il A-LL 52,5 N — 80% klinkers + 15% kalkakmens (vairak ka latenta piedeva) = 80% cementéjosie minerali

26/01/2024 a




REZULTATI - KORELACIJAS

a 0 b

£ 0,55 e 2
E _ - g 3 4l
£ o 0,50 £ @ 050
g 8 2 8
6 2 - Or46—o—+—R2 = 0,9679 8 8 045 - o R2 = 0,783
1 1
‘g .-S H—&— b= ,—S A
£ S 0,40 £.8 040
9 B o QB [
\U bl —— LV,J IS 7Y
g 0,35 s 035
= =

0,30 0,30

-6% -1% 4% 0 | 2 3
Stipribas zudumi betona, % Virsmas masas zudumi, kg/m2
c d
0,55 0,55
ey I S— Ho R? = 0,4465.+e1

= 0,50 30,50
|9 |9
2 Q0
)
= HO45—1 £ 0,45 - o
- R2Z=06168  +——e— e =
< 0,40 < 0,40
= —e—i = -
g 0,35 £ 0,35
o o
1D 1D

0,30 0,30

-6% o -1%. -, 4% 0 I 2 3
Stipribas zudumi betona, % Virsmas masas zudumi, kg/m?2

Udens/cementé&joso mineralu (a un b) attiecibas ietekme un Gdens/klinkera attiecibas (c un
d) ietekme uz betona stipribas zudumiem un virsmas masas zudumiem. T e




REZULTATI - KORELACIJAS

6%

4%

2%

0%

-2%

-4%

Stipribas zudumi betona, %

-6%

-8%

85

a
-|-—|
i
|
90! 95 100
I R = 0,5203

RDM izmainas, %

105

N
w1

N

Virsmas masas zudumi, kg/m?2
o =
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SECINAJUMI

|. Pastav laba korelacija starp betona virsmas masas zudumu un stipribas zudumu salizturibas
noteiksanas metodém ar aprékinato korelacijas koeficientu R2=0,8694.

2. Veicot paraugu mikrostruktiras pétijumus ar SEM, atskiribas betona mikrostruktura starp abam
metodém pakJautajiem paraugiem nav noveérojamas.

3. Lai panaktu labu betona noturibu pret sala-sals zvinosanos, nepietiek ar labu gaisa mikroporu
sadalijumu betona matric3, bet nepieciesama ari zemaka U/C attieciba, neka standarts to pielau.
Laba noturiba pret betona virsmas masas zudumiem tiek panakta, ja betona U/C attieciba <0,4.

4. Visprecizaka korelacija ar salizturibas rezultatiem tika ieguta salidzinot tos ar udens/cementéjoso
mineralu attiecibu betona. Korelacija ar stipribas zudumiem tika ieguta R2=0,9679. Nemot so véra,
butu rekomendéjams lidzigu pieeju aprobét ari attiecigaja valsts standarta, nosakot maksimalo
pielaujamo Gdens/cementéjo$o mineralu attiecibu beton3, vai ari noteikt zemaku pielaujamu U/C
attiecibu kalkakmeni saturosiem kompozitcementiem.

26/01/2024 Q



SECINAJUMI

Pétijuma ietvaros neizdevas ieglt pietiekami labu korelaciju starp RDM samazinajumu virsmas
masas zudumu testam paklautajiem paraugiem ar stipribas zudumu testu rezultatiem. Galvenais
iemesls tam visticamak ir atskirigs references paraugu testésanas vecums lidz ar to atskiriga betona
hidratacijas pakape.

Nemot véra, ka visi testétie paraugi izturéja standarta prasibas attieciba uz stipribas zudumiem, bet
puse no paraugiem neiztur€ja standarta prasibas attieciba uz virsmas masas zudumiem, virsmas
masas zudumu testésanas metode ir uzskatama par drastiskaku un butu izvirzama ka pamata
metode LVS EN 156-1 standarta.

Turpmakajos pétijumus, lai iegltu pilnigaku informaciju par betona salizturibu ietekméjosajiem
faktoriem, nepieciesams apskatit sekojosus jautajumus:
betona salizturiba pie U/C<0,4, bet nepietiekama gaisa mikroporu daudzuma vai sadalijuma;
citu cementa veidu ietekme uz betona salizturibu;
betona Il tipa piedevu (smalki dispersie pelni, mikrosilicijs, malti granulétie domnas sarni)

izmantosanas ietekme uz betona salizturibu un U/C attiecibas aprékina metodika tos izmantojot.

26/01/2024 @
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Latvijas Betona olimpiade — 2023 DALIBNIEKI
UN PARAUGU APZIMEJUMI
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Latvijas Betona olimpiade — 2023

Blivums, kg/m3
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Videjais rezultats, MPa

Latvijas Betona olimpiade — 2023

89,9

120 —+

|
|
| 4
00 |
o [
o 1
i 1
|
| 4
6 |
_n/u, |
i 1
|
| 4
0 |
0 |
o |
| 4
|
o 1
o [
—
| 4
|
!
o |
1
| 4
|
A
1l
(@)
|
| 4
|
L
m
(o))
|
| 4
|
N
Tg) 1
(@) 1
— 1
|
X 4
©
g |
|
| 4
|
| o,
| o[
| N~
|
| 4
00 |
~N |
o !
— |
| 4
|
o0 |
w [
— |
| 4
|
o 1
- T
S L
—
| 4
. |
I
—
o U
=
| 4
|
!
o
N |
(o)}
|
| 4
|
ol
~ |
3!
)
|
| 4
|
i
>
% i
I I I I I
T T T T T
o o o o o o
ﬂ w D o0 [ Vo]



12

Latvijas Betona olimpiade — 2023
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We create solutio
concrete
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ONAS ROZWIAZANIA DLA BUDOWNICTWA CHEMIA UZYTKOWA LABORATORIUM ZROWNOWAZONY ROZWOJ KONTAKT RODO Q

Chemicals for building materials

Concrete and mortar accelerators/hardeners
Concrete and mortar retardants

Concrete and mortar antifreeze agents
Concrete and mortar bonding agents
Concrete and mortar plasticisers

Concrete and mortar guniting additives
Concrete debonding agents

Waterproofing agents for concrete and mortar
Retardants for plaster

Thickening agents for plaster
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Concrete durability testing of air field
concrete

Artars Krumins Janis Kudins
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BETONS

A7 BETONS is concrete pavement construction company

BETONS

£5.11.ZUZ5 31. Zinatniski tehniska konference 2
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BETONS

We build concrete airports, roads and military projects

23.11.2023 31. Zinatniski tehniska konference 3



R G

y B
BETONAPETIJUMU CENTRS
| / -_l . : ! |

BETONS

We established A7 BETONS in 2017

We have built ~ 500°000m? concrete pavements in over 40 projects in 4 countries
We work for clients like USA Army, NATO, MODs, Airports, Contractors

We are always learning to build better concrete

23.11.2023 31. Zinatniski tehniska konference 4
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since Latvia gained back independence.
Road in Adazi, Kadaga, Mezaparka cels

23.11.2023 31. Zinatniski tehniska konference 5
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BETONS

Concrete road in Kadaga was built in November 2021
Length 1,5km
This will serve as a real life example to show benefits of concrete roads to everybody in our society

23.11.2023 31. Zinatniski tehniska konference 6
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BETONS

Today | want to tell You about interesting things that we found during design of reconstruction of
concrete airport apron.

Project size is 10 ha.
Volume 30°000 m3.

23.11.2023 31. Zinatniski tehniska konference
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* This project was built 10 years
ago and it should have lasted for
50+ years, but after few years it

was not usable anymore. Due to
scaling.

e But this was only the visible part
of the defects.

23.11.2023
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BETONS

Original designers idea was to build a 8cm thin bonded overlay on top of existing and solve the scaling issue this way.
All other things seemed to be good.

Until we started investigations...




MBGRUPA

BETONAPETIJUMU CENTRS
We found that even though from surface only scaling issue could be seen, but inside the concrete had
mayor mechanical and structural problems:
Cantilever joints, mislocated expansion joints, horizontal cracks, poorly compacted concrete, not
enough/too large reinforcement cover, reinforcement corrosion.
Due to low traffic intensity and low loads these issues had not been coming out yet.

P Redes,

23.11.2023 31. Zinatniski tehniska konference
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During our investigations we found also
interesting things about airport de-icing
chemicals....

Usually salt (NaCl) is used for scaling tests.

It was found out that different chemicals have
different impact on the scaling, some de-icers are
even up to 20x more aggressive than regular salt.

23.11.2023 31. Zinatniski tehniska konference
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During the experience we also better understood the importance of
curing and many aspects of it....
1.Curing as material quality
2.Multiple layer curing
3.Rain impact on concrete scaling

Curing efficiency at 24hrs CURING EFFICIENCY AT 48HRS
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BETONS

E

Cores D100 mm — 50 pcs

23.11.2023

Cores D150 mm — 40 pcs

and testing plan

Test standard Name of standard Tested parameters

LVS 156-1 Annex A

CEN TS 12390-9 slab test

and CEN TS 15177 (RDM)

SS 137244

by 72

LVS EN 480-11

«Testing method for
determinating the frost resistance
(F/T) of concrete»

«Freeze-thaw resistance with
deicing salt -scaling, Slab test»
«Testing the freeze-thaw
resistance of concrete-Internal
structural damage»

«Frost resistance. Concrete
testing-Hardened concrete-Scaling
at freezing»

«Concrete quality assurance-Part
1- “Determination of air pore
parameters of concrete from fine
aggregates”»

«Determination of air void
characteristics in hardened
concrete»

31. Zinatniski tehniska konference

MBGRUP#

BETONAPETIJUMU CENTRS

F/T resistance is conformed
F300. Sstrength reduction
after F/T.

Internal structural damages in
the concrete due to the F/T. Is
concrete samples meet the
XF4 exposure durability class

The amount of the scaled
materials from the surface. Is
concrete samples meet the
XF4 exposure durability class

Internal structure of concrete.
Possible damages caused by
F/T

Possible damage causes by
F/T. Air pore analysis

13
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Visual inspection of the samples

BETONS

g

MAS3 field MA4 field

W not compacted at bottom  mnot compacted attop = well compacted

23.11.2023 31. Zinatniski tehniska konference 14
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‘ A \ EN 12390-9 slab test

BETONS

. Zinatniski tehniska konference

g
Cumulative mass of the dried scaled material, g/m? Cumulative mass of the dried scaled material, g/m?
Sample ID Sample ID
7 cycles 14 cycles 28 cycles 42 cycles 56 cycles 7 cycles 14 cycles 28 cycles 42 cycles 56 cycles
MA3 28B 49 82 115 131 131
MA3 31A-4 48 90 1159 -
MAS3 36C 115 180 1016 1393 1459
MA3 1E-2 11 793 6634 -
MAS3 4B 98 1869 11590 15262 16393
MAS3 328 55 738 4669 -
MA3 1C 967 1738 4098 6803 7885
MAS3 24B-4 14 172 3434 - MA3 37A 16 33 49 49 49
MA3 23B-2 172 1000 3524 - MA3 10A 885 951 1295 1869 2426
Average 66 559 3884 Average 355 809 3027 4251 4724
Cumulatiue mass Df the dried scaled |--|"'|ater'|a|JI Bjmz According tO FinniSh Betoninormit 2021 and SFS 7022
Sample ID requirements for frost resistance of hardened concrete is:
7 cycles 14 cycles 28 cycles 42 cycles 56 cycles
MA4 18 49 66 o6 82 82 Service life 50 years - XF4, scaling mass < 350 g/m?
MA4 2A 98 148 262 1 328 Service life 100 years - XF4, scaling mass < 250 g/m?
MA4 3A 131 180 230 246 246
Average 93 131 186 213 219
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| A \ CEN/TR 15177. Internal structural damages

BETONS

E

MA4 field. Relative dynamic modulus of elasticity, % MAS3 field. Relative dynamic modulus of elasticity, %
120 120
) ®
%‘ 100 = £ 100
g e — € 3 e e
T 80 P—— © 80
° 5
E s
3 60 3 60
Q =]
£ £
% 40 % 40
= s
E 20 E 20
: o g o
0 14 28 42 56 0 14 28 42 56
Cycles Cycles
— MA43A ——MA4 1B MA4 2A Average —MA3 288 — MA336C MA3 4B —— MA31C

According to the RILEM TC 176-IDC: “Internal damage of concrete
due to frost action”, the concrete is defined as damaged when
the relative modulus of elasticity after 56 cycles is less than 80%.

23.11.2023 31. Zinatniski tehniska konference 16



by72 Concrete quality assurance-Part 1- “Determination of air
A pore parameters of concrete from fine aggregates”

BETONS

Total Number of Numbe r.of Specific surface Am:::unt of Spacing
. compaction binder factor of
Sample ID volume protective pores area of paste on protective
of air*, | pores (g 0.020- 0.800 protective pores, h |
% 0.800 mm), % (@>0. mm?/mm? the sample, pores
! mm), % % (mm)
MAS3 4B 2.7 1.2 1.5 22 32
MA3 10A 4.1 2.5 1.6 25 28
MA3 26B-1 2.1 1.2 1.0 23 27
MA4 1C 5.2 2.0 3.2 21 32
MA4 3/4A 3.1 1.2 1.9 19 29
MA4 5/A 3.7 2.0 1.8 18 33

Concrete code by65 2021 sets the required spacing factor of protective
pores of freeze-thaw resistance concrete at < 0.22 mm (the most
demanding value) ... £0.27 mm (the least demanding value) depending on
the water-cement ratio, exposure class and design service life

23.11.2023

31. Zinatniski tehniska konference
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BETONS

2450
2400
2350
2300
2250
2200
2150
2100

Density, kg/m3

2050
2000
1950
1900
1850

Al-1

Samples density and water absorption

MA3 Sample Density( as-received), kg/m3

MAS3 Samples total water absorption, %
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Air void analysis. Image analysis to quantify the air void system
A of hardened concrete

BETONS
MA3
Total air
Nr Sample 1D Aapp, % content,
%
1 4Cc-2 3.1 13.7
2 7E-2 3.0 18.6
3 10B-2 21 9.0
4 24A hottom 1.8 10.8
5 27A top 2.9 10.2
b 26A-2 bottom 1.3 15.5
7 37B bottom 1.4 7.6
8 26A-2 top 1.1 10.1
9 8A-2 bottom 25 9.8
10 8A-2 top 1.3 27.4
11 5B-2 1.3 11.6

According to the requirements
of ZTV Concrete/Beton-StB 07,
the micropore content A3 (air
pores below 0.03mm) must be

21.5%.

23.11.2023
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35+40

35+40

19

1.6

4.0+ max

4.0 + max

HMA41C
= MA4 3[4 A
MA4 5/6A

= MAZ AC-2
mMA3 108-2

= MA3 244 bottom
mMA3TE-2

MBGRUP#

BETONAPETIJUMU CENTRS
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Concrete compaction and curing have a huge impact
on concrete durability

23.11.2023 31. Zinatniski tehniska konference 20
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TKO1 — BETONA SALIZTURIBA

Attelota
redakcija

LVS 156-1:2017 — jauna versija LVS 156-1:2022.

ﬂ Parmums - | Jaunumi | Standartizacija ~ | Standarti - | Likumdo3ana -~ | Noderigi

PriekSskatit E

Saraksts

Formati Numurs / Nosaukums
lelikt groza

LVS 156-1:2022

Statuss Cena EUR
30.69€

Betons. Latvijas nacionalais pielikums Eiropas standartam EN 206 “Betons. Tehniskie

05.09.2023 - . Speka esoda

S

q
|}
[

+ AN <

Ministru kabineta noteikumi Nr.156

Rrga 2014 gada 25.marta (prot. Nr.18 2.§)

Blvizstradajumu tirgus uzraudzibas kartiba

Piemérojamo standartu saraksts

noteikumi, darbu izpildijums, raZo$ana un atbilstiha" Standart
andartu
Angliski Nr. R ldzaspastavéianas
Concrete - Latvian National Annex to European standard EN 206 "Concrete - Specification, performance, F" k NDSEUkU ms AIZST.EIT.EI standarta nosau kl.IITIS |ﬂlkpr-l;E ma bE‘igLI
production and conformity” T datums
velodes Lty e 1. [LVvS 203-2:2005 "Stikla materiali
Veids: standarts biivniecibai. Stikla Zkiedras sieti
ICS grupas: 91.100.30 Betons un betona izstradajumi apm etuma jEUEIS
Izstracatajs LVS/STK/O4 Bavmateriali stiegrosanai. Tehniskie noteikumi”
Registracijas catums’ 18.08.2022 2. |LV5 156-1:2022 "Betons. Latvijas LVS 156-1:2017 "Betons. 01.03.2024.
Speka no: 18.08.2022. nacionalais pielikums Eiropas Latvijas nacionalais pielikums
- Aistatie dokumenti standartam EN 20& "Betons. Tehniskie |Eiropas standartam EN
. LVS 156-1:2017 noteikumi, darbu izpildijums, raZosana |206:2013 "Betons. Tehniskie
un atbilstiba™ noteikumi, darbu izpildijums,
raZosana un atbilsttba™
3. |(Swvitrots ar MK 21.11.2017.
noteikumiem Nr. 680}
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TKO1 — BETONA SALIZTURIBA

LVS 156-1:2022 galvenas izmainas

5.1. tabula. Sacietéjusa betona salizturibai noteiktas prasibas saskana ar CEN/TS 12390-9"

5.1. tabula. Sacietéjusa betona salizturibai noteiktas prasibas saskana ar CEN/TS 12390-9!

CEN/TS 12390-9 5.p. (platnes tests)
Argjas vides iedarbibas
klase
Masas zudumi pée 56 cikliem (g/m’)
XF1 ms6 = 1000
XF2 mse < 650°
XF3 ms6 = 500
XF4 mss < 3507

PIEZIME

*Metode attiecinama uz betoniem, kuriem primara ir konstrukcijas funkcionalas
virsmas notusiba pret sala iedarbibu — galvenokart celu un laukumu nodilumvirsmam,
k3 arT nenesoiajiem un painesosajiem dekorativajiem betona elementiem.

* Salizturibas parbaudi veic, betona paraugus izturot 3% natrija hlortda (NaCl) dkiduma.

Aréjas vides iedarbibas klase

Projekteétais betona
kalposanas laiks

LVS CEN/TS 12390-9 5.p. (platnes tests),
masas Zzudumi péc 56 cikliem (g/m2)

gadosz)
50 mss < 500, vai mss < 1000, ja mss/mag
XF1 attieciba ir mazaka ka 2
(dejonizeta udenti) 100 mss € 250, vai msg < 500, ja mss/Moas
attieciba ir mazaka ka 2
50 Mmss < 650 vai mss < 1300, ja mses/M2s
XF2 attieciba ir mazakaka 2
(3% natrija hlorida (NaCl) skiduma) 100 mss < 350, vai mss < 700, ja Mse/Mas
attieciba ir mazaka ka 2
50 mss < 250, vai msg £ 500, ja mse/mag
XF3 attieciba ir mazaka ka 2
(dejonizeta udent) 100 mss € 100, vai mss < 250, ja mss/Mmo2s
attieciba ir mazaka ka 2
50 mss < 350 vai msg < 700, ja mss/mag attieciba
XF4 ir mazaka ka 2
(3% natrija hlorida (NaCl) skiduma) 100

mse < 100, vai msg < 200, ja mss/Mmas
attieciba ir mazaka ka 2

PIEZIMES

1) Metode attiecinima uz betoniem, kuriem primara ir konstrukcijas funkcionalas virsmas noturiba pret sala

iedarbibu.

2)  Péc nokluséjuma tiek pienemts betona projektétais kalposanas laiks 50 gadi. Par nepieciefamibu betona
atbilstibai un kalposanas kritérijiem 100 gadu periodam, prasibam jabut skaidri definétam betona pasttijuma

un specifikacija.
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TKO1 — BETONA SALIZTURIBA

LVS 156-1:2022 galvenas izmainas

5.2. tabula. Sacietéjusa betona salizturibai noteiktas prasibas saskana ar
LVS 156-1:2022 A pielikumu®

) LVS 156-1:2022 A pielikums
Arejas vides iedarbibas
klase
Salizturibas klase | Stipribas zudumi, %
XF1 F100
XF2 F200
<5
XF3 F200
XF4 F300

PIEZIME

1) Metode attiecinama uz betoniem, kuri paredzéti biivkonstrukciju nesosajam
konstrukcijam, un primara ir to stipribas nodrosinasana visa ekspluatacijas
perioda pie athilstosam iedarbibas klasém.
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TKO1 — BETONA SALIZTURIBA

Talakais darbs standartu joma — 2024.-2025.gadam???
\ /

PIEZIME
1} Metode afttiecinam? betoniem, kuri paredzéti nstrukciju nesosajam
konstrukcijam, un primara~s o stipribas 0sinasana visa ekspluatacijas
perioda pie atbilstosam iedarbibas E

[ — / \
PIEZIMES
1} Metode attiecinama uz b 1em, kuriem primara ir konstrukcijas fuitksignalas virsmas noturiba pret sala
iedarbibu.

19

Gadijumos, kad pasttitajs 1zvirza prasibas betona salizturibai atbilstosi “F” klasém, test€Sana un
atbilstibas apliecinasana javeic atbilstoSi §1 standarta A pielikuma prasibam. Pretgja (vai cita)
gadijuma salizturibas testéSana un atbilstibas apliecinasana javeic atbilstosi CEN/TS 12390-9 5.p.
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TKO1 — BETONA SALIZTURIBA

Talakais darbs standartu joma — 2024.-2025.gadam???

Priekslikumu izskatisana
LVS STKO04
2024. Q1-Q2

Standarta apstiprinasana

\ 4

un izsludinasana LVS
2024. Q3

\ 4

Parejas periods lidz jaunas

EM grozijumu izstradasana
MK noteikumos
2024. Q4-2025.Ql

\ 4

A

versijas speka stasanas
2025.Q4

MK noteikumu izmainu
pienemsana
2025.Q2
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TKO1 — BETONA SALIZTURIBA

2023.gada salizturibas metozu salidzinosais pétijums

Mérkis — veikt starplaboratoriju salidzinoso testésanu
Uzdevums un pamatnostadnes:

- Testésana piedalas visas akreditétas un neakreditétas laboratorijas péc
brivpratibas principa.

- Tiek testéts viens betona sastavs uz atbilstibu XF4 salizturibas klasei un bes
F300.

- Tiek novértets ari gaisa poru izméra sadalijums betona, lai novértétu
betona salizturibu no teorétiska viedokla.

- Papildus tiek veikta salizturibas novértésana tam pasam betonam — no
konstrukcijas urbtiem paraugiem, rezultatu salidzinasanai.

26/01/2024 0



TKO1 — BETONA SALIZTURIBA

2023.gada salizturibas metozu salidzinosais pétijums

Betona sastava uzstadijumi:

- C35/45 XF4 betons

- CEM Il A-LL 42,5 N cements

- Cementa saturs tuvu minimalajai pielaujamai robezai 400kg/m3
- U/C tuvu maksimalajai pieJaujamajai robezai 0,4-0,45

- Rupjie mineralmateriali — granita skembas

- Gaisa saturs 4,5-6%

26/01/2024 °



TKO1 — BETONA SALIZTURIBA

Talakas darbibas

|. lzveidot zinojumu par 2023.gada starplaboratoriju testésana iegutajiem rezultatiem;

2. Skaidrojosais darbs projektétajiem par XF klasu izvéli un lietosanu buvprojektos;

3. Citi jautajumi?

26/01/2024 °




Tomas Plauska, Sustainability Manager at Consolis Group
Latvian Concrete Association 31th Scientific and Technical Conference

23 November 2023, Riga, Latvia CONSOLIS



Conso | i S inn um b ers e - AN

222222222222222



3

: -
o R SR y
Latvian Concrete Association 31th Scientific and Tec Bisd| Conference

Agenda

What are sustainability pros and cons of concrete as a
construction material?

Why concrete industry needs to become more transparent
and reduce climate impact in order to remain in business
and stay competitive?

How can Concrete Industry Associations help its members
and the whole concrete industry to improve sustainability
performance and image of the sector?
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Concrete sustainability.

Flexible

Versatile

Robust and resilient

Long durability

Material efficient

Affordable

Can be reused or at least recycled

Locally available

No waste at construction site

Inherent thermal mass

4 Latvian Concrete Association 31th Scientific and Technical Conference 23 Novemvber 2023



Reducing climate impact is one of the most important challenges
we, and the whole building material industry, are facing

A

CO,/climate change
Sustainable products
® Health & Safety

® Business ethics
Circular economy

® People development

Significance for stakeholders

Biodiversity ® Responsible sourcing ® Corporate Governance
® Diversity & inclusion
Energy usage
Water use & emissions
Waste management
° Engagement in CONSOLIS

Social initiatives

\

Impact on business success and enterprise value
Green: Environment, blue: Business, orange: Social
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Embodied and operational equivalent CO2 emissions over the
building life cycle period

PRODUCT CONSTRUCTION | = USE | END-OF-LIFE

Embodied
carbon

i Raw material : Construction Maintenance Deconstruction Waste processing
Operational r ' Manufacturing ' , Operations B vaste processing,

supply nstallation and repail [ demolition disposal
carbon
2 Copyright 2020, Carbon Leadership Forum
Source: carbonleadershipforum.org
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Life cycle stages and modules

PRODUCT STAGE  ASSEMBLY USE STAGE END OF LIFESTAGE ~ BEYOND THE SYSTEM
BOUNDARIES

STAGE

O
w
Q)
A
U
o
o

A4 | AbB

s|pLISIDN
Jodsupl |
yodsupi|
Algquiassy
80UDUBJUIDIN
Juawsop|deay
Juswiysiginjay
yodsupd |
jpsodsia
asnay
Alanooay
PuioAosy

<
Q
-
-
—h
o)
3
H
c
=
>
Q@

asn ABisus [puonpiado
asn J21poM |puonblado
uoljoWIBP UoII2NIISUo0d-8Qd
Buissaooid a1spA\

I Mandatory modules according to EN 15804+A2

B non mandatory modules
Source: One Click LCA

CONSOLIS
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Embodied equivalent CO2 emissions of a product are documented
in Environmental Product Declaration (EPD)

(@ epd-norge n (@ epdnorge n
(@ erdnorge o (@ jepe-norge.no
ENVIRONMENTAL PRODUCT DECLARATION ENVIRONMENTAL PRODUCT DECLARATION
in accordance with 150‘14025 1SO 21930 and EN 15804 =
Strangbetong AQBﬁhk- - i ]Pugf"g opersile: Sumghuony o
Namingelivets Siflelss Jor Mijecekdarasioner b b NEPD-1910-835-SE
_ NEPDA713 608 S e sl A Mo
ot e 21022010 ™ S1102004
Haldacksbjalklag (HD/F) SwiCHRaO (=)
Stréngbetong AB SRt
www epd-n n CONSOUS
L consouis

CONSOLIS
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In precast concrete 80-90% of embodied carbon impact is linked to
raw materials

Benefits and Loads
End of Life Beyond the
Building Life Cycle

Construction
Stage

(A4 - A5)

Product Stage
(A1-A3)

B3: Repair
B4: Replacement

@
Q
| =t
4
s
Q
o’
k=
s
o
(an)

B5: Refurbishment

A2: Transport
A3: Manufacturing
A4: Transport
C2: Transport
C3: Waste Processing
C:4 Disposal
Recycling
Exported Energy

5

S =
[+ o)
c 7
< o
et ~
N c
3 o
4" ) —
= =
(7]

3 8
= O
= (=]
< -
Q

AS5: Construction & Installation

B6: Operational Water

B6: Operational Energy
(HVAC, Hot Water & Lighting)

Hollowcore floor (kg-CO2-eq/tn) | 89,2% | 1,1% 0,8% 4,8%  0,2% X X X X X 25% 13% 0% 0% x X X X

Insulated sandwich wall (kg-CO2-eq/tn) | 82,8% | 2,8% 54% 63% 0,0%  x X X X x 15% 09% 03% 0% x X X X

Source: EPD padaryta vadovaujantis EN 15804+A1 standarto versija
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It is crucial to accelerate emissions reduction and achieve net
zero by 2050 or even earlier!

Change in GMST (°C) relative to 1850-1899

7.0 ipcc
6.5 — historical rl1 o s
6.0 - historical r2-r31 ﬁ:,'e"lﬁ:cﬁ.h :c:!?:engfl:
SSP119 rl Sk s
3.5 3 SSP126 rl
2.07 — sspazan —
4.5 — sS5P245r1 something
4.0 —— SSP460 r1 il
3.5 4 —— SSP370r1
304 — SSP585 rl
2.5 -
. 3 1 .
1.5 - o
1.0 4
0.5-,_.,‘ T,
0.0 peMAY "
—-0.5 - '
1850 1875 1900 1925 1950 1975 2000 2025 2050 2075 2100

Years

Source: Jean-Marc Jancovici, Climate model IPSL-CM6A-LR, Historical 1850-2014 / scenarios 2015-2100 https://www.bing.com/search?qg=jancovici+scenarios+ppt&FORM=HDRSC1
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https://www.bing.com/search?q=jancovici+scenarios+ppt&FORM=HDRSC1

Global carbon dioxide emissions of concrete

Source: https://en.wikipedia.org/wiki/Environmental_impact_of_concreteffcite_note-wbcsd-1
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Concrete is not a carbon intensive material

12

20
Steel StainlessS.
13—: Timber (biomass NOT neutral) Recyc, S Virgin S
5 - i Average S. 4
4 Cement Lime .
— , Bar, pipe —
3 -
£ OPC Clay Plastics
. Blends Brick & ' PP, PE, PC,
:’? - (FA or Slag) Tiles ‘__Glass PVC, Nylon
Pa) 07 Concrete (virgin, recycled, fiberglass)
: 0.5 - Reinforced concrete % Aluminium
@ 04 A Lo/hi strength \ Jiegin: Recyél
§ | s / Timber (biomass neutral) AV";:L”__,‘._,
g5 " ~ Gypsum General
""" (and plasterboard) Particle board
0.1 e Plywood
007 Precast Asphalt
0.05 Concrete HMA @ 4, 6 and 8% Bitumen
g'z: Concrete blocks bitumen (lo/hi values)
F ¥ L atia B Bl Wi e

Embodied Energy (MJ/kg)

Source: Hammond(2011), “Embodied Carbon. The Inventory of Carbon and Energy (ICE)”
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Concrete is one of the most used materials on Earth

14.0 billion m?® 4.2 billion tonnes

2020 volume of concrete globally 2020 cement production globally

» 8% of the global concrete related emissions is relatively low considering that this material is so widely used.

Source: https://gccassociation.org/concretefuture/cement-concrete-around-the-world/
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Carbon impact on a building level is what finally matters

14

Latvian Concrete Association 31th Scientific and Technical Conference

23 Novemvber 2023

CO2e/t of concrete

4

CO2e/t of element

2

CO2e/m2 of building
floor area!

CONSOLIS



Countries are setting limits for carbon emissions on building level

~

Denmark 12 kg-CO2-eq/m2/a (2023)

» Finland 10-14 kg-CO2-eqg/m2/a (2025)

> France 12,8-14,8 kg-CO2-eq/m2/a

» UK 13,3 kg-CO2-eq/m2/a (2020) and 10,8 kg-
CO2-eg/m2/a (2025)

» Other limit values including those in
Netherlands (MPG), Austria (O13) and
Switzerland (SIA). These are however set using
a different LCA indicator.

Source: One Click LCA
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Approximate regulatory targets for structural embodied carbon
LCA stages A1-A5

16

Structural embodied carbon (A1-AS only)
(kgCO,eq/m’)

Source: The Institute of Structural Engineers
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2040

SCORS rating scheme

SCORS upper bound (40% worse)
SCORS lower bound (40% better)

LETI Scheme

RIBA Challenge

DK Regulations

DK Voluntary scheme
FR Regulations

NL Regulations

2045

2050
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Concrete buildings have the widest spread which means also the
biggest opportunities related to CO2 reduction

2000
8 0

~ 1500 O
Lo
Q
21000 T 8 = o
Q
2 4 @ = I = =

200 v = == T

0

Massive concrete
Massive brick
Massive wood

Frame concrete
Frame concrete/wood
Frame wood

Frame steel

Other

No data

Building use subtype

Source: Ramboll (2022), Towards embodied carbon benchmarks for buildings in Europe, #2 Setting the baseline: A bottom-up approach - Harmonized life cycle embodied carbon per m2 by type of building structure based on the EU-ECB dataset
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Case from Lithuania..

FINLAND

/\\ BELARUS \J
POLAND 7\/~ _N‘/‘wﬂ(.. ~f«§

P UKRAINE oz
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Lithuania’s efforts moving towards climate neutrality vexagaoNizAGIoS

DARBO GRUPES

ﬁﬁ ENERGETIKA
p—

“Q

o

LTS NARIr PRAMONE
- --— l ‘. % ' .

“ ‘ @ ZIEDINE EKONOMIKA/

l ATLIEKOS

\ ﬁ(@p TRANSPORTAS

%O ZEMES UKIS IR

MISKININKYSTE

Source: https://klimatokaita.lt/
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To achieve climate change mitigation goals, the Lithuanian
Government obliges, starting from November 1, 2024, to construct

public buildings using at least 50% organic and wood materia

20

Ia‘b:ﬁl Simonas Gentvilas
\ --uij Liepa 19d.- &

Ate betonui, labas medienai!
Lietuva pastatus statys i5 medienos,

Siandien Vyriausybe pritaré Aplinkos ministerija paruoitam proverZiui. Nuo 2024 m. lapkricio
valstybinial pastatai bus statomi i& medienos{organiniy) statybiniy medZiagu ir jos turés sudaryti
bent 50% pastato. Tai reidkia, kad ne tik naujoji Valstybiniy misky urédija basting Vievyje, bet ir
naujasis Vyriausybes biury miestelis, naujos mokyklos, koncerty salés ir visa kita bus statomi i%
dominuojanéiy mediniy konstrukcijy.

Kartu su komanda @mémeés 5io medinés statybos proverZio, nes turime gyventi sveikiau, kovoti su
klimato kaita ir kurti gerai apmokamas darbo vietas Lietuvoje:

aMediniai namai yra sveikesni ir ergonomiski mums gyventajams ir jy lankytojams.

L4)ei betonas baty atskira pasaulio valstybé, jis baty 3-a didZiausia COZ2 teriéja po Kinijos ir JAV.
Betong keisdami mediena mes ne tik neidmetame anglies dvideginio, bet jj ir uZrakiname
ilgameciuose organiniuose statybos produkiuose. Fotosintezés metu mediengje sukaupta anglis
ilgam tampa stabiliu nepdvandiu, nesudeginamu komponentu pastate.

LiMedis Lietuvoje - visy miasy vertybé. K3 tik paviedinome nauja misky jstatyma, kuriame
valstybiniu misky kirtimus apribojame vietaje 100% iki 70% metinio prieaugio. Tadiau, nukirsta
mediena ligi Siol sukurdavo per maZa prideting verte, Skaidiuojama, kad 1 kubinis metras
statybinés medienos sukuria daugiau nei 10 karty didesne verte nei 1 kub. m. biokurg, kuric
deginima ateity tikrai privalésime riboti. Tad mediniy statybiniy produkty gamyba sukurs
takstancius naujy darbo viety ir nauja(sena) ekonomika Lietuvoje naujojoje statyboje ir
renovacijoje.

Source: facebook.com, AM.LRV.It,
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UBLIKOS
VCELTIARIJA
2022-07-13 n~Nr.G-7161

DOKUMENTAS PASIRASYTAS
ELEKTRONINIU PARASU

2022-07-13 ~1. D8(E)-3742

LIETUVOS RESPUBLIKOS APLINKOS MINISTERIJA

Valstybés biudzetiné jstaiga, A. Jaksto g. 4/9, LT-01105 Vilnius,
tel. (8~5) 266 3661, faks. (8~5) 266 3663, el. p. info@am.It, http://www.am.|t.
Duomenys kaupiami ir saugomi Juridiniy asmeny registre, kodas 188602370

Lietuvos Respublikos Vyriausybei 2022-07- Nr. (61)-D8(E)-

DEL LIETUVOS RESPUBLIKOS VYRIAUSYBES NUTARIMO PROJEKTO TEIKIMO

W

Astuonioliktosios Lietuvos Respublikos Vyriausybés programos, patvirtintos Lietuvos
Respublikos Seimo 2020 m. gruodzio 11 d. nutarimu Nr. XIV-72 _Dél Astuonioliktosios Lietuvos
Respublikos Vyriausybés programos”, 157.6 papunktyje nurodyta priemoné — 2024 m. visi
visuomeniniai pastatai bus statomi bent 1§ 50 proc. organiniy ir medienos statybos medziagy. bus
didinamas antriniy zaliavy naudojimas ir mazinamas statybiniu atlieku susidarymas.

Nurodytas siekis atspindi investavimo kriterijaus kiekybine israisks. Investavimo kriterijaus
kokybine israiska atspindi tai, kad statybos i§ medienos skatinimas prisidéty prie siltnamio efekta
sukelian¢iy dujy (toliau — SESD) emisijos mazinimo. Statybu sekforius pagal SESD emisija yra
vienas kenksmingiausiy aplinkai. Medis i$ atmosferos sugeria anglies dioksida ir naudoja ji medienos
prieaugiui. Medienoje sukaupta anglis nebepatenka j atmosfera. todél reikSmingai prisideda prie
SESD emisijos mazinimo.

CONSOLIS



..and currently, climate impact assessments are not required for
these public buildings, although it is known that companies
producing wooden construction products have a negative impact on

the climate KOVA SU KLIMATO KAITA

MAZINANT VEIKLOS
ANGLIES PEDSAKA

1 apimtis 2 apimtis 3 apimtis

30197 t

3289t
CO2 GHG eq

CO2 GHG eq

12502t
CO2 GHG eq

e N A\ E 2 & n oS> =

- & o Lo—lo’

Energijos gamyba Vidaus Kiti Saltiniai ir Rinkos energijos " — T ok Fal ) | o

dharitmriose transportas jrankiai Eattintal Atliekos Van u|(<) ir A m|n|§l<tlraC|ne Zaliavos Transportavimas kVﬁrS(? Investicijos
i nuotekos veikla elionés
PaaiSkinimas: jvertinta; jvertinta i dalies; nejvertinta
Source: VMG grupés tvarumo ataskaita uz 2022 metus
CONSOLIS
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How can we assess if government’s initiatives effectively
contribute to achieving climate change mitigation goals when
emissions calculations are not conducted?

Source: www.dreamstime.com
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Companies collaborate and invest in developing tall buildings made
of wood

VMG erupe Akmenes LEZ atveria trecia gamykla -
investicijos siekia 100 mln. eury m=

BNS
2023.09.11 13:54

Betonas ir kitos masyvios bei sunkios pastaty konstrukcijos po truputj

Zleidzia vieta tvaresniems statybuy sprendimams. | )7 £V TAER (TR
daugiaauksciai pastatai pasaulyje jau nelabai ka stebina, taciau
Lietuvoje medienos naudojimas ne individualiy namy statybai dar néra
iSplétotas. Situacija keisti ketina NT vystytojas ,,Releven* ir statybos
konstrukcijy gamintoja VMG grupé — bendrovés sutaré ieskoti
inovatyviy ir tvariy sprendimy aukstuminiams pastatams vystyti.

Source: delfi.lt, LRT.It

VMG grupé atidaro 82 min. eury vertés baldy gamykla Akmenés LEZ / VMG nuotr.

23 Novemvber 2023 CDNSDLIS
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B o

The first multi-story wooden office
building in Lithuania will be built in

Source: Citify and Newsec
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Concrete industry must become more transparent and reduce its
impact on the climate to remain in business and improve its image

» Otherwise political decisions may phase out concrete from the market or potential introduction of
environmental and carbon-related emission taxes may make concrete less affordable and less used

> LCA methodology and Environmental Product Declarations (EPD) are important tools to ensure
transparency and reduce the environmental impact of construction products - they are increasingly
demanded not only in Western Europe and Scandinavia but also in the Baltic countries

— Most leading construction companies and real estate developers set emission reduction goals for developing and
constructing projects

— Some precast concrete manufacturers in the Baltic countries already have Environmental Product Declarations
(EPD) for their products and are working on reducing climate impact going forward

— Acquiring EPDs is not cheap, especially for small concrete and precast concrete manufacturers

— In Western countries and Scandinavia, national construction industry associations/concrete associations help
create EPDs at the industry level (establishing average emissions for concrete products and assisting
manufacturers in becoming more transparent).
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Concrete Industry Association can play a significant role in
helping local concrete industry to become more transparent and
reduce the negative impact on the climate

)

Developing tools and using them to gather information from concrete manufacturers, thereby calculating
the average emissions of the concrete industry

Sharing best practices and establishing a classification for low carbon concrete (see example in the next
slide)

Developing a roadmap on how the concrete industry will achieve net zero carbon emissions

Creating guidelines that instruct concrete manufacturers on the initial steps they need to take to reduce the
environmental impact of concrete

Organizing training for concrete and precast concrete manufacturers on how to reduce carbon emissions

Challenging current construction practices and improving standards and regulations to allow for
innovations, expanding the range of alternative cementitious materials (e.g., bio-ashes), promoting concrete

recycling/reuse to reduce the environmental impact of concrete structures, and positively contributing to
the circular economy.
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Classification of low carbon concrete in Norway

27

«

Source: Norwegian Concrete Association

Latvian Concrete Association 31th Scientific and Technical Conference

Tabell 1 Lavkarbonbetongklasser med grenseverdier for klimagassutslipp (begrenset til modul
A1-A3 i NS-EN 15804:2012+A2:2019 /7/). Valg av klasse skal skje under de forutsetningene som er
gitt i kapittel A2.

Fasthetsklasse ¥ og B20 B25 B30 B35 B45 B55 B65
lavkarbonklasse

Maksimalt tillatt klimagassutslipp [kg CO,-ekv. pr m3 betong]
240 260 280 330 360 370 380
Lavkarbon B 190 210 230 280 290 300 310
Lavkarbon A 170 180 200 210 220 230 240

Lavkarbon Pluss? 150 160 170 180 190

Lavkarbon Ekstrem? 110 120 130 140 150

1) Se kapittel A2 om sammenhengen mellom fasthetsklasser, bestandighetsklasser og karbonklasser
2) Mulig niva for enkelte prosjekt, men med flere begrensinger i standardverket, og begrenset
tilgjengelighet. Gjennomferbarhet ma avklares i hvert enkelt prosjekt

23 Novemvber 2023 CDNSDLIS



Classification of low carbon concrete in Finland

Table 1. Concrete types included in BY Low-carbon classification and limit values for low-carbon
classes. The values are GWP:ota1 values and include modules Al...A3. The values are given in kg
' (GWP:ota)) / m? of concrete.

Ref.level
CONCRETE QUALITY GWP.REF GWP.85 GWP.70
C20/25 210 180 145
C25/30 230 195 160
C30/37 255 215 180
C35/45 285 240 200
C45/55 320 270 225
C50/60 340 290 240
. C30/37 - Air-entrained 290 245 205
- (35/45 - Air-entrained 330 280 230
C45/55 - Air-entrained 375 320 265
C50/60 - Air-entrained 395 335 275
C30/37 PO 270 230 190
C30/37 P30 300 i 210
C35/45 PO 300 255 210
C35/45 P30 330 280 230
C35/45 P50 340 290 240
CA5/55 P50 375 320 265

Source: Finnish Concrete Association
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Classification of low carbon concrete in Sweden

Prefabricerade betongprodukter

Kontor, Bostdder, Skolor, Hotell
Tabell 3 Klimatpaverkan GWP-GHG, kg CO2-ekv/ton
Exponerings-
klass vet oo’

Typiskt Klimatférbattrad, max

vérde Niva 1 Niva 2 Niva 3 Niva 4
Inomhus, torr miljé XCi
Haldack (HD/F) 0,40 135 120 10 95 < 80
Haldack (HD/F) 0,50 15 105 95 80 < 70
Massiva férspanda plattor (RD/F) 0,50 185 165 145 130 < 110
TT plattor 0,50 185 165 145 130 < 10
Massiva slakarmerade plattor (D/F) 0,50 185 165 145 130 < 110
Plattbarlag 0,55 185 165 145 130 < 110
Sandwichvagg (RW) 0,55 235 210 185 165 < 140
Halvsandwich (V1) 0,55 205 185 165 145 < 125
Skalvagg (VS) 0,55 185 165 145 130 < 1o
Balk slakarmerad (RB) 0,45 200 180 160 140 < 120
Balk férspand (RB/F) 0,40 190 175 155 135 < 115
Pelare (RP) 0,50 240 215 190 170 < 145
Vaggar (RV) 0,50 155 140 125 110 < 95
Trappor 0,45 210 190 170 145 < 125
Utomhus, fuktig miljé XC3
Balkonger 0,45 210 190 170 145 < 125
Loftgangar 0,40 220 190 175 155 < 130

*Typiska varden. Styrs framst av exponeringsklass och hallfasthetskrav. Kan variera, se texten i avnittet.
Svensk Betong Vagledning Klimatférbattrad betong utgava 2.0
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Significant reduction in emissions (~¥80%) can be achieved by

working through the whole value chain

Design for flexibility and

adaptability

Design for re-assembly
Precast concrete

production
More efficient
Aggregate grading
Reduce

Good admixtures (re)use of

Use filler concrete in buildings
‘Reduce cement product/

Secondary C titi . -
) Emenet in concrete building
‘Reduce
Efficient plants clinker in
Waste fuels cement
Alternative raw
materials Reduce
CO2 from
clinker
production

Source: ETH Ziirich, (2018), A SUSTAINABLE FUTURE FOR THE EUROPEAN CEMENT AND CONCRETE INDUSTRY
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Thank you!

Coming together 1s the beginning.
Keeping together is progress.
Working together 1s success.

Henry Ford

CONSOLIS



CONSOLIS

Well-built for well-being

ST



MBGRUP#

BETONAPETIJUMU CENTRS

Determination of concrete strength in
constructions taking into account
concrete temperature during hardening
and its effect on concrete durability

Janis Kudins



Curing of concrete have a huge impact on MBCe=rg
concrete durability

LVS EN 13670 8.5 Curmg and protection The following methods are suitable for curing used separately or in
sequence:
Concrete in its early life shall be cured and protected: — keeping the formwork in place;

— to minimise pIastic shrinkage; — covering the concrete sqrface with vapour-proof sheets which are
secured at the edges and joints to prevent draughts;
—to ensure adequate surface Strength' — placing of wet coverings on the surface and protection of these

— to ensure adequate surface zone durability; coverings against drying out;
— from freezing; — keeping the concrete surface visibly wet with suitable water;

. . . — application of a curing compound of established suitability.
— from harmful vibration, impact or damage PP g comp Y
NOTE Guidance to characterizing curing compound can be found in CEN/TS 14754-1.

wic = 0.6 wic = 0.42

capillary pores capillary pores

hydration products
(gel)

hydration products
(gel)

unhydrated cement unhydrated cement

a— a—
Microstructure of hydrated cement paste
23.11.2023 31. Zinatniski tehniska konference 2



Different curing agent tests according to CEN/TS MBSRUG
14754-1

15

ate, kg/m?

ration r.

po

Water eva

0.5

23.11.2023 31. Zinatniski tehniska konference 3



Concrete curing classes. LVS EN 13670 table 4 MB°" =

- Curing class 1 Curing class 2 Curing class 3 Curing class 4

Period (hours) N/A
Percentage of specified N/A — Note 35% 50% 70%
characreristic 28 days applicable

compressive strength

Exposure classes X0 XC1 XC2 XC3 XD1/XS1
XD2/XS2 XF1 XF2
XF3 XA2

a - provide the set does not exceed 5 hours, and the surface concrete temperature is equal to or above 5°C \

23.11.2023 31. Zinatniski tehniska konference 4

XC4 XD3/XS3 XF4
XA3

Suggestion




How long concrete must be cured? LVS EN 13670 Annex F with r>0.5

95

8.5

7.5

6.5

55

Days

45

3.5

25

15

05

30%

23.11.2023

Minimum curing period for curing class 2, 3 and 4 (corresponding to a
surface concrete strength)

Curingcla

'--'
..--'

35%

Curing class 3

ss 2

/

40% 45% 50% 55% 60% 65%
Concrete strength, %
——/5°C —8—125°C —8—20°C 26°C

31. Zinatniski tehniska konference

Curing class 4

A

70%

75%
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. . . GRUPA
Methods of estimation of concrete properties MB° - =

LVS EN 13670 F 8.5

— maturity calculation from temperature measurements taken at a maximum depth of 10 mm below the
surface;
— maturity calculation based on the daily average air temperature;

— temperature-matched curing;
— rebound hammer testing(after calibration on relevant concrete test sample)

— other methods of established suitability.



ASTM C 1074 Standard Practice for Estimating MBSRUFL
Concrete Strength by the Maturity Method

Maturity method - a non-destructive method to
estimate the real-time strength development of in-
place concrete, specifically at early ages less than
14 days.

It uses the temperature history of concrete during
curing to estimate strength development. The
maturity method requires a calibration prior to
use in order to correlate the maturity to strength.
Maturity calibration is specific for a mix design.

M(t)=> (T, - T,)At

BETONAPETIJUMU CENTRS

Nurse-Saul method
Time Temperature Factor (TTF)

Saul developed the following principle through his
research that is now known as the maturity rule,
stating that Concrete of the same mix at the same
maturity (reckoned in temperature-time) has
approximately the same strength whatever
combination of temperature and time go to make
up that maturity

20°C * 20h =400 TTF = 15MPa

10°C * 40h =400 TTF = 15MPa




Nurse-Saul method. Time Temperature Factor (TTF) MBGR”PA

BETONAPETIJUMU CENTRS

Prepare at least 17 specimens (15x15x15 cm)
15 samples for strength control
2 samples for temperature monitoring

Provide the same curing condition for all samples

Select a minimum 5 strength measurement points
(1, 3,7,14 and 28 days or 12, 16, 24, 48, 72 hours)

Calculate Time Temperature Factor

Hours Average TTF, °C-hrs Y TTF, °C-hrs
temperature, °C

23.11.2023 31. Zinatniski tehniska konference 8



Nurse-Saul method.

Day > TTF, Strength,
°C-hrs MPa

35 MPa — 70% of 50 Mpa
TTF — 1700 °C-hrs

1700 °C-hrs / 25 °C = 68 hours

35 MPa — 70% of 50 Mpa
TTF—-1700 °C-hrs

1700 °C-hrs / 7.5 °C = 9.4 days

23.11.2023

Maturity-Strength curve MBGRUFPS

55
50
45
40
35
30
25

Strength, MPa

20
15
10

BETONAPETIJUMU CENTRS

Maturity-Strength curve

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Maturity index (TTF), °C-hrs

31. Zinatniski tehniska konference 9



Intelligent real-time concrete monitoring MBS=Urg

BETONAPETIJUMU CENTRS

Maturix — Gaia 200

Adventum - TempSense

23.11.2023 31. Zinatniski tehniska konference 10



Intelligent real-time concrete monitoring MBS=Urg

BETONAPETIJUMU CENTRS
30.10.2023_PLANO6_STAGE1.2-31. no rita apsegts ar putu polietiléna plévi 10mm. Bez

. —
sildiSanas... - -
- ~*  Finish | ]
‘ & Sections ‘ ' a5 : Actions Export
Monitoring Description Device Name Device ID Targets
C40/50 XC1 S5 D16 wc 0.45. Regular Stipriba 30 MPa 100%
—_ TFTTFD o > Resume
plast Stipriba 20 MPa 100%
> Alarms
Hours (h)
[} 12 24 36 48 60 72 34 a5 108 120 132 144 156 168 180 1492 204
25
20 Highest temperature: 20.1 °C
g
¥ 15 C40/50 XC1 55 D16 wc 0.45. Regular plast
% Date : 2023-11-02 17:27
;13_ 10 Delta time : 77 Hours : 45 Minutes
£ Temperature : 4.59°C ____-——-———’ﬂ._\,_
= e )
5 \;—‘/
Lowest temperature: 4. 48 °C
0
TE4LD 31.0ca 12:00 1. Nov 12:00 2. Nov 12:00 3. Nov 12:00 4. Naov 12:00 5. Nov 12:00 6. Nov 12:00 7. Nov 12:00 8. Nov
Monitoring Description Min Average Max Latest
I C40/50 XC1 S5 D16 wc 0.45. Regular plast 4.48°C 9.31°C 20.1°C 6.13°C @
23.11.2023

31. Zinatniski tehniska konference 11



Intelligent real-time concrete monitoring MBS=Urg

BETONAPETIJUMU CENTRS

Strength
Hours (h)
0 12 24 3| C40/50 XC1 55 D16 wc 0.45. Regular plast 24 96 108 120 132 144 156 168 180
50 Date : 2023-11-01 19:27
Delta time : 55 Hours : 45 Minutes
Strength : 35.02 MPa
a0
.
o —
- Stipriba o
g 30
=
m Stipriba
T 20
=1
w1
10
0
11:41 31. Oct 12:00 1. Nowv 12:00 2. Nov 12:00 3. Nov 12:00 4. Mowv 12:00 5. Now 12:00 6. Nov 12:00 7. Nov
Minimum curing period for curing class 2, 3 and 4 (corresponding to a
surface concrete strength)
9.5
9
85 /
8
75
7
65
6
55
2 s
8 a5
4
35
3
25
2
15
1
0.5
0
30% 35% 40% 45% 50% 55% 60% 65% 70% 75%
Concrete strength, %
—8—75°C —8—125°C 20°C 26°C
23.11.2023 31. Zinatniski tehniska konference 12



LBS Site trial test 05.10.2023 MBGRUFS

BETONAPETIJUMU CENTRS

F/T testing for the drilled samples
unmolded at the different curing

23.11.2023 31. Zinatniski tehniska konference 13



MBGRUP#

BETONAPETIJUMU CENTRS

Lai izdodas ar betona kopsanu!

23.11.2023 31. Zinatniski tehniska konference 14
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3D drukata betona ilgizturiba -
aktualie petijumi sodien

RTU

3D betona drukasanas zinatniskas
laboratorijas vaditajs

Dr. Sc. Ing.
Maris Sinka
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3D drukata betona

mm Y ==

Ilgmuzibas un mehanisko
Ipasibu testi

Petijums RILEM tehniskas komitejas
304-ADC: Assessment of Additively Manufactured
Concrete Materials and Structures
letvaros



RILEM savieniba (1947)

(The International Union of Laboratories and Experts in Construction Materials, Systems and Structures )

. Me_r|§IS N pa_dar_lt Ir_]fo_rr:naCIJu’ I‘.(aS ] RILEM Worldwide +2953 members
saistita ar blvnieciba izmantojamiem - +108 Corporates

materialiem, sistémam un «:&x_
konstrukcijam brivi pieejamu un
internacionalu

» Lidz Sim izdotas >200 rekomendacijas,
ko plasi pielieto:
— ASR accelerated testing
— RILEM Test tube
— uc

Riga Technical University



Petijuma process un merkis

= RILEMTC 3.O4I-ADC | | | TECHNISCHE
= Vada zinatnieki no TU Dresden, TU Munich un Ghent University DRESDEN
= Kopa pari pa 30 laboratorijam: Techmische

— Universitates — ETH Zurich, Gustave Eiffel University, Swinburne University of Minchen

Technology, utt
— Industrija — COBOD (PERI printeri), Holcim, Heidelberg materials T

GHENT
UNIVERSITY

= Veicam mehanisko ipasibu un ilgmuzibas testus, ievérojot sakotnéji izstradatus
RILEM komitejas noradijumus;
= Merki:
— Apkopot un analizéet starplaboratoriju rezultatus, atrast likumsakaribas;
— lzstradat rekomendacijas, kas balstitas uz praksé parbauditajiem testiem;
— STs rekomendacijas kalpos ka pamats un dos ieguldijumu standartu izstradasana



Test | Test Drien- Spedmen Preferred geometry Process Mini no of X
seale tation® mxtraction shape and size [mm] P 3 Eaperi | resultst

u Sawn 9

W Sawn Cube of 40040 default 9

w Sawn 3

u Core-drilled E)

W Core-drilled | Cylinder of dah=50 cefault 3

w Core-drilled 3

Compression - Cast Cube of 40x20x40 default g
u Sawn devl 3

w Sawn Cube of 40x40=40 5

w Sawn 5

u Sawn 5

W Sawn Cube of 40x40=40 cevl 5

W Sawn 5

uw Sawn 5

W Sawn Prism of $0u20x160 default 5

W Sawn 5

- Cast Prism of #0xtixl60 cefault 5

Flexurzl tension, uw Sawn 5
3-point bending® W Sawn Prism of 40x20x1560 devl 3
W Sawn 3

uw Sawn 5

| v Tawn Prizm of 40x40x160 gl 5
E WA Sawn 5
W Sawn Prism of d0ui0=160 default 5

Flesursl tension, - Cast Prism of 4020160 default 5
4-point bending' LW Sawn Prism of 40uiix160 Devl 5
uw Sawn Prism of 40u20x160 Devl 3

ufv Sawn 3

Wi Sawn Cube of 40x20w40 Default El

wifu Sawn El

Splitting tension u.wfv Core-drilled 5
W Core-drilled | Cylinder of duh=50x100 Default 5

wufv Core-drilled 5

- Cast Cube of 04040 default El

- e Prism of 40x40x160 Defauit 3

W Sawn 5

Unizxial tensian " 2:::::: Cylinder of deh=504150 | Default g
- Cas Prism of 40xtinl 60 cefault 5

- 2w Prism of 40we0nB0-160 | Default 2

Modulus of = J2wn 2
clasticity u Core-drilled | Cylinder of dah=50x100- Defautt 5
w Core-drilled | 200 5

- Cast Prism of 40x40=80-160 cefault 5

* for the flexursl tests in the u.w direction it is compulsory to perform both the 3-point and the cormesponding 4-point bending test.

" marking column to indicate which tests will be performed by a laboratony.

“ yellow hatched tests are compulsory for all participating laboratories. Mote that 2 minimuem number of additional tests also need to be
performed [see General Information). Other tests ane optional. Laboratories are encouraged to perform as many tests as possible to
maximize the impact of this interlaboratory study.

Riga Technical University



Back- and forth path Rectangular path

D

-

Square path UU-shaped path

S

_~

D)

Fig. 3.1. Suggested print paths of single filament-width, for mortar-scale specimens.

Square path Crossing zone

Fig. 3.2. Suggested print path of double filament-width, for morar-scale specimens.

1} indicate layer interface
2) draw two opposing
crosses tn indicate
print direction

3) draw an arrow on top
and bottom surface to
indicate print dirgstion

1) indicate layer interface
2) on the top and bottom faces
indicate cross or arrow for
perpandicular ta ar parallal
\ to print direction
3) the same as in 2) for
a cylinder side face

1) indicate layer interface
2) arrow in u,w face to
indicate print direction

3) cross marks v, w face
&) dot marks u,v face

Fig. 3.4. Marking convention illustrated for mortar-scale specimens.
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Spiedes stipribas testi — testesanas virzieni

Testéjam 3 virzienos:

'u] virziens (slodze pielikta pret v,w plakni)
V] virziens (slodze pielikta pret u,w plakni)

'w] virziens (slodze pielikta pret u,v plakni)

LN

|

AN

NN
11

References paraugs - veidnots

i I
_’..-"’_’
i -

Y
AL AN Y
\\\ VNN N

LAY
\\\\\\ \\\\

AY NN
\\\\\\\\\

-

X

O

- "uw FACE
-"v.w ' FACE
- "uv FACE



Lieces stipribas testi — testesanas virzieni

Testéjam 3 virzienos:

- [u.w] virziens — 3-punktu un 4-punktu liece
- [v.u] virziens — 3-punktu liece

- [w.u] virziens — 3-punktu liece

Pirmais burts — apzimé asi, ap kuru rodas rotacija, pieliekot speku
Otrais burts — apzimé parauga garenvirziena asi
References paraugs — veidnots — 3-punktu un 4-punktu liece

-

A
SOl \
R \
i / o \~
% e P /
Fig. 5.4a. lllustration of Fig. 5.4b. lllustration of Fig. 5.4c. lllustration of Unsamples
specimen orientation u.w, specimen orientation v.u, specimen orientation w.u,

w/v.u samples

Riga Technical University 9



Stiepes stipribas testi — testéesanas virzieni

= Testéjam 3 virzienos:
- w/u virziens
- vIw virziens
- u/v virziens
= References paraugs — veidnots

1 1
v
" ]
T T
w/u viw ufv

requested requested requested



Mehaniskie testi — paraugu sagatavosana

* |zmantojam SIA Sakret gatavo 3D mix

= Péc printéSanas nesacietéjis paraugs tika sadalits 8 dalas
= Sakotnéja uzglabasana — zem pléves

= Péc 72h paraugi tika parvietoti udeni

Riga Technical University
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Mehaniskie testi — paraugu sagatavosana

= Katra no 8 dalam tika zagéta un markéta atbilstosi skicei
= Vienads paraugu skaits no printéta objekta apaksdalas, vidusdalas un augsdalas

12

Riga Technical University



Spiedes stipribas testi — rezultati

F
——— . — . P . - u £ v | l
= Augstaka spiedes stipriba — [u] jeb printéSanas virziena = e o
= Zemaka spiedes stipriba — [w] jeb virziena spiezot no augSas = == ==
» Sabrukuma aina — nebija novérojama sadaliSanas pa Suvém

Compression Strength, MPa
45
40 31.8
35 32[.0
30 ZT'O
25 2:T.2
20
15
10

[u] ~[v] [w] cast

Riga Technical University



Spiedes stipribas testi — rezultati

= Augstaka spiedes stipriba — apakséjiem slaniem s = = ~—

,,,,,,,,,,,,,,,,,,,,
E===={<= rommopeo Eommopeo

Comparison Between Compression Strength of
Samples Taken from Different Locations, MPa

35
32.8 313 322
30 28.3 28.2

24.5 24.0
25 -
223 .,

20
15
10

[u] [v] [w]
bottom = middle ' top
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Lieces stipribas testi — rezultati

— — " u — K8 '\(\\\\\ ) -~
= Augstaka lieces stipriba — [w.u] < ST
«ﬁ» T 7
- - m ] — I o] */./f 4 ] .../"/./
= Zemaka lieces stipriba — [u.w] U
<w /1:., /W

Fig. 5.4a. lllustration of Fig. 5.4b. lllustration of Fig. 5.4c. lllustration of
specimen orientation u.w,  specimen orientation v.u, specimen orientation w.u,

Flexural strength 3-P, MPa

I 5]‘5 ) 513
[

o - N W b 00 O N

[w.u] © [v.u]  [uw] @ cast

Flexural strength 4-P, MPa

4.3
3.1

[uw] = cast



Lieces stipribas testi — rezultati

= Sabrukuma aina — nebija novérojama
sadaliSanas pa Suvéem

N BN | BN N GEn | GEn G

Privang drecton Prisang drecson

~ ~
Fig. 5.4a. lllustration of Fig. 5.4b. lllustration of Fig. 5.4c. lllustration of S B 1
. R e
specimen orientation u.w, specimen orientation v.u, specimen orientation w.u, o

Fracture pattern after 3-point bending — test orientation ‘v-u’

vy ,ﬂ'-.,.

Riga Technical University Fracture pattern after 3-point bending — test orientation ‘u-w’ Fracture pattern after 3-point bending — test orientation ‘w-u’, side view.

16



Stiepes stipribas testi — rezultati

= Virziens stiepes stipribu ietekmé
minimal

Splitting strength, MPa
4.0

ﬁ‘ > .. 7 P .. 7 P
it 3 ol 1 ~<E 1 b ¢
T L ] . | .
35 R A ¢ ‘ N ) . e \, . > \,
3 1 3 1 3 » - A ~ “w -
3.0 ]0 1 1

2.5 v
2.0

1.5
1.0
0.5

0.0
1

[uv] ~[viw] [w/u] = cast



mm ¢ ==

ligmuzibas testi — paraugu sagatavosana

* |zmantojam SIA Sakret gatavo 3D mix

Tika izprintéti 2 objekti:
— 6 slanus augsts paraugs bez Suves
— 6 slanus augsts paraugs ar horizontalu
suvi vidusdal3, ieturot 2h 58min pauzi
(sakotnéjais saistiSanas laiks) péc 3.
sSuves izprintéSanas

Riga Technical University 18



ILGMUZIBAS TESTI

= Udensuzsiices tests
Paraugi tika noklati ar epoksidu,
eksponetas atstajot:

a) sanu jeb printetas virsmas

b) apakséjas jeb veidna virsmas

= CO, tests

Kamera ar CO, koncentraciju 1% tiek
levietoti paraugi uz 90 dienam

Rigas Tehniska universitate

19



Udensuzsiices tests — rezultati

Abu veidu paraugiem bez
suves zemaka
udensuzsice neka
paraugiem ar suvi,
Paraugiem, kas tdeni
uzslc caur apakséjo
plakni zemaka
udensuzsuce neka
paraugiem, kas tdeni
uzsuc caur sanu plakni.

[ [kg/m?]

Absorption

5

CAST

—— T0 bottom

— & —TSET bottom

—*— T0_outer

— & —TSET outer

Square root of time vt [Vs]

Go0



Karbonizacijas tests

Tika testéti 2 sériju paraugi:

— karbonizacija caur sanu plakni, ar Suvi

— karbonizacija caur sanu plakni, bez Suves
= References paraugs — veidnots
= 1% CO,
= Tika noteikts karbonizacijas dzilums péec 7,
28, 56, 90 dienam — paraugus parskelot un
uzpusot 1% fenoftaleina Skidumu, uznemot
attélus un analizeéjot ar ImageJ




Karbonizacijas tests — rezultati

0

0

Carbonation depthy [mm)]

40

= Paraugiem bez Suves ?ﬁ\ LA A
mazaks karbonizacijas I T Y B ‘
dzilums neka paraugiem : - }. N
ar suvi; N ] Y

= Loti augstas TET £
standartnovirzes; g

= Staprlaboratoriju rezultati
bls pieejami péc to
apkoposSanas un
publicéSanas

Sample height [mm]

Cast,7

Cast,28

Cast,56

Cast,90
-=-=-T0_7 -=--T0_28 -=--T0_56 -=--T090

! 3 \
i . \ » \‘ . ”-:‘\\-... \. . e TSET 7 «oeeeeeee TSET 28 -weeeee TSET_56 «++oeeet TSET 90
P RN |
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leprieksejie testi — salturiba 3D drukatam betonam

Salizturiba
» Modificétas platnes tests (CEN 12390-9)

= Testa virsmas, kas iegremdétas 3% NaCl, ievietotas
klimata parbaudes kamera

» Masas mérisana pec 14, 28 un 56 sasaldésSanas-
atkausésSanas cikliem

= Virsmas laukums meérits, nenemot véra rievas, ko
veido drukato paraugu slani

Riga Technical University



leprieksejie testi — salturiba 3D drukatam betonam
. — Mass loss of 3D printed and cast samples after
Salizturiba freeze-thaw cycles
= Modificétas platnes tests (CEN 12390-9) AE4-01230-__]J| 83 == Idcycles
== 28 cycles
= Testa virsmas, kas iegremdétas 3% NaCl, AE4-012 Cast]]] 37 == 56 cycles
ievietotas klimata parbaudes kamera g 4£4-006 3p-{_J]| 63
= Masas méri$ana péc 14, 28 un 56 A AEA-006 Cast-]]] 28
sasaldéSanas-atkausésanas cikliem AEA-0003D 4 [ 328
= Virsmas laukums mérits, nenemot véra rievas, AEA-000 Cast=__[ ] 86

ko veido drukato paraugu slani | | ! .
’ 0 100 200 300 400

Mass loss, g/m2

AEA significantly increased frost resistance of the printed
and cast concrete (almost 5 times) — no significant
difference between 0.06 and 0.12%.

Different amounts of AEA



RTU ZIC talismans

* Planoti divi objekti — ZIC talismans,
astronauts LablLabs

* Novietne RTU teritorija

« Materiala ilgmizibas testésana
laboratorijas un realos apstaklos




RTU ZIC talismans

* Planoti divi objekti — ZIC talismans,
astronauts LablLabs

* Novietne RTU teritorija

« Materiala ilgmizibas testésana
laboratorijas un realos apstaklos
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A TRANSITION o

we®’
Waste to 3D printing

« «Transforming Waste Into High-Performance 3D Printable
Cementitious Composite»

« RTU (LV), SAKRET (LV), KTU (LT) un ZAG (SLO)

 Degakmens pelnu izmantosana 3D drukajama betona maisijumos

« Liels uzsvars uz ilgmuzibas pétijumiem

\

‘M-era.Net

..
\
| \L‘w

g




https://transition.rtu.lv/

TRANSITION About project Main activities Partners Work packages Contacts

Waste to 3D printing

A

Transforming Waste Into High-
Performance 3D Printable
Cementitious Composite

The project aims to develop a ready-to-use blend of components with a large
proportion of oil shale ash suitable for various types of extrusion 3D printers

whose mechanical resistance and durability are validated on a large-scale

prototype.




www.facebook.com/3DconcreteRTU

Paldies par uzmanibu!

maris.sinka@rtu.lv


http://www.facebook.com/3DconcreteRTU

MBGRUPA

BETONAPETIJUMU CENTRS

Alkali-silica reactions
LV materials

Sarmu silikatu reakcija LV materialié

Vladislavs Baranovs

GRUPA GRUPA GRUP
MBG&LEA MBSREEA MB

DZELZSBETONS DAUGAVPILSDZELZSBETONS TRANSPORTBETC
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M GRUPA
.
BETONAPETIJUMU CENTRS

Concrete research centre are testing
alkali-silica reaction in
agregates since 2021.

In this period
we made tests
for Latvian FROM:
materials as:

Kurzeme - 22
Sand - 37 Zemgale — 11
Gravel — 17 Vidzeme - 15
Dolomite - 1 Latgale - 6

23.11.2023 XXXI Zinatniski tehniska konference 3
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Results in Kurzeme (for 14d test):

0,14
0,123
0,12 9116
°
0,099
0,1
0,089

X 0,082 ° 0,081
C 0,08 L4 ® 0,075
@] °
= 0,065
v 0,064 0,062
c ° [ ]
© 0,06 0056 °
g— ° 0,049 0,05
(i) ° o

0,04 0,034 0,035

° o 0,027
°
0,02
@ sanD @ GRAVEL
0
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M GRUPA
.
BETONAPETIJUMU CENTRS

Results in Zemgale (for 14d test):

0,08
0,075 0,075
@,072 ®
°
0,07 0,066
°
0,06
0,055
°
X
c 005
RS
" 0,04
% 0,04 0,036 ® 0036
o o ®
< 0,03
W 503 ° 0'228
0,023
°
0,02
0,01
@ sAanD @ GRAVEL
0
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Expansion %

0,07

0,06

0,05

0,04

0,03

0,02

0,01

0

23.11.2023

0,058

@ sanD

M GRUPA
.
BETONAPETIJUMU CENTRS

Results in Latgale (for 14d test):

0,064
°
0,056
°
0,046
°
0,032
0,029 °
°
@ GRAVEL
XXX Zinatniski tehniska konference 6



M GRUPA
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BETONAPETIJUMU CENTRS

Results in Vidzeme (for 14d test):

0,1 :
°
0,088
0,09 0,087
® °
0,08
0,072 0,072
0,07 » °
X
c 006 0,055
(@) 0,051 °
A 005 ° 0,046 0.047
C ° o
8 0,039
< 004 0,036
w 0,031 °
°
0,03 0,024
°
0,02 6,812
8
0,01
@ sanD @ GRAVEL @ DOLOMITE
0
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Expansion %

0,14

0,12

0,1

0,08

0,06

0,04

0,02

Results in Latvia (for 14d tests): RMRGRUPA

W B o
BETONAPETNUMU CENTRS

0,123
°
0,116
°
0,099
® 0,005
Y
0,089
0,088 0,087
° ® °
0,082 0,081
L4 °
0,075 0,075 0,075
072 0,072 ° 0072 o
° ° °
0,064 0,065 0,064%966
e 0062
® °
0,058 °
® 0,051 0053 "o ° ® 005
° 0,049 .
i 0,0460,046 0,047 . .
e o ®
0,039 0,04
505 0,034 0,036 0,035 ® 0,036
0,031 ° ° ® 0,032 °
¢ 0,029 003 0,028

° .« © 0,027 )

0,024 ®,023 [ ]

® °
8,612
(]
@ sanD @craveL @ DOLOMITE

IN summary of results we can say that if sand pass test, gravel will also pass.

23.11.2023 XXX Zinatniski tehniska konference 8



According to SS_137003_2021

Table U.1 — Testing frequency based on the results of the previous expansion test

M GRUPA
.
BETONAPETIJUMU CENTRS

Expansion at previous test
Test method Alt. A
Alt. C Alt. B
RILEM AAR-2a <0.10% <0.20 % > 0.20 %
after 28 days every 6 years every 3 years every year
RILEM AAR-2a <0.03% <0.06 % > 0.06 %
after 14 days every 6 years every 3 years every year
RILEM AAR-3a <0.020 % <0.030 % > 0.030 %
after 1 year every b years every 3 years every year
RILEM AAR-4a <0.015 % <0.025 % > 0.025 %
after 20 weeks every b6 years every 3 years every year

23.11.2023
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M GRUPA
.
BETONAPETIJUMU CENTRS

According to SS_137003_2021

Table U.1 — Testing frequency based on the results of the previous expansion test

Expansion at previous test
Test method Alt. A
Alt. C Alt. B
RILEM AAR-2a <0.10% <0.20 % > 0.20 %
after 28 days _eVeIry A Ve ksouary 3 yoars every year
— —
< RILEM AAR-2a <0.03% <0.06 % > 0.06 % >

r 14 days every 6 years every 3 years every year
RILEM AAR-3a <0.020 % <0.030 % > 0.030 %
after 1 year every b years every 3 years every year
RILEM AAR-4a <0.015 % <0.025 % > 0.025 %
after 20 weeks every b6 years every 3 years every year

23.11.2023 XXX Zinatniski tehniska konference 10



THANK YOU FOR YOUR
ATTENTION

MBGRUPA

BETONAPETIJUMU CENTRS
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Skiedru betona plansienu
trisslanu sienu panelu slodzes
nestspeja

Mg.sc.ing. Atis Dandens
Dr.sc.ing. Ulvis Skadins

tehnologiju



levads

345 ]
o

o N
\ Latvijas

\ Biozinatnu un
tehnologiju

universitate

S S N
NS N N
NN N N

@

o

Skadins, U.; Kulevskis, K.; Vulans, A.; Brencis, R. Thin-
_ayer Fibre-Reinforced Concrete Sandwich Walls: Numerical
Evaluation. Fibers 2023, 11, 19.
nttps://doi.org/10.3390/fib11020019

- Analizétas vienstava dzivojamas ¢&kas Skiedru betona plansienu

trisslanu
- Betona s

sienas;
lanu biezums 60 mm, izolacijas slana biezums 150 mm. Sienu

augstums 3.5 m;

- Pienemts, ka jumta parseguma laidums neparsniedz 6 m. Pienemts, ka

slodzes no parseguma Uz arsienu aprékina vertiba varétu biit aptuveni
23 kKN/m.



Y A\

V Latvijas
\’ A iozijné nu un
\ Elg 0\ ?ehnolotg'iju

levads — teor&tisko aprékinu rezultati \&) st

6000
4000
<
. mm— [ON—COMPOSite
o
m '
S m—— COMPpOSite
2000
0
0 2 4 6 il E
Tagts : "
Vertical displacement at top, mm -
Figure 16. Load—displacement behaviour of the inner wall until failure. E
9311.2023 Skiedru betona plansienu trisslanu sienu panelu slodzes 3

nestspeja
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Merkis

Eksperimentali parbaudit Skiedru betona plansienu trisslanu sienu
panelu nestspéeju.

Uzdevumi

1. Veikt gandriz pilna méroga sienu panelu paraugu slogosSanu
ckscentriska spiede;

2. Nestspejas vertibas salidzinat ar teoretisko aprékinu rezultatiem,;
3. Novertet skiedru daudzuma ietekmi uz sienu panelu nestspé&ju.

Skiedru betona plansienu trisslanu sienu panelu slodzes
23.11.2023 ~ Pl at panes

nestspéja



Materiali

510 , 510

Eksperimenta paraugi W

(Geometriskie 1zmert:

- betona slanu biezums 60 mm;

- izolacijas slana biezums 150 mm;
- parauga biezums 270 mm;

- parauga platums 1.0 m;

475

950

475

1900

- parauga augstums 1.9 m.

1000

Skiedru betona plansienu trisslanu sienu panelu slodzes

23.11.2023 .
nestspeja
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100 400 , 400 100 MM
Q3 3 3 S
Eksperimenta paraugi ‘ | | Lﬁ
Stiegrojuma stienu diametrs: -
1 — raotaja peikko produkts PD 210, 1 | | I
¢ =5 mm; v S
2 — taisns stienis, ¢ = 10 mm; | ’ 5 1 J—
3 —taisns stienis, ¢ = 6 mm, L \ Kl 8
4 — locits stienis, ¢ = 10 mm; o ! 4 B C’f , J* i
5 — locits stienis, ¢ = 10 mm. I J&E 2 % A -

Skiedru betona plansienu trisslanu sienu panelu slodzes

23.11.2023 .
nestspeja
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Materiali

Stiegrojums
Stiegrojuma stieni:

- PD 210 argja slani — taisns stienis ar ribotu virsmu, klase B600XB,
teceSanas stipriba, fyk = 600 N/mm?;

- PD 210 1zolacijas slani — locits stienis ar gludu virsmu, klase 1.4301,

teceSanas stipriba, f, = 190 N/mm?;

- PD 210 ieksgja slani — taisns stienis ar ribotu virsmu, klase B500A,
tec@8anas stipriba, f,, = 500 N/mm?;

- pargjie — taisni un lociti stieni ar ribotu virsmu, klase B500B,
tec€Sanas stipriba, f,, = 500 N/mm=,




w ﬂ Latvijas
- \(dh)) oz
Materlall u universitate
Stiegrojums
Skiedras:

- Razotaja KrampeHarex produkts DE 35/0.50 — N, Skiedra, kas
Izgatavota no te€rauda stieples, gali — lociti, Skiedras garums 35 mm,
diametrs 0.50 mm;

- Skiedru daudzums 30 kg/m3 (SFRSCC-1) un 50 kg/m3 (SFRSCC-2).

Skiedru betona plansienu trisslanu sienu panelu slodzes

23.11.2023 .
nestspeja
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Materiali

Betons

Stipribas klase C40/50, kuba spiedes stipriba, fy . pe = 50 N/mm?,
stiepes stipribas vidgja vertiba, f ., = 3.5 N/mm?,

Izolacijas materials

Razotaja Tenax produkts TENAPORS 150, spiedes spriegumi pie 10%
deformacijas, 6,5 = 150 KN/m?,

[=1; El Eksperimenta paraugu izgatavotajs un

off piegadatajs — MB Betons, AS.



Latvijas
Biozinatnu un

(& tehnologiju
universitate

7S SN

N NN N
NN N N
” S

Matenali

Eksperimenta paraugi

23112023 Skiedru betona plansienu trlss_lgnu sienu panelu slodzes 10
nestsp&ja
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Materlall u universitate
Kubi, SFRSCC-1 (30 kg/m3) Kubi, SFRSCC-2 (50 kg/m?3)
fe cuper = 84.6 N/mm?; fecuper = 71.1 N/mm?;
fe cupe2 = 82.1 N/mm?; fe cupe2 = 73.2 N/mm?;
fe cupe s = 83.1 N/mm?; fe cupes = 77.3 N/mm?;
my = 83.3 N/mm?; my = 73.9 N/mm?;
Sy = 1.3 N/mm?; Sy = 3.2 N/mm?;

V., = 0.02. V., = 0.04.

Skiedru betona plansienu trisslanu sienu panelu slodzes 1

23.11.2023 .
nestspeja
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Prizmas, SFRSCC-1 (30 kg/m?3)20

Stipribas vértibas atbilstosi 25 - j8e ©

LVS EN 14651. 20

fct,L,avg = 3.7 N/mm?; :ZL%15 \

fR,l,avg = 3.1 N/mm?; 10 ‘\‘f:‘;::__-___:.m,\, S~

fr 2.avg = 3.0 N/mm?; i e
fr3avg = 2.6 N/mm?; )

fR,4,avg =23 N/mm?. o o5 1 15 2 25 3 35 4

CMOD, mm
2 3 4—5—6—7—9 —10 —12avg

Skiedru betona plansienu trisslanu sienu panelu slodzes
nestspeja
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Prizmas, SFRSCC-2 (50 kg/m?3)30

S S/

NS N N
N N N
7”7 S

Stipribas vertibas atbilstosi 25

LVS EN 14651 20

fct,L,avg =4.5 N/mmz; :ZL\{15

fr1avg = 6.4 N/mm?; 10

fr2.avg = 6.5 N/mm?; : . i :

fr3avg = 5.9 N/mm?; )

fr4avg = 52 N/mm2. 0o 05 1 15 2 25 3 35 4

CMOD, mm
1—2-3 4-—5—6—7—8—9—10—11—12=—av(g

Skiedru betona plansienu trisslanu sienu panelu slodzes 13
nestspeja
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Metodes

250 500 250
Paraugu slogo$anas shéema s e
1 — Terauda platforma; vavi [NX
2 — Java, razotaja weber produkts S-30; | !
3 — Teérauda profils, L EN E 100x10; e
4 — Terauda profils, HE 160 B;
5 — Terauda plaksne, 500x500x100(h);
6 — Sarnirs. -2

11

.

!

Skiedru betona plansienu trisslanu sienu panelu slodzes

23.11.2023

nestspeja
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1 — Cilindra parvietojums,
2 — Speks; D )
3 — Betona slana vertikalie 3 ) ﬂ 3 Y e
parvietojumi; " Lol
4 — Betona slanu virsmu
deformacijas. | |
1 | I
23.11.2023 Skiedru betona plansienu trisslanu sienu panelu slodzes i

nestspeja
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Parauga nr. 4 (SFRSCC-2) slogo

23.11.2023 Skiedru betona plansienu trlss_lgnu sienu panelu slodzes "
nestspéja



Rezultati

SFRSCC-1 (30 kg/m?)

—r1 = 2899.1 kN;
—ro = 1932.3 kN;
~r3 = 2909.2 kN;

M, = 2580.2 kN;
s, = 561.12 kN;
V., =0.22.

23.11.2023

W I\ Lawi
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€

3000
2500
2000

p /
< 1500

1000 4/\

500

0
0 1 2 3 4 5 6 7 8 9 10

Cilindra parvietojums, mm

Skiedru betona plansienu trisslanu sienu panelu slodzes
nestspeja
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Rezultati

SFRSCC-2 (50 kg/m3)

~r4 = 2668.1 kKN;
—r5 = 2505.6 kKN;
—r6 > 2991.0 kN;

M, = 2721.6 kN:
S, = 247.08 kN;
V., = 0.09.

23.11.2023
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@

3000
2500
2000

Z

X 1500

1000

500 ”

0
0 1 2 3 4 5 6 7 8 9 10

Cilindra parvietojums, mm

4 —5 —6

Skiedru betona plansienu trisslanu sienu panelu slodzes
nestspeja
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Rezultati — sabrukuma veids

93.11.2023 kiedru betona plansienu trlss_lgnu sienu panelu slodzes 19
nestspeja
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Rezultati

5500
5000

4500

4000
3500

Z 3000 @ O

L 2500 ®

2000 ®
1500
1000

500

0

Skiedru betona plansienu trisslanu sienu panelu slodzes

23.11.2023 .
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—FEd=23 kN

® FR,1 30 kg/m~3

® FR,2 30 _kg/m”"3

® FR,3 30 _kg/m”3
FR,4 50 kg/m”3

® FR,5 50 kg/m”"3

® FR,6 50 kg/m~3

—FR,cm_C40/50

—FR,cube_30_kg/m”3

—FR,cube 50 kg/m”3

20
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Secinajumi

1. Plansienu trisslanu sienu paneli sp€ uznemt slodzi, kas loti biitiski
parsniedz mazstavu apbuivel paredzeto.

2. Slenas nestsp&u noteica lokalie sabrukumi nevis nesosa slana
1zklauSanas. Betona slanu savstarp€ja savienosana ar stieplveida detalam
nodroSina slogota slana noturibu.

3. Paraugiem ar biezaku un vajaku javas izlidzinoso kartu zem
slogoSanas traversas, nestsp&ja bija mazaka, jo slogotais slanis sabruka
no skeérsvirziena deformacijam slogoSanas zona.
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PIEDEVAS ZEMA CO, SATURA BETONIEM

Kaspars Kravalis
MAPEI AS Norway
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ILGTSPEJIGAKS BETONS

Heidelberg Materials projekts Breivika (NOR), kur
sakot ar 2024. gadu, savaks 400 000T CO, gada no
cementa razosSanas procesa un noglabas to okeana
gultnée. Projekta izmaksas: 2,1 miljards EUR

Cementa razosana rada 7% no
pasaules CO, emisijam.

Cementa industrija paslaik dodas
virziena samazinat portlandcementa
razoSanu lietojot vairak kompozit
piedevas kombinacija ar jauno
oglekla ‘parkersanas’ metodi

Y
i PERMANENTL
. TRANSPORT | STORED




ILGTSPEJIGAKS BETONS

Lidz ar dabigo betona sastavdalu
pieejamibas samazinajumu, aizvien
vairak tiks lietoti parstradati inertie
materiali




RISINAJUMI TUVAKA UN TALAKA NAKOTNE

Increase the use of
alternative fuels

Use renewable energy

NEAR-TERM MID-TERM LONG-TERM

Replace raw materials with

recycled materials Carbon capture

Produce low-carbon cement blends Introduce new cement blends

Optimize designs for the lowest life
cycle emissions

PC‘A\G Since 1916

America's Cement Manufacturers™



IZAICINAJUMI SOBRID

RAW MATERIAL

MIX DESIGN

SO CUSTAINABLE =
T guatmy )
2] CONCRETE

CASTING AND CURING [

~_Ges5

TRANSPORT

RECYCLING //>/>/\ E \

PRODUCTION

Pieaugs ne tikai pieprasijums péec betona, bet ari
paaugstinatas prasibas ta izturibai.

ligtspéjigaks betons tiks razots izmantojot

dazadas pucolanu piedevas un palielinatus

recikléto vai rupnieciski razoto inerto

materialu apjomus.

» letekmeéjot agrino un kopéjo beigu
stipribu

= Paaugstinats udens daudzums betona

» Jetekmeéta reologija un iestradajamiba



KADS BIJA IZGUDROJUMA MERKIS?

Palielinot klinkera aizstajpiedevu apjomu
saglabat tadas pat agrinas un beigu
stipribas ipasibas

= Palielinat betona beigu stipribu nemainot
recepti

= Samazinat cementa daudzumu saglabajot
beigu stipribu

C U B E = Procentuali palielinat parstradato

SySte a8 izejmaterialu pielietojamibu




CUBE

system

STIPRIBAS UZLABOSANA

Low Carbon Concrete Admixtures - LCCA

Zema oglekla satura cementu specialas betona
piedevas: ir radits unikals, patentéts sintézes
process lai iegutu sadas piedevas stipribas
uzlabosanai

MAPEI raditie MAPECUBE sistemas produkti



Siltums [mMW/g]

MAPECUBE princips

Tradicionalas betona piedevas
dod efektu hidratacijas
pirmajos posmos (I-Il).

» MAPECUBE paildzina funkciju

10

15

20

% 30
Laiks [H]

35

40

zs/

visu hidratacijas periodu (I-lI-lll),
Nno maisiSanas sakuma lidz pat
nedélam/ménesiem



MAPECUBE mehanisms

Nukleacijas uzlabojums

PAAUGSTINATA STIPRIBA kom pozita
vai piedevu cementiem, jo tiek
maksimizéets hidratacijas apjoms
visam klinkera fazem

Maksimizeta klinkera -

aizstajejpiedevu REAKCIJAS spéja
kompozita, piedevu cementiem un
filleriem veidojot STABILAS =t
HIDRATACIJAS FAZES

Hidratacijas Pucolanu
optimizacija aktivizacija



”

| / !
g \ 2. SEKUNDARA ‘%

MAPECUBE MEHANISMS

C.A > AFm 1. SEKUNDARA

NUKLEACIJA
\ <y J
J)X {

1. SEKUNDARA NUKLEACIJA
2. PAATRINATA CIETESANA
3. PUCOLANISKA AKTIVACIJA

1. ALKALI
AKTIVACIJA

NUKLEACIJA "R/y

Al,0;



MAPECUBE EFEKTS

= Paaugstinata betona beigu stipriba
nemainot cementa daudzumu

+ 15 - 25%

C U B E » |lespéja samazinat cementa daudzumu
saglabajot betona stipribu
system 20 - 50 kg/m?3




CUBE

system

KA LIETOT MAPECUBE

STIPRIBAS UZLABOTAJS

AUGSTAKA STIPRIBA
AUGSTAKA IZTURIBA
UZLABOTA ILGTSPEJA
NEMAINOT RECEPTURU

13



STIPRIBAS UZLABOTAJS
-_

REFERENCE
MC2 0.6% CEM II/A-L42,5R 0,60%
MAPECUBE
MC2 0.8% 0,80%

Stipribas uzlabojums

> +27%
28 gg » +19%

» +24%
» +27%
> +62%
0 5 10 15 20 25 30 35 40

BmMC20.8% mMC20.6% MRif



KA LIETOT MAPECUBE

RECEPTURAS OPTIMIZACIJA

MAZAKA CEMENTA DOZACIJA
ZEMAKS HIDRATACIJAS SILTUMS
MAZAKS RUKUMS

STIPRIBA NEMAINAS

IZTURIBA NEMAINAS

C U B E : UZLABOTA ILGTSPEJA

SySte ') . ZEMAKAS CO2 EMISIJAS

ZEMAKAS IZMAKSAS

15



RECEPTURAS OPTIMIZACIJA

DOZACIA, STIPRIBAS DOZACIJA

CEMIIIB

42,5N MAPECUBE 60
LH/SR 330 0,51 1,00%

ECEMIIIB m®mCEMIII B+ MAPECUBE 60

Spiedes stipriba, MPa

8,9

67,4
61,6
58,6
52,3
6'1 I

24 h 14 gg 28 gg

16



CUBE

system

KA LIETOT MAPECUBE

CEMENTA KLASES MAINA

SAGLABATA CEMENTA DOZACIJA
STIPRIBA NEMAINAS

IZTURIBA NEMAINAS

UZLABOTA ILGTSPEJA

ZEMAKAS CO2 EMISIJAS
ZEMAKAS IZMAKSAS

17



CEMENTA KLASES MAINA

STIPRIBAS DOZACIJA
CEMENTS DOZACUA - UZLABOTAJS

CEM IV A-P 42,5 R 0,57
310
e/ 0,56 - ;
CEMV42,5N g/m
0,54  MAPECUBE 60 1,00%
Spiedes izturiba’ MPa BCEMIVA-P mBCEMV m®mCEMYV + MAPECUBE 60

28 gg

18



CUBE

system

MAPECUBE-UZLABOTS BETONS

CUBE-uzlabots betons -Videi draudzigs, ar optimizéetu izejvielu
daudzumu razots betons, izmantojot alternativas cementiskas
piedevas un fillerus

lespéja lietot recikléetus izejmaterialus
Saderigs ar citam betona lietotajam
kimiskajam piedevam

Uzlabota iestradajamiba

Palielinata konstrukcijas ilgturiba

Augstaka veiktspeja nemainot cementa
daudzumu

Nemainiga veiktspéja samazinot cementa
daudzumu

Samazinatas izmaksas razotajam
Ekologisks betons — EPD punktu ieguvums

co,



Q&A

S
MAPEI



INOVATIVAS UHPC PLAKSNES
OLA FOUNDATION
PROJEKTAM RIGA

Ernests Ozolins
23.11.2023



OLA FOUNDATION
PROJEKTS

= Unikala olas forma

= UHPC platnes novietotas pa €kas perimetru
= 256 - unikalas formas elementi

= UHPC materiala papildus prasiba - pretslides tekstura
= Tipiski iegust aizkavejot betona virsmas cietéSanu
vai ar matricas palidzibu

= Objekts nominéts Eiropas savienibas laikmetigas
arhitekturas balvai

= MB grupa piegadaja betonu un konsultéja betoneéSanas
procesu dekorativajam sienam objekta




UHPC JEB SEVISKI AUGSTAS
VEIKTSPEJAS BETONS

= [paSi optimizéts betona sastavs

= Zema udens/cementa attieciba, biezi zem 0.2
= Spiedes stipriba >130 MPa

Stiepes stipriba > 6 MPa

= Lieces stipriba > 20 MPa




UHPC SASTAVA IZSTRADE

UHPC sastavs izstradats no vietgjiem izejmaterialiem
|zstradati sastavi divu veidu skiedram
Metala skiedram
Stikla skiedram
Veiktas vairak ka 180 receptes iteracijas
Spiedes stipriba > 135 Mpa

Ola foundation projektam speciali pielagots sastavs




SARAZOTIE ELEMENTI

= 159 unikalas geometrijas UHPC plaksnes
= 15 unikalas geometrijas pakapieni

= 82 unikalas geometrijas apmales elementi




IEGUVUMI PROJEKTA NO UHPC MATERIALA

30 mm biezas platnes

lespéja razot unikalas geometrijas
elementus

lespejams realizet vizualas prasibas

Pielagota virsmas apstrade un sastavs

lespeja elementa iestradat pretslides
rievas

ligmuziba un izturiba




VEIDNI PRIEKS UNIKALIEM
ELEMENTIEM

Veikti merijumi uz vietas buve ———— N

Elementa perimetrs tiek ar CNC frézi izfrézétsp \\

Ar plastmasas listi nofiksejam perimetru un
elementa biezumu

Laba veidna virsmas kvalitate

Aizkavetaja uzklasana - |oti svarigs process
Plaksnes
Telpiskie elementi

Japielago aizkavetaja iedarbiba visas
redzamajas plaknes



VIRSMAS APSTRADES IZAICINAJUMI

Aizkavetajs laboratorija (jeb teorija) strada
Bet razotne?

Skiedra uz elementa virsmas




TELPISKIE ELEMENTI

Vizualas prasibas vairakam elementa plaknem
Ipasi veidni $adu elementu raZoSanai

Pielagots sastavs elementu razosanai




VIRSMAS AIZSARDZIBA PRET
NETIRUMIEM

Pa elementiem ikdiena tiek staigats

Liels risks, ka tiks hosmereti
Eksploatacija buvniecibas laika
Koku lapas / puteksni
Cilveku radtti traipi

Apstrade ar hidrofobu, lai mazinatu risku

Testéeti 12 dazadi produkti

4 produkti veidoja udens pilienus uz
betona virsmas, parejie neveidoja




Betona iestrades tehnologija
Betona iestradajamibas logs (25-50 min)
Laikapstakli

Elementu kopSana (temperatura,
mitrums, laiks)

Telpiskie elementi
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Rail Baltica prasibas buvju |Igmu Zibai

Edgars Oglins, RB Rail Vecakais tiltu inzenieris
23.11.2023.

#RailBaltica
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Rail Baltica tehniskais progress

e Planosana un projektesana

Pamattrases projektésanas darbi tuvojas noslégumam vairak neka 640 km; precizéts trases
novietojums Kaunas — Lietuvas / Polijas robezas parrobezu posmam un Kaunas-Vilnas posma
Projekta ievieSanas laika grafiks tiek sinhronizéts ar Poliju

fo) Operacionalas darbibas nodrosinasanai nepiecieSamo jautajumu risinasana

Haigsaly

Buavdarbi

Norit pirmas kartas bavdarbi visas Baltijas valstis (stacijas, tilti, viadukti, dzivnieku parejas);
@ i, Pamattrases bavdarbu iepirkumi turpinas Lietuva, Latvija un Igaunija
A e ) S Latvia Turpinas konsolidéto buvmaterialu iepirkums
B

&5

Dzelzcela apakssistému ievieSana

nnnnnnnn

S = Turpinas elektrifikacijas, ka ari vadibas un signalizacijas iekartu apakssistéemas
o projektésanas un buvdarbu iepirkumi visai dzelzcela linijai 870 km garuma
[

@ Kiipeda S - Pyl _ .
Lithuania IstenoSanas programma 2030

o)

o . 2030. gadu ka meérka datumu apstiprinaja tris Baltijas valstu transporta ministri (janvaris, 2023)

: Projektesanas laika plana stabilizésana ka galvenais priekSnosacijums turpmakai darbu veikSanai
QM’@ Blvdarbu un citu saistito darbibu salago$ana Baltijas méroga un ar Poliju
Marijampoid ()

Projektam nepiecieSamo investiciju un izmaksu aplésu atjaunosana tiks pabeigta kopa ar
izmaksu un ieguvumu analizi 2024. gada

Starpinstitciju projekta ievieSanas strukttras uzlabojumi

6. 06
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Projekta kopsavilkums

A //O Riga

/ Starptautiské o
“ lidosta ‘Riga’

_ Latvija
¢
r// - fkﬁ\ 265 km

N
Lietuva N —
‘\‘ 392 km Panevéza \\/f
\\ Kauna 7

N\

Vi ! na /

\
)
-

g

Igaunija

Latvija

Lietuva

Projektésanas posmi 3 4 4
Kopéjais garums 213 km 265 km 392 km
Dzelzcela struktdras 84 103 43*
(tilti, parvadi/ parejas,

viadukti, ekodukti,

tuneli)

Celu parvadi 55 83 216

levérojamakas baves

Dzelzcela tilts par Pérnavas
upi: kopéjais garums 320m

Dzelzcelartilts par Keila upi:

kopéjais garums 206 m

Dzelzcela tilts par Gaujas upi:

kopéjais garums 1440 m

Apvienotais dzelzcela /
autocela tilts par Daugavas
upi: kopéjais garums 1150 m

Dzelzcela tunelis Tornakalna:

garums 1350m

Dzelzcela tilts par Neris
upi: kopéjais garums 1510
m

Dzelzcela tilts par
Seduva/Vésa upi:
kopéjais garums 580 m

Dzelzcela tilts par Masas
upi: LV/LT, parrobezu
posms: kopéjais garums
157m

*Dati par posmu Kaunas - LV robeZa, posma Vilpa - Kauna, un Kaunas mezgls un Jiesia — PL robeza notiek teritoriijas plana izstrade
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Rail Baltica projektesanas vadliniju prasibas attieciba uz
betona konstrukciju ilgmuzibu

* Projektétais buvju kalposanas laiks — >100 gadi
» Betona konstrukcijas projektétas ievérojot aréjas vides iedarbibas klases atbilstosi EN 206

« Aréjas vides iedarbibas klasém jabut izveletam atbilstosi vides apstakliem un baves tipam
Projektéjot platformas japaredz pretapledojuma salu klatbitne
« XC3virmam, kas pasargatas ar hidroizolaciju
« XD3, XF4 virsmam, kas paklautas tiesai pretapledojuma salu ietekmei

* Betona stipribas klase dzelzcela bavém
Laiduma konstrukcijas - C45/55
* Balsti—C35/45
Pamati - C30/37

* Betona aizsargslanis ¢, un plaisu platums w,,,, atbilstosi EN 1992-1-1 prasibam
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Rail Baltica buvniecibas specifikaciju prasibas

Exposure Class

Design Working Life of the

structure / component

Testing medium and requirements based on design working
life and exposure class

Water 3% NaCl

Sss < 0,50 kg/m?
or

CONCRETE SPECIFICATION ACCORDING TO EN-1992-1-1:2004, EN 206-1:2000 and EVS-EN 206
fck Min. Cement max. aggregate size
Element type Exposure class % Max. w/c
(MPa) (kg/m®) (mm)
Lean Concrete N/A N/A C16/20 N/A N/A 20
Spread Footings xc2® c30/37%Y 280" 0.60 20
Foundations Piles Caps xc2® c30/37% 2801 0.60" 20
Piles xc2® c30/37% 280 0.60% 20
XC4/XD1/XF2 340 0.5
XS1/XD1/XF2® g “
Abutments & Walls 3 C35/45 20
XC4/XD3/XF4® 380 0.4
XS1/XD3/XF4P%?)
XC4/XD1/XF2 360 0.45
) XS1/XD1/XF2% ‘ §
Piers 3 C40/50 20
s uch XC4/XD3/XF4" 380 0.4
uperstructure
P XS1/XD3/XF42%) ‘ “
) XC4/XD1/XF2
Prefabricated vault = C45/55 380 0.4 20
XS1/XD1/XF2%
. XC4/XD1/XF2
Cast In situ vault 2 C45/55 360 0.45 20
XS1/XD1/XF2?
) ) XC4/IXD3/XF4
Bridge Decks and Top Slab in Underpasses 2 C45/55 380 0.35 20
XS1/XD3/XF4®@
. XC4/XD3/XF4
Pedestrian Path, Ballast Wall... . C35/45 380 0.4 20
: XS1/XD3/XF4®
Details
XC4/XD3/XF4
Edge Beam Precast 2 C35/45 380 04 10
XS1/XD3/XF4®
(1) Non-Aggressive conditions for the soil and water to be confirmed.
(2) Located at distances less than 5 km from the coast.
(3) Piers, abutments and walls in close proximity of salted roads. (in the case of pathways shall be assesed by Rail Baltica when a change of usage is expected in the future)

50 years Sss < 1,00 kg/m?
if Sse / Sasis < 2
XF1
Sss < 0,20 kg/m?
or
100 years Sss < 0,50 kg/m?
if Sse/ Sasis < 2
Sse < 0,65 kg/m?
50 years 5
Sss < 1,30 kg/m?
. if Sse / Sapis < 2
Sse < 0,50 kg/m?
100 years ;.
Sse < 1,00 kg/m?
if Ss6/ Szs is < 2
See < 0,20 kg/m?
s or
'ears
¥ Sss < 0,50 kg/m?
if Sse / San is < 2
XF3
Sss < 0,10 kg/m?
or
100 years Sss < 0,20 kg/m?
if Ss6/ Szsis < 2
Ss6 < 0,35 kg/m?
or
50 years 55 < 0,70 kg/m?
. ifSss/ Sasis <2
Ss6 < 0,20 kg/m?
100 years 4

Ss6 = 0,50 kg/m?
if S / Sy is <2

*Visparigas prasibas gadijumiem, ja projekta objektam nav noraditas konkrétas prasibas

Sss — loss of mass after 56 freeze/thaw cycles (test method CEN/TS 12390-9)
Szs - loss of mass after 28 freeze/thaw cycles (test method CEN/TS 12390-9)
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XS aréjas vides iedarbibas klasu pielietojums
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Avots: https://www.dlubal.com/en/load-zones-for-snow-wind-earthquake/wind-lvs-en-1991-1-4.html
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Rail Baltica Standard Bridge Solution Study 2019

ltica -«

railway bridges crossing streets,
cycle - and pedestrian routes and

railway lines

a<10m:
de-icing salt risk

edge beam

spray zone

XC4, XD1, XF2, WA
superstructure
spray zone

XC4, XD1, XF2, WA
abutments/ piers
spray zone

XC4, XD2, XF2Y, WA
founding?

h = 80cm under
top ground surface
XC2, WA

if necessary XA1/2/3

h < 80cm under
top ground surface
XC2, XD2, XF2, WA
if necessary XA1/2/3

a=10m:
no de-icing salt risk

edge beam

XC4, XF1, WF
superstructure

XC4, XF1, WF
abutments/ piers

XC4, XF1, WF
founding?

h = 80cm under
top ground surface
XC2, WF

if necessary XA1/2/3

h < 80cm under
top ground surface
XC2, XF1%, WF

if necessary XA1/2/3

granular subbase

X0, WA (no reinforcement)

For all components: Near the coast
XS1 und WA (instead of WF) are required

in addition.

1) Constructive measures for discharge of
de-icing salt water in spray zone,

otherwise XD3, XF4.

2) Note frost line, groundwater level
and precolation ability of soil.
3) In case of groundwater: XF3 required.

railway bridges crossing waters

edge beam
XC4, XF1, WF

superstructure

XC4, XF1, WF

abutments/ piers

along watercourse’:  XC4, XF1, WG
water exchange area: XC4, XF3, WF
underwater area: XC2, XM1, WF
founding?

h = 80cm under top ground surface
XC2, WF

if necessary XA1/2/3

h < 80cm under top ground surface
XC2, XF1%, WF

if necessary XA1/2/3

granular subbase

X0, WA (no reinforcement)

For all components: Near the coast
XS1 und WA (instead of WF) are required
in addition.

1) Note HQ

2) Note frost line, groundwater level
and precolation ability of soil.

3) In case of groundwater: XF3 required.

Avots: VDEI- Verband Deutscher Eisenbahn-Ingenieure E.V. - information Konstruktiver IngenieurBau Nr.05
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Piemeri

Dzelzcela parvads par dzivnieku skérsojumu Cela parvads par dzelzcelu

KONTAKTTIKLA VIRSEJAIS

17.40
1.00 348 4.00 1.20 4.50 8.00 4.50 120 4.00 3.55 1.00 T @ @ ; @ @

- = +30.203 o
=== S i 7 = f =
£ = b
- - —
3 —“‘—‘!_‘_ —
L 5 i
e (I = -
. -
15.00 e BALSTS/
- ‘;W'IV PIER 01.10 M| _pierot10
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g o i i .
SRt L. o 2:8;3‘5;‘@%
g 3 ZPALI/PILES A TNa27.40¢ : ok = ILLML‘H U
L - 120 o T R
Min CEMENTA _ MINBETONA SASTAVS / MAX AGREGATA a
MATERIALS / ELEMENTS / KLASE / VIDES CNOM(mm) DAUDZUMS / MAX UDENS/CEMENTA | MAX PILDVIELAS BOVES KLASE / METERIALS / ELEMENTS/ KLASE / IEDARBIBA / CNOM(mm) | Min CEMENT CONTENT MAXWIC ZMERS | STRUKTURAS KLASE /
MATERIAL ELEMENT GRADE IAGRESISVITATE /| cNOM(mm)| Min CEMENT CONTENT ATTIECIBA / DALINU IZMERS / | STRUCTURAL MATERIAL ELEMENT GRADE EXPOSURE {rgh} MAX AGREGATE size. | STRUCTURAL CLASS
EXPOSURE (kgim?) MAX W/C MAX AGREGATE SIZE CLASS
LIESS BETONS /
ZLIDZINGSAIS LEAN CONCRETE NIA C16/20 N/A N/A N/A N/A 20 NIA
BETONS / NIA C16120 NA NiA NiA NiA 20 /A
LEAN CONCRETE PAREJAS PLATNE f c30/37 Xc2 50 280 0.60 20 56
PALU UZKALA / PILE CAPS camar XC2/XA1 50 300 055 2 6 TRANSITION SLAB
PAMAT! / PALI/ PILES C30/37 Xc2 75 280 0.60 20 S6
FOUNDATIONS PALI / PILES C30/37 XC2/XA1 75 300 056 20 56 PALU CEPURES /
VIRGEOVE/ SIENAS | WALLS. C35/45 XCAIXD1/XF2 55 340 050 20 S5 BETONS/ ;PILE CAPS 3087 xcz 50 280 060 2 S6
SPARNU SIENAS /
SUPERSTRUCTURE |  VIRSMAS PLAKSNE / TOP SLAB Ca5/55 XCA/XD1/XF3 45 360 045 20 s4 CONCRETE WINGWALLS C45/55 XCAIXD3/XF4 55 380 0.35 20 S4
BALSTI/ PIERS C40/50 XC4/XD1/XF2 45 360 0.45 20 S4
KLAJS / DECK C45/55 XCA4/XD3/XF4 55 380 0.35 20 S4
MALAS SIJA / EDGE BEAM C35/45 XCA/XD3/XF4 60 380 0.40 10 S5
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