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Apollo.lv > Daba un dzivnieki > Negrupéts

Profesionalas talak apmacibas
kurss «Ar veltni bliveta betona
[RCC] celu un laukumu
projektesana un buvnieciba»

Lidzu, nemiet véra, ka raksts ir vairdk neka piecus gadus vecs un ir pdrvietots uz misu arhivu. M
neatjauninam arhivu saturu, tapéc var but nepiecieSsams meklét jaundkus avotus.
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@ @ Sadarbiba ar Amerikas Betona Celu Asociaciju [ACPA] un
CEMEX, SIA «Firma L4» Jus aicina piedalities Ar veltni bliveta
betona [RCC] segumu projektesanas un buvniecibas
apmacibas.
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ALKALI AGGREGATE REACTIONS (AAR)
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WORKSHOP PROCEEDING
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LBS BIEDRI

m Akadémija

m Cements

m Betona piedevas
Transportbetons

m Veidnu materiali un iekartas

m Sausie maisijumi

m Saliekamais dzelzsbetons

m Buvuznemeji
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LATVIJAS BETONA SAVIENIBAS ADMINISTRATIVAIS SASTAVS

Didzis Malkausis, izpilddirektors MaijaiSadauska, izpilddirekiora

Talrunis +371 29 337 714 e

+
alrunis Talrunis +371 26 725 433,
e-pasts Didzis.Malkausis@betonasavieniba.lv e-pasts info@betonasavieniba.lv

29/12/2024 e




GADA BETONA BUVE
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STUDENTU BALVA 2024

Konkursa uzvarétaji:

Zinatniski pétniecisko

* Alise Sapata, RTU — pirma vieta kategorija darbiikonkiirss Latvijas
"Labakais magistra darbs" Studentu balva 2024 Savieniba
e Alisa PoCujeva, RTU — pirma vieta kategorija =

"Labakais bakalaura darbs"

Pirmas vietas ieguvéjas sanems naudas balvu 700
eiro apmera.

Veicinasanas balvu ieguveéji:

* Regnars Beresinevics, RTU

* Janis Sturtis, RTU

Veicinasanas balvas 300 eiro apméra tiek pieskirtas,

lai atzimétu studentu centibu, originalitati un radosu
pieeju sarezgitu problému risinasana. 29/12/2024 @




GRAMATA "BETONS"

Betons: normativi, veidi, razosana un betonésanas darbu
tehnologija praktikiem. Pirmais izdevumes.

Autori:

e Janis Zale

e Jegors Golubevs

e Aldis Latvietis

« Genadijs Sahmenko, asoc. prof., Dr.
* Rolands Cepuritis, asoc. prof., Dr.

Redaktors:
* Rolands Cepuritis, asoc. prof., Dr.




28/11 /2024 EKSPONETAIS BETONS I Fair-faced concrete

Latvijas . o ; o
. Betona Latvijas Betona savienibas Latvian Concrete Association's
- Savieniba 32. zinatniski tehniskas 32. scientific and technical

konferences programma conference program

09:00 Konferences atklasana / Opening session R. Cepuritis (LBS valdes priekssédétajs, Primekss, NTNU)

Eksponétais betons | 09:20 Eksponétais betons SZK projektos. Problémas un risindajumi/ Fair-faced concrete in SZK projects. Problems and solutions [LV] A. Silis (Silis, Zabers un Klava)
Fair-faced concrete 09:45 Betona recepte izcilam rezultatam: Ola Foundation projekts / Concrete mix-design for an excellent result: Ola Foundation project [LV] A. Luka$enoks (MB Betons)
Moderators: R. Cepuritis 10:05 The “mica crisis” in Donegal, Ireland: A case of internal sulfate attack / Vizlas krize Donegala, Irija: iek3éja sulfatu izraisitas korozijas gadijums [EN] P. Lura (EMPA)

10:25 Kafijas pauze / Coffee break

Eksponétais betons | 11:05 Latvijas Betona savienibas tehniska komiteja: Eksponétais betons / Technical committee of the Latvian Concrete Association: Fair-faced concrete [LV] D. Malkausis (LBS
Fair-faced concrete izpilddirektors, TKO3)
Moderators: R. Cepuritis 11:20 Eksponétais betons: Kaigan Villas / Fair-faced concrete: Kaigan Villas [LV] R. Pjaternevs (Kaigan Villas)

11:30 Rail Baltica centralas stacijas eksponétais betons / The fair-faced concrete of Rail Baltica's central station [LV] L. Joksts (Bererix)
11:50 Betona Olimpiades rezultati / Concrete Olympics results [LV/EN] G. Sahmenko (LBS valdes loceklis, RTU), T. Nowacki (STACHEMA Polska)

12:05 Pusdienu partraukums / Lunch break

Eksponétais betons | 13:05 Cold-bonded biochar-rich lightweight aggregates for net-zero concrete / Auksti granulétas biooglu vieglas pildvielas neto nulles emisiju betonam [EN] N. Toropovs (EMPA)

Fair-faced concrete 13:25 Ramirent pieredze: redzamais betons / Ramirent experience: visible concrete [LV] A. Janbergs (Ramirent)

Moderators: J. Zale 13:40 Competition Best Concrete Building of the year 21st century, 25 years / Konkurss Gada labaka betona bave. 21. gadsimts, 25 gadi [EN] J. Einpaul (Concrete Associaton of
Estonia)

14:00 Standardization of concrete surface quality / Betona virsmas kvalitates standartizacija [ENG]

M. Dauksys (KTU, Lietuva), G. Skripkiunas (VGTU, Lietuva), R. Moceikis (Betonika)

14:20 Betona virsmas kvalitates defekti péc konstrukciju atveidno3anas un to ietekméjosie faktori / Concrete surface defects after structure demoulding and their influencing
factors [LV] |. Stefanovi€s (Doka)

14:40 3D drukats eksponétais betons / 3D printed fair-faced concrete[LV] M. Sinka (RTU), G. Sahmenko (LBS valdes loceklis, RTU)

15:00 Kafijas pauze / Coffee break

Nozares aktualitates | 15:20 Latvijas Betona savienibas tehniska komiteja: Betona ilgtspéja / Technical committee of the Latvian Concrete Association: Concrete Sustainability [LV] E. Ozolins (MB
Industry novelties betons, TKO4)
Moderators: D. Malkausis 15:35 Tradicionala térauda $kiedru un PrimX térauda $kiedru passpriegojo$a betona pilna méroga tests Jelgava / Full-scale test of traditional steel fiber and PrimX steel fibre

reinforced self-stressing concrete in Jelgava [LV] M. Suta (Primekss)

15:55 Betona konstrukciju uzraudziba un savlaicigas atveidnoSanas ietekme uz betona virsmas vizualo kvalitati / Monitoring of concrete structures and its effecton the visual
quality of the concrete surface [LV] N. Gorbatko (Adventum Tech)

16:00 Saliekama dzelzsbetona nozares ekonomiskas tendences un konkurétspéjas veicinasanas stratégijas / Economic trends and competitiveness strategies in the precast
concrete sector [LV] R. Kaufin$ (Kilen Baltic)

16:20 Jautajumi, diskusijas un konferences noslégums / Questions, discussions and conclusion of the conference R. Cepuritis (LBS valdes priek3sédeétajs, Primekss, NTNU)
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o EKSPONETAIS BETONS
e FAIR-FACED CONCRETE
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Scan to view the programme
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EKSPONETAIS BETONS SZK
PROJEKTOS

PROBLEMAS UN RISINAJUMI
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PROBLEMAS

1. SASTAVS

- CEMENTS [BROCENI vs Igauni],

- EKOLOGIJA [cements “zali” = ekoapdedzinats]
- BALTS, KRASAINS — raZo$ana, izmaksas

