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LBS: JAUNA IZPILDDIREKTORE

Sakot ar S.g. 1. septembri Latvijas Betona Savienibas
vadibas komandai pievienojas Dr. Gita Sakale
izpilddirektores amata.

Gitas pieredze nozaré ir vairak ka 10 gadi. Saka darboties
ka vadosa eksperte buvmaterialu sertifikacijas joma
uznémuma AS Inspecta Latvia (pamata betona un
dzelzsbetona raZotnu sertifikacija), guta praktiska pieredze
transportbetona razosana un kvalitates kontrolé
uznémuma SIA HC Betons, aktivi piedalas gan standartu
izstradé, gan LBS tehniskajas komitejas. Sobrid strada par
vadoso pétnieci RTU, Buvkonstrukciju inzenierzinatnu
institita un attista savu uznémumu, kas nodarbojas ar
dekorativu betona interjera priekSmetu izgatavosanu.

Pateicamies par ieguldito darbu lidzSinéjam
izpilddirektoram Janim Freibergam! 06/12/2022 a




LBS: VALDES OTRAIS SASAUKUMS
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LBS BIEDRI: 11/2022

LBS dibinatajbiedri ir:
Rigas Tehniska universitate
SCHWENK Latvija
Baltik Saule

Primekss

Sobrid LBS biedri ir:
Velve MS tehnologijas

Semtu

A7 betons

Koro buve

Rigas Celtniecibas Koledza
Stachema Polska
Betonam.lv

Prefabrica

Sakret

PERI Latvija

Latvijas Lauksaimniecibas universitate (jauns
biedrs)

RDB Industrial Supply
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LBS BIEDRI: 11/2022

Sauso
Veidnu un maisijumu . _
.. Cementa ) ) Saliekama
Akadémijas| . _.. . Transportbetona | citu betona un citu
_ . _ .. |razotaji un Betona piedevu . o —us . dzelzsbetona|__ _ ...
parstavji | . _ _ _.. . . razotaji konstrukciju | cementa - .. |Buvuznemeji
piegadataji razotaji . _ razotaji
materialu bazes
piegadataji |buavmaterialu
razotaji
SCHWENK| Velve MS SCHWENK ) )
RTU . . Betonam.lv Sakret Prefabrica | Primekss
Latvija | tehnologijas Latvija
Baltik .. —
RCK Semtu PERI Latvija Koro buve
Saule
Stachema
LLU Polska A7 betons

RDB Industrial
Supply
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LBS ATSKAITE PAR 2022. GADU

LBS turpina aktivi paplasinat un izvérst savas aktivitates betona un dzelzsbetona
industrijas sakartosanai Latvija un industrijai svarigo tehnisko jautajumu risinasana.
Dazas no butiskakajam aktivitatém 2022. gada ietver:

TK 01 — “Salturiba” darbibu

TK 02 — pastaviga LBS biedru komiteja, LBS
publisko tehnisko dokumentu apstiprinasanai

TK 03 — “Eksponétais betons”

LVS 156-1 (nac. pielikums LVS EN 206) —
ieteikumi izmainam jaunaja redakcija

Betonétaju apmacibas programma — sadarbiba
ar RCK un industrijas parstavjiem

u.c.
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LBS XXX (TRISDESMITA) JUBILEJAS KONFERENCES

Autors Téma Sdkums | llgums

LBS XXX jubiles konferences atklasana,
LBS goda priek3sédétaja A.V. Lapsas godinasana, 9:00 0:20
Atskaite par LBS darbibu 2022

Rolands Cepuritis, LBS
valdes priekssedetajs

Sesija l: Betona klimata nospiedums (CO2 izme3i) un cements
Imoderators: Gita Sakale|

Rolands Cepuritis, LBS CO2 izmesi (betona) bivniecibas nozaré 9:20 0:30
valdes priek3sedetajs
Jegors Golubevs = - S . .
(Schwenk Latvija) Cementa razosana, veidi un standartizacija 9:50 0:30
Maris Gruznin Cementa zalais kurss Eiropa un Latvija 10:20 0:30
(Schwenk Latvija) - P ) : :
N. Toropovs, 5.
Ghourchian, Plastic shrinkage cracking of concrete made with 10:50 0:20
M.Wyrzykowski, P. Lura blended cements ’ '
(Sveice, Empa, ETH)
Kafijas pauze 11:10 0:15

Prof. Pietro Lura and . .
Andreas Leemann Carbonation of concrete made with blended 11:25 0:40

(Sveice, Empa, ETH) cements

Genadijs Sahmenko . N .
(RTU), Tomazs Nowacki XVIV Latvijas betona olimpiades rezultati,

- 12:05 0:15
(STACHEMA Polska) STACHEMA Polska balvu pasniegsana 06/12/2022 °




LBS XXX (TRISDESMITA) JUBILEJAS KONFERENCES

Autors Téma Sakums| Ilgums
Sesija Il: Visparéjas nozares aktualitates un inovacijas
Imoderators: Rolands Cepuritis|
Janis Zale (Schwenk LBS TKO1 Salizturibas komiteja 1320 | 015
Latvija)
Didzis Malkausis (PERI LBS TKO3 Eksponétais betons 1335 | 015
Latvija)
Normun[cés(‘:%rmbergs RCK apmacibu programma betonétaju kursiem 13:50 0:15
Dan Arve Juvik/ . _ . . L '
Kaspars Kravalis Mapei ED SM Il - Automatic quality monitoring during 14:05 015
- concrete transport
(Mapei)
K. R. Kannathasan, A. | .. . o
Krasnikovs Qils Shale Ash from KOhtlaCii?rZESStoma) as a micro-filler for 1420 0:15
(RTU)
SR e Cement-based liquid screeds 14:35 0:15
(Chryso)
J.Kudins (BPC) Betona pamatnes betonesanas pieredze Targales veja parka | 14:50 0:15
Ernests Ozolins/Arturs| MB Betons pieredze CO2 samazinasana betona produktos un 15:05 015
Lukasenoks NollCO2 sertifikacija ) ’
Maris Sinka (RTU) Concrete 3D printing - a.ch ievements in Latvia and the world 15:20 0:15
during the last year
Liva Bruvere, Tiltu . e - i
inZeniere, RB Rail Tittu Rail Baltica |nzen|erbuve§ Qm}let?_ne bavmateriali un to 15:35 015
raksturigas ipasibas
komanda
Rolands Cepuritis,
LBS valdes Jautajumi, diskusijas un konferences noslegums 15:50 0:30

priekssedetajs

06/12/2022 Q




VIDEVUDS ARIJS LAPSA — LBS GODA PRIEKSSEDETAJS UZ MUZU
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CO, In (concrete) construction industry

Assoc. prof., Dr. Rolands

Cepuritis k

Latvian Concrete Association, Scientific and Technical Conference XXX, 24-11-2022



Types of Carbon in Buildings

Types of Carbon in Buildings ,
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Embodied Carbon Operational Carbon
The emissions from manufacturing, transportation, and installation of building materials. The emissions from a building's energy consumption.

Fig.: carboncure.com
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Buildings: lifecycle stages & embodied vs. operation carbon

FIGURE 1: LIFECYCLE STAGES
Data source: BS EN 15978:2011
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Global CO, emissions by sector*

% Global CO2 Emissions

by Sector

Industry
30%

=

Building Materials and
~—y  Construction

11%

AM

Transportation

22%

Source: Global ABC Global Status Report 2018 EIA

Building operations and construction are responsible for approximately 39% of humanity’s
global greenhouse gas (GHG) emissions. More than a fourth of those are embodied carbon
emissions, those associated with the production of building materials and construction

activities.

* Different other estimations co-exist, depending on the year of issue, issuing authority & estimation method used.

B NTNU | scancanatecnoiosy 4



Material impact

Concrete and steel are the two most widely used materials in the construction of new
buildings.

These materials are also responsible for the majority of the more than 11% of global
emissions associated with building materials, while aluminum, glass, and insulation
materials are the next-highest major contributors.

Considering the whole life emissions of high performance commercial buildings,
concrete and steel consistently represent 40-50% of embodied carbon in buildings.

Sources: Global ABC Global Status Report 2018 EIA; Hunziker, R. & Caroll, C., 2021.

B NTNU | scancanatecnoiosy



Material impact: concrete (cement) and steel

wikg | kg€ kg

CONCRETE 0.95
Bricks 3.0
Wood 8.5
Wood: Multilayer 15

Steel: virgin 353
Steel: recycled 9.5

Aluminium: virgin 218
Aluminium: recycled 288
Glass-fibre composites 100
Glass 15.0

0.13
0.22
0.46
0.81
2.8
0.43
11.46
1.69
8.1
0.85

Source: ICE version 1.6a Hammond G.P. and Jones C.| 2008 Proc Instn Civil Engineers

B NTNU | siencanaecmoioey
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Material impact: cement (concrete)

Millions of metric tonnes
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Note: Figures for 2016 and 2017 are estimates

Source: USGS aaE
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Material impact: cement (concrete)

@ NTNU |

China produces most cement and therefore most
cement-related CO2 emissions

Il China [ India EEEU HEEUS Vietnam [l Turkey
I Egypt Other countries
Amount of cement produced CO2 emissions from cement process
(millions of tonnes) (millions of tonnes CO2)
5,000 2,000
4,000
1,500
3,000
1,000
2,000
500
1,000
0 0

2010 2011 2012 2013 2014 2015 2016 2017 2010 2011 2012 2013 2014 20152016 2017

Source: PBL Netherlands Environmental Assessment Agency [B|B|C]

Norwegian University of
Science and Technology
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Material impact: concrete (cement)

Fig.: partner.sciencenorway.no

Norwegian University of
Science and Technology

@ NTNU |



A “typical” concrete* composition [1 m3]

/Admixtures
Cement =

: . Coarse Aggregates

Fine Aggregates

ca. 2350-2400 kg/m3
ca. 75-85 % aggregate

* Portland cement concrete.

B NTNU | siencanaecmoioey

Part material
Cement

Crushed rock 16-22 mm

Crushed rock 8-16 mm
Sand 0-8 mm

Water

Admixtures
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Total CO, emissions from 1 m3 of concrete (divided by source)

B Cement

M Aggregate

I Fly-ash
Silica

' Admixtures

[l Concrete production

CO, emissions from production of a typical civil engineering concrete, divided by
concrete part materials and concrete production operations. The example is taken from
a 37 MPa characteristic cubical strength concrete produced in the Sjursgya concrete
plan of NorBetong in Oslo.

Source: Publication 38 "Low carbon concrete" of Norwegian
concrete association

B NTNU | siencanaecmoioey 1



@ NTNU |

Fig.: heidelbergcement.com

Norwegian University of
Science and Technology

12



C=Ca0
S =Si0,

Portland cement production A= ALO,

= Electricity : :
% Crshce District heat : Nz .,
i Scrubber ' ¢\
’ WA <
Fig.: Bishop, M., et al., 2003
Dlspatch

Limestone quarry
, Clinker
+ Other
Storage phases Dthe

Filter contammg Hydrates

) Hydration
Reiwr il é Ca(OH)z
Fuel
m Electricity Heat
. exchange
m Calcining Cement mill
34
%
64 D
% 2%

CaC03 Source: UN Environment, Eco-

Fig.: Skjeggerud, K., 2020 Uiidstona efficient cements

The Cement/Concrete carbon cycle, “chemical” C02
E NTN I I ‘ Norwegian University of emitted during production from limestone breakdown is
Science and Technology proportional to (02 reabsorption capacity during carbonation. 13



Cement production: the limitations of earth chemistry

Portland cement did not become the earth’s most
used material by chance.

Mg rest <29%

The processes of nuclear fusion in stars and in planet
formation have yielded the 8 elements — oxygen,
silicon, aluminium, iron, calcium, sodium, potassium
and magnesium — that make up more than 98% of
the earth’s crust.

Na,O i
K,0
Fezo;
MgO
Ca0

The abundance of elements in the earth’s crust Si0, = The most useful
[Source: Wikipedia). ALLO,

Too soluble

Too low mobility in alkaline solutions

Cement grain Hydrates

B \ | r I \ |_\ | I I ‘ Norwegian University of Source: UN Environment, Eco-
Science and Technology efficient cements 14



Hydraulic minerals in the system CaO-SiO,-Al, O,

SiO, BUT, what sources of minerals are there which
contain Al,O; >> SiO,?

Bauxite — localized, under increasing demand for
Aluminium production, EXPENSIVE.

Even if all current bauxite production diverted

Calcium aluminate / would still only replace 10-15% of current
calcium sulfo aluminate
demand.

S
CaO _ Al,O,

Less CaO > less CO,

Source: UN Environment, Eco-
efficient cements

B NTNU | siencanaecmoioey 15



Possible strategies to reduce CO, in concrete construction

1. Reduce CO,
of cement production

@ NTNU |

footprint

Norwegian University of
Science and Technology

2. Use 'green concrete"
(less cement per m3 of
concrete) and/ or higher
quality of concrete in more
slender structures (new
design methods)

3. New technologies

16



LBS XXX ZINATNISKI TEHNISKA KONFERENCE

Cementa razosana, veidi un standartizacija
Jegors Golubevs | SCHWENK Latvija

S SCHWENKGE




CEMENTA STANDARTIZACIJA
EIROPAS STANDARTS CEMENTAM

= Standarts izstradats Eiropas Standartizacijas komiteja (CEN) 1973. gada, vélak
vairakkart aktualizets

= Aktuala redakcija CEN EN 197-1 Cement Part 1: Composition, specifications
and conformity criteria for common cements spéka no 2011. gada

= Parnemts Latvijas nacionala standarta statusa bez parveidojumiem ta satura ar
nosaukumu LVS EN 197-1:2012 «Cements. 1. dala. Parasta cementa sastavs,
specifikacija un atbilstibas kritériji»

= Standarta darbibas sfera ieklauti:
- 27 parastie cementi;
- 7 sulfatizturigie cementi;
- 3 zemas stipribas domnu sarnu cementi;
- 2 sulfatizturigie zemas stipribas domnu sarnu cementi.

23.11.2022 Jegors Golubevs Seite 2



CEMENTA STANDARTIZACIJA
CEMENTS: BAZES KRITERIJI

Cements ir hidrauliska saistviela - smalki malts neorganisks materials. Samaisits
ar udeni, tas veido plastisku pastu, kura sacieté hidratacijas procesa un turpmak
saglaba savu stipribu un stabilitati t.sk. zem Utdens.

Cementa sastava dazadas proporcijas drikst bt vairakas, atrunatas standarta,
izejvielas pie nosacijuma, ka reaktivo CaO un SiO2 saturs cementa nav zemaks
par 50% no masas.

Cements, kas atbilst EN 197 standarta kritérijiem tiek apziméts ar kodu CEM

CEM 11l/B 32,5N-LH /SR |

23.11.2022 Jegors Golubevs Seite 3



CEMENTA STANDARTIZACIJA

Galvenas sastavdalas (saturs = 5% no kopéjas masas):
- Klinkers (K)
- Granulétie domnu sarmi (S)
- Pucolani (P, Q)
- Vieglie pelni (V, W)
- Degslankela pelni (T)
- Kalkakmens (L, LL)
. - Mikrosilicijs (D)

kopa = 95%

J

- augstak minéti un/vai citi minerali materiali

[ Sekundaras sastavdalas (saturs < 5% no kopéjas masas):

kopa < 5%

|

+ Kalcija sulfata avots (gipsis, anhidrits)
+ Piedevas (ne vairak ka 1% no cementa kop&jas masas)

4

23.11.2022 Jegors Golubevs



CEMENTA STANDARTIZACIJA
IZEJVIELAS

Klinkers (K)
ey,

2 Pucolans (P, Q) @

R LSS S N T v, B A

Slanekla pelni (T)

Mikrosilicijs (D)

23.11.2022 Jegors Golubevs Seite 5



CEMENTA STANDARTIZACIJA S g e
Main constituents Minor
CEMENTA VEIDI ot
jconstituents
x;: :“;;‘lff‘;gm 2‘:“"“:3 Clinker :rl:::. ih"c: Pozzolana Fly ash g‘u;: Limestone
slag natural | natural |siliceous| calca-
calcined reous
__———1—x | s D® P Q v w T L L
CEMI | Portland cement CEMI 95-100 Z - = 2 = = = E = 05
CEM portlandcements AT 7 oz N N N N N
- allol CEMIBS |6579 | 2135 | - - - - - - - - 0-5
CEM I kompoz|ta pQrﬂandcements Portendaica fame | CEMWAD [9094 | = 60| = | = | = | = | -1 -] -] o
cement
- CEMI/A-P | 80-94 = - |62 | - = = - - = 05
CEM Il domnu sarnu cements N I ESLE ESEAESEICIESE
- cement CEMI/A-Q | 80-94 = = <~ |e20 ] = = = = = 0-5
CEM IV pucolanu cements T N Y N e e I
_ CEM AV | 80-94 - o - - |ie2s| - - . pe 0-5
CEM V kom pOZIta Cements CEMIl | portian-fly ash CEMIBYV | 6579 & szl =158 c:]l=ll ] = | &
cement CEMIVA-W | 80-94 - - - - - 6-20 - - - 0-5
CEMIIBW | 6579 = = = = = |2r8s] = = = 0-5
Portland-bumt shale | CEM I/A-T | 80-94 = = = = = = 6-20 = = 0-5
cement CEMII/B-T | 65-79 - - - - - - 21-35 - - 0-5
CEMII/A-L | 80-94 3 o 9 - = 9 - | & = 0-5
Portiand-imestone | CEMIB-L | 65-79 = - 3 = = = - 213 - 0-5
cement CEM IlI/A-LL | 80-94 - - - - - - - - 6-20 0-5
CEM II/B-LL | 65-79 - = = = = = - - |2135| o5
Portland-composite | CEM II/A-M | 80-94 < 6-20 > 0-5
cement ° CEMIBM | 6579 < 21-35 > 05
CEMIVA | 3564 | 3665 | - 2 & = = . = = 0-5
CEMIIl | Blastfumace CEMI/B | 2034 | 6680 | - - - - - - - - 0-5
cement CEM IIIC 5-19 81-95 - - - - - - - - 0-5
Diezids CEMIV/A | 65-89 - 11-35 > - - o 0-5
CEMIV | cement ° CEMIV/EB | 45-64 - 36-55 g | = - = 05
Composite CEM V/A 4064 | 1830 | - e 1830 ST = = = = o8
CEMV | cement ® cemve [2038 | 3150 | - | «——3150——> | - “ s & 0-5
23.11.2022 Jegors Golubevs Seite 6




CEMENTA STANDARTIZACIJA

SULFATIZTURIGIE CEMENTI

Cementi ar paaugstinatu noturibu

pret Kimiski agresivo vidi:

- sulfatu jonu paaugstinata
koncentracija grunts Gdenos un
augsne

- jdras tdens

Biezi tiek lietoti arT citos apstaklos
samazinata sarmu satura dél

' CEM II/B 32,5N-LH /SR |

23.11.2022

Table 2 — Limiting values for exposure classes for chemical attack from natural soil and ground water

mi/kg

Chemical Reference test
characteristic method XA1 XA2 XA3
Ground water
SDi_ mg/l EN 196-2 =200 and = 600 »>600and <3000 |>3000and=<6000
pH 1SO 4316 <65andz=55 <h5and=45 <45and =40
CO, mg/l > 100 up to
aggressive EN 13577 =15 and <40 =40 and =100 saturation
NH; mg/l ISO 7150-1 =15 and = 30 > 30 and = 60 > 60 and <100
| |

24 >3 000 up to

Mg2* mg/l EN ISO 7980 2300and <1000 |>1000and=<23000 <aturation
Soil
- =2 000 and =3 000¢ and =12 000 and

502~ mg/kg?® total _gb

4 Mgg-iola EN 196-2 <3000° <12 000 <24 000
Acidity according to
Baumann Gully prEN 16502 =200 Mot encountered in practice

b

a8 Clay soils with a permeability below 102 m/s may be moved into a lower class.

The test method prescribes the extraction ofSOE— by hydrochloric acid, altematively, water extraction may be used, if experience is
available in the place of use of the concrete.

¢ The 3 000 mgkg limit shall be reduced to 2 000 ma/kg, where there is a risk of accumulation of sulfate ions in the concrete due to
drying and wetting cycles or capillary suction.

Jegors Golubevs

Seite 7




CEMENTA STANDARTIZACIJA
SULFATIZTURIGO CEMENTU VEIDI

1. Sulfatizturigie portlandcementi:

CEMI-SRO
CEMI-SR 3
CEMI-SR5

2. Sulfatizturigie domnu sarnu cementi:
CEM III/B - SR
CEM IIl/C - SR

3. Sulfatizturigie pucolanu cementi
CEM IV/IA- SR
CEM IV/B — SR

Papildus prasibas trikalcija
aluminata (C3A) saturam
klinkera: 0%; <3% un <5%
attiecigi

Papildus prasibas klinkeram nav
noteiktas

Papildus prasibas trikalcija
aluminata (C3A) saturam
klinkera: < 9%




CEMENTA STANDARTIZACIJA

CEMENTU STIPRIBA

Tris klases péc 28 dienu stipribas:
32,5 MPa
42,5 MPa
52,5 MPa

Tris klases péc agras stipribas:
L (low)

N (normal)

R (rapid)

Compressive strength

Sound-
Initial ness
Strength setting time (expan-
class Early strength Standard strength sion)
2 days 7 days min mm
32,5L° =120
325N = 16,0 >325 <525 > 75
325R >10,0
4251L° >16,0
>
425N = 10,0 > 425 <625 > 60 <10
425R =200
52,5L° >10,0
525R >30,0

a

Strength class only defined for CEM Ill cements.

CEM III/B 32,5N-LH /SR |

23.11.2022

Jegors Golubevs
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CEMENTA STANDARTIZACIJA
CITI PARAMETRI

= Saistisanas laiks
= Maluma smalkums
= Hidratacijas siltums
= Kimiska kompozicija - tiek limitéts vairaku kimisko elementu un
savienojumu saturs cementa:
- Mg
- Cro+
- S0O3
- Cl
- LOI
- Utt.

CEM III/B 32,5N-LH /SR |

Jegors Golubevs Seite 10



CEMENTA STANDARTIZACIJA
STANDARTA ATTISTIBAS STRATEGIJA

CEM II/A 80...94% K
CEM 1I/B 65...79% K
CEM 1I/C 40...64% K
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B EozpacTe 28 cyTok N
He Goxee 62,5 N " ]_I_UIaKOHOpTHaHmeMCHT»
- HazpaxkdaemeA NPodYKUUA
HDPTJIEIH,[EIIEMEHI‘ IIEeCHaHIICTEIIL e
‘ HN3BECT!
TIITIT 500 CTB 2115-2010 , Homggﬁlefffﬁlc 05 H
- ] > 2 2 ~
(IMopTAaHIUEMERT MAPKH [I0 IPOYHOCTH Ha CEaTne 500) [Iop/I‘JIaHJIueM eHT [{eCYAHUCTHIA
TpefoBaHWA K NPoayKUMA pernamedTuMpytotca CTE 2115-2010 «lMopTnaHaueMeHT necYaHUcTbli. TexHu4eckne yenosuax, FTOCT 30515-2013 | HPOH3BOILCTBO A
«LlemeHTbl. OBLUME TEXHUYECKWUE YCIIOBMAY

[IPYII “Kpnqenuememﬂomﬁd)‘

Mony4atoT NeCYaHUCTbIR NOPTNaHAUEeMeHT NyTeM COBMECTHOIO TOHKOIO NOMONa KMHKEpPa C KBapLUeebIM neckom (ao 45%) u NoBaBKaMuW runca.

OTHOCKHTCA K LleMeHTaM oOLLEeCTPOUTENBHOMO Ha3HAYeHWA M NpedHasHayeH ANsA CTPOMTENbHbIX |)af)OT. NPOW3BOACTEBE CTPOWTENBHBIX PACTBOPOB
W GETOHOB. [MpMMeHAETCA ANA M3roTOBAEHWA NHOLIX BUAOB GeToHa (TAMENDbIX, MENKO3EPHWCTbIX, MErKUX M AYEUCTLIX) 63 UIMEHEHWIT B X

Ne50/22 1 MuncK 24 mp'ra 2

peuentype. Mcnonb3yetca B GETOHHBIX U #ene306eTOHHbIX KOHCTPYKUMAX, B TAPOTEXHUYECKOM CTpouTenbCTBe. HanBonee athdexkTEHOE

MCcnonb3oBaHue — B Npou3BoAcTBe NeHobeToHa. MiMeeT NoHWXXeHHOe TeNNOBbLIASNeHWe B NpoLecce rMapaTauui, XopoLne aHTUKOPPO3M g
CBOWCTBa U CTOMKOCTL K AedopmMaumn. He gonyckaeTca npUMeHeHWe LemeHTa Ans feToHa NOPOXHBLIX W a3p0APOMHbIX NOKPLITHUA,

WEene306eTOHHbIX Han OPHbIX W GESHEI'IDDHbI)( T|J)-'5, Kene3o6eToHHbIX LWNan, MoCTOBbIX KOHCTPYKLMIA, CTOEK ONOP BICOKOBONLTHBIX JIMHUIA
3NeKTponepeaay, KOHTAKTHOM CeTH ene3HoA0POXKHOro TPaHCNOoPTa M OCBELLEHMA. u

23.11.2022 Jegors Golubevs
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CEMENTA RAZOSANA
PROCESA BUTIBA

Fosilais val
alternativais
kurinamais

1500°C |

>

klinkers

i? :
Cementégjosas
vielas,
kalkakmens

gipss vai
anhidrits,
piedevas

- @

cements

23.11.2022

Jegors Golubevs
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CEMENTA RAZOSANA
ENERGIJAS PATERINA STRUKTURA

Elektroenergijas patérina struktra Vidéjais elektroenergijas patéring
cementa razosana Vacijas cementa industrija
Cmilfmg R‘Z“ Thermischer Energieeinsatz Elektrischer Energieeinsatz
Coal grinding 3% 7% Cement
4% grinding J . .
30% ahr Mio. GJ MJ/t Zement Mio. MWh kWh/t Zement
M;};{ng 2016 91,2 2.763 3,62 109,8
207 96,8 2.824 3,77 10,0
20181 96,0 2.804 3,78 10,9
Clinker | 2019 96,0 2.772 3,85 1,9
burning and Raw material 2020 96,0 2.733 3,84 109,4
cooling grinding
24% 27% Quelle: VOZ 'teilweise geschétzt
Source: Schneider M, Romer M, Tschudin M, Bolio H. Source: VDZ Zahlen und Daten 2021

Sustainable cement production present and future.
Cement and Concrete Research 2011

+1Centsuzl1lkWh = + 1,10 EUR tonnas cementa razosanas izmaksam

23.11.2022 Jegors Golubevs Seite 13



CEMENTA RAZOSANA

ENERGIJAS PATERINA STRUKTURA

Elektroenergijas patérina struktira
cementa razosana

Crushing Rest

Coal grinding 3% 7% Cement
4% grinding
30%
Mining
5%
Clinker
burning and Raw matenal
cooling grinding
24% 27%

Source: Schneider M, Romer M, Tschudin M, Bolio H.
Sustainable cement production present and future.
Cement and Concrete Research 2011

3.600 -

3.200

2.800

2.400

2.000

1.200

Spezifischer Energieeinsatz in kJ/kg Zement
Spezific energy consumption in kJkg cement

Energijas patérina struktiras izmainas
Vacijas cementa industrija

_\—I-'-‘“_. Antl Strom |
Share of electricity

Anteil alternativer Brennstoffe /
Share of alternative fuels

Anteil fossiler Brennstoffe /
Share of fossil fuels

1985 1997 1993 2001 2003 2005 2007 2009 2m 2013 2015

Jahr | Year

Source: VDZ 2019 Umweltendaten der deutschen Zementindustrie

= Cementa malSanas process: 1/3 no kopé€ja elektroenergijas patérina razotné

2017 2019

= Klinkera raZzoSanas process: 2/3 no elektroenergijas patérina un gandriz viss kurinamo apjoms

23.11.2022

Jegors Golubevs
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CEMENTA RAZOSANA
KLINKERA RAZOSANA: ELEKTROENERGIJA

Specific electrical power consumpiion in kWhT cement

Speaifischer el eldrischer Enangiesinsat in kih Zament

T . T . T L T O T
Jahr | Year
Source: VDZ 2019 Umweltendaten der deutschen Zementindustrie

23.11.2022 Jegors Golubevs Seite 15



CEMENTA RAZOSANA
KLINKERA RAZOSANA: KURINAMAIS

Kiln Type Heat input, Kcal/kg clk e

Wet 1400...1 500
Long Dry 1100
1-Stage Cyclone Suspension Preheater 1000
2-Stage Cyclone Suspension Preheater 900
4-Stage Cyclone Suspension Preheater 850
4-Stage Cyclone Suspension Preheater+ Calciner 750

5-Stage Cyclone Suspension Preheater + Calciner +
HE Cooler 720

6-Stage Cyclone Suspension Preheater + Calciner +

HE Cooler <700

Based on N.A.Madlool et al., «A critical review on energy use and savins in the cement industries»,
Renewable and Sustainable Energy Review 15, No 4 (2011)

Slapja, dulka mitrums 35% 1 450 Kcallkg clk

Sausa, izejvielas ar naturalo mitrumu 750 Kcal/kg clk
Brocénu raZotnes noapaloti raditaji 2006. gada (BK4) un 2020. gada (BK5)

23.11.2022 Jegors Golubevs Seite 16



CEMENTA RAZOSANA
KLINKERA RAZOSANA: KURINAMAIS

Coal 1D ~ ﬁ @ @

Coal (USD/T) 351.00

= «Slapjam» linijam nepiecieSami kurinamie ar loti augstu kaloritati: ogles, mazuts, gaze; alternativo
kurindamo — SRF, biomasas, notektdenu dinu utml. — dedzinaSanas iespégjas ir ierobezotas

= Sadedzinot «slapja» procesa 1 tonnu oglu ar kaloritati 6 500 Kcal/kg iesp&jams sarazot 4,5 tonnas
Klinkera

= 2022. gada novembri tikai kurinama pasSizmaksa tadam klinkeram bitu ap 100 EUR/tonna

23.11.2022 Jegors Golubevs Seite 17



CEMENTA RAZOSANA
KLINKERA RAZOSANA: CO2 EMISIJAS

EMISIJAS NO KURINAMA EMISIJAS NO IZEJVIELAM

Primari CO2 no kalkakmens

Primari CO2 no oglekla
Imari glex| dekarbonizacijas procesa

oksidéSanas procesa, ka ar1
citas vielas no kurinamo
sadegSanas atmosféras gaisa

CaCo, »CaO + CO,

700-900°C

1 tonnas klinkera razosanai
nepiecieSamas 1,28 tonnas
kalkakmens ar 0% mitrumu

C,H; + 50, + 18.87N,— 3CO, +4H,0(+ 18.87N,

fuel oxygen nitrogen carbon dioxide water nitrogen

23.11.2022 Jegors Golubevs Seite 18



CEMENTA RAZOSANA
IZEJVIELAS

Klinkers (K)
£ 7

Pucolans (P, Q)

R LSS S N T v, B A

Slanekla pelni (T)

Mikrosilicijs (D)

23.11.2022 Jegors Golubevs Seite 19



KOMPOZITA CEMENTU RAZOSANA
MALSANAS PROCESS

Dazi tehniskie izaicinajumi:

- izejvielu zavésana, vélams — ar
krasns procesa siltumu

- dazu izejvielu atseviska malsana un
starpuzglabasana

- transportésanas, glabasanas,
padeves un dozésanas kapacitate

23.11.2022 Jegors Golubevs Seite 20



APKOPOJUMS

Portlandcements/klinkers — |oti energoietilpigs produkts

= Papildus probléma — CO2 emisijas kalkakmens dekarbonizacijas procesa
= Pareja uz kompozita cementiem — laika (isa laika) jautajums

= Cementa reguléjuma attistibas virziens ES — esosSu standartu evolicija

= Cementu veidi katra tirga bis atkarigi no izejvielu pieejamibas regiona

= Kompozita cementu attistiba un ievesana bilvniecibas praksé prasis nopietnu
pétniecisku darbu, t.sk. betona ilgmizibas joma

23.11.2022 Jegors Golubevs Seite 21
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Cementa zalais kurss Eiropa un Latvija

Maris Gruznins | SCHWENK Latvija

2022.gada 24.novembris
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PIECAS SCHWENK PAAUDZES

Eduard Schwenk Carl Schwenk Dr. Phil.'Carl Schwenk Dr. Eberhard Schleicher Eduard Schleicher
*1812 11869 *1852 11942 *1883 11978 *1926 12007 * 1955
Uznémuma izveido3ana 1889-1937 divu cementa rapnicu 1937 Karlstadt cementa 1990 Bernburg cementa rapnicas Rupnicu, procesu un biznesa
; - Allmendingen um Mergelstetten rapnicas iegade iegade. SCHWENK bivmaterialu modelu nepartraukta
- iegade grupas izveide. modernizacija. Fokuss uz

pamatdarbibas attistibu.




TA VISS IESAKAS - 1847
ULM SOFLINGEN KLOSTERA DZIRNAVAS DARBOJAS NO 1847-1892

Ehemalige Klostermiihle in Soflingen diente von 1847 bis 1892 als Zementmiihle, Uim 1880




TRESAJAI PAAUDZE|I NACAS TIKT GALA AR DIVAM GARAM "MEGA KRIZEM"

1919 — 1954 Krizes vadiba un modernizacija

Dr. Carl Schwenk Tliek slegta KarlStates portlandcementa SCHWENK razo cementu
klTst par kompanijas lidzipasnieku cementa ripnica rdpnicas iegade Mainas upes kara postjumu atjaunoSanai
Blaubeurena krasta
1920 - 1924 1933-1934 1937 1954 - 1956
L 4 L L @ @ @ @
1919 1924 1937 Since 1948
Modemizétas cementa ripnicas Grants materialu ieguves Dr Carl Schwenk Cementa ripnicu

Allmendingena izveide Talfingena. klast par_vi?nTgo modemiz_é?ija. Ja_unu

and Mergelstettenla. Betona bloku raZo$anas kompanijas Lepol rotacijas krasnu

Tpasnieku celtnieciba MergelStete,

1923: Hiperinflacija

parvieto$ana no Umas uz
Talfingenu

1929: Akciju tirgus sabrukums /
globala ekonomiska krize

Allmendingena un
Karstate

1939-1945 : Otrais pasaules kars

Dr. Carl Schwenk laiks bija saistits ar modernizaciju un
nopietnu krizu parvaréSanu. Péc Pirma pasaules kara nak
inflacija, tad Liela depresija un Otrais pasaules kars.

Vin§ atvéra grants un Skembu ieguves karjerus un
iegadajas Portlandcementa rupnicu Karlstaté pie Mainas.
Vina aizgadiba notika arT atveseloSanas péc 1948. gada.




20% INFLACIJA?
TAS NAV NEKAS, SALIDZINOT AR HIPERINFLACIJU VEIMARAS REPUBLIKA 1923. GADA!
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diesen Gutscheln in Zahlung bls 30. Novem ber1923. &
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EIROPAS ZALAIS KURSS




EIROPAS SAVIENIBAS ZALAIS KURSS

«Today Is the ==
start of a ¥ |
journey. But

this is Europe’s

man on the T
moon g
moment.»

Ursula von der Leyen / President of
the European Commission on the
Green Deal

Dec 2019







EIROPAS SAVIENIBAS ZALAIS KURSS

EMBUREAU Industrijas prioritates 2019 — 2022
= 2020-2021.gada globala pandémija (Covid19)
= 2022.gada 24.februaris (Krievijas uzsaktais kar$ Ukraina)
= Energokrize Eiropas savieniba un ne tikai
= Eiropas Komisijas, Valsts atbalsts razotajiem
= Zemu CO2 (low carbon) cementu definicija un saskanoSana
= EK, ETS un CBAM trilogija

« CBAM ievieSanas nosacijumi un statuss

« Cembureau priekslikumu saskanoSana ar EK
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EIROPAS SAVIENIBAS ZALAIS KURSS

EMBUREAU Industrijas prioritates 2019 — 2022
= 2020-2021.gada globala pandémija (Covid19)
= 2022.gada 24.februaris (Krievijas uzsaktais kar$ Ukraina)
= Energokrize Eiropas savieniba un ne tikai
= Eiropas Komisijas, Valsts atbalsts razotajiem
= Zemu CO2 (low carbon) cementu definicija un saskanoSana
= EK, ETS un CBAM trilogija

« CBAM ievieSanas nosacijumi un statuss

« Cembureau priekslikumu saskanoSana ar EK



NO EIROPAS UZ LATVIJU




by &

BROCENU CEMENTA RUPNICA — VIENA NO EIROPA MODERNAKAJAM



SCHWENK ZIEMELEIROPA

T éCHWENK Joensuu

Brocénu cementa rupnica — i
viena ho modernakajam & | | A
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razotném Eiropa § sormencaeroely T s v s BT

14 Oslo ! )
SCHWENK Etné'T ]‘ o séHWENK Vasterds

Akmenes cementa ripnica — [N I, |
Schwenk grupa kops o P

'§ SCHWENK o SCHWENK _
. ._.Broceni . )

SCHWENK Turku

' 4

Y
'\n

2021.gada jilija

— / - i P dr: =:
[ ' SCHWENK. P Liepaja W,

o) I—’l_a[fnstad e B Cement plant.

12 juras terminali Latvija, L fon | ] rw Sty |
Somija, Zviedrija un % AP AW
Norvegija ) |




IZMESI CEMENTA RAZOSANA

IZEJMATERIALI

Rodas kalkakmens
apdedzinasanas procesa.
lespéjas samazinat sos
izmesus ir loti
ierobezotas.

|zmesi rodas, krasni
Izmantojot fosilo un
alternativo kurinamo.
So izmesu talaka
samazinasana ir musu
primarais merkis.

KURINAMAIS e

CaCO; + 425 Kcal/lkg = CaO + CO,
C+ 0O,=CO0O, + 8 084 Kcallkg




MUSU MERKI CO2 IZMESU SAMAZINASANAI BROCENU RUPNICA

MERKIS 1

Lidz 2025. gadam (V58

samazinat vidéjo CO2
emisiju apjomu klinkera
razoSanas procesa par
aptuveni 61 Kt

CO, gada.

MERKIS 3

Lidz 2030. gadam —
pirma CO2 neitrala )
cementa rupnica grupa. -
Lidz 2035. gadam — ari
Brocénos.

CO, izmesu

samazinasana

MERKIS 2

Lidz 2025. gadam
samazinat

vidéjo klinkera faktoru
(klinkera % daudzumu
cementa sastava) lidz
lTlmenim, kas laus ik gadu
nodrosinat aptuveni 122 K t
klinkera

un lidz ar to aptuveni 76 K t
CO2 izmesSu
samazinajumul.



MUSU MERKI CO2 IZMESU SAMAZINASANAI BROCENU RUPNICA

MERKIS 1

Lidz 2025. gadam (V58
samazinat vidéjo CO2
emisiju apjomu klinkera
razoSanas procesa par
aptuveni 61 Kt

CO, gada. CO, izmesu

samazinasana




MERKIS 1 - SAMAZINAT CO2 EMISIJAS KLINKERA RAZOSANA

CO2 SAMAZINASANAS DINAMIKA
2009 - 2022

= Brocénu cementa rlpnica jau tagad ir
videi draudzigaka, neka ES vidégjais
raditajs

= Pédéjo 11 gadu laika CO, emisiju
apjoms uz tonnu klinkera samazinajies
par 36,4% jeb 401 kg

1,2

0,8

0,6

04

0,2

1,101

0,766 0,743

Broceni BK4 EU benchmark Broceni BKS
(2009) 3rd period (2018)
(2013-2020)

Broceni 2022

\/
t CO2/t clinker

N

0,720 0,710 0,700 0,722 0,693

Broceni BK5  Broceni BKS Broceni BKS EU average EU benchmark

(2019) (2020) (2021) value from the  4rd period
10% most  (2021-2025)
efficient

instalatin 2016
and 2017



MERKIS 1 - SAMAZINAT CO2 EMISIJAS KLINKERA RAZOSANA

FOSILAIS KURINAMAIS

Satur biomasas %, ir dabiskas izcelsmes un CO
2
neitrals.

A A
m Petkokss ' lees
O¥@’ Biomasa: 0% o¥e@' Biomasa: 0%
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MERKIS 1 - SAMAZINAT CO2 EMISIJAS KLINKERA RAZOSANA

Alternativa kurinama izmantosana Brocenos
2009 - 2022

AF rate %

100.0% 04 53
89.5% .
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] 77.0%
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o o 58.2%
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40.0%
32.1%
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0.8%
0.0% —_
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MUSU MERKI CO2 IZMESU SAMAZINASANAI BROCENU RUPNICA

MERKIS 1

Lidz 2025. gadam (V58

samazinat vidéjo CO2
emisiju apjomu klinkera
razoSanas procesa par
aptuveni 61 Kt

CO, gada.

MERKIS 3

Lidz 2030. gadam —
pirma CO2 neitrala )
cementa rupnica grupa. -
Lidz 2035. gadam — ari
Brocénos.

CO, izmesu

samazinasana

MERKIS 2

Lidz 2025. gadam
samazinat

vidéjo klinkera faktoru
(klinkera % daudzumu
cementa sastava) lidz
lTlmenim, kas laus ik gadu
nodrosinat aptuveni 122 K t
klinkera

un lidz ar to aptuveni 76 K t
CO2 izmesSu
samazinajumul.



MUSU MERKI CO2 IZMESU SAMAZINASANAI BROCENU RUPNICA

CO, izmesu
samazinasana

MERKIS 2

Lidz 2025. gadam
samazinat

vidéjo klinkera faktoru
(klinkera % daudzumu
cementa sastava) lidz
lTlmenim, kas laus ik gadu
nodrosinat aptuveni 122 K t
klinkera

un lidz ar to aptuveni 76 K t
CO2 izmesSu
samazinajumul.



MERKIS 2 - KLINKERA FAKTORA SAMAZINASANA CEMENTA

ALTERNATIVIE IZEJMATERIALI CEMENTA RAZOSANA SCHWENK GRUPA

Alternativo izejmaterialu
izmantosanu nosaka to
pieejamiba un ietekme uz
cementa stipribu un
betona ilgmuzibu

e

araliatt
-
o
, ¥

Kalkakmens milti

wt

Degakmens pelni

e TR A, W ot
Granulétie domnu sarni / slaga

Dabigais pucolans



MERKIS 2 - KLINKERA FAKTORA SAMAZINASANA CEMENTA

SCHWENK 1990-2018-2025

Klinkera faktors cementa

0,9

0,85

0,85
0,8 0,79
0,75
0,7 0,69
0,65
0,6

0,55

0,5
1990 2018 2025



MUSU MERKI CO2 IZMESU SAMAZINASANAI BROCENU RUPNICA

MERKIS 1

Lidz 2025. gadam (V58

samazinat vidéjo CO2
emisiju apjomu klinkera
razoSanas procesa par
aptuveni 61 Kt

CO, gada.

MERKIS 3

Lidz 2030. gadam —
pirma CO2 neitrala )
cementa rupnica grupa. -
Lidz 2035. gadam — ari
Brocénos.

CO, izmesu

samazinasana

MERKIS 2

Lidz 2025. gadam
samazinat

vidéjo klinkera faktoru
(klinkera % daudzumu
cementa sastava) lidz
lTlmenim, kas laus ik gadu
nodrosinat aptuveni 122 K t
klinkera

un lidz ar to aptuveni 76 K t
CO2 izmesSu
samazinajumul.



MUSU MERKI CO2 IZMESU SAMAZINASANAI BROCENU RUPNICA

CO, izmesu
samazinasana

MERI,(IS 3

Lidz 2030. gadam —
pirma CO2 neitrala
cementa rupnica grupa.

Lidz 2035. gadam — ari
Brocénos.




MERKIS 3 - SCHWENK PIRMA CO2 NEITRALA CEMENTA RUPNICA

~-\¢‘ ’ \' n’l\

- Oglekla uztverSana un uzglabasana Oglekla uztversana un utilizacija
Oglekla uztversana (CC) gex 9 gex J
’ (CCS) (CCU)
UztverSana un saskidrinaSana Atdalita CO, uzglabasana. Atdalita CO, izmantoSana — alternativais

atjaunojama energija. izejmaterials, kurinamais u.c.



MERKIS 3 - SCHWENK PIRMA CO2 NEITRALA CEMENTA RUPNICA

OGLEKLA DIOKSIDA UZTVERSANA

Horizon 2020 GENESIS —
izméginajuma un testa
process Brocénu ripnica, lai
ripnieciskos apstaklos
parbauditu augstas
efektivitates materialus
oglekla dioksida uztversanai

T .

IRANRENL -

Oglekla dioksida uztversana
un ta atdalisana no citam
gazem ar efektivitati - 91%,
Izmantojot ipasas membranas

SCI Iea!2



MERKIS 3 - SCHWENK PIRMA CO2 NEITRALA CEMENTA RUPNICA
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MERKIS 3 - SCHWENK PIRMA CO2 NEITRALA CEMENTA RUPNICA
OXY FUEL PILOTPROJEKTA RUPNICAS CELTNIECIBA IR UZSAKTA
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MERKIS 3 - SCHWENK PIRMA CO2 NEITRALA CEMENTA RUPNICA
OXY FUEL PILOTPROJEKTA RUPNICAS CELTNIECIBA IR UZSAKTA

dezentrale
Versickerung




MERKIS 3 - SCHWENK PIRMA CO2 NEITRALA CEMENTA RUPNICA
The 450 t/d Oxy-Fuel Pilot plant (3D Rendering)
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BROCENU CEMENTA
RUPNICAS
DAUDZKAMBARU
SILOS

Paredzéts piecu tipa
cementu uzglabasanai

60 m augstuma,
20 m diametra

Kopegja ietilpiba — 12500
tonnas
(5 x 2500 tonas)
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BROCENU CEMENTA
RUPNICAS SRF
ZAVETAJS

SRF zavétajs palidz
samazinat alternativa
Kurinama mitruma [imeni no
25% lidz 2% un pateicoties
tam més varam sasniegt 97%
ST kurinama izmantosanu
klinkera apdedzinasanas
procesa

Kopé€ja investicija - 2,7 M
Euro




Elektriba no atjaunojamiem
energijas avotiem - Brocénos

« 6 MW Saules energijas razoSanas
parks ka PPA projekts

« Uzstadisanas darbi ir sakusies —
planotais pabeigSanas laiks 2023.gada §
3 kvartals oF

» 6 MW Saules energijas razoSanas
parks rupnicas teritorija

« SaskanosSanas procesa — planotais
pabeigSanas laiks 2023.gada 4 kvartals

« Kopé€ja razoSanas jauda nodrosinas
~10% no Brocénu cementa ripnicai
nepieciesamas elektribas

« Llielakais saules energijas razoSanas
parks Latvija
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@ Empa

Materials Science and Technolagy

Plastic shrinkage cracking of concrete
made with blended cements

N. Toropovs, S. Ghourchian, M. Wyrzykowski, P. Lura

XXX Conference of Latvian Concrete Association, 24.11.2022
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Why, when and how Plastic shrinkage cracking happens? @ Empa

Materials Science and Technolagy

tensile stress > tensile capacity

Why?

? Between casting/finishing the surface
When and time of setting <6h
How?

Plastic shrinkage cracking Plastic settlement cracking



Why it happens? @Empa

Materials Science and Technolagy

Aggregates
| Agesates | e

Binder

2 NN LA NEK

When the evaporation rate exceeds the rate of bleeding
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What are the things that impact plastic shrinkage?

Concrete Weather

Things get worse when: Things get worse when:
V\Water A Sun exposure

APaste (Binder + Water) A Wind speed

ABinder fineness A Concrete temperature

A SCM (Fly ash, Slag, Silica Fume) A Air temperature

V¥ Time from mixing to finishing V¥ Relative humidity
the surface

G
L0\

I Aggregates

Binder | warer

ZL Y NN\ AL NK

Materials Science and Technology



What can we do about it? @ Empa

Materials Science and Technolagy

Work with conditions, wait for the ]
“right” weather:

Build wind breaks
Shade surface
Cover the surface
Fog or spray surface
Pour at night

IS

Be careful when you pour o O N

Do calculations, use SI Units

nomograph Very likely to crack
E——

Work with the concrete mix:
m Use fibers Less likely — —
m Redesign the mix

Rate of Evaporation, kg / m" / hour

Not likely =




@ Empa

Cement and Concrete Composites 85 (2018) 44-55 als Science and Technology

Contents lists available at ScienceDirect

Cement &
Concrete
Compasites

Cement and Concrete Composites

journal homepage: www.elsevier.com/locate/cemconcomp

Susceptibility of Portland cement and blended cement concretes to @Cwm
plastic shrinkage cracking

Sadegh Ghourchian * " °, Mateusz Wyrzykowski *, Luis Baquerizo , Pietro Lura ™"
? Empa, Swiss Federal Laboratories for Materials Science and Technology, Diibendorf, Switzerland

Y Institute for Building Materials (IfB), ETH Zurich, Switzerland

¢ LafargeHolcim Research Centre, Saint-Quentin Fallavier, France

Mix designed of tested concretes

Concrete Cement (kg/m?) water (ke/m*) Sand Gravel Superplasticizer wic(-) Estimated density
[0—4 mm] [4—16 mm] {kgfrn3} {kgfm3]
(kg/m*) (kgfm?)
CEM I 42,5 N-1 352 176 927 928 1.056 0.5 2384
CEM 1425 N-2 353 177 927 a28 0988 05 2386
CEMII/A-5425 R 350 175 927 928 1.258 0.5 2381
CEM IIJA-11 42,5 N-1 348 174 927 928 1253 0.5 2378
CEM IIJA-LL 425 N-2 348 174 927 928 1.183 05 2378
CEM II/B-M (5-T) 425 R 348 174 927 928 1.362 0.5 2378
CEM II/B-M (T-11) 425 N 347 174 927 928 1.215 05 2377
CEM A 425 N 347 174 927 928 1.323 0.5 2377
CEMINB 425N 346 173 927 928 1.28 05 2375
CEMII/B 325N 343 172 927 928 1366 05 2374




@ Empa

Characteristics of tested cements
Cement type (according | Density  Blaine Normative composition Actual clinker content normalized per Actual clinker content of
to EN 197-1 |62]) (kg/m®) fineness (m?/ (%-mass) powder without gypsum (%-mass) the cement (%-mass)
kg)
CEM 1425 N-1 3120 363 portland cement clinker 95 100% 94.7 89.5
CEM 1425 N-2 3130 319 portland cement clinker 95—-100% 95.1 916
CEM II/A-S425R 3100 379 portland cement clinker 80--94%, blast furnace 86.1 79.0
slag 6-20%
CEM II/A-LL 425 N-1 3050 427 portland cement clinker 80—94%, limestone 6 80.2 76.5
—20%
CEM II/A-LL 425 N-2 3070 391 portland cement clinker 80—94%, limestone 6 83.9 790
20%
CEM 11/B-M (5-T) 42,5 R | 3060 421 portland cement clinker 65—79%, blast furnace 68.4 67.0
slag and burnt oil shale 21-35%
CEM II/B-M (T-11) 425N 3040 404 portland cement clinker 65-79%, burnt oil ~ 75.1 730
shale and limestone 21-35%
CEM /A 425N 3020 385 portland cement clinker 35 64%, blast furnace 54.8 518
slag 65-36%
CEMIII/B 425N 2960 466 portland cement clinker 20—34%, blast furnace 29.1 285
slag 80-66%
CEMIII/B 325N 2940 415 portland cement clinker 20—34%, blast furnace 30.1 280
slag 80-66%

Cement components

Main clinker phases and other components (mass-%)

Cement S C.S GA C4A\F Gypsum Limestone Slag Kiln dust Other
CEM 1425 N-1 653 98 4.7 98 53 - - 50 —
CEM 1 42,5 N-2 66.8 95 11.0 43 3.7 3.7 1.0

CEM II/A-S425R 576 82 95 37 4.0 = 128 = =
CEM IIJA-LL 42,5 N-1 558 84 4.0 84 4.6 148 4.0

CEM IIjA-11. 425 N-2 593 62 49 86 46 136 - 16 —
CEM II/B-M (S-T) 42,5R 489 7.3 35 73 23 - 18.3 - 126
CEM II/B-M (T-11) 425 N 53.2 80 38 8.0 27 108 134
CEMINJA425 N 378 54 62 24 43 20 402 — 0.6
CEM /B 42,5 N 20.8 3.0 34 13 1.5 67.6 04

CEM /B 325 N 204 3.1 1.5 3.1 6.8 - 65.0 - -




@ Empa

Materials Science and Technolagy

The susceptibility of the concrete mixtures to plastic shrinkage cracking
was measured according to ASTM C1579-13

_ ’ 100 +5 mem
160 28 mm A A A

ELEVATION

DIC Cameras

5 5 355 +10 mm
Molds for restrained shrinkage Pressure sensors e

Wind channel - 4 560 + 10 MM emmian]
\ PLAN
2541 mm

.
—p—t—125 1 mm
5 63541 mm
- Moeld for free shrinkage 321 mm | A :
\ Wz mm .l

-— 2805 N —————————»
Balance le 0atb e

Streas Riser Geometry

33+0.5 °C and 35+5 %RH
wind speed of 7.5+ 0.5 m/s
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The higher temperature of environment — the higher evoporation rate
The higher temperature of concrete — the higher evoporation rate, right?

Temperature development of the concretes Evaporation rate vs. time
0.8 1
32 - _8Eﬂ : g g : ; Constant Rate Period Falling Rate Period
——CEM I/A'S 42,5R £ 07
30 1 ——CEM IVA-LL 42,5 N-1 E
) === CEM IV/A-LL 42,5 N-2 906 -
bl ——CEM Il/B-M (S-T) 42,5R =
w 28 4 ——CEM II/B-M (T-LL) 42,5 N Wos -
4 CEM II/A 425N g .
= ~——CEM lI/B 42,5 N 0.4 |
S 26 1 ——CEM II/IB 32,5N S Z 7 |=——CEMI42,
------ WATER AT TR v reies O --- CEM |42,
ui - = 0.3 - CEM II/A-
= 24 é = CEM II/A- -
(11} o O 2 === CEM II/A- =
= 4 ——CEM II/B-M (S-T) 42,5 R
22 | < ——CEM II/B-M (T-LL) 42,5 N
- > 0.1 - CEM II/A 42,5 N
w ——CEM III/B 42,5 N
20 : | . | | . g |——=CEMII/B325N
0 1 2 3 4 5 6 0 1 2 3 5 6
TIME (h) TIME (h)

Why, what happened? And why behavior of CEM | 42.5 N-1 and N-2 is not the same?



Displacement as measured by Digital Image Correlation Q@ Empa

Materials Science and Technolagy

Position of markers for DIC measurements Horizontal deformations across the crack, e.g. 1 and 2
- 9000 4 ——CEM 42,5 N-1
£ === CEM 1425 N-2
‘g 8000 1——CEMI/A-S 425R 4
E ——CEM IVA-LL 42,5 N-1 _%-.{—--q---q-- l‘
% 7000 --- CEM I/A-LL 42,5 N-2
Q 6000 |~ CEM IVB-M (S-T) 42,5 i
= —— CEM IVB-M (T-LL) 42,5
© 000 - CEM VA 42,5 N
' ——CEM /B 42,5 N
8 4000 {=——CEM III/B 32,5 N
% 3000 -
Z 2000 4
k1000 -
0 ] "
( 3 4
-1000 - TIME (h)

Horizontal free deformations, e.g. 3 and 4

TIME (h)

0 1 3 6
— 0 1 - 1 1 1 1 1
E \
£
Z -500 -
-
2
S 1000 1 ——cEM142,5N-1
N --- CEM142,5N-2
& ——CEMIAS425R (N N\ ~o—=-==--===-
£ -1500 1 ——CEM Il/A-LL 42,5 N-1 ]
> —== CEM IV/A-LL 42,5 N-2
s ——CEM II/B-M (S-T)42,5R 1.
o -2000 4 ——CEM II/B-M (T-LL) 42,5 N T
n CEM III/A 42,5N |

——CEMIII/B 42,5N

2500 - ——CEM II/B 32,5N




So what's about the actual cracking? @ Empa
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Cumulative frequency of crack widths, the error bars obtained from two restrained samples

100% - — CEM | 42,5 N-1
-== CEM 42,5 N-2
> ——CEM I/A-S 42,5R
Z 30% ——CEM I/A-LL 42,5 N-1
L - == CEM I/A-LL 42,5 N-2
o ——CEM II/B-M (S-T) 42,5 R
W .o, | ——CEM II/B-M (T-LL) 42,5 N
o 60% CEM IIVA 42,5 N
w ——CEMII/B 42,5 N
E 40% - \\ —— CEM III/B 32,5 N
—
=
= 20% -
O
0% +—— A .

0O 02 04 06 08 1 12 14 16
CRACK WIDTH (mm)

Average crack width and total crack area

Concrete Average crack width (mm) Average total crack area
(mm?)

CEM 1425 N-1 0.316 + 0016 101 +5
CEM 1425 N-2 0.526 + 0.037 168 + 12
CEM II/A-S 425 R 0.509 + 0015 163 +5
CEM II/A-LL 42,5 N-1 0.723 + 0236 231 + 75
CEM II/A-LL 42,5 N-2 0.504 + 0.098 161 + 31
CEM II/B-M (5-T) 425 R 0.718 + 0.162 230 + 52
CEM II/B-M (T-LL) 42,5 N 0.506 + 0.062 162 + 20
CEM III/A 425N 0.841 + 0212 269 + 68
CEMIII/B425N 0.635 + 0.038 203 + 12

CEM III/B 32,5 N 0.786 £ 0207 252 + 66




Conclusions @Empa

i cience and Technology

-A good correlation was observed between the total volumetric deformation
measured by a novel 3D image correlation system and the measured average crack
width at the end of the test;

-1t was found that the crack widths are mainly affected by the evolution of the bulk
modulus governed by the cement hydration process;

-The results clearly indicate that, due to the decreasing clinker content, the
susceptibility to plastic shrinkage cracking increases in concretes with blended
cements. This is due to slower hydration.

-This effect is further magnified by the higher amount of plasticizer required in
concrete produced with blended cements, which further delays hydration;

-Therefore, to overcome the negative effects of blended cements on plastic
shrinkage cracking, measures should be taken to accelerate early hydration, e.g.
by using cements with higher fineness or using accelerators. Two CEM | cements
used in this study are different in fineness.



To wrap up @ Empa
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I Aggregates
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Work with conditions, wait for the “right” Impact of plastic shrinkage

weather: cracking:

= Build wind breaks m Plastic shrinkage rarely

m  Shade surface impairs strength of concrete

m  Cover the surface m Has dramatic impact on the

m  Fog or spray surface appearance of the concrete

m  Pour at night m Leads to penetration of

= Be careful when you pour water/liquids directly inside
: of the structure

m Do calculations, use nomograph

In case of plastic settlement —
performance of reinforcement is

Work with the concrete mix:
affected

m  Redesign the mix
m  Use fibers

Thank you!



@ Empa

Concrete and Asphalt Laboratory *™%

Prof. Dr. Pietro Lura Head, also ETH:zirich DBAUGi[%!:I.J;!‘l

Concrete and Construction Chemistry and Road Engineering/Sealing Components Laboratories merged in 2020
35-40 people (3 Latvians!), outstanding laboratory facilities (new asphalt lab in 2021)



Concrete and Asphalt: the present challenges ®Empa

Materials Science and Technolagy

Embodied CO2 (kgCO2/kg)
C
D
=
(@]
<

4 ; i : \ B ; a o0 ’I 8
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£ Precast . : Asphalt i )
Concrete HMA @A, 6 and 8% Bitumen
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Concrete and Asphalt: the sustainable future ®E

mpa

Materials Science and Technolagy

/-Eco-friendly cement (alternative binders/less clinker)

+Optimized binder content in concrete

*Warm/cold asphalt (lower/no heating of mixture)

.

Reduce Reduce
original consumption
emissions and waste

Capture and

Recycle
store carbon y

/-Net—negative CO, cement

«CO, sequestration in recycled concrete
aggregates

«Carbon sequestration in concrete and asphalt
\

*Durable concrete (less repair) )
* Durable, noise reducing roads
*Robotic pavements
/
~
*Recycled aggregates (asphalt and concrete)
*Recycled tires, plastics
«Cross-recycling concrete/asphalt
S




Willkommen
Welcome ° Empa

Bienvenue Materials Science and Technology

Carbonation of concrete made with blended
cements

Andreas Leemann and Pietro Lura
Empa, Concrete & Asphalt Laboratory

LBS conference, Riga, 24.11.2022



Outline

= |ntroduction
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Carbonation
Materials and methods
Results on carbonation resistance

effect of CO,-concentration
compared with other parameters
changes in microstructure

effect of relative humidity

CO, recaptured by concrete

Conclusions

@ Empa
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Introduction

Original

emissions
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Sustainability

—_
BN
R
Consumpti
on &
» waste
Capture
Recycle /

and store
/

Consumpti

co, /

\,_ /

Decrease

Increase
CO, emission

service life

Cement substitution,
alternative binders

Improved durability



Carbonation @Empa

= Reaction
» 2Ca0-Si0,:(H,0), + Ca(OH), + CO, (g) = CaCO, + SiO, (am.) + H,0O

> Kinetics depend on relative humidity (RH), CO, dissolved in pore fluid
1

> progress of carbonation front slows down
with square root of time _ 0.8 -
= Problem ‘% 06 -
> PH in concrete pore solution decreases § 04 -
due to carbonation (pH 13 to pH < 9) ® 02
— passivation of steel reinforcement is lost 0

. 40 50 60 70 80 90 100
— COrrosion Relative humidity [%0]



Carbonation of CH and C-S-H

Carbonation of the main hydration products:

m CH - Ca(OH), — Portlandite

Ca(OH), + CO, = CaCO; + H,O (mass increase, M(CO,)>M(H,0))
calcite at atmospheric CO, concentration, other polymorphs at
higher concentrations possible (vaterite, aragonite)

pH decrease ~ pH12 = pH8 (depassivation, steel corrosion!)

Initially faster than carbonation of C-S-H, later slows down due to
protective layer of carbonate microcrystals

Ca/Si ratio

m C-S-H - complex process (decalcification-polymerization)
xCa0-ySi0,zH,0 + xCO, > xCaCO; + ySiO,tH,O + (z-yt)H,O
Gradual decalcification =» consumption of calcium

=» amorphous silica gel (no C-S-H)

@ Empa

Materials Science and Technolagy

pink at pH>8.6

» W
Bos

Leemann et al. 2019
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Carbonation: reinforced concrete structures ‘Empa




Carbonation resistance @Empa

Decisive parameters

N ? R Cement clinker substitution:
>
8 " z = limestone powder
§ z = siliceous admixtures
£ 5 (blast furnace slag, fly ash
M microsilica, metakaolin)
low Cement high

Carbonation resistance



Materials

Experimental matrix of mortars

@ Empa

Materials Science and Technolagy

Mortar Cement Mineral admixture Amount [mass-%] w/b
1-3 CEMI525N - - 0.40/0.48/0.56
4 CEMI525N limestone 7.5 0.48
5 CEM1525N limestone 15.0 0.48
6 CEM1525N microsilica 7.5 0.48
7 CEMI1525N microsilica 15.0 0.48
8 CEMI1525N portlandite 7.5 0.48
9 CEMI1525N portlandite 15.0 0.48
10 CEM III/B 32.5 blast furnace slag 65.0 0.48




Methods (1)

Accelerated carbonation

= mortar prisms (40x40x160 mm3)

= 57% relative humidity

= two separate chambers (1% CO, 4% CO,)
= exposure of samples at age of 28d

= determination of carbonation depth in
intervalls (4x during 63d)

= calculation of carbonation coefficient
= (conversion to carbonation coefficient K

under natural CO,-content (empirical
formula), SIA 262/1)




Methods (2)

Natural exposure
= sheltered (under a roof, one side open)

= unsheltered (on the roof of a building,
exposed to rain)

echnology



Methods (3)

Accelerated carbonation
d¢ =A+Kg - t12

Kg A
_70
£ y 40.5414k 40.838 ®M1,4%CO02
E .
2 &0 EM1,1%C02
°
£ 5.0
[-1]
g /
'a_; 4.0
2
2 /.
8 3.0
S IS
£ /'/ y =0.3372x + 0.508
S 2.0
5 /l/
910
E 0.0 T T T T T T 1

0.0 2.0 4.0 6.0 8.0 100  12.0

Zeit[VTage]

@ Empa
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splitting of sample

spraying with phenolphtalein
(pH ~9)

measurement of carbonation
depth



Results (1) @ Empa
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Correlation with other parameters

= Carbonation at 1% and 4% CO,
30

X 40 —

\o ¢OPC mL . ©OPC A A

S 25 {|aMs  xP g 3 |loorce 3

3] S X S22 L -

&30 - P

< XS v < 0s45 ~d o

N4 =2 1.0 % CO,
20 - P 2 £25 || as66 s R2 =097

= u 2 E X MS8 e

<5 S 7220 - et
A A E L +130
.9 =S 15 - 8 8 >j§/
% Z\ X.A g 2 15 4| -FA25 ’E/-s

S E 5%, =FA35 | =

(&S] = ]

c £10 - * X = Ex I A
2 g% s P 0.045 % CO,
g 5 ¢ S 0 ox | _ R?=0.93
.§ 0 10 20 30 40 50 60 70
8 0 : ‘ ‘ carbonation coefficient K 45, [mMm/y*?]

0 5 10 15

Carbonation coefficient Kcc 10, [MM/y?]

= Linear relationship — both CO, concentrations seem suitable to test
accelerated carbonation



Results (2)

Correlation with other parameters
= Compressive strength, oxygen diffusion

Carbonation coefficient K cc 104

16 || eOPC mL
147AMS X P
XS

12
5 | L
;>\10 -
£ 8 X
£,
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Compressive strength 91 Tage [MPa]

Carbonation coeffizient Kcc 10,
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18

12

correlation within one "cement type"
but;: no correlation when all mortars are considered
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Buffer capacity: w/CaO

) Empa
reactive ° p

d Technolagy

With higher reactive CaO content (CaO,...) PEr Volume of paste, more CO, per
volume of paste can be captured

When more CO, per volume of paste can be captured, the carbonation front
progresses slower into the material

The CaO,...i Per volume of cement paste is calculated from the composition of
the binder and the wi/c

The CaO in limestone filler is not reactive and does not count

The CO, buffer capacity per volume of paste and with it the carbonation resistance
of mortar and concrete can be expressed by the ratio between water and CaO

w/CaO

reactive

reactive



Results (3)

Correlation with other mortar parameters
= Buffer capacity (and partly porosity)

mortar | w/b CaOreactive W/CaOreactive
[kg/m®]

OPC-48 | 0.48 316 0.79

OPC-40 | 0.40 351 0.66

OPC-55 | 0.56 287 0.92
L-7.5 0.48 293 0.85
L-15 0.48 272 0.90

MS-7.5 | 0.48 292 0.85
M-15 0.48 271 0.90
P-7.5 0.48 317 0.77
P-15 0.48 319 0.76
S-65 0.48 238 1.02

18
::5 16 - ¢OPC mL «
O AMS XP
x“ 14 -
= XS
S 12 4
N§ ®
o £
SE® %
) 6 - ¢
©
5 4 .
£
§ 7

0 ‘ ‘

0.5 0.7 0.9 1.1

carbonation resistance at accelerated
conditions governed by w/CaO

w/CaO reactive [']

reactive
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Results (4) @ Empa
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Changes in microstructure

£

. -

)
bse 10.0kV x2500 10um

mortar S (CEM III/B, blast furnace slag)

; AN W= .
bse 10.0kV x2500 10um — =

= Visible increase of porosity in the matrix with carbonation i,



Pore volume [mm?3/qg]

N
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=
(@]
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Results (5)

Changes in microstructure

ol

MIP, 2nd intrusion

mortar OPC-48, nc
------ mortar OPC-48, ¢
mortar S-65, nc
e, weeees mortar S-65, ¢

10 100 1000

Pore radius [nm]

@ Empa
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Mortar OPC: decrease in total
porosity, increase in pore size

Mortar S-65: increase in total
porosity and pore size



Results (6)

Phases formed

7000
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w b
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x not carbonated
o © carbonated

Si/Ca

= Three CaCOg polymorphs formed (C, V, Ar)

= Residual portlandite, partial decalcification of C-S-H
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How much CO, is recaptured?

0 carbonated layer in OPC mortar

o
< -0.01 -
5
€ 002 - captured CO,* [%]
2 4% CO, 51
=
2 003 - 1% CO, 49
E
a 0.04% CO, (sheltered) 48
—1% CO2
-0.04 ‘ ‘ ‘ ‘ * % of CO, emitted during calcination
0 200 400 600 800 1000

Temperature [°C]

= ~50 % of emitted CO,, during calcination recaptured in carbonated cement paste
= no difference between natural and accelerated carbonation
— 1 and 4 % CO, applicable for accelerated testing



Calculation

of CO, uptake

CO9-uptake - 100 % CEM |

40
_ a) 2 months storage, wet Percentage recycled
c  b) Kikuchi [2011] | 40% 1 70 % 1100 %
& c) 2 weeks storage, wet
K% d) Observations from recycled aggregate | | | a_
E30 — = — = - - = = = = = = T
o | | |
© i
§ Temporary structures | lra |
520 —— — — — — — — — — + — — He -
52 Building structures | a | E;) ll-q
@ 7 b d
% Civil engineering structures g
210 — — — — — = = — — — — — — -
> !
OC\I
& | | |

0 5 ! !

0 20 40 60 80 100

Service life [Years] Recycling phase
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Results (8) @ Empa
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Problem: influence of RH on carbonation
and rebar corrosion

25 Dubendorf
und Korrosion (relativ) ® Temperature - 160
® Relative humidity
! | : 20 Precipitation - 140 T
. .‘L’_). - 120 gé
' @ 15 - - 100 ©
. E Xca E avérage RH £5
5 - | —— © L. 8 28
‘Ixc1 | xc3 [ [xc2 S 10 | -
. g - 60 25
/ 15 || & g8
E \>< 5 - - 40 &
0 i - 20
100/
40 . 60 .80 _ hass 04 L0
Relative Luftfeuchtigkeit [%)] R R R R R R R R U
R R ey
Hunkeler & Lammar, 2012 data: Empa, M. Hill

= Cement specific behavior at increased RH?
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Carbonation coefficient Kacc 104

Results (9)
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Accelerated carbonation compared to outdoor exposure
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Conclusions @Empa
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CO, concentrations of 1 or 4 % CO, applicable for accelerated carbonation
> linear relationship
» same amount of CO, recaptured as in natural carbonation (sheltered)

= carbonation resistance in accelerated and sheltered outdoor conditions
depends on buffer capacity (W/CaO,,.ie) NOt ONn diffusivity

= reduction of clinker content decreases carbonation resistance
— increased probability of rebar corrosion

= interaction between chemical parameter (buffer capacity) and physical
parameter (capillary condensation) at higher RH (= 75 %)

> cements with siliceous admixtures (finer pore systems) may improve
their "ranking" at higher RH (underestimated by accelerated
carbonation)



Carbonation of concrete with RCA (1) @ Empa
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Porous RCA can carbonate faster
than paste of new concrete

Already carbonated RCA (prior to
concrete production) increases
carbonation depth (no buffer and
accelerates CO, ingress)

27



Carbonation of concrete with RCA (2) @Empa
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average
carbonation front

a

carbohated pasté of new: »
"gNcEete - g -

= Carbonation "tongues" caused by porous RCA can increase

carbonation depth considerably
28



Carbonation of concrete with RCA (3)

[mm/y®]
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carbopnation coefficient K
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Consideration of carbonation tongues increases carbonation

carbonation coefficient K
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carbonation tongues considered
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XC3: 100y
_________________ R A i et
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ARC, CEM II1/B
20 30 40 50 60 70

compressive strength 28d [MPa]

coefficient Ky by ~ 10% (average)
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Carbonation shrinkage

m Powers associated carbonation shrinkage

with dissolution of CH crystals (reduction of
crystallization pressure)

m Recent study: decalcification of C-S-H (and

subsequent silica chain polymerization) is

main source of shrinkage (in line with
leaching results)

shrinkage
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Shrinkage (%)

Portlandite acts as a protective buffer also for

e
@
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e
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0.00
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Chenetal. (2006)

o
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selar,

00 05 1.0
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Kangni-Foli et al.2021

0.90 Chen et al. (2006)
+  This study
0.75 -----Exp. trend .,‘:_
SL
0.60 f
045 s C-S-H
paste
0.30
Sa
0.15
. C3S paste
0.00 A<=
0% 25%  50%  75% 100%

A(C/S) of the C-5-H
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Results
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= w/CaO reactive governing parameter (CO, buffer capacity)
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Results: impact of RH in accelerated carbonation
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= little change of carbonation coefficient K, at 70% RH
= significant change at 80 % RH (mainly concrete with low w/c)
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Results: accelerated carbonation compared to outdoor exposure

MIP, 2nd intrusion
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= capillary condensation leads to cement and w/c specific behavior
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* Betona olimpiades merkis ir izgatavot betona paraugus 3 gab. (10x10x10cm),
kas péc stipribas atbilst vidéjai stipribai 100 MPa ar vismazako rezultatu
izkliedi.

* Olimpiade var piedalities gan individuali, gan korporativi dalibnieki un

studenti (vai komandas). Katrai komandai jabat nosaukumam: individuals G en é d ijs Sa h men ko ( RTU )’

biedrs (vards, uzvards) vai firma (nosaukums), vai studentu komanda
(nosaukums). -~
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Latvijas Betona
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(2000 - 2014 )
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Latvijas Betona
olimpiades vésture
(2000 — 2014 )
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7. Rezultatu novértéjums

Testu rezultati tiek apkopoti protokola. Excel tabula tiek izrékinatas vid€jas vertibas,
standartnovirzes un absolato novirzu no 100 MPa vértibas, nemot véra vid€jo rezultatu un
standartnovirzi. Rezultatu noveért€juma piemers:

Séerijas Nr. 1 2 3 4 5
80 95 98 100 90
100 100 100 105 95
120 105 102 110 100
Videjais 100,0 100,0 100,0 105,0 95,0
Standartnovirze 20,0 5,0 2,0 5,0 5,0
MAX (Vid. + S) 120,0 105,0 102,0 110,0 100,0
MIN (Vid. - S) 80,0 95,0 98,0 100,0 90,0

MAX novirze no 100

MPa 20 5 2 10 0
MIN novirze no 100
MPa 20 5 2 0 10

Max absoluta
novirze no 100, 20 5 2 10 10
nemot véra S

Ar zalo 1etonéts s€rijas numurs 3, kas uzradija labaku rezultatu pec 81 nolikuma.
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Lamina

BPC Liepaja

LTB

LDz MB

Sandis Karklis Primekss-1
Regnars Primekss-2

RP 0.25

SV 0.20

Daugavpils Dzelzsbetons MB
BPC Daugavpils

Sakret

BPC Riga

MPA Test

Schwenk Ramulu
Schwenk Lidosta

Rihards GP

Paraugu testésana: 23.11.2022. no pl. 11:00
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Vidéjie rezultati, MPa

120,0 1129
103,1 18 1051 1056 ;59 070 104,0
1000 97 o7 PP 57,3
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Latvijas Betona olimpiade — 2021

Geopoliméra betons

1 9.99 | 10.23 9.98 1866 1830 414.0 40.5

Rihards GP l 2 9.98 | 10.15 | 10.02 1860 1833 438.7 43.3

Vidéjais rezultats 1831 41.9
Standartnovirze 2.0
MAX (Vid. +S) 43.9
MIN (Vid.-S) 39.9
MAX novirze no 100 MPa 56.1
MIN novirze no 100 MPa 60.1

Max absollta novirze no 100, nemot véra S un vidéjo 60.07
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Vidéjas kvadratiskas novirzes no vid., MPa
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Vidéjais rezultats un standartnovirze no vid., MPa
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Betona olimpiades atbalstitajs — Stachema Polska
Latvijas
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Savienba Supporter of the Concrete Olympiad - Stachema Polska
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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

STACHEMA POLSKA
tel. +48695732604

st

Tomasz Nowacki (STACHEMA Polska, Vice-President )
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Vidéijais rezultats un standartnovirze no vid., MPa
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Videéiais rezultats un standartnovirze no vid., MPa
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Vidéjais rezultats un standartnovirze no vid., MPa
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Vidéjais rezultats un standartnovirze no vid., MPa
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Vidéja kvadratiska novirze no 100, MPa
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TKO1 — BETONA SALIZTURIBA

LVS 156-1:2017 — jauna versija LVS 156-1:2022, gaidam apstiprinajumu no Ministru Kabineta.
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Concrete - Latvian Mational Annex to European standard EN 206 "Concrete - Specification, performance,
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TKO1 — BETONA SALIZTURIBA

2022.gada salizturibas metozu salidzinosais pétijums

Meérkis — salidzinat abas spéka esosas salizturibas testésanas metodes jeb novértét betona veiktspéju péc

abam metodem.

Uzdevums un pamatnostadnes:

Testésanu péc abam metodém veic vismaz 2 akreditétas laboratorijas + razosanas kontroles
laboratorijas.

Tiek testéts viens betona sastavs uz atbilstibu XF2 salizturibas klasei un F200, F300.

Paraléli tiek veikta testésana ari pildvielu salizturibai.

Visu paraugu izgatavosanu veic viena persona, lai paraugi tiktu izgatavoti iespéjami lidzigi.

Tiek novértéts ari gaisa poru izméra sadalijums betong, lai novértétu betona salizturibu no teorétiska

viedo k!a. 06/12/2022 a




TKO1 — BETONA SALIZTURIBA

2022.gada salizturibas metozu salidzinosais pétijums

Betona sastava uzstadijumi:

CEM Il A-LL 42,5 N cements

Cementa saturs tuvu minimalajai pielaujamai robezai 340-350kg/m3

U/C tuvu maksimalajai pieJaujamajai robezai 0,45-0,5

Rupjie mineralmateriali — oli ar iespéjami zemu udens absorbciju un augstu salizturibu

Gaisa saturs 4,5-6% ar iespéjami labu gaisa poru izméra sadalijumu

06/12/2022 a




TKO1 — BETONA SALIZTURIBA

Paraugu izgatavosana

Dalibnieki — 7 uznémumi
4 testésanas laboratorijas
| razosanas laboratorija

| bUvuznémuma specialisti
| piedevu razotaja specialisti
Paraugi — kopa izgatavoti 77 betona paraugi

— o

o R

% S S e ST i
P v a IR, o CCERE
CESSINERANS. Vs ey

£ BSOS SN S ik ]
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TKO1 — BETONA SALIZTURIBA

Svaiga betona testésanas rezultati:

Gaisa saturs betona: 5-5,8%.
Konsistence: | 70-200mm

AVA testu rezultati:

Results (adjusted to correlate with ASTM C457)

Chord length < Z2mm < 1mm
Alr—-% concrete 5.3 % 4.7 %
Air—-% paste 18.1 % 15.9 %
Alr-%putty 15.3 % 13.7 %
Specific surface : 14.7 mm-1 16.1 mm-1
Spacing factor 0.330 mm 0.318 mm

< 0.35mm

2.
8.
7.

L Chon

o o\

o
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TKO1 — BETONA SALIZTURIBA

Saciet€jusa betona gaisa poru analizes rezultatu salidzinajums no divam neatkarigam laboratorijam

LaboratorijaF  Laboratorija A

Javas daudzums, % 27,98 27,98
Kopé€jais gaisa saturs, % 4,31 4,34
Cementa pasta/gaiss attieciba 6,49 6,47

Merkis:
Poru Tpatnéja virsma, mm-! 20,77 19,7 >25mm-!
Poru attaluma koeficients, mm 0,251 0,265 <0,2mm
Mikro gaisa saturs, % 1,32 1,26 >1,8%

Literatdras dati liecina, ka par kvalitativu gaisu poru struktiru uzskata poras ar Ipatnéjo virsmu 16 = 45mm-! un
poru attaluma koeficientu 0,1 = 0,24 mm.

[11A-M. Neville Properties of concrete,Wiley; 4th edition, 1996, 537-561.1pp.

[2] Peng D.,Yan Y, et al., Using strain to evaluate influence of air content on frost resistance of Concrete, Cold Regions Science and Technology 157 (2019) 21-29,
https://doi.org/10.1016/j.coldregions.2018.09.012

06/12/2022
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TKO1 — BETONA SALIZTURIBA

Sacietéjusa betona poru analize

Laboratorija A

Raksturlielums TK-01A TK-01B
Kopéjais gaisa saturs A, % 4,61 4,07
Aso0 - mikro gaisa saturs
(Iidz 0.3 mm poru), % 1,38 1,14
Ipatnéja virsma, mm™” 19,9 19,5
Attaluma koeficients, mm 0,254 0,275

Vizuali var redzet ka atskiras paraugu poru
strukttra. TK-01B parauga gadijuma lielaks
Ipatsvars ar poram virs |mm un mazak
mikroporu, to apliecina ari tabula dotie

raditaji.




Masas zudumi, kg/m?

TKO1 — BETONA SALIZTURIBA

2,0

P
(6]

L
o

o
&

0,0

Masas zudumu tests saskana ar CEN/TS 12390-9. Rezultatu salidzinajums no 5 neatkarigam laboratorijam

1A
-O-B
- /\-C
<D

E

——— Prasiba LVS 156-1

Ciklu skaits

Secinajumi.

|. 4 laboratorijas ieglst rezultatu, kur betona paraugi
(C30/37; XF2; 0/c = 0,46; cem 350kg/m3) neiztur LVS
156-1 XF2 prasibu. Masas zudumi ir lielaki par 0,65

kg/m?2.
2. 3 laboratoriju gadijuma masas zudumi no betona virsmas
notiek |oti strauji, jau péc 28 cikla betona paraugiem

masas zudums virs 0,65 kg/m?2.

06/12/2022 °



TKO1 — BETONA SALIZTURIBA

Masas zudumu tests saskana ar CEN/TS 12390-9.Testésanas rezultatu izkliede.

2,5

2,0

L P
o ol

Masas zudumi, kg/m?

o
&

0,0

Secinajumi.
——A _— - -
C B |. Vairakam laboratorijam novérojama |oti liela
Al | testésanas rezultatu izkliede.Vienam vai vairakiem
_ paraugiem no testésanas sérijas novero, ievérojami
N
lielaku masas zudumu neka paréjiem.
il
| I R SR R S RN SR R S N
S 10 15 20 25 30 35 40 45 50 55 60
06/12/2022 @
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TKO1 — BETONA SALIZTURIBA

Paraugu virsmu bildes péc 56 cikliem (masas zudumu tests)

Laboratorija A

Masas zudumi: | ’7| kg/m2
|zdrGp pildviela un javas dala.

Laboratorija B

=

Masas zudumi: 0,34 kg/m2
|zdrap pildviela.

Laboratorija E

Masas zudumi: | 95 kg/m2

Izdrip pildviela un javas daja. Nodrup dala
no pasa parauga.

06/12/2022 e




Stipribas zudumi, %

TKO1 — BETONA SALIZTURIBA

Betona salizturiba. Spiedes stipribas zudumu tests saskana ar LVS 156-1 A pielikums. Rezultatu salidzinajums no 2

12

10

neatkarigam laboratorijam

N EEN o

o

4D7A . - .
-O-B Secinajumi.
- - Prasiba LVS 156-1 O
|. Abu laboratoriju testésanas rezultati atbilst

— LVS 156-1 prasibam, tas ir, spiedes stipribas

— T~ zudumi ir mazaki par 5%.

2. Lidzigi ka masas zudumu testa vérojama
diezgan liela atskiriba starp testésanas
rezultatiem iegutiem no dazadam
laboratorijam, tomér abos gadijumos vérojama
lidziga tendence — stipribas pieaugums lidz 45
cikliem (F200), un stipribas samazinajums péc

............................................ 75 cikliem (F300).

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Ciklu skaits 06/12/2022 @



TKO1 — BETONA SALIZTURIBA

Pirmie secinajumi — masas zudumu tests

|. Testétais betons nav izturéjis parbaudi pec LVS CEN TS 12390-9 testésanas metodes. Par iemeslu, galvenokart, bijusi
pildvielu izdrupSana, bet paraugiem ar lielakajiem masas zudumiem novérota ari javas dajas nodrupsana, kas visticamak

saistita ar nepietiekamo gaisa mikroporu strukturu betona.

2. Lield rezultatu izkliede virsmas masas zudumu testa individualai laboratorijai saistama ar diviem galvenajiem faktoriem:
- Rupjo pildvielu neviendabiba (atsevisku «miksto» akmenu daudzums katra parauga)

- Salsudens skiduma zudumi no atsevisku paraugu virsmas testésanas laika

3. Mineralo pildvielu testésanas metodes EN 1367-1 (masas zudumi % péc 10 cikliem H,O) un EN 1367-2 (masas zudumi
péc 5 cikliem magnija sulfata skiduma) nav piemérotakas metodes pildvielu salizturibas novértésanai, ja tas tiek

izmantotas betonam ar XF2 prasibam.

4. Liela rezultatu izkliede starp dazadam laboratorijam visticamak saistita ar temperaturas rezima neievérosanu.[3]

06/12/2022 Q
[3]1)- - Valenza Il un G. W. Scherer, «A review of salt scaling: . Phenomenology,» s&j. 37, pp. 1022-1034, 2007.



TKO1 — BETONA SALIZTURIBA

Pirmie secinajumi — stipribas zudumu tests

5. Betons ir iztur€jis parbaudi atbilstosi LVS 156-1 A pielikuma testésanas metodei un tam pat ir vérojams
diezgan reti izplatits stipribas pieaugums ciklosanas laika lidz 45 cikliem.Visticamakais célonis ir

pietiekami ilga paraugu izturésana atlaidinata stavokli, kura turpinas betona stipribas attistisanas.
6. Sada betona talaka stipribas uznemsana var dot maldigu prieksstatu par iegiitajiem rezultatiem un

betona paraugu ieks€jo strukturalo bojajumu nerasanos. Sarezgiti interpretét stipribas samazinajumu

starp 45 un 75 cikliem.

06/12/2022 a




TKO1 — BETONA SALIZTURIBA

Pirmie secinajumi — metozu salidzinajums

7. Metodes sava starpa nekorelé — virsmas masas zudumu metode sals klatbutné ir drastiskaka neka

stipribas zudumu metode.

8. Stipribas zuduma testam betons ir «pielaidigaks» attieciba uz iesaistita gaisa kvalitati.

06/12/2022




TKO1 — BETONA SALIZTURIBA

Talakas darbibas

Pabeigt rezultatu apkoposanu un zinojuma sagatavosanu.
|zdiskutét rezultatus TKO| nozares ekspertu vidu.
|zlemt par turpmako nepieciesamo testésanu/metozu salidzinasanu.

lerosinat veikt grozijumus standarta, balstoties uz iegutajiem rezultatiem.

06/12/2022 e




LatVijaS Eksponéta
Betona betona tehniska
Savieniba komiteja (TKO3)



DIDZIS MALKAUSIS

Eksponétais betons

PERI betonésanas veidnu
nodalas vaditajs

Eksponéta betona
tehniska komiteja (TKO3)

06/12/2022 °



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3)- IEVADS
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EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS
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EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS

Eksponétais betons
Redzamais betons
Betons bez apdares
Arhitektoniskais betons

«Fair face concretey




EKSPONETA BETONA TEHNISKA KOMITEJA (TK03) -IEVADS

Sichtbeton-Team

Building
owner

Ready-mix
plant

Coordinator of
architectectural
concrete

Architect

Formwork
supplier

Structural
enaineer

N

Construction

company
SUB ' SUB ' SUB
forming

Concreting laying rebars

Concrete
engineer

Aus: K. Ebeling ,,Planungs- und Ausfuhrungshinweise®; beton
4/98 06/12/2022 °



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS

O o
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EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS

Eksponéta betona izstradajumi vienmér
bus ar savu individualu raksturu - nevis
pelékas viengabalainas sienas.

Eksponétais betons ir “dzivs” materials, kas
iegust dazadibu betonésanas procesa un
turpina “‘dzivot” ari pé€c tam - gaismas
sp€lu un apkartéjas vides ietekme.

Eksponéta betona skaistums ir relativs -
atkarigs no skatu punkta.

06/12/2022 °



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3)- MERKI

LBS 10.03.2022 apstiprinata tehniska
komitejas TKO3 izveide

Nodefinét Eksponéta betona ka produkta
kritérijus. Izstradat atbilstosu Valsts
standartu un / vai tehniskos noteikumus.

Darba grupa nepieciesams iesaistit.
Macibspekus (RTU,LLU,LU)
Arhitektus
Konstruktorus
Betona razotajus
Veidnu razotajus
Saliekama dzelzsbetona razotajus

06/12/2022 °



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -PAVEIKTAIS

Apzinajusi jau esosos standartus un
noteikumus

|zanalizéjusi un komiteja paradijusi
katra standarta kopigas un atskirigas
iezimes

Vélreiz uzrunajusi «Eksponéta betona
komandasy dalibniekus

06/12/2022 a



EKSPONETA BETONA TEHNISKA KOMITEJA (TK03)

Kopsavilkums TKO3 aplukotajiem standartiem :
definétas redzama virsmas kategorijas
definéti vértésanas nosacijumi
definéti iesp€jamie labosanas veidi

definéti iespéjamie rezultati pie dazadam
tehnologijam un materialu izvélém

06/12/2022 a



EKSPONETA BETONA TEHNISKA

KOMITEJA (TKO3)

2022 Decembri turpinam darbu pie
standarta un tehnisko noteikumu
izstrades

Aicinu aktivi iesaistities komitejas
darba, izveidojot labakos iespéjamo
standartu un tehniskos noteikumus
«Eksponéta betona komandai»

N /4 B \t <
> s 5
(' 2 yv‘ e »» 'At;t-,\?“"f‘VA‘v“.
¥y w b~ e “..'\ L:i\.n S
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RIGAS CELTNIECIBAS
KOLEDZA

Normunds Grinbergs
RCK direktors
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: ﬂl:\ : ISA CIKLA PROFESIONALA AUGSTAKA IZGLITIBA
RIGAS CELTNIECIBAS KOLEDZA

PROFESIONALA VIDEJA IZGLITIBA

Al
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RIGAS CELTNIECIBAS KOLEDZA

MISIJA

NodroSinat buvniecibas nozari ar augsta limena kvalificétiem specialistiem —
musdienigas, cilvékiem un videi draudzigas dzives telpas veidotajiem.

VIZIJA

Moderna, uz inovacijam un izaugsmi orientéta, starptautiski atpazistama buvniecibas,
arhitekttras un restauracijas koledza.



RIGAS CELTNIECIBAS KOLEDZA

Blvnieciba | Arhitektlra | Restauracija
Bavdarbu vaditajs Arhitektdras tehnologs ' Restaurators - Isa cikla
) 9 | N doceétaji profesionala
60 augstaka
InZzeniersistému badvdarbu izglitiba
vaditajs studenti KI5
253 (koledza)
{ Eku bavtehnikis } [ Arhitektiras tehnikis } { Restauracijas tehnikis J pedagog Profesionala
46 videja izglitiba
{ Apdares darbu tehnikis } I LKI 4
audzekni (vidusskola)
641

\ InZenkiersistému bavtehnikis J

PIEAUGUSO IZGLITIBAS CENTRS



LATVIJAS KVALIFIKACIJU IETVARSTRUKTURA

4

LKI-8
‘ Doktors
LKI-7
‘ Profesionalais
LKI-6 Tie magistrs
‘ Profesionalais
1_K|-5_ bakalaurs
‘ Isa cikla
Sl it s profesionala
Profesionala augstaka
vidéja

‘ LKI-3 iy
S izglitiba
e I Arodizglitiba izglttiba 9
Profesionala
pamatizglitiba



Programma BETONETAJS

Betonétajs buvlaukuma éku, autocelu, dzelzcelu un
hidrotehnisko buvju blvniecibas darbos veic betona
un dzelzsbetona (turpmak — betona) konstrukciju
betonéSanu vai izgatavo betona konstrukcijas
blvizstradajumu razotng€, darbus veic betonésanas
tehnika vai citas strukttirvienibas vaditaja vadiba.
Betonétajs strada bavuznémumos, bavizstradajumu -~z *, g §
razoSanas uznémumos vai citos uznémumos. s

Merkis
|zglitibas procesa sagatavot betonétaju, kurs
sp€j saskana ar darba uzdevumu €ku un
inzenierblvju buvdarbos veikt betona un
dzelzsbetona (turpmak — betona) konstrukciju

betonéSanas darbus vai izgatavot betona
konstrukcijas bavizstradajumu razotné.



2. profesionalas kvalifikacijas [Tmenis profesija

BETONETAJS

640 stundas

thrTBQmm%\W‘QQ‘ ‘ SVE 35 B w,g\ \t vc'uj

Profesionalie macibu priekSmeti:
« BetonéSanas darbu tehnologija;
* Materialmaciba;
» Blvniecibas rasésana;
» Betonésanas iekartas un aprikojums;
» Saskarsme,;
« Darba droSiba un aizsardziba.

leglistamais dokuments:
Profesionalas kvalifikacijas aplieciba

Neformalas izglitibas programma

BETONETAJS

80 stundas J

st L3

36 stundas teorija;
4 stundas prakse koledzas darbnic3;
40 stundas prakse bavlaukuma.

legiistamais dokuments:

‘ RTQS' Celtn.iechbas koledzas aplieciba par kursa apguvi



Neformalas izglitibas programma

BETONETAJS
80 stundas

PROGRAMMAS TEMAS

36 st. teorija;

BETONA MACiBA Dt 4 st. prakse koledzas darbnic3;

« Betona veidi, standarti T LNl

Betona sastavdalas s He
Svaigs betons legiistamais dokuments:
Sacietéjis betons RCK aplieciba par kursa apguvi
Betons ar specialam ipasibam
Betona atbilstibas kritériji un
atbilstibas kontrole

IEGUVUMS DARBA DEVEJAM:
 darbinieks ar iegttam teorétiskajam
zinaSanam un.praktisko pieredzi 1sa laika;
- gatavs darbinieks darbam objekta;
 darbinieka potencials izaugsmei;

DZELZBETONS

levads

« Stiegrojuma montaza

« VeidnoSana

« Betona iestradasana

« Betona izturésana, atveidnosana,
darbu nodosana
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RIGAS CELTNIECIBAS KOLEDZA

Neformalas izglitibas programma

BETONETAJS

80 stundas

36 st. teorija;
4 st. prakse koledzas darbnica;
40 st. prakse buvlaukuma.

legustamais dokuments:
RCK aplieciba par kursa apguvi

(v) PIETEIKSANAS:
e-pasts: kursi@rck.lv
mob.tel.: 26472110
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QIS & MAPEI

MADEI

ED SMII

Advanced Concrete Quality Monitoring
during transport

Latvian Concrete Day @
. <
Riga 24.11.200 P2t
Dan Arve Juvik 755 .’\v‘,"




@IS & MAPEr

CONCRETE INDUSTRY SO\
cis.mapei.com

RAW MATERIAL

= system
"mcg; / />>/\ ‘a\ Increase the substitution of clinker

Q& S‘“ﬂ'A,NABlE with SCMs mantaining the same

T Q“Al"‘l,’ N mechanical characteristics both at
@% (GNCRETE \l . early and late age;

ETT e Increase the final strength of concrete
) 1 with the same cement dosage;

e, [;—go%’ L/ * Reduce the cement dosage for the

A same final strength;

* Increase the use of recycled

aggregates. [T eeIN7Ero[3e]
B 2

MIX DESIGN
[ J

CASTING AND CURING




@IS & MAPEI . .
COMCRETE INDUSTRY SOLUTIONS Energy consumptlon’ gaugE/ RPM IS connectEd to

concrete viscosity

7 0 g
/& ?onuf 3000 NN
/S i /3500 N

ICATOR
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© MAPEI

CONCRETE INDUSTRY SOLUTIONS

Correlation between slump and gauge/ RPM during
't concrete transport

g -

- =
Measurementt Algorithm

> CONSTANT FOR

5-10sec,
ENERGY INCREASE STARTING POINT
FILLING PERIOD BASIS FOR CALCULATING FILLING PERIOD %
SLUMP LOSS AND AUTOMATIC DOSAGE
NEEDED DOSAGE OF AND REMIXING
ENERGY DYNAMON LUMP
i
gol";::‘:m FOR AUTOMATIC DOSAGE
STARTING POINT AND REMIXING SLUMP LOSS
!
TIME TIME

B3|«



G MADEI . .
=z Automatic adjustment of slump

MANUAL INPUT/
INPUT FROM

PRODUCTION SYSTEM

—~—
—

WEB SERVER
i LABEL /
| QUALITY DOCUMENT
—D )
— (1)
- R 7/
3G 46 A
PIPELINE TO
MIXER
WIRED INPUT
#. P ENERGY CONSUPTION
~
P
4 e Y
CONTROL
UNIT
TANK 501 Tank 501
N/
DYNAMON MAPEFAST
/\ etc.
& \ 4 J
: ‘ | B| s




QIS & MAPEI

CONCRETE INDUSTRY SOLUTIONS

cis.mapei.com Safety

PEOPLE

250m?3 concrete added 8 kg/m3 Mapefast ultra in order to use CEM V ’
cement and reduce carbon footprint.

e 2000 kg of Mapefast Ultra has to be carried up the ladder
« 202 kg CO, -eq/m?3 saved, total saved 50 tons of CO,-eq

Admixture system in compressed-air version Admixture system in gravity version

For filling plasticizer directly into the truck For filling plasticizer directly into the truck
mixer. The pressurized admixture tank (tank mixer. Tank capacity 42 litres.

size 60 I) is available in steel or stainless

steel.

B| s



QIS & MADEI 1.4
oo M@t building

cis.mapei.com

Cement Aggregate  Admixtures
. 5 s _ SDS EPD

%CHEMBASE

ProductDataTemplate @ - -

Production data

Link to electronic ticket

and quality data from QR
code / SMS / mail B|7



QIS & MAPEI . . £ .
=~z Contractors have quality data at their fingertip

| Mixing data (traditional ticket)
e Slump

nnnnnn

uuuuuuuu
nnnnnnnnn
mmmmmmm

— T
Faktura o<
T —— o
Total m FY
:] = :

MinRPM  MaxRPM  Minutter

12 Status
4 3
="  Transpol rt 05 30 109,0 o
14 s Remixing 12,5 15,0 32
: X 125 15,0 80
T 0,0 -3,0 41,0

nnnnnnnnnnnn

. ewtsco * Handling procedure

I 2
: H —‘ 560,0 Euro VI 16 57,6 92,6 744,6 106,4

.
Blandestasajon Ankomst Etterdosering Etterdosering Temming . P ro d u Ct S d O S e d a t S I t e
Tid 06:32 07:53 07:55 - 08:05 8:29-8:35 08:05 —8:46
Volum (m?) 8,00 8,00 8,00 = 1,00 L
: : e Carbon footprint
Dynamon SX-23 13,0 5,00
Temperatur 172 15,5 14,3 16,4 16,4

e Time used

 Returned volume
 HES information / declarations

B



QIS & MAPEI

CONCRETE INDUSTRY SOLUTIONS

s ED SMEI® truck mounted hardware

1 and speed sensor. Automatic detection of

uncher for water addition monitoring

Pump coun per-plasticizing admixtures

B| °



@IS & MAPEI

CONCRETE INDUSTRY SOLUTIONS

ED SM II® hardware components

“T” hydraulic pressure gauge junction

. . Flow meter for water addition
for drum’s hydraulic pressure detection.

monitoring.

iy

Truck mounted control unit, the black box

2 Logic and Data storage
. *Truck mounted sensors receptacle
*Wi-fi module for batch automation pc data exchange

Bluetooth connected to the plant trans-receiver
GPRS/UMTS/3G/4G modem for GPS tracking and
communication
*ED truck app communication

Mixing drum rotation direction and speed sensor o L
3 for BAR to slump mm conversion and automatic detection | *Plant bluetooth trans-receiver: It the joint
5 @ of transportation phases and timing. between the plant automation and the truck

" ‘ Ethernet connected to the existing batch

automation
«Bluetooth connected to the truck mounted control
unit

Pump and flow meter for admixture
addition control and monitoring.

oo e Jser interface is dynamic

e System (PLC) can be programmed remotely
B| 10







i

@IS & MAPEI

CONCRETE INDUSTRY SOLUTIONS
cIs.mapeicom
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Oil Shale Ash from
Kohtla Jarve (Estonia)

as a micro-filler for concrete
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Oil Shale Ash

24°E

28°E

There are two kinds of oil shale in
Estonia, both of which are sedimentary rocks
laid down during the Ordovician geologic
period. Graptolitic argillite is the larger oil
shale resource, but, because its organic matter
content is relatively low, it is not used
industrially. The other is kukersite, which has
been mined for more than a hundred years.
Kukersite deposits in Estonia account for 1%
of global oil shale deposits.[*]

Location of kukersite deposits within
the Baltic Qil Shale Basin in northern Estonia

[*]. i

Tallinn

Gy

Gulf of Finland

Hakvere\ Kohtla-Jarv
Tapa \

Estonia dePUSh\Esmnian power
plant

plant

0 10 20 30KIWOMETERS 7 e

IS T E—

] "o
| ;5 Lake Peipsi

Baltic power 5

Narvae

eningrad—
depasit

* https://en.wikipedia.org/wiki/Qil_shale_in_Estonia

24.11.2022 RTU
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Oil shale ash heap
in Estonia

Estonia’s basic power supply
is provided mainly by oil shale-fired
thermal power plants. Every year 14—
17 million tons of oil shale (ash
content 43-57%) is fired in power
plants [*].

[*] Konist, A., Maaten, B., Loo, L., Neshumayeyv, D., Pihu, T. Mineral
sequestra-

tion of CO 2 by carbonation of Ca-rich oil shale ash in natural
conditions. Oil

Shale, 2016, 33(3), 248-259.

https://www.alamy.com
24.11.2022 RTU 3



Cement is a hydraulic binder, i.e. a finely ground inorganic material which, when mixed with water,
forms a paste which sets and hardens by means of hydration reactions and processes and which, after
hardening, retains its strength and stability even under water. (EN 197-1).

Fly ash IS obtained by OIL SHALE | O'L SHALE

mechanical preC|p|tat|on
of dust-like particles from
the flue gases from “

furnaces fired with
pulverized coal.

weight %

33.20 32.87 20-80 Coal Fly aSh

8.09 7.79 1-55

4.44 4.53 1-44.7
0.53 0.46 0.1-3.7

37.06 32.59 0.1-52
S. SALUPERE ICONDE — INNOVATION IN CONCRETE DESIGN

Ash obtained by other

| weos

o me

o

“ 3.07 4.65 0-11 FOR HAZARDOUS WASTE MANAGEMENT
methods shall not be used B - 0.46 0-7.3 APPLIC S
In cement B - 376 0-4.7 Chemical stability, homogeneity.
that conforms to I - 0.05 0-0.5
E N 197_ 1 I - o 0-15 BU"_“_ Shal? T o

- B o 015 0-3.9 Additional investigation

IS necessary.
Fly ash may be V siliceous (SiO2, Al203, Fe203; reactive CaO< 10%)

or calcareous W (mainly reactive CaO, reactive SiO2 and Al203, reactive CaO > 10%)

24.11.2022 RTU 4



Oil Shale Ash

The coarse fraction particle size
usually ranges from 30 to 150 micro
meter. It is most suitable for
manufacturing concrete and silicate
products [*]. The fine fraction particle
size ranges from 15 to 30 micro meter
and can be used to produce the binder
kukermite-cement[*]. The finest
fraction particle size is mostly less
than 15 micro meter and is used as an
additive in the production of high-
grade rapid-hardening Portland-burnt-

shale cement.

[*] https://link.springer.com/chapter/10.1007/978-94-011-4092-

8_25

24.11.2022

Component Quantity of Components in Fly Ash Fractions
(%)
Coarse Fine Finest

CaO 50-56 30-44 29-35
SiO, 20-28 30-36 30-35
AL O; 6-8 8-11 10-12
Fe, O, 4-6 4-6 4-5
MgO 34 2.5-3 2.5-3
K,O 1.5-2.5 2.54 4.5-6.5
Na,O 0.1-0.2 0.1-0.2 0.1-0.2
CaOfee 20-32 12-17 7-12
CaSO, 4-8 8-12 14-19
B 2Ca0 SiO, 9-14 9-11 8-10
Glass constituent 32-36 28-33 27-32
Pozzolanic 12-18 24-33 25-35
constituent

Hydraulic modulus 1.2-19 0.8-1.0 0.6-0.8

RTU

v

| S—

TABLE 1. Chemical and Phase Composition of Industrially Used Fly Ash Particle Size Fractions

"~ 4
y




concrete

MATRICS - concrete;
REINFORCEMENT -
FIBERS (+ rebars)

Classification according

COMPRESSIVE
STRENGTH

FIBERCONCRETE is
a COMPOSITE MATERIAL

MECHANICAL
PROPERTIES

=Conventional concrete
(15MPa -60MPa)

*High strength concrete
(60MPa -110MPa)

*High performance
concrete (110MPa -150MPa)
Ultra-High performance
concrete (160MPa -250MPa)
Cement composite
material (90MPa -250MPa)
"Reactive powder
concrete

"Polymer concrete

24.11.2022 RTU 6



https://civilengineeringnotes.com/high-performance-concrete/ /

The American Concrete Committee on High Performance
Concrete includes the following six

criteria:

*Ease of placement

*Long term mechanical properties

*Early-age strength

*Toughness

eLife in severe environments

Characteristics of High-Performance Concrete
*Very low porosity through a tight and refined pore
structure of the cement paste.

*It has Very low permeability of the concrete.
*High resistance to chemical attack.

*Low heat of hydration.

*High early strength and continued strength
development.

*High workability and control of slump.

eLow water binder ratio.

*Low bleeding and plastic shrinkage

24.11.2022 RTU
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High performance concrete

- CEM | Portland cement

High compreSSive - CEM Il Portland-composite cement
Performance Strength - CEM Ill Blastfurnace cement
cl (|V| ) - CEM IV Pozzolanic cement

ass pa - CEM V Composite cement
1 50
2 75
3 100
4 125
5 150

Cement:

*Fineness affects water requirements for consistency.



* |tis well known that the transversal forces inside the concrete can be minimized by realizing a dense packing the
aggregates. A second well known method is to increase the strength is decreasing the W/C ratio.

e The silica fume grains are a factor 100 smaller than the cement grains. This fact can be described as a filler effect.

* The small grains fit in to the space between the cement grains and thus increase the densi ty of the paste, increase
the density of the paste, furthermore they are reactive.

 The amorphous silica fume converse the weaker CH crystals in the stronger C-SH gel. The binder becomes much
stronger and the transition zone between aggregate and paste is improved..

* The Young's modulus of the binder became much higher than before, so the concrete became more homogeneous.

REF:
1. http://www.ing.univag.it/news/allegati/558-20080131-
high_strength_concrete.pdf

24.11.2022 RTU



Experimental investigation

Mix 3.
. . Cem | 42,5 N, Shwenk 6,16kg
Mix 1. Mix 2. Water 321
Gravel 4-8mm 23k
Cem | 42,5 N, Shwenk 6,16kg Cem | 42,5 N, Shwenk 6,16kg y g
Sand (Saulkalne) 0,3-2,5mm 13,2kg
Water 3,0L Water 3,96L
Sand (Saulkalne) 0-1mm 2,3kg
Gravel 4-8mm 22kg Gravel 4-8mm 22kg .
Dolomite powder 2,1kg
Sand (Saulkalne) 0,3-2,5mm 13,2kg Sand (Saulkalne) 0,3-2,5mm 13,2kg . .
Microsilica (Elcem) 0,55kg
Sand (Saulkalne) 0-1mm 2,2kg Sand (Saulkalne) 0-1mm 2,2kg .
_ _ Plastisizer 0,09L
Dolomite powder 1,8kg Dolomite powder 2,2kg
Microsilica (Elcem) 0,55kg Microsilica (Elcem) 0,55kg Mix 4.
Plastisizer 0,11L Plastisizer 0,11L
Cem | 42,5 N, Shwenk 6,78kg
Water 6,3L
Gravel 4-8mm 0 kg
Sand (Saulkalne) 0,3-2,5mm 20,41kg
Sand (Saulkalne) 0-1mm 12,3kg
Dolomite powder 5,27kg
Microsilica (Elcem) Okg

24.11.2022 RTU Plastisizer 0,152L



Concretes with cement partially replaced by Oil Shale Ash
(10%, 15%, 20%,25%, 30%, 35%)

24.11.2022 RTU 10
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28 days results
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Compression, MPa
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B (medium strength concrete) 28 days, compression, bending

28 days results

OIL SHALE ASH in concrete, %

.....

28 days results
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Compression, MPa

90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0

0,0

0% 5%

10%

A (high strength concrete) 28 days, compression, bending

28 days results

15% 20% 25%

OIL SHALE ASH in concrete, %

24.11.2022

30%

35%

A group (CFB CW/1 19.05.21)

A group (3ona 3 19.05.21)

Expon. (A group (CFB CUN
19.05.21))

Expon. (A group ( 3ona 3¢
19.05.21))

4 point bending, MPa

RTU
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7,0
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4,0
3,0
2,0
1,0
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0%

28 days results
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OIL SHALE ASH in concrete, %
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A group (CFB CW/1 19.05.21)
A group (3ona 3¢ 19.05.21)
Linear (A group (CFB CUN

19.05.21))

Linear (A group (3ona 3¢
19.05.21))
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28 days results
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A, B, C 28 days bending

28 days results
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Fiberconcretes with cement partially replaced by Oil Shale
Ash (10%, 15%, 20%,25%, 30%, 35%)

STEEL FIBERS, GLASS FIBERS, BASALT FIBERS, BASALT-BORON FIBERS

EXPERIMENTAL INVESTIGATION, MODELING

24.11.2022 RTU 17



Bending experiments 10x10x40cm, 15x15x60cm

P/2 P/2

150

CMOD

Force, kN

) - EXPERIMENTAL INVESTIGATION
Deflection

All fibers have been pulled out,
No fiber fracture was observed

Post-cracking behavior of SFRC beams is dependant on fiber
pull-out mechanism and can be managed by it

0.000 1.000 2.000 3.000 4.000 5.000
Deflection, mm

6.000

24.11.2022

Deflection

RTU 18



Monte-Carlo simulation (fiber place
and orientation in space)

Fibers distribution and
orientation in the construction
member

fiber’s midpoint

a minima

(Y.X,2)

Experimental verification

surface

Crack plane is
a plane with

crossing fibers

angle to crack

150 kg/m3

O experiment
B theory

60

50

40

30

20

10

SIS SN O
PP & A

Q

. ?’Q. 90.

®

Heksp

W montekarlo

0-5 5- 10- 15- 20- 25- 30- 35- 40- 45-
10 15 20 25 30 35 40 45 50
Length distribution (Tabix fiber 50mm long)
24.11.2022

Angle distribution (Tabix fiber 50mm long)

RTU
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Principles of the proposed structural
Crack growth model model

e) Applied
load value
calculation

a) Multiple concrete matrix cracking

— — — —CcMOoD

MODELING

0.8H

k1 - Tabix
k2 - Dramix
- Straight

b) Macro-crack
opening C) Monte-Carlo d) Pull-out stress

profiles calculation

5_ fibers position
' and orientation

from pull-out
. lati diagrams along the
24.11.2022 simulation crack bridges 20




Modeling results and comparison with experiment

Mix F47, sample 1
f,f,,rf,zs] F47-1 Fibres:
o 1) Tabix 50, d=1,0:
160 179 kg/m3
140 -———"\\
. e 2) Dramix 30, d=0,54:
901 90 kg/m?3
eo- 3) Stralght 13, d=0,16:
’ 36 kg/m3
— 1 —— | Totalfibres:
— Model —_— Experime+a| 305 kg/m3
/ \ IDeerction [mm]

Elastic \ Hardening Softening

MODELING

24.11.2022 RTU 21
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Fiber content in SFRC with the same strength

Stress [MPa]

30

25

20

10

15

— St=6;2671kg/m"3

— St=13;1336kg/m"3
Dr=30_038;300kg/m"3

~—— Th=50_1;308kg/m"3

Tabix 50mm d=1mm

0 1 2 3 4 5 6

Deflection [mm]

Stress
[Mpa]

MODELING

24.11.2022
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253
— 233
—213

) |—193

—173
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Floor covering

CHRYSO®Cemfloor: cement-based liquid screed
3+10cm
Screed - definition

Construction SLAB
(existing or new)

WHAT ARE SCREEDS THEIR USUAL USE GENERAL CHARACTERISTIC

meet the contractor
requirements

meet the performance
specified

a part of the floor system inside buildings only

a proper substrate for any flooring floor leveling

system _ , part of the heating floor
a solution applied on system

top of the concrete slab




CHRYSO®Cemfloor: cement-based liquid screed

lypes of application. Flow does it work?

UNBONDED SCREED ON PLASTIC FILM FLOATING SCREED ON INSULATION OR HEATING FLOOR

P Floor finish

P Floor finish Frs——— Floor finish

....... i s Liquid Sereed - Compressive strip Liquid Screed «+ Compressive strip

Liquid Screed

Concrete floor S T Concrete floor i
. erasssannannan Concrete floor

pE— Bonding agent “wsssessimnsitss Polythene membrane L — Insulation panel




CHRYSO®Cemfloor: cement-based liquid screed

Screed - EU stancdards

Screed specifications and standards

®Cemfloor is produced in an I1SO 9001 quality-controlled environment. Cemfloor screed complies
with European and American Standards such as EN 13813 and should be used in accordance with
BS 8204-7:2003 “Code of Practice for Pumpable Self-Smoothing Screeds.”

Type of screed: CHRYSO®Cemfloor
= Bonded 35mm
Minimum thickness i Uannded >0mm
=  Floating:
= Domestic 50 mm
= Commercial 50 mm
=  Minimum above pipes 35mm
Maximum thickness Up to 10cm only for wooden floor, for rest applications no limits
Strength class CT-16-F3 / CT-20-F4 / CT-25-F5
Shrinkage at 28 days Usually < 400 p/m
Fresh density 2200 +/- 100 kg/m3
Flow rate (Cemfloor ring) 400 + or - 20 mm standard workability retention target 2h30
Thermal conductivity (*) =2,0 W/m.K
Elasticity modulus: E =19 000 +/- 6000 MPa
Maximum Bay Sizes Non-Heated floor =150m2 / Heated floors = 100 m2

Open to light foot traffic 24 - 48 hours




CHRYSO®Cemfloor: cement-based liquid screed

& technologies

semi-dry plastic

cement based cement based
“traditional” type of screed ready to use
production on-site or bags bags or silos

94% market share =1% market share

liquid

cement or anhydrite based
new screed technology
production on-site or RMC
batching plant

4% market share




CHRYSO®Cemfloor: cement-based liquid screed

traclitional semi-ary vs. liquid screed




CHRYSO®Cemfloor

T
()
()
S
o
wv
>
S

T

©
c

2

=

T
®©
S

'_

External production
High flowable — liquid
Easy to pump
Self-leveling — easy
operations

production in-situ
Requires intensive labor
application for
placement and leveling
Back-breaking job
Labor cost

CHRYSO®Cemfloor: cement-based liquid screed

Vs

Up to 800 m?/day
High flatness and
smoothness

Only an easy surface
leveling must be
performed

Tiling after 7 days
10 to 15 days drying
time

Up to 250m?/day

Long application time
Request a long leveling
job

Hard working
conditions (recruitment
& safety issues)

Up to 150 m? without
join

Up to 100 m? without
joint with heating floor
system

Shrinkage < 400um/m

Random results
No technology inside

Production on a
batching plant or
dedicated mobile
trucks

Self-leveling during the
application

Consistent quality
(flatness & smoothness)

Produced on site (no
Qcq)

Leveling quality
depending on the
applicators

High risk of quality
variation

Variable flatness and
smoothness




CHRYSO®Cemfloor: cement-based liquid screed

2,0 W/m*K

>7,5¢cm

~15% porosit
C12/15F2

>5cm

<6% porosity
C20/25 F5




CHRYSO®Cemfloor — self leveling screed




CHRYSO®Cemfloor — self leveling screed
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Targales wind park
concrete

foundation casting
experience

Janis Kudins
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Facts and figures

* 14 Turbines

e Estimated annual
 electricity production: 155GWh

* Concrete foundation in diameter 18 m
* Concrete height in the middle 3.4 m

e Concrete foundation cast 500m3

24.11.2022




. GRUPA
Concrete and req uirements MBS -

Concret Max
Exposure class Cement type
size w/c

2018 C35/45 XC4 XS3 XA2 0-3 i F3/53 _
XF2
CEM142,5N

2018 (C35/45 XC4 XA2 XF1 0-16 0.45 MH/LA/SR

XC4 XD1 XS1
2021 (C35/45 Y3 XA1 - - S3 -

Casted concrete

XC4 XS1 XAl S5/54/ CEM Il A-M(S-

2021 (C35/45 XF1 0-32 0.50 S3 LL) 52.5N

24.11.2022 XXX Zinatniski tehniska konference 3



GRUPA
Concrete temperature and strength control MBZiT=

=
?
ATSF T )
. $ [
a a°
3 é 1 g8 .
"'Zﬂ v 3 § 2 ‘
Temperature Monitoring == &
: 1
26.5¢ ;-
‘ Y o
& é o
- o
: g (N //'/M
E g M
g &
5
Age

Age
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. . GRUPA
Concrete mix design MBS =

C35/45 XC4 XS1 XAl XF1

Sand 0-4mm
Coars aggregates 2-32mm
CEM Il A-M(S-LL) 52.5N

Stachement SP57/25
Reatardal 510
W/C 0.50
- In cube samples In construction
24 h 18.2 23.9
48 h 32.5 41.9
7 days 42.7 52.0
28 days 51.4 -
56 days 57.0 -

24.11.2022 XXX Zinatniski tehniska konference 5



Temperature measurements and strength MBSRUFg
development in foundation T-23

Foundation temperature measurements 31.08.21-07.09.21 Concrete strength development 31.08.21-07.09.21
70 60
60 o Sc—— 0 1 S S -
o.. { Hw-..-. "‘“m’ﬂ-oﬂ“‘-’“. -, Clc? ................................

20 a8 e S e
& ¢ A 20°C after 32 h £ 40 -
) . \ 4 [T ]
= 40 = — —
= @
= .” 530 - ?‘
3 30 3 g 5
E 5 2

b o 20 ¢
- 20 VJ Gé. ) ]
S <
10 10 S
!
0 0
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144
Time, h Time, h
= | the middle -1.7m In the middle -5cm From the mold -5 cm down -50 cm —In the middle -1.7m In the middle -5cm From the mold -5 cm down -50 cm

168

CSA A23.1:19 Guidelins T4.3.3. Temperature difference limit can be specified by time or strength

15°C during first 24 h 15°C until 15MPa
20°C between 24 and 72 h 20°C between 15 and 20MPa
25°C after 72 h 25°C after 20MPa

24.11.2022 XXX Zinatniski tehniska konference 6
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Cracks in concrete foundations T-23

24.11.2022 XXX Zinatniski tehniska konference 7



Temperature measurements and strength MBSRUFg
development in foundation T-24

Hours (h)
o 3 7 11 5 15 2 2 3 35 ] 43 47 51 55 53 63 &7
- Highest temperature: S8.34 °C
elta: T1.28°C
ES
20
-
45
5]
= 4
g
2
£ I5
T
=
25
20
Lowest terfiperature: 19.8 °C
g
13:05 16:00 20:00 E. Sep 04:00 08:00 12:00 16:00 20:00 9. Sep 04:00 08:00 12:00 16:00 20:00 10. Sep 04:00 08:00
Menitering Description tin erage la Lates
- Centre in the middle 21.18"°C 45.44°C 58.34°C 58.31°C
N 4m from centre -50cm 22.76°C 46.27 °C 54.227°C 50.68 °C
8m from centre -50cm 19.8%C 43.8°C 54.39°C 46.33°C

24.11.2022 XXX Zinatniski tehniska konference 8



Temperature measurements and strength MBGRUPA

development in foundation T-25 without cracks
— g ——== —=
e

24.11.2022 XXX Zinatniski tehniska konference 9
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B JUMU CENTRS

Many thanks Concrete
research centre team
for passionate work at

this project

24.11.2022
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DZELZSBETONS MB PIEREDZE
DZELZSBETONA ELEMENTU
IETEKMES UZ VIDI
SAMAZINASANA

Ernests Ozolins / 24.11.2022
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DZELZSBETONS



Piedalities Hyllie Terrass ekas celtnieciba Malme

Ll ELAKA'S ar dzelzsbetona konstrukcijam, razotam Liep3ja
VlD ES, IZAI CI NAJ U MS Visa ekas dzives cikla netiek raditi papildus CO2
LIDZ SIM izmesi - klimata neitrala éka- NollCO2

sertefikacija

Lai So sasniegtu tika veiktas sadas darbibas:

* Uzstaditi strikti emisiju merki

« Sadarbiba ar klientu tika veikti un analizeti
dazadu scenariju emisiju aprekini

 Analizes rezultata atrasts risinajums ka
samazinat dzelzshetona konstrukciju raditas
emisijas par 33% salidzinajuma ar projekta

M GRUPA izstrades laika aktualajiem vides raditajiem.
DZELZSBETONS



Sertifikacijas shema, kas pieprasa ekas
celtniecibas procesa bhutiski samazinat raditas
CO2 emisijas

Sertifikacijas merkis - buvet klimata neitralas
ekas

KAS I R N (_) LLC02 Tiek noteiktas specifiskas emisiju pielaujamas
SERTIFIKACIJAS vértibas materialu grupam un visai &kai kopuma

S H E MA? Raditas emisijas tiek kompensetas ieguldot
atjaunojamajas energijas razosana, izmesu
mazinosos risinajumos eka un dazados citos
veidos

M GRUPA
——— ]
DZELZSBETONS



Samazinata dzelzshetona elementu ietekme

KAPEC IR SVARIGI vz vid
PI EDALITI ES SADOS Efektivaka pieejamo resursu izmantosana
PROJ EKTO S? Padzilinata izpratne par procesiem, kas

ietekme dzelzsbetona elementu vides
rezultatus

Speja labak komunicet ar piegadatajiem un
klientiem par vides jautajumiem betona
nozare

Pieredze loti aktuala sfera buvniecibas nozare

M GRUPA
——— ]
DZELZSBETONS



KA TIEK VEIKTA
DZELZSBETONA
ELEMENTA DZIVES
CIKLA ANALIZE?

M GRUPA

——— ]
DZELZSBETONS

Tiek veikta radito izmesu analize visa elementa
dzives cikla gaita:

Materiala razosana un nogadasana lidz
patéretajam (A):

|zejmaterialu vides sniegums
|zejmaterialu piegade (idz razotnei
Razosanas procesi

 Transports lidz pateretajam
Montaza

Vides sniegums materiala dzives gaita (B)

Demontaza un parstrade (C)

leguvumi no materiala parstrades pec dzives
cikla beigam (D)



C02 EMISIJU
SADALTJUMS PA
CIKLIEM

M GRUPA
——— ]
DZELZSBETONS

GLOBAL WARMING POTENTIAL FOSSIL

KG CO2E — LIFE-CYCLE STAGES

—

A1 Raw material extraction and processing - 62.1%
A2 Transport to the manufacturer - 6.5%
@ A3 Manufacturing - 2.2%
@ A4 Transport to the building site - 16.1%
A5 Installation into the building - 6.3%
® C1 Deconstruction - 1.5%
C2 Waste transportation - 2.9%
@ C3 Waste processing - 2.2%
@ C4 Waste disposal - 0.2%




EMISIJU SADALIJUMS C02 IZMESU SADALTJUMS

RAZOSANAS SADALA, DZELZSBETONA ELEMENTA
IZMANTOJOT PELEKO
CEMENTU

(CEM Il A-M (S/LL)) 52.5N

B Betons Stiegrojums leliekamas detalas

MBGRUPA

ZZZZZZZZZZZZ




C02 IZMESU SADALTJUMS

EMISIJU SADALTJUMS DZELZSBETONA ELEMENTA
RAZOSANAS SADALA,
IZMANTOJOT BALTO
CEMENTU (CEM | 52.5R)

53 KG / T PIEAUGUMS
C02 IZMESU APMERA

CO2 IZMESI PALIELINATI PAR 39%

B Betons Stiegrojums leliekamas detalas

MBGRUPA

ZZZZZZZZZZZZ




CO02 EMISIJAS BETONA SASTAVDAI__,&M
100,0% 97,5%

90,0%

80,0%

EMISIJU SADALIJUMS 0%
BETONAM s0%

50,0%
40,0%
30,0%
20,0%
10,0%

1,6% 0,9% 0,0%

GRUPA 0.0% — -
C t Rupija pildviel Smilti Ud
MB_ ements upja pl viela MmItts ens

DZELZSBETONS



ANALTZES
REZULTATI

M GRUPA
]
DZELZSBETONS

Lielako dalu no dzelzsbetona elementa emisijam
rada cements

Otru lielako dalu no emisijam rada stiegrojums

Ta ka projektésanas sadala bija noslégusies,
nevarejam ietekmet ekas arhitekturu un
stiegrojumu apjomus, attiecigi ar materialu
palidzibu jauzlabo CO2 sniegums

|zveéleta arhitekttira var radit razosanas
problemas vides betonam (krasas viendabigums,
atveidnosanas stipriba)

Veikti dazadi aprekinu scenariji

* Vietejais cements ar aizstajejmaterialiem

* Vides cementa maisijums no vacijas

* Peciespejas videi draudzigaks stiegrojums
 Piegazu kézu izmainas



Lielako ietekmi rada cementa klinkeris

VI D ES I ETE KM ES Jasamazina cementa klinkera saturs nezaudejot

SAMAZI NASANA nepieciesamas betona Tpasibas
B ETO NAM Cementa maisijums CEM II/B-S sagatavots pie cementa

razotaja Vacija

1

| 8 |+

“:7 jg ﬂé Q- * Augstaka cena
« Stabilaka cementa maisijuma kvalitate
» letekméts betona cietésanas laiks
| | | » Tiek zaudeta dala no ieguvumiem transportejot cementu uz
| ] | Latviju
|

 Zemaka cena
« Lai sasniegtu nepieciesamo izmesu limeni batiski
jasamazina klinkera dozacija betona:
¥ | | « Betona stabilitates problemas
MBGRUPA | " | » letekméts betona cietésanas laiks
I N | « NepiecieSams specializéts aprikojums (cementa
aizstajejmaterialu dozacijai)

|
THHY s . - S - . =
““ 11 Tt 1 1 [ i | Cements tiek samaisits ar aizstajejmaterialiem razotne
\I.

DZELZSBETONS

!
1
b
¥
f




o8 0,010

CEMENTA )
MAISTJUMA I1ZVELE

CEMII/B-S 525N CEM 152.5 N (2021)

M B% B Emisijas materiala ieguves procesa ™ Emisijas materiala transportésana lidz razotnei
DZELZSBETONS



BUTISKI ASPEKTI v
RAZOSANA KAS Cietesanas procesa uzraudziba
|ETE KM E REZU LTATU Arhitektura - reljefs un eksponets betons

Buvnieciba arpus buvlaukuma

MBGRUPA

DZELZSBETONS




SASNIEGTIE
REZULTATI
MBGRUPA 0

DZELZSBETONS

DZELZSBETONA ELEMENTU
KOPEJIE CO2 IZMESI

-33%

Izejas dati Pec optimizacijas
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RIGA TECHNICAL
UNIVERSITY

Betona 3D druka - sasniegumi Latvija
un pasaule pedeja gada laika

Blvniecibas inZenierzinatnu fakultates
Materialu un konstrukciju instittta
VadosSais pétnieks

3D betona drukasanas zinatniskas
laboratorijas vaditajs

Dr. Sc. Ing.

Maris Sinka

SAKRET*

24.11.2022.



3D betona drukasana

Betona 3D drukasana ir process, kura no digitala faila tiek izveidots reals brivas formas objekts,
izmantojot speciali izstradatu betona sastavu un 3D printeri ar ekstrizijas galvu;

Nozime - formas briviba, automatizacija, optimizacija, CO, samazinasana.

V\, V2 l\\r‘

|
|




Contents lists available at ScienceDirect  Cement
Concrete
Research

Cement and Concrete Research

journal homepage: www.elsevier.com/locate/cemconres

ELSEVIER

is

Technology readiness: A global snapshot of 3D concrete printing and the
frontiers for development

Guowei Ma®", Richard Buswell °, Wilson Ricardo Leal da Silva®, Li Wang?, Jie Xu®,
Scott Z. Jones ¢

0 3 6 9 12 15 18 21 24 27
Fig. 3. Global distribution of enterprises engaged in 3D printing services. 1.0
88 —u—Articles (Total = 430)
-O-Patents (Total = 108)
110 os I .
- -e-House [ -®Projects (Total =212)

-&-|Infrastructure

o0 —&—Street furniture
80 4 -e-Bridges

--0th
70 Others

Normalised number of patents [ articles / projects

Cummulative number of 3DCP projects

Fig. 5. Normalised number of articles, patents, and projects on extrusion-based
3DCP since 1997. 3

Riga Technical University



Pasreizeja situacija:
3D betona drukasanas zinatniska

laboratorija izveidota 01.04.21.;

Esosais ramja tipa printeris ir pilnveidots
sadarbiba ar RTU Design Factory;

Industrialas doktoranttras studijas
uzsaktas sadarbiba ar SAKRET,;

Vairaki pétnieki un pétniecibas virzieni;

Mérki — pétnieciba, studéjoSo iesaiste,




L LATVIJAS UNIVERSITATE - A
J\ s «.‘5 \ UNIVERSITY ““‘ INOVACIJU ——J I Morberga e, o Latvijas
J OF LATVIA GRANTI me DESIGN Studija Arhitektu FREE
RIGAS TEHNISKA ®® | stuoentiem FACTORY i i ARCHITECTURE

UNIVERSITATE

NATIONAL EUROPEAN UNION
T g e s A CREATIVE CONCRETE PER
TUESDAYS COMPETITION (g‘gﬂj)

INVESTING IN YOUR FUTURE







Laboratorijas petijjumu virzieni 1
* Industrialas doktoranttras projekts sadarbiba ar SAKRET;
« Meérkis — printera mainigo parametru un maisijuma
mijiedarbibas izpéte;
« SAKRET 1K maisijums.




Laboratorijas petijumu virzieni 2 — 3D drukata betona ilgmuziba

Maisijumu izstrade, ilgmuzibas testéSana laboratorijas un

;‘r".;'.( Journal of Z
SAKRET malsnumlem, % Composites Science rM\D\Py
Mehanisko 1pasibu testi — 7 un 28 dienu lieces un spiedes testi Artice _ o
gan veidnotiem, gan 3D drukatiem betona maisijumiem; The Effects of Air-Entraining Agent on Fresh and Hardened

Properties of 3D Concrete
Salturiba LVS CEN/TS 12390-9;

Ella Spurina 1*, Maris Sinka !, Krists Ziemelis !, Andris Vanags 2 and Diana Bajare 3*

O Cast
Printed

I

T
AEA-000 AEA-006 AEA-012
Mix

=

AEA-012 3D 14 cycles
=3 28 cycles
E= 56 cycles

AEA-006 3D

ries

@ AEA-006 Cast—

1

AEA4-012 Cast[]]
[l
1

AEA-000 3D —

|

AEA-000 Cast =

| | I 1
0 100 200 300 400

Mass loss, g/m2

(a) (b) (c)



Laboratorijas péetijumu virzieni 2 — 3D drukata betona ilgm

Maisijumu izstrade, ilgmuzibas testéSana laboratorijas un
SAKRET maisijumiem;

Mehanisko 1pasibu testi — 7 un 28 dienu lieces un spiedes testi
gan veidnotiem, gan 3D drukatiem betona maisijumiem;

Salturiba LVS CEN/TS 12390-9;

letekmes uz vidi samazinaSana ar degakmens un Skeldas
pelnu lietosanu;

(a) (b) (c)

i

<

ba



Laboratorijas petijumu virzieni 3

«  PostDoc projekts “3D drukati biologiskas izcelsmes Ccmpmmepmuﬂ_% 0015 -
pielietojumam buvnieciba’; £ . — PrintOmin
_ . L _ . _ _ . ; ) ) T EE—— E ——  Cast 30 nun
« Merkis - samazinat blvniecibas nozares negativo ietel 3 compresepependein " % 0010 — Print 30 uin
vidi, izgatavojot 3D drukétus biologiskas izcelsmes £ W g e
blvmaterialus; g e 2 0 o0s — ot 120mn
< g2 —— Print 120min
 Biologiska pildviela un minerala saistviela;  Flexural perpendicular—{ N
« Labs buildability, bez stabiliziatoriem; m el e e os 0.000 A1
4as ’ X ’ ’ 01 23 4 5 6 7 8 9 10
«  Sobrid tikai materiali ar blivumu sakot no 1000 kg/m3; . Deformation.%

3DC Lab @ RTU
T2,

Hemp‘temix
N .

| —
crib T i1
Hemperete print 27.07.21. L/

il 'I‘ LA

Sis darbs izstradats ar Eiropas Regionalas attistibas fonda atbalstu darbibas programmas “lzaugsme un NACIONALAIS » EIROPAS SAVIENIBA
nodarbinatiba” 1.1.1. specifiska atbalsta mérka “Palielinat Latvijas zinatnisko institlciju pétniecisko un /¢)) PostDoc Ao 203 '-~ o by i
Latvia

inovativo kapacitati un spéju piesaistit aréjo finanséjumu, ieguldot cilvékresursos un infrastruktara” 1.1.1.2.
pasakuma “Pécdoktorantiiras pétniecibas atbalsts” ietvaros (Nr.1.1.1.2/VIAA/3/19/394). 1EGULDIIUMS TAVA NAKOTNE



Laboratorijas petijumu virzieni 3

« Argjas ¢aulas drukasana;
« Var uzglabat no 1,21 lidz 16,7 kg CO, ekv. uz

m?2, at8kirtba no tradicionali izmantoto materialu
sienam, kas izdala Iidz 147 kg CO, ekv. uz m?;

« Pie 660 kg/m?3 blivuma kanepju betonu var
drukat vismaz 15 slanos ar kopéjo augstumu
200 mm, turpmakos slanus var veidot péc 30
min.

Load-bearing wooden frame,
150 x 50 mm, 2pcs. per m

Outer shell 3D printed layers,
60 mm, 2=0.133 W/(m'K)

Inner thermal insulation layer,
280 to 520 mm, A=0.062W/(m-K)

Wall type U value, Total Outer Inner GWP per m?,
W/ (m? - thickness, layer layer kg of CO, eq.
K) mm thickness, thickness
mm , mm
Wall A 0.180 400 120 280 -1.21
Wall B 0.105 640 120 520 -16.7

Sis darbs izstradats ar Eiropas Regionalas attistibas fonda atbalstu darbibas programmas “Izaugsme un
nodarbinatiba” 1.1.1. specifiska atbalsta mérka “Palielinat Latvijas zinatnisko institlciju pétniecisko un /p PostDoc
inovativo kapacitati un spéju piesaistit aréjo finanséjumu, ieguldot cilvékresursos un infrastruktara” 1.1.1.2. Latvia
pasakuma “Pécdoktorantiiras pétniecibas atbalsts” ietvaros (Nr.1.1.1.2/VIAA/3/19/394).

NACIONALAIS » EIROPAS SAVIENIBA
ATTISTIOAS Evopas Rejionbs
PLANS 2020 F‘ attisitings fords

IEGULDIIUMS TAVA NAKOTNE



Studentu sacensibas

Pirmas starptautiskas 3D betona
sacensibas Baltija. 2021. gada
oktobris - 2022. gada aprilis
sadarbiba ar RTU Dizaina fabriku un
Latvijas Universitati:

« 1-3 brivi stavosi objekti LU pilsétina
Tornakalna.

« 27 komandas (Latvija, Lietuva,
lgaunija, Griekija, Austrija, Spanija,
Kina, ASV)

* Lekcijas un apmacibas tika
organizétas vairakus ménesus;

o hittps://print-concrete.com/#/

3 CONCRETE
COMPETITION

modular components

free-form structure for sitting/
lasure fime out in the open
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Student involvement

« Bench to be built 2022/2023
« Temp. or permenent location




« Weber Bemix ;
UK pari M8 in Glasgow;
« Garaka drukata konstukcija.

28



60% materialu
ietaupijums




Floriade Expo 2022,
Pigeon Tower,

« Saint-Gobain Weber
Beamix un BAM,
Augstaka pasnesosa 3D
drukata buve;

Riga Technical University

60% CO, samazinajums.

<
2

=%

~
-

Type B
- -



minimass N

1 SOLUTION Design construction products to use less materlal and less labour.
— minimass is a low-cost, low-carbon beam designed to capitalise on existing 3D printing technology.
Patents for both design and manufacturing method have been granted in UK.

KEY BENEFITS

- Up to 70% C02 reduction

- Up 1o 50% material cost reduction

It provides:

- A scalable solution to meet the sustainability demands of the industry.

- Flexibifity in design, production location and time.

Why now?

- Giobal trends are moving to emphasise material efficiency

- 3D concrete printing has reached a tipping point, this s the first use for
structural elements, anywhere

conventional beam i

8 %

reduction in concrete
vs conventional beam

Riga Technical University



Witteveen+Bos kopa ar
Concrefy;

Bauma 2022;

20 elementi, 4
pretensioning cables

32



ICON kopa ar BIG — Bjarke Ingels
Group

Austin, TX, USA.

100 ékas, 400 000% katra, vidéja
tirgus cena

CO, ietaupijums? —drosvien ka né




Sadarbiba ar nozari

Papildus iekartu davinajumi no industrijas —
paldies SIA «REAKTIVS»

2021. gada 30. septembrt laboratorija organizéja
Pirmo 3D betona un bavmaterialu drukas seminaru;
Piedalijas visi galvenie Saja joma aktivie zinatnes
un rdpniecibas parstaviji;

Nakamais seminars planots tuvakajos ménesos

— runatajiem un interesentiem lugums
pieteikties




www.facebook.com/3DconcreteRTU

Paldies par uzmanibu!

maris.sinka@rtu.lv


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

osj?eait Baltica

Rail Baltica
inZenierbuves pielietotie
buvmateriali un to

raksturigas ipasibas

Dublin 4

Liva Bravere, RB Rail AS Tiltu inZzeniere
2022. gada 24. novembiris

Co-financed by the Connecting Europe
Facility of the European Union

S Edinburgh

London

Osloe

Copenhagen

ﬁmsterdam

eBrussels
Luxembourg
.

Paris

Helsinki @)
Tallinn @
Stockholm
[}
Riga ®
Kaunas .".
I Vilnius
Berlin
. Warszawa
- Prague
Wien / Bratislava
—u
L]
Budapest
Ljubljana
.




Design Speed

249 km/h - pasazieriem

120 km/h - kravu
parvadajumiem

Eiropas standarta
sliezu platums

1435 mm

Divu celu elektribas
pieslegums

2x25kV AC

Ass slodze

25t

Satiksmes vadiba

ERTMS 2

Maksimalais kravas
vilciena garums

1050 m

Tallina S

CJA Igaunija
< =¢ 213 km
A 25@
Wr M§ “\ érnava
(.

> ol

Starptautiska
lidosta ‘Riga’

Lietuva
392 km

)

3 pamattrases projektésanas posmi

2 starptautiskas pasazieru stacijas

1 multimodalais kravu terminalis

4 pamattrases projektésanas posmi

2 starptautiskas pasazieru stacijas

1 multimodalais kravu terminalis

4 pamattrases projektésanas posmi

3 starptautiskas pasazieru stacijas

1 multimodalais kravu terminalis




Rail Baltica Latvija: jau gads aktivas buvniecibas darbiem

Pamattrases projektésana visa trases
garuma (vairak neka 260 km)

Pamattrases buvniecibas iepirkumam
(~200km) 2. karta

Bavdarbi RCS mezgla un starptautiskas
stacijas lidosta ‘Riga’ posma turpinas

Uzsakta buvprojekta izstrade Salaspils
multimodalajam kravu terminalim

Parakstits ligums par 16 Rail Baltica
regionalo staciju projektésanu

Norisinas infrastrukturas apkopes objektu
projektésana lecava un Skulté

Apstiprinata ritosa sastava depo atrasanas
vieta Jaunmarupé

* Zemiju atsavinasanas darbi uzsakti ari
arpus abu starptautisko staciju

ﬁail Baltlca Co-financed by the Connecting Europe buvobjektiem

Facility of the European Union



Labumaguvéji- e ey =
tris ministrijas lietu uninfrastruktiras ministrija

RB Rail Rail Baltic
akcionari Estonia

Centralais
projekta koordinators

Nacionalie

i " Igaunija

Rail Baltic
Estonia

oF Rail Baltica [ cximesenzomcemsamorme

Projekta ievieSanas komanda

Lietuvas Republikas
Transporta un sakaru ministrija

Lietuvos GelezZinkelial

RB RAIL Rail Baltica Statyba
(Fililes Latvijd,
Lietuva, Igaunija)

Lietuva

LTG Infra

Rail Baltica Statyba




Igaunija Latvija Lietuva
Projektesanas posmi 3 4 2%*
Kopeéjais garums 213 km 265 km 168 km**
Dzelzcela struktiras 84 103* 43%*
(tilti, parvadi/ parejas,
viadukti, ekodukti, tuneli)
Celu parvadi 55 83* 4]

levérojamakas baves

Dzelzcela tilts par Parnu upi:

kopéjais garums 320m

Dzelzcela tilts par Keila upi:
kopéjais garums 206 m

Dzelzcela tilts par Gaujas upi:
kopéjais garums 1400 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
Se3uva/Veésa upi: kopéjais
garums 580 m

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

*dati var tik precizéti péc IVN pabeigsanas DS2 posma un bavprojekta pamatrisindjumu izstrades pabeigsanas DST posma
**dati par posmu Kaunas — LV robeZa, posma Vilnius-Kaunas un Kaunas mezgls un Jiesia - PL robeZa notiek teritoriijas plana izstrade

. H Co-financed by the Connecting Europe
@?’%all Ba l.tlca m Facllity of the European Union



Rail Baltica projektesanas vadliniju prasibas

levéerot EN standartu prasibas (Eirokodeksi, EN 197-1, EN 206, EN 10080, EN 10025-2, u.c.)
Bavju kalposanas laiks 100 gadi (deformacijas Suves un balstiklas 50 gadi)

Pretkorozijas parklajuma kalpos$anas laiks térauda konstrukcijam vismaz 15 gadi, aréjas vides
korozijaktivitates kategorija C4
Minimala betona stipribas klase dzelzcela bavem

- Laiduma konstrukcijas - C45/55

- Balsti — C35/45

- Pamati - C30/37
Stiegrojums - f,, = 500 MPa, g, 2 5 %

Saspriegtais stiegrojums — stiepes stipriba 1860 MPa vai 1770 MPa

Térauda klase S355 (nesosajam tiltu konstrukcijam)

oF Rail Baltica [ cximesenzomcemsamorme



Rail Baltica ieteicamie tiltu tipi

Integrali tilti bez balstiklam un deformacijas Suvém
Nepartrauktas sistémas tilti

Dzelzsbetona tilti

Laidumiem virs 50m, saspriegti dzelzsbetona kastveida siju tilti
Laidumiem lidz 20m, dzelzsbetona platnes tilti

Tiltu balstiem, monolitas dzelzsbetona konstrukcijas

oF Rail Baltica [ cximesenzomcemsamorme



Cela parvads
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Dzelzcela tilts
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Dzivnieku pareja
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Tilta garums 1150m
Laiduma shéma 125m + 6 x 150m + 125m

Platums
Autocela dala 23,10m (optimizets NP26)
Dzelzcela dala 12,1m

Projektetais atrums
Autocela brauktuve 90km/h
Atrgaitas dzelzcel$ (249km/h, 200km/h,
120km/h)

Konstrukcija
Térauda kopnes tilts
Monolita dzelzsbetona autocela un
dzelzcela klajs

Tilts projektéts atbilstosi Eurocode dzelzcela
un autocela slodzém

oF Rail Baltica [ cximesenzomcemsamorme

Apvienotais tilts par Daugavu
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Tilts par Gaujas upi
garaka buve Rail Baltica projekta Latvija

ImlL
PAT7 P-18
. Gauja R g‘i
\‘\ U - \i 1
I — N —
Laidumu shéma: 40m + 15 x 55m + 75m + 110m + 75m + 5 x 55m + 40m. Kopa: 1440m
A1 (P P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11 P-12 P-13 P-14 P-15 P-16 P-17 P-18 P-19 P-20 p-21 pP-22 P23 P24 A2
%J “‘Lr R P S A e I P R R A P S S N A A A
—— o e ] ] T A T o | "
===yl T e W S o = RS N S A Py Sy Ny e S S P N I R
. Gauja River




Saliekamas dz/b caurtekas
2m x 2m (1.5m gari elementi)

TOP OF RAIL / TOP OF RAIL

377

NATURAL SOIL /
NATURAL SOIL

H50%:0,05m
W

—o]
0.10 | LZO' 2.00 L.2D 0.10
CULVERT+ANIMAL CROSSING / CULVERT+ANIMAL CROSSING
(2

$-02 | BR5650. KAST / BOX 2.00x2.00m
ROGS/ SCALE  1:20

CONCRETE S
ELEMENT TYPE/| fck |EXPOSURE CLASS/
ELEMENT TYPE [(MPa)| EXPOSURE CLASS
e oo
N aas! casis XCAXDXF3
et o R
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Saliekami betona elementi — fasades sija

1.variants 2.variants

Valsts identitates krasa atbilstosi RAL
japieméro nozimigakajiem celu
parvadiem un dzelzcela tiltiem

15

T ¢
1 ™
15) j25)25) |1
j=
SN
L
L]

Estonia Latvia Lithuania

RAL 5014 RAL 3011 RAL 6011
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Saliekami betona elementi — projekta Rail Baltica logotips

3.00m
1.50 m

A A
¥y

Divi standarta izmeéri:
* Burti un logotips ir 10 mm iestradati virsma

Mazais panelis 1,50m x 0,55m

0.55m
1.10m

I . * Burtu fonts ir Myrad Pro
Lielais panelis 3,00m x 1,10m

_ Assaku cela parvads lgaunija, 2022.novembris
Izbaves tehnologija: /a p gaunij

Saliekams elements

Specifisks veidnis




Tehniskas specifikacijas

Betons Piedevas

Tehnologiskas piedevas — EN 934-1, EN 934-2
Rukumu mazinosas piedevas

Cements

Tips CEM | (EN 197-1)
Stipribas klase 32.5 vai augstaka

TIPS OFCEMENT oo Udens (EN 1008)

Ordinary cements except types CEM II/A-Q, CEM II/B-Q,

Mass concrete CEM II/A-W, CEM 1I/B-W, CEM IVA-T, CEM II/B-T and CEM [Il/C

ESP VI-1 cements for special purposes

Ordinary cements except types CEM II/A-Q, CEM 1I/B-Q,

CEM I/A-W, CEM I/B-W, CEM IFA-T, CEM II/B-T, CEM IIl’C and CEM V/B
Ordinary cements of types CEM | and CEM II/A-D, CEM I/A-V,

CEMI I/A-V, CEM I/A-P and CEM IVA-M(V,P) Pigments (Saliekamai fasades Sijai)

Table 99. Types of cement to be used

Hlorida katalitiskas piedevas aizliegtas

Reinforced concrete

Prestressed concrete

Sasniedzamais tonis Latvija RAL 3011 (Sarkans)

. . EN 12878
Pildviela

5% no cementa masas
Normalas un smagas pildvielas - EN 12620

Vieglas pildvielas — EN 13055-1
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