2. KLIMATS + TEHNOLOGIJA
- Eksponetais betons eksterjera + interjera = iestradasanas biezums, veidni, izmaksas

- Nekontroléjamas “Ziemas piedevas”
- IN SITU vs PREFAB; liets/vibréets/blietéts; vertikali vs horizintali; piens, burbuli

3. ILGMUZIBA, AIZSARDZIBA, KOPSANA

4. REMONTS/RISKI
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MBGRUPA

Ja olu sasit no arpuses, tas
ir vel nedzimusas dzivibas
beigas, bet, ja olu sasit no
iekspuses ar palidzibu no
arpuses, tas ir ka jauna
sakums
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GADA LABAKA BUVE | 2024 Nominee

LATVUA




_ MBGRUPA
PROJEKTA DALIBNIEKI

‘ fic

PR bl Pasutitajs: fonds Ola Foundation
' Arhitekts: Uldis PTIEns

ProjektéSanas darbi: SIA UPB Projekti, SIA Inzenieru
birojs Buve & Forma, SIA BICP

Generaluznemejs: SIA UPB Nams

Buvkonstrukcijas: SIA RK Metals, SIA Dzelzsbetons MB
Betona razoSana un piegade: SIA Transportbetons MB
Betona kvalitates kontrole: SIA Betona pétijumu centrs

Eksponéta monolita dzelzsbetona konstrukciju izbuve:
SIA Rigensi
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VAl AR TO PIETIEK?
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MBGRUPA

EKSPONETA BETONA
TEHNOLOGLA

Virsmas kvalitates prasibas
Betona sastava izstrade
lestrades tehnologija

Prasibas svaigam betonam,
veidniem

Risku izvertéjums & mazinasanas
pasakumi

Tehnologijas uzraudziba

Projekta komandas lomas
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PROTOTIPS
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PILNIZMERA PARAUGI OBJEKTA
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KAS VAREJA NOIET GREIZI?



_ MBGRUPA
KAS VAREJA NOIET GREIZI?

Betona piegazu
precizitate Laikapstakli Atveidnosana

Saplaksna Veidnu aizsardziba Betona
virsmas aizsardziba

nomaina
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Betona Pasitisanas veidlapa
tinformacija

BETONA PIEGAZU PRECIZITATE

Pamai
Pasitiuma veikianas datums 10.03.2020
Betona piegades datums, ks 13.03.2020
Objekta adrese Oglu ieta b/n, Riga
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SAPLAKSNA VIRSMAS NOMAINA




LAIKAPSTAKLI

Meteogram, next 438 hours
Thursday 11 June
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VEIDNU AIZSARDZIBA
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ATVEIDNOSANA
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BETONA AIZSARDZIBA




KAS LAVA SASNIEGT
REZULTATU?

MBGRUPA



_ MBGRUPA
MUSU BETONA RECEPTE

Tehnologijas Problému Orientésanas

. - UM Ista _ _,
izstrade un risinasana korr?;anda Sadarbiba uz Kopeju
planoSana uz vietas rezultatu
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PALDIES!

Dr. inz. Arturs Lukasenoks
Tehniskais direktors, MB Betons




LatVijaS Eksponéta
Betona betona tehniska
Savieniba komiteja (TKO3)



DIDZIS MALKAUSIS

* Eksponétais betons
* LBS izpilddirektors

* Eksponéta betona
tehniska komiteja (TKO3)

27/11/2024 a



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO03)- IEVADS

27/11/2024 a



EKSPONETAIS BETONS

27.11.2024 @



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS

27/11/2024




EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS

Eksponétais betons
Redzamais betons
Betons bez apdares
Arhitektoniskais betons
«Fair face concrete»

— 27/11/2024




EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -IEVADS

Sichtbeton-Team

Building
owner Ready-mix

Prefab
plant plant

Architect

Coordinator of
architectectural
concrete

Formwork
supplier

N
Construction
company
SUB SUB SU!3
Concreting laying rebars forming

Aus: K. Ebeling ,,Planungs- und Ausfuhrungshinweise®; beton

4/98 27/11/2024 a

Structural
engineer

Concrete
engineer




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

Eksponéta betona izstradajumi vienmer
bds ar savu individualu raksturu - nevis
pelekas viengabalainas sienas.

Eksponétais betons ir “dzivs” materials, kas

ieg
rpina “dzivot” ari péc tam - gaismas

tu

ast dazadibu betonésanas procesa un

spéelu un apkartejas vides ietekme.

Eksponéta betona skaistums ir relativs -

atkarigs no skatu punkta.

27/11/2024 @



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 iesaistit

Macibspéekus (RTU,LBTU)

Arhitektus

Konstruktorus

Betona razotajus

Veidnu razotajus

Saliekama dzelzsbetona razotajus

27/11/2024 @



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -PAVEIKTAIS

Apzinajusi jau esosos standartus un
noteikumus

Latvijas
Niderlandes
Vacijas
Lielbritanijas
Polu

Somu

lgaunu

27/11/2024 a



EKSPONETA BETONA TEHNISKA KOMITEJA (TK03)- PAVEIKTAIS

TKO3 strada pie Igaunijas tehnisko noteikumu
pielagosanas.

Meérkis visas 3 Baltijas valstis vienadi tehniskie
noteikumi eksponetam betonam

27/11/2024 @



EKSPONETA BETONA TEHNISKA KOMITEJA (TK03) -PAVEIKTAIS

- «Eksponéta betona komandas»
dalibnieki.

» Lidz 20 kolegiem
- 3 apaksgrupas
* Transportbetons - Janis Kudins

» Saliekamais dzelzsbetons - Edgars
Anduzs

- Betoneésanas veidni - Arnis Janbergs

27/11/2024 @



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO3) -PAVEIKTAIS

«Eksponéta betona komandas»
dalibnieki.

Tehniskais redaktors - Sandra
Guzléna

27/11/2024 @



EKSPONETA BETONA TEHNISKA KOMITEJA (TKO03)

Aicinu iesaistities komitejas darba,
izveidojot labakos iespéjamos tehniskos
noteikumus «Eksponéta betona
komandai»

Aicinu dalities ar eksponéta betona
objektu fotografijam, dazadas objekta
stadijas.

tkO3lbseb@gmail.com

27/11/2024 @


mailto:tk03lbseb@gmail.com

[T o, P

| INDUSTRIAL SMART SOLUTION




UNIKALS 26 VILLU CIEMATS/ EKSPONETAIS BETONS DOMINEJOSAIS BUVMATERIALS VISA CIEMAT




ARHITEKTONISKIE UN KONSTRUKTIVIE RISINAJUMI- MONOLITS DZELZSBETONS

1l

INDUSTRIAL SMART SOLUTION
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ARHITEKTONISKIE UN KONSTRUKTIVIE RISINAJUMI- 40 KM IEBUVETU INZENIERTIKLU

v/

‘ PR L/ 7RSS
Iebuvetas vajstravas, elektrotikli, ventilacija,
zemeéjums, apkure, idensapgade, kanalizacija,
KNX sistema, apsardze sistéma, ugunsgréekas
atklasanas sistémas, videonovéroSanas sistéma uc.

Ieblivéto monolotaja dzelzsbetona
nepiecieSamo inZeniertiklu
geodeziska uzmeériSana

=7///{ 11PN A\
= == ms SN

INDUSTRIAL SMART SOLUTION

101



IEBUVETO INZENIERTIKLU TEHNOLOGIKSIE RISINAJUMI- KAISER ( 2 DEFEKTI NO 10 000 DETALAM)- 0.02%

2t KAISER










- v -

v

BETONA KOPSANA CIETESANAS APSTAKLOS

105

INDUSTRIAL SMART SOLUTION
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ARHITEKTONISKIE UN KONSTRUKTIVIE RISINAJUMI-EKSPONETIAS BETONS

¢

INDUSTRIAL SMART SOLUTION



ARHITEKTONISKIE UN KONSTRUKTIVIE RISINAJUMI-EKSPONETA ARA FASADE
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ARHITEKTONISKIE UN KONSTRUKTIVIE RISINAJUMI-EKSPONETA ARA FASADE

Q INDUSTRIAL SMART SOLUTION



ARHITEKTONISKIE UN KONSTRUKTIVIE RISINAJUMI-KAMINA IEBUVE

kores linija

@ INDUSTRIAL SMART SOLUTION
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INFORMACIJA PAR BUVE
IZMANTOTO BETONU

» Eksponéta betona nesosais karkass (C35/45 XC2 XF2 S5/ C35/ XC4 S4, XF2/C30/37
XC1 S3/ C35/45 XC2, 37XF2)

» Eksponéta betona fasade (C35/45 XC4 XS3 XD3 XF1 XA1 S4 W10 smalka frakacija)
» Eksponéta betona Zogs (C35/45 XC4 XS3 XD3 XF1 XAl S4 W10 smalka frakacija)

» Eksponéta betona atpiitas vieta C35/45 XC4 XS3 XD3 XF1 XA1 S4 W10 smalka
frakcija)

» Eksponéta betona puku dobes C35/45 XC4 XS3 XD3 XF1 XAl S4 W10 smalka
frakcija)

* Monolita dzelzsbetona lievieni C35/45 XC4 XS3 XD3 XF1 XA1 S4 W10 smalka
frakcija ar fibru 30kg/m3 Horex)

* Monolita dzelzsbetona terases (C35/45 XC4 XS3 XD3 XF1 XAl S4 W10 smalka
frakcija ar fibru 30 kg/m3 Horex)

* Monolita dzelzsbetona vides objekti (C35/45 XC4 XS3 XD3 XF1 XAl S4 W10 smalka
frakcija)

* Monolita dzelzsbetona stavlaukums (C35/45 XC4 XS3 XD3 XF1 XA1 S4 W10 smalka
frakcija)

* Monolita dzezsbetona atbalstsienas (C35/45 XC4 XS3 XD3 XF1 XAl S4 W10 smalka
frakcija)

» Eksponetais betona interjers (C35/45 XC2 XF2 S5/ C35/ XC4 S4)

* Toneta melna betona izmanto$ana (C35/45 XC4 XS3 XD3 XF1 XAl S4 W10 smalka
frakcija)

» Pasvibrejosa betona izmantos$ana fasadei (C35/45 XC4 XS3 XD3 XF1 XAl S4 W10
smalka frakcija Eksponéta recepte+pasvibrejosa recepte)
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PILNIGA TEHNOLOGISKO BETONA PARPALIKUMU IZSTRADE ATBILSTOSI RECEPTEI




ARHITEKTORNISKIE UN KONSTRUKTIVIE ELEMENTI- APSILDAMAS CELA PLATNES
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LABIEKARTOJUMA ELEMENTI- ARA VIRTUVES, ZOGS
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LABIEKARTOJUMA ELEMENTI- ZOGS
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LABIEKARTOJUMA ELEMENTI- ZOGS 2000 m METRU GARUMA

INDUSTRIAL SMART SOLUTION




ARHITEKTORNISKIE UN KONSTRUKTIVIE ELEMENTI- RIEVSIENU STIPRINASANA
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VIDES DIZAINA OBJEKTI NO EKSPONETA BETONA
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EKSPONETAIS BETONS INTERJERA
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EKSPONETAIS BETONS INTERJERA
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EKSPONETAIS BETONS INTERJERA
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EKSPONETAIS BETONS INTERJERA
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EKSPONETAIS BETONS INTERJERA
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EKSPONETAIS BETONS INTERJERA
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The fair-faced concrete of Rail Baltica’s In
Riga Central Station

28.11.2024. Lauris Joksts
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Contractor BERERIX, a General Partnership BERERIX xoo
Incorporated under the laws of Latvia, (¥)

The Employer of the Project is SIA "EIROPAS \‘_-:\‘ [E)IZRE?_Izégm
DZELZCELA LINIJAS’, LINIJAS °

Engineer EGIS RAIL S A,
Egis Batiments International,
DB Engineering & Consulting GmbH

RIGA STATION PROJECT

ENGINEERING JOINT-VENTURE
(2) EGIS - DEUTSCHE BAHN
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Project Quality requiremenets for fair-faced concrete

v" Bridge specification 2020

v Technical specification 2018

v" LVS EN 13670 Execution of concrete structures

v NBN B 15-007 Fair-faced Concrete - Classifications and

specifications

&
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faced concrete

Mockup of fair




Mockup of fair-faced concrete
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faced concrete

Mockup of fair-
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NBN B 15-007 Teksturas novertejums/Texture assessment

Tekstiras novértéjums Texture assessment
NBN B 15-007: 2018 “Fair-faced Concrete - Classifications and specifications”

Rezultats
Result

Atbilst
Meets

T1

Atsegtas pildvielas, izvirzijumi, tuk$umi, izdrupumi nav pielaujami.
Gravel nests (honeycombs), pop-outs, cavities, spalling are not permitted.

Viena smilSaina raupja zona = 0,25 m* uz 10 m? ir atlauta.
One sandy rougher zone up to < 0.25 m? at area of 10 m? is permitted.

Rupja zona cementa piena zuduma dél gar Suvém ar max. platumu =30 mm.

Rougher zone due to loss of cement milk maximum bandwidth of < 30 mm.

Pédas no veidniem ir pielaujamas.
Framewaork printing of system formwork is permitted.

T2

Atsegtas pildvielas, izvirzijumi, tuk$umi, izdrupumi nav pielaujami.
Gravel nests (honeycombs), pop-outs, cavities, spalling are not permitted.

Viena smilsaina raupja zona = 0,25 m* uz 15 m? ir atlauta.
One sandy rougher zone up to < 0.25 m? at area of 15 m? is permitted.

Rupja zona cementa piena zuduma dél gar Suvém ar max. platumu £20 mm.

Rougher zone due to loss of cement milk maximum bandwidth of < 20 mm.

Pédas no veidniem ir pielaujamas.
Framework printing of system formwork is permitted.

Teksturas bojajumi no sitieniem nav pielaujami.
Damage to the texture due to impact of other materials not permitted.

Plaisas ar atvéerumu 20.2 mm nav pielaujamas.
Cracks with width up to 20.2 mm are not permitted.

T3

Atsegtas pildvielas, izvirzijumi, tukSumi, izdrupumi nav pielaujami.
Gravel nests (honeycombs), pop-outs, cavities, spalling are not permitted.

Viena smilSaina raupja zona = 0,25 m* uz 30 m? ir atlauta.
One sandy rougher zone up to < 0.25 m? at area of 30 m? is permitted.

Rupja zona cementa piena zuduma dél gar Suvém ar max. platumu £10 mm.

Rougher zone due to loss of cement milk maximum bandwidth of < 10 mm.

Teksturas bojajumi no sitieniem nav pielaujami.
Damage to the texture due to impact of other materials not permitted.

Plaisas ar atvérumu 20.2 mm nav pielaujamas.
Cracks with width up to 20.2 mm are not permitted.

XX XXX OOOOoOoOo oo o
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NBN B 15-007 Gaisa poru novertejums/ Air bubble assessment

Gaisa poru novértéjums uz laukuma 400x400 mm. Air bubble assessment on an area 400x400 mm Rezultats Atbilst
NBN B 15-007: 2018 “Fair-faced Concrete - Classifications and specifications” Result % Meets
Virsmas gaisa poru kopéjais laukums ir 2 mm <D eq <15 mm = 1,20%. _
LBA1 Total area of the surface air pores is 2mm <D eq <15 mm = 1.20%. 0.72;0.69 E
LBA2 Virsmas gaisa poru kopéjais laukums ir 2 mm <D eq <15 mm = 0,6%. i
Total area of the surface air pores is 2mm <D eq <15 mm = 0.6%.
LBA3 Virsmas gaisa poru kopéjais laukums ir 2 mm <D eq <15 mm = 0,3%. 0.27 4
Total area of the surface air pores is 2mm <D eq <15 mm = 0.3%. ] —

&
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NBN B 15-007 Krasu viendabigums, Vertesanas zona 0.5x0.5m. Color uniformity.

Krasu viendabigums VértéSanas zona 0.5x0.5m. Color uniformity. Area of evaluation 0,5x0.5m. Atbilst
NBN B 15-007: 2018 "Fair-faced Concrete - Classifications and specifications” Meets
Netirumi un traipi no riisas nav pielaujami.

Soiling and stains from rust are not permitted.

Starpiba starp tumsako un gaisako meérijjumu® vietu ar BE Grey skalu =5
Difference between the darkest and the lightest measuring® with the BE Gray scale < 5
Peléka tona starpiba starp tumsako un-gaiéﬁkn vietu, kas noteikta ar kolorimetru™ < 12,5. E
Deviation of the shade of gray between the darkest and the lightest measurement®* with the colorimeter £ 12.5
Netirumi un traipi no riisas nav pielaujami.

Soiling and stains from rust are not permitted.

Starpiba starp tumsako un gaisako meérijjumu* vietu ar BE Grey skalu £ 4

Difference between the darkest and the lightest measuring® with the BE Gray scale < 4

Peléka tona starpiba starp tumsako un gaisako vietu, kas noteikta ar kolorimetru* = 10.

Deviation of the shade of gray between the darkest and the lightest measurement™ with the colorimeter <10
Netirumi un traipi no risas nav pielaujami. 4
Soiling and stains from rust are not permitted.

Starpiba starp tumsako un gaisako mérijjumu® vietu ar BE Grey skalu =3

Difference between the darkest and the lightest measuring” with the BE Gray scale = 3

Peléka tona starpiba starp tumsako un gaiSako vietu, kas noteikta ar kolorimetru® = 7.5

Deviation of the shade of gray between the darkest and the lightest measurement® with the colorimeter £ 7.5

* - saskana ar 4.4.2.1. metodi NBN B 15-007: 2018, according to method in 4.4.2.1 NBEN B 15-007: 2018
o - saskana ar 4.4.2.2. metodi NBN B 15-007: 2018, according to method in 4.4.2.2 NBEN B 15-007: 2018

&
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NBN B 15-007 Formas pielaides Form tolerance

Formas pielaides Form tolerance
NBMN B 15-007: 2018 "Fair-faced Concrete - Classifications and specifications”

Atbilst
Meets

VTF1

Maksimalais nelidzenums uz veidotas virsmas meérot ar 200 mm listi: ne lielaks par A 4 mm.

Maximum deviation on the flatness of molded surface measured by 200 mm slat does not exceed: A 4 mm.

[

Maksimala novirze (d) divu virsmu savienojumam (pakapiens) ne lielaks par A £ 5 mm
Maximum deviation (d) for the joint of two surfaces does not exceed A £ 5 mm

Maksimala novietojuma novirze caurumiem un padzilindjumiem ne lielaks par A £ 20 mm.
Maximum deviation on the position of openings and recesses does not exceed A £ 20 mm.

Maksimala novirze caurumu un padzilindjumu izmériem ne lielaks par A £ 10 mm.
Maximum deviation on the dimensions of openings and recesses does not exceed A £ 10 mm.

VTF2

Maksimalais nelidzenums uz veidotas virsmas meérot ar 200 mm listi: ne lielaks par A 3 mm.

Maximum deviation on the flatness of a molded surface measured by 200 mm slat not exceed: A 3 mm.

Maksimala novirze (d) divu virsmu savienojumam (pakapiens) ne lielaks par A £ 4 mm
Maximum deviation (d) for the joint of two surfaces does not exceed A £ 4 mm

Maksimala novietojuma novirze caurumiem un padzilindjumiem ne lielaks par A £ 12 mm.
Maximum deviation on the position of openings and recesses does not exceed A £ 12 mm.

Maksimala novirze caurumu un padzilindjumu izmériem ne lielaks par A £ 6 mm.
Maximum deviation on the dimensions of openings and recesses does not exseed A £ 6 mm.

VTF3

Maksimalais nelidzenums uz veidotas virsmas maérot ar 200 mm listi: ne lielaks par A 2 mm.

Maximum deviation on the flatness of a molded surface measured by 200 mm slat not exceed: A 2 mm.

Maksimala novirze (d) divu virsmu savienojumam (pakapiens) ne lielaks par A £3 mm
Maximum deviation (d) for the joint of two surfaces does not exceed A £ 3 mm

Maksimala novietojuma novirze caurumiem un padzilindjumiem ne lielaks par A £ 10 mm.
Maximum deviation on the position of openings and recesses does not exceed A # 10 mm.

Maksimala novirze caurumu un padzilindjumu izmériem ne lielaks par A £ 5 mm.
Maximum deviation on the dimensions of openings and recesses not exceed A £ 5 mm.
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Conclusion according NBN B 15-007

Parbaude péc veidnu nonemsanas Inspection after formwork removing

Atbilst Neatbilst Izméri, komentars:

_ Correspond Does not match Dimensions, comment:
Geometioal dmensions X O 2400x1800x300
Connections not moved X O
e oo™ | O T O X T3
(Saisa poru novertejums X LBA1 [] LBA2 X| LBA3 | AB-LBA1, C-LBA3
e X O 0 wrs
Formas pilaides Owve | Ovee| K v
git?; gg:};ﬂ?ﬂ?ﬂﬁﬁes |:| Damaged corner See photos Nr.7, 8.

Sledziens un komentari Conclusion and comments

Sienas virsmas kvalitate atbilst “C” klasei pec NBN B 15-007:2018.

The overall quality assessment of concrete wall 0.3x1.8x2.4 m corresponds to class “C” NBN B 15-007:2018.

Piezime Note: T1, LBA1, HT1, VTF1- Class C. T2, LBA2, HT2, VTF2- Class B. T3, LBA3, HT3, VTF3- Class A.
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Acceptable tolerances and unified view for fair-faced concrete

Took place a lot of technical meetings with client
* Involved client architect
« |nvolved external concrete experts

->Fair faiced concrete assesment criteria:

Parbaudama vieniba Nosacijums NBN B15-007 Parbaudama vieniba Nosacijums EN 13670
ltem to be checked Reguirement NBN B 15-007 ltem to be checked Reqguirement EN 13670
1. Virsmas taisnums Uz L=0,2 m, Max. h3,0 mm. | 2. Novietojums vertikala virziena Max nobide £ 15 mm.
1. Straightness of surface At L=0,2 m, Max. h=3,0 mm. 2. Position in vertical direction Max deviation £ 15 mm.
3. Plaisas maks. atvérums Maks. = 0,2 mm 4. Skérsgriezuma izméri Max nobide £ 10 mm.
3. Surface cracks opening Max. = 0.2 mm. 4. Cross-sectional dimensions Max deviation + 10 mm.
9.1 Gaisa poru max. izmeéri Max diametrs &<15 mm. 5.2 Gaisa poru max. dzilums Max dzilums h=10mm.
5.1 Surface pores dimensions | Max diameter @=15 mm. 5.2 Surface pores max depth Max depth h=10mm.

Regarding color uniformity and possible defects, case by case shown to the client architect

&
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Quantities of fair-faced concrete for south part of RCS

« Retaining walls with cantilivers~10 500m2

* Plers-34pcs

* Columns-35pcs

« All 5 overpass (Lacplesa street, Dzirnavu street,
E.Benjaminas street, over City canal, Pragas street)

beams and deck surfaces

&
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EAST-First wall PO1-8 casted on 12.04.2022.




EAST-Skyline casted in summer 2022
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EAST-wall PO3-2 casted on 30.11.2022.
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Team work with s/c to get best quality fair-faced concrete
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Team work with s/c to get best quality fair-faced concrete

 Clear MS/DVP, ITP was approved and based on them checks on site was done
« Before concreting works was done pre-task meeting with every s/c
« At beginning every month concrete quality meetings with photo were done

« Regarding every defect/deviation on fair-face concrete surface NCR’s was opened
and investigation was done to improve the next casting

« Clear rule was agreed: before Quality inspection and permission it is not allowed to
do any kind of repairs or treatment on fair-faced concrete surface

&
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Dzirnavu street overpass
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Dzirnavu street overpass
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Central

ing

Passanger concorslab cast
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E.Benjaminas street overpass
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E.Benjaminas street overpass




Autoosta/Bus station overpass deck casting
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Pier 2 in Daugava River
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Biggest challanges

« Different weather conditions to cast fair-faced concrete elements from early spring till late
autumn

« Cast fair-faced concrete in massive civil engineering structures, t monitoring, concrete curing
« Deshuttering of formwork with formliner not to late, that it starts to stick to concrete

«  Working with four concreting teams to get similar result,with no possibility to tell where is
work scope border

« Commissioning to the client

« To reach uniform result of fair-faced concrete in full project with wide range of formwork
types

&
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Defects to be repaired
Casted in summer

 Reduce time to a maximum of 3 calendar days between application of
the formwork oil and casting of the structure.

&
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Defects to be repaired
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Defects to be repaired
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Defects to be repa
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Defects to be repaired
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Defects to be repaired
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Defects to be repaired
Casted in autumn
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Conclusions - what provides a good result

1.
2.

© Sy N =

Before fair-faced concrete structure work execution do a pre-task meeting with construction team
Do every formwork surface check before closing formwork and after

Reduce time to a maximum of 3 calendar days between application of the formwork oil and casting of the
structure.

Formwork tensioners and tubes during assembly are not too long and not too short, and that they are not
damaged during the assembly.

Make sure that all the joints of the forms are hermetically sealed and there is no possibility for the cement
paste to leak

Check every delivered concrete truck slump, it shold be S5 in range 240-260mm
Good comunication between concrete manufacturer, quality and delivery team,;
Proper use of internal and external concrete vibrators

Good and smart repair management
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THE RAIL BALTICA
RAILWAY BRIDGE &
RIGA CENTRAL STATION
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PALDIES!
THANK YOU!



Latvijas Latvijas XXI Betona olimpiade — 2024

Eae\fi%?,?ba XXI Latvian Concrete Olympics — 2024

27-28th November, 2024
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Prezentaciju sagatavoja:
Presentation prepared by:

1. vieta-1000 eiro .
2. vieta - 800 eiro Genadijs Sahmenko (RTU),

3.vieta - 600 eiro
Tomasz Nowacki
(STACHEMA Polska)
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Latvijas Betona olimpiade — 2024 DALIBNIEKI

Komandas nosaukums

Parstaveta organizacija,

uzpnémums
1 BPCLiepaja Betona pétijumu centrs
2 |Liepajas Dzelzsbetons BPC
3 [Cietais kodols Celmini-1
4 |Primekss Pinkstone Primekss
5 |Betona eksperti SCHWENK Latvija SIA
6 |Liepajas Transportbetons Betona pétijumu centrs
7 ST1 Saldus tehnikums
8 [ST2 Saldus Tehnikums
9 [SAKRET1 SIA SAKRET
10 [SAKRET 2 SIA SAKRET
11 [Betona akadémija SIA Primekss
12 [Transportbetons MB Adaizi Transportbetons MB
13 [Transportbetons MB Valmiera Transportbetons MB
14 BPCRiga "Betona Pétijumu Centrs" SIA
15 |Consolis Latvija SIA Consolis Latvija
16 (Transportbetons MB Jelgava Transportbetons MB
17 |RTB Transportbetons MB Rézekne Trandportbetons MB, SIA, Rézekne
18 DBPC BETONA PETIUNU CENTRS, Betona pétijumu centrs,SIA
Daugavpils
19 DDzZB Daugavpils Dzelzsbetons,SIA
20 |DTB, Transportbetons MB, Daugavpils Transportbetons MB, SIA, DAUGAVPILS




Latvijas Betona olimpiade 2024

/URIJAS KOMANDA

Eduards Protasevics
Girts Bumanis
Pauls Argalis

Eqgils Zvejnieks

Andrejs Krasnikovs

Genadijs Sahmenko




Latvian Concrete Olympics — 2024

Density, kg/m3
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Latvian Concrete Olympics — 2024

Average, MPa
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Latvijas Betona olimpiades atbalstitajs — Stachema Polska
Betona
‘ Savieniba Supporter of the Concrete Olympiad - Stachema Polska

~
£°

R

Kops 2018. gada STACHEMA Polska ir Latvijas Betona savienibas biedrs, ka ari jau vairakus /\
gadus ir galvenais atbalstitajs Latvijas Betona olimpiadei, ko organize Latvijas Betona savieniba
(LBS) sadarbiba ar Rigas Tehnisko universitati. st

A\—g

STACHEMA ir viens no vadosSajiem betona piedevu razotajiem, kas gadiem ilgi pieradijis sevi
gan Polijas, gan starptautiskajos tirgos.

Tomasz Nowacki (STACHEMA Polska, Vice-President )
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Latvian Concrete Olympics — 2024

Standard deviations from 100, MPa

20 —
18 + 17.17




Gatavojamies 2025. gada
olimpiadei !

lzmainas nolikuma ?!




~ Empa

Cold-bonded biochar-rich lightweight
aggregates for net-zero concrete

- (Solid) carbon sequestration in concrete
Potential and challenges

Mateusz Wyrzykowski, Nikolajs Toropovs, Pietro Lura
Empa, Concrete & Asphalt Laboratory

Riga, 28.11.2024




Negative emission technologies @ Empa

Gt of CO, per year Without measures
p . \

——

Reduce net emissions by:

Carbon Capture and
Utilization/Storage
(CCS/CCUS)

Emissions avoided =» avoidance

30

20

B N —

With measures Emissions remaining

Negative Emission
Technologies (NET)

=» compensation/removal

-10

Negative Emissions

2010 2050 2100 - 10-20 Gt CO,/a

180



Cement and concrete: high emissions originate from high demand @ Empa

Materials Science and Technology

=  Global cement consumption: 4.2 Gt/y
= Switzerland: 4.2 Mt = 2.4 Mt CO, (6% inland)
=  Prognosis 2050: 2.4 Mt CO, (~20%)

50 Al
40
30
L 0,09 Transport
20 0,07 Strom
10 2
0 -0.4 =7 _ 0,12 Sekundar fossil
10 ’ 1
*=Carbon Capture
20 and S'Iio_rage»
- pektive
2030 2035 2040 2045 2050 «Carbon Capture
0 I and Utilization=
Verbleibende Emissionen mmmm CCS & NET im Inland ) _ _
4,22 Mio t 2,83 Miot -0,23 Mio t
mmmm NET im Ausland —@— Netto-Emissionen 1990 2019 2050
The Federal Council, Switzerland's long-term climate strategy, 2021 18

Cemsuisse Roadmap 2050, 2021



CO, sequestration in concrete @ Empa

Materials Science and Technology

CO, absorption by concrete (carbonation) Pyrolytic solid carbon sequestration
=» carbon mineralization

Leemann, Winnefeld et al. 2023



Carbon Capture and Use

e energy
> voltaic)

e O
o

Conversion of CO, >
from the atmosphere ...

...in synthetic
methane ...

15t step: decarbonization of
fossil natural gas

2nd step: decarbonization of

renewable synthetic methane

See also: Association for the decarbonization of industry in Zug, Switzerland (VzDI)

Pyrolysis

@ Empa

Materials Science and Technology

swiss center of excellence
on net zero emissions

SCENE

Hydrogen H,
for industry decarbonization

uiile

Solid carbon C,

... and finally
into C, and H,

Non-energetic use



Solid carbon - what do we do with it? @ Empa

Materials Science and Technology

Consumption of hydrogen: 0.1 Gt/y (2022) =>» ~0.5 Gt/y (2050)
if obtained from CH, via pyrolysis = ~1.5 Gt/y C
(IEA 2023, PwC 2024)

Current valorization paths:

Carbon black ~0.016 Gt/y

Graphite+graphene ~0.001 Gt/y (Dagle et al. 2017,
Activated carbon ~0.001 Gt/y Parkinson et al. 2018)
Fibers+nanotubes ~0.0001 Gt/y

Bach et al. 2024

Advantages of solid carbon sequestration vs. Carbon Capture and Storage (CCS):
- Higher storage capacity (C vs CO,)

- No need to ship the CO, to Norway/Island/North sea (pipelines/ships)

- No leaks

- Cissolid, CO, needs to be liquefied (wasted energy)

- Potential added value (instead of just costs) Lura, Lunati, Desing, Heuberger, Bach, Richner
«Mining the atmosphere: a concrete solution to

global warming» 2024 184



Concrete and asphalt: the burden becomes an opportunity @Empa

Worldwide:
~30 Gt/y concrete, ~8% of CO, emissions
~1 Gt/y asphalt, 0.1-0.2% of CO, emissions

(Ashby 2009, Monteiro et al. 2017)

There are no (better) alternatives for these volumes / uses!

20
Steel StainlessS.
13_ Timber (biomass NOT neutral) Recyc.S  Virgins.
5 i Average S.

4 Cement Lime
o Bar, pipe . Py
£ ° OPC Clay l * ® Plastics
8 2 Blends Brick & I % L 4 PP. PE, PC,
Y Tile . i
g 4] .y _ \1 o Glass PVC, Nylon
S o7 Concrete ;_}_' % I { @ (virgin, recycled, fiberglass)
U . (i = i
et 8,3 Remforced concrete & / Y ,; Aluminium
g Lo/hi strength / / : i Ravgl
§ o2 _= . NJimber (biofnass neutral)| A, cra0e
g % ALY Gypsum General
“ ,;_'0}:,\; lasterboar Particle board

0.1 y 4 Plywood

0.07 £ ] Precast SN Asphalt )

0.05 Concrete HMA @ 4, 6 and 8% Bitumen

g'z: Concrete blocks bitumen (lo/hi values)

0.6 0.8 1I 2 3 4 5 678 1‘0 20 30 40 50 70 160 200 300 Barcelo et al' 20 74
Embodied Energy (MJ/kg)

Dry weight (Tt)

Materials Science and Technology

1.6
1.4
1.2+ Biomass 20206
L
1.0+
0.8
0.6 - Other (for example, plastic)
I \ctals )
0.4 W Asphait Anthropogenic
I Bricks mass
0.2 - I Aggregates (for example, gravel)
I Concrete
0 e
1900 1920 1940 1960 1980 2000 2020

Year

Global materials inventory (Elhacham et al. 2020)



Material consumption in Switzerland @Empa

Materials Science and Technology

~40 Mt/y concrete
= ~3.2% of CO, emissions
~1.3 Mt/y asphalt

Treibhauseffekt durch Konsum pro Person [Tonnen CO,-eq/Jahr] 2018

=2 ~0.4% of CO, emissions |
10,00 J i . 7 Wohnen, §§
| ) ___ Arheiten
) |
é 8.00 1 .....
Z | .
e | -
4.00 —] % g§
200{ / i
Goal: use concrete and asphalt as |/ ~
carbon sinks sk , |

Total Nach Materialien Nach Konsumbereichen

Matasci et al. MatCH Studie, Empa 2019



Negative emissions — potential char sources  @empa

Materials Science and Technology

Biochar: intermediate
step and model material

Long-term: char from
(synthetic) methane

T O O AR PATEITET
|

2 [iml 3 4 5
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(Bio)char as Negative Emission Technology (NET) @emp-

Materials Science and Technology

NET requires permanent storage!

Feedstock
Hopper

BIOMASS

BIOCHAR

COLLECTION Ta | gepucTion, [som

 CHARBED S(sofiizc (o]

0.17 kg biochar

u;i:xlliiH\\tw‘mmwan"“ AL

2 fim 3 4 5
||!|\||um|11mulmc<|||ilnn|| 1




Sequestration of biochar in cement/concrete @ Empa

Materials Science and Technology

= Part of cement replaced with (bio)char or biochar
integrated directly into concrete

= Several (research) projects worldwide plus a couple

‘1:;11ll‘11ll\\l\|l"\li\I\!NH\‘!w NI

of commercial applications = feasibility proven N e

llllllllmllli\llI||HO'HIH|||H|| ||

O
 «KLARK», ©Logbau 2022 '8

«Carat», ©Vicat 9



Carbon-rich pellets as LWA for concrete (C-LWA) @ Empa

Materials Science and Technology

M. Wyrzykowski, N. Toropovs, F. Winnefeld, P Lura

Net CO, intensity of the pellets: -1.05 kg CO,/kg pellet (CO, sink!)

Physical properties:
m  Sizes: 4-32 mm
m Density in cured state: 1.0-1.5 g/cm?3

Pelletization + cold-
bonding with cement



Net-zero concrete with C-LWA (1)

@ Empa

Materials Sci

Ordinary concrete as reference (C30/37), w/c 0.55, cement content 297 kg/m3, density 2400 kg/m?
Concrete with C-LWA: C-LWA occupy 20% vol. of concrete, C-concentration ~3.3 mass-%, p~2100 kg/m?3

Good durabllity (Buildings/Hochbau): XF2-3, XC3-4

m  Emissions of concrete:
m REFERENCE: 208 kgCO,/m?3 of concrete 40
m C-LWA: -1 kgCO,/m?3 of concrete

Compressive strength [MPa]

IIH]IIII{IIIHI!H%IHl

Journal of Cleaner Production 434 (2024) 140008

ence and Technology

Class C30

C25/30

Contents lists available at ScienceDirect

Journal of Cleaner Production

£

g 2% -
I SEVIER journal homepage: www.elsevier.com/locatefjclepro

E

Cold-bonded biochar-rich lightweight aggregates for net-zero concrete

Mateusz Wyrzykowski ®, Nikolajs Toropovs %, Frank Winnefeld ®, Pietro Lura ®°

* Empa, Swiss Federal Laboratories for Materials Science and Technology, Diibendorf, CH-8600, Switserland
® Institute for Building Materials, ETH Zurich, Zurich, CH-8092, Switzerland



Net-zero concrete with C-LWA (2)

Materials Science and Technology

X-ray tomographies

Empa’s X-ray center + M. Griffa



CO, Emissions [kg/m?3]

CO,-negative concrete: potential

250 Standard concrete
w/c 0.5

200
150
100

>0 LWC with > 20% C-aggregates +

high filler content + carbonated
RCA, ...

20% C-aggregates

-50

*LWC: structural lightweight concrete

@ Empa

Materials Science and Technology

Multiple recycling is a
necessity



Biochar in asphalt @ Empa

Materials Science and Technology

m  Pilot project on asphalt with biochar: Basel-Stadt

m 2% biochar addition = “-50 kg CO,/t asphalt” 100 oal 1 1

' ideal case '

o i S S R S S -

= Adding biochar “as is" = amount of fine fraction in 2 g i
asphalt IS a ||m|t|ng factor % 0 - average case

= Similarly as for concrete, upcycling biochar into C-LWA £ ] |

pellets to replace aggregates in asphalt o604 -

0 .

T 50 - -

8 . i

c 404 .

- _

B e .

8 24 -

Q - -

S olllaverage (43 mass%) i

0 J ! ' I ' I ! I ! I ! I ! I ' I ! I

, :
0 10 20 30 40 50 60 70 80 90 100

pait o addition of bio-char [mass% of mixture]
D. Grossegger, M. Wyrzykowski, N. Toropovs, P Lura, MaterStruct (submitted)



Conclusions @Empa

Most of the chars act as inert fillers (not SCM!)
Char can be used as a filler in concrete = limited capacity

Big potential by replacing aggregates in concrete or asphalt =» maximize density: currently cold-bonding,
SiC in future

Sufficient strength and durability for most structural applications

Recycling = ongoing studies on recyclability of concrete with carbon-aggregates



@ Empa

Materials Science and Technology

https://www.empa.ch/web/s604/mining-the-atmosphere



https://www.empa.ch/web/s604/mining-the-atmosphere

OEmpa
https://bit.ly/LACHMAT- info

(=] 0

Get informed

when student
recruitment
starts
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Information classification: Ramirent Standard

Popularaka veidnu sistemu izvele Latvija
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Information classification: Ramirent Standard

Rasejumu izstrade

Principials
— Oriezums
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Information classification: Ramirent Standard

Materialu sagatavosana noliktava
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Rezultats
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rezultats liek

priecaties!

RAMIRENT

A LOXAM Company
Arnis Janbergs
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Far Face Concrete

Plan
Fare face surface / FF-Team / Planning / Testwall /

Site procedures / Protection of finished parts

Latvias Betona savienibas 32. Konference
Riga, 28.11.2024

Andreas Gugelmeier

Sales Director N.M. - Export
Hinnebeck Deutschland GmbH

At Work For You™ BRAND) SAFWAY

HUNNEBECK |SGB



Fare Face = Sichtbeton SB01 — SB04 definition

-
| ——— e e =,

Construction site — recommendation:

Formworksystem and Formwork panel (surface)
selection

At Work For You® BRAND) SAFWAY Honneseckn D

BRAND) SAFWAY > BY BRAND) SAFWAY




Project: University Kassel — Auditorium and Campus Center

» Hochkompliziertes Bauvorhaben Horsaal und Campus Center der Universitat Kassel in SB3-SB4;
Jede Ebene ist anders aber die horizontalen und vertikalen Fugen sollten durch das komplette Bauwerk laufen

High complex Project ,,Horsaal und Campus Center der Universitat Kassel
in Farface concrete SB3 — SB4

Each level/story of Building was different, but the horizontal and vertikal
joints should be similar for the whole structure.

At Work For You™ BRAND) SAFWAY HUNNEBECKm <A
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Tender requested similar Anchor and Formwork picture

» Anchor wholes:
Raster von 1,00m * 1,00m

» Client provided on site: Betoplan Top
Breite: 2,00m / Hohe: 4,00m

» Following ,SB classes - DBV-Merkblatt ,Sichtbeton“=Fare Face” Tollerances DIN 18202
Tabelle 3 line 6 (1Im = 5mm Tolerance) and Tabel 3 line 7 (1Im = 3mm Toleranz)
» Corners Tolerance <10 mm

» Even for liftshafts and box out areas same Tollerances apply

Wand Achse F
von Suden

At Work For You® BRAND) SAFWAY Honneseckn D

BY BRAND) SAFWAY BY BRAND) SAFWAY BY BRAND) SAFWAY



Analyse the Formwork set in accordance to Timeline & Budget

s & & g
-

» Formwork set and rental period on site
planed in accordance to Budget

‘
1. 7AVAVAVAVAY

» Formwork planed:
330 m2 SB1 Tragerelemente / H20 waler
150 m?2 SB3 Tragerelemente
180 m? SB4 Tragerelemente

» 22 Stk. Standardelemente / standard panel
» 33 Stk: Sonderelemente / Special elements

» Analysis:
Formwork ammount must be enough to

Match timeline and budget.

At Work For You® BRAND) SAFWAY Honneseckn D
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Agree on workflow — Pure Testwalls — Surface quality check & agree on
documented result.

» Musterwande wurden betoniert und begutachtet
Musterflachen haben den Vorteil, dass sich die Parteien wahrend der Bauausfiihrung dariber einig sind, wie die zu
erstellenden Sichtbetonflachen auszusehen haben.

Ll o

/"
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Festlegung der Arbeitsschritte und daraus resultierende
Vorgehensweise

M Falts / Afterwork at concrete wall: Concrete finishing and afterwork steps agreed

At Work For You™ BRAND) SAFWAY HUNNEBECK [

BRAND) SAFWAY )



Boxouts in 3D

Ubersicht: ilbersicht:
o A 2101 P Es wurden ca. 40 Aussparrungs-
M1:50 :

kasten gebaut; 2 ca. 350m?

Aussparungskasten

Pas. 1;
Deckel

Pos. L.2:

Spante

Pos. 4L.3;
Spante

|I Aussparungekashen

Pos. L.1;
—___ Spante
Gehrungen so

.. nichf vorhanden !
., [hier_nur_als Modell)

ohne 3-D Zeichnungen waren
einige Aussparungskasten nicht
herzustellen

Mech dem verbeufen Zucztand
Bohrumg fir ein 48 er Gerilcfrofbr
iber sll= Spanten erctellen vm den
Auzzparungzkesten zu frencportieren !
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Boxouts manufacturing:
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Part after concreted on site:
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Cleaning and Storage of Elements

» Reinigung, Lagerung, Sicherungsmafinahmen und Nacharbeiten

. 3 T
" SRR pE "7

W)
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Steel — Concrete Beam - Production
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Pictures under construction

02/]10/2012 1425
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Pictures under construction
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Pictures under construction
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Result before opening
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Result before opening
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Final Building
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Final Building

e /‘([

7

Bl B D

At Work For You™ BRAND) SAFWAY HUNNEBECK

BRAND) SAFWAY ) SAFWAY



Final Building
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Other References — Sichtbeton
Debeka Koblenz SB3 und SB4 Fotos
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Other References—Sichtbeton
Boblingen SB3 Fotos
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Other References —Sichtbeton
Baustelle Giel3en SB3 Fotos
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Other References —Sichtbeton
Max Planck Institut SB3
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THANK YOU - Please contact us: RAMIRENT

A LOXAM Company

Vielen Dank fur ihre Aufmerksamkeit
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Eschborn Gate : Kreislr, FFM

Andreas Gugelmeier

Sale Director N.M. Export
Hinnebeck Deutschland GmbH

Mobile +49 1520 4382099

agugelmeier@huennebeck.com
www.huennebeck.com
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25 years of the contest
Concrete Building of the Year
in Estonia

Jargen Einpaul

Estonian Concrete Association

28 November 2024 Bu eesti betooniiihing




Concrete Building of the Year

= Contest organized in Estonia every year
since 2000

= All structures can take part, from sculptures
to buildings and bridges

= Prizes for all the involved parties are given
out at the Concrete Day held in March

= The jury includes representatives from main
trade organizations

eesti betooniiihing
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First winner — Rocca al Mare School (2000)

Architect:
Urbel & Peil

eesti betooniiihing
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Dry bulk terminal in Muuga Harbour (2001)

Designer:
Randvali & Karema

eesti betooniiihing
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TTP Office bUiIding (2005) Architect: Meelis Press

Y
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Puurmani arch bridge (2007)

A

‘—‘/

Engineers:
Juhan Idnurm
Siim Idnurm

-
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Tallinn Airport terminal expansion (2008)

Architect:
Sofreavia
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Cromatico sound sculpture (2011)

Sculptor: Lukas Kuhne

eesti betooniiihing









Reconstruction of seaplane hangars (2012)

Structural engineers:
Karl Oiger, Heiki Onton

Bu eesti betooniiihing










Ulemiste traffic junction (2013)

Designer: K-Projekt

BU eesti betooniiihing










Tallinn cruise terminal (2021)

Architect: Salto

Bu eesti betooniiihing







‘{wr

f\




P =




Private house in Pirita (2023)

Architect; O0O-00
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Concrete Building of the Year

= Concrete Building of the Year is the oldest
contest of its kind in Estonia

= The contest highlights concrete in all its
expressions

= [t is well known by the public and covered
My mass media

eesti betooniiihing
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~ Standartisation of

T

~ concrete surface
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Rimvydas Moceikis, PhD, Betonika, CONSOLIS
Gintautas Skripkitnas, Prof., VilniusTECH
Mindaugas Dauksys, Prof., Kaunas Technological
University




National Lithuanian standard
LST 2015:2020
“Precast concrete products.
Surface appearance
characteristics and the methods
for inspecting”

LIETUVOS STANDARTAS LST 2015

[Eleistas 2020-10-15

IC5 91.100.30

Surenkamieji betoniniai gaminiai. PavirSiaus isvaizdos
charakteristikos ir jy tikrinimo metodai

Precast concrete products — Surface appearance characteristics and the methods for inspecting

- 24 Puszlap:
LIETUVOS STANDARTIZACIJOS DEPARTAMENTAS o
Algirdo g, 31, LT-03219 Vilnius FUOrOCINS ZyIMng
zstas [sthoard@lsdlt LST 2015:20201t
hetp: /e lsde
. tE 1] i shelb



EN 13369 is lacking requirements for concrete
visual characterics.

LST 2015 is used to evaluate the surface
characteristics of precast concrete elements
according to their texture, structure and colour
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structure ee_ colour
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Important Terms and Deffinitions in LST 2015

normal surface

a surface of a product that does not have special requirements and that can have
chipped edges or other minor surface defects repaired without color restrictions. It is also
possible to print marks from the joints of the form, meeting the requirements of table 1.

special surface

concrete that meets at least one of the requirements regarding color, texture, structure, color of putty or
repair mixture, marks from form joints, etc. The repair and finishing of special surfaces of products with repair
compounds and/or putties is limited: it is allowed to repair chipped corners and edges up to 10 cm long in one
linear meter (the width of one chip is allowed up to 5 cm) with repair compounds and/or putties corresponding to
the strength of the concrete of the product and environmental impact class and close to the color of the concrete
surface. Factors that cause color or stains on the surface of the product and are difficult to control by

humans (such as fading) are acceptable and not considered defects.

eesti betooniiihing




Important Terms and Deffinitions

ordinary concrete

concrete made in accordance with LST EN 206, the color of which is not subject to
requirements

colored concrete

concrete that is produced according to LST EN 206, using conventional cement that meets
the requirements of LST EN 197-1, with or without the addition of pigments, and whose
color has certain requirements

BU
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Surfaces of precast concrete elements

Surface without
contact with the
form-facing material

Horizontal form
facing material (ex.
steel table)

.
.....

Vertical form facing
material (ex. =
plywood moulds)

Bu eesti betooniiihing

https://www.vollert.de/en/references/detail-englisch/precast-concrete-elements-for-brazils-
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Surfaces Iin contact with
the form-facing material

BU
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1. Surfaces in contact with the form facing material

Smooth surface Matrix surface
The smooth surface The smooth surface The matrix surface The matrix surface
when using noncolored when using colored when using noncolored when using colored
concrete concrete concrete concrete

A smooth surface of the product is obtained in During production, the surface structure or

: h £ fthe f _ pattern of the enti oduct or part of it is
contact with the smooth surface of the form I Min eééith&bdoniﬁhing



1. Surfaces in contact with the form facing material

Graphical surface

Washed surface

Mechanically
treated surface

The graphical surface
when using colored
concrete
During production, the pattern of the
entire surface of the product or its
part is extracted using a special
material: graphic paper, which is laid
into a mold.

The washed surface
when using colored
concrete
During production, paper impregnated with
substances retarding the binding and
hardening of concrete is used. After
removing the product from the formwork,
the surface is processed by washing.

The mechanical treated
surface when using
colored concrete

Finishing of the surface of the hardened
conerete product is obtained by

aalets SR LRETAA iy




1. Surfaces in contact with the form facing material

Tile's surface Brick’s surface surface

The tile’s surface when The tile’s surface when The brick’s surface The brick’s surface

using noncolored using colored concrete when using noncolored when using colored
concrete concrete concrete

During production, tiles (e.g. clinker tiles) are During production, bricks or half-bricks (e.g.

concreted into the visible surface of the product. ceramic bricks) are congreted into the visible

surfacﬁBtilDr duekti betooniiihing



1. Surfaces in contact with the form facing material

Chemically treated
Terrazzo surface surface

The terrazzo surface The washed surface
when using colored when using colored
concrete concrete
During production, after removing the product This is a product surface that is obtained by
from the mold, the visible surface is polished. processing with special chemicals in order to

obtain a s i€ sdrface c |OB veey o
eesti betooniiihing



Surfaces not In contact with
the form-facing material

BU

eesti betooniiihing



2. Surfaces not in contact with the form facing material

Untreated surface Treated surface using vibro ruler

The untreated surface The untreated surface The vibroruled surface The vibroruled surface
when using noncolored when using colored when using noncolored when using colored
concrete concrete ~_ concrete concrete
This is the surface of the product obtained after This is the surface of the product obtained after
compaction of concrete when its horizontal surface compaction of concrete when excess concrete is

is not additionally processed by any mechanical scraped off the horiz%f C%é)sftlfhl?e%%qﬁffhing
uler.

means, i.e. is left as is. with



2. Surfaces not in contact with the form facing material

Mechanically-grinded surface

Manually-grinded surface

The mechanically-
grinded surface when grinded surface when
using noncolored using colored concrete

This is $RBYEHface of the product obtained by the
compaction of concrete when the horizontal
surface of the product is mechanically grinded.

The mechanically

The manually-grinded
surface when using
noncolored concrete

The manually-grinded
surface when using
colored concrete

The manually-grinded surface is the surface of the
product resulting from the compaction of concrete,

whereas the horizoBmf r%%éﬂffgf’&ﬁ%hing

product is



2. Surfaces not in contact with the form facing material

Roller-treated surface

The roller-treated
surface when using
noncolored concrete

The roller-treated
surface when using
colored concrete

The surface of the product is obtained after the compaction
of concrete when the horizontal surface of the product is
processed by rolling with a roller. In this way, the surface
processed acquires a certain structure depending on the
length of the roller hair or the pattern (indentation) of the

roller.

The brushed surface
when using colored
concrete

The brushed surface
when using noncolored
concrete

The surface of the product is obtained after the
compaction of concrete when the horizontal

surface of the produBtj:e SSSs?%’I?&'SB'.%hing



Definitions of measurable
surface characteristics

BU
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3. Measurable characteristics of the surface

Recess (voids) Lump

During the casting and compaction of the concrete
mixture, part of the entrained air tries to escape
from the mixture at the interface of the mixture-
form-facing material. So when the mixture is in compeund. .

contact with the surface of the form, recesses are . ceep e

formed, which are visible on the surface of the U eesti betooniithing
finished product.

A lump formed on the surface of a concrete
product may be due to irregularities in the form,
screw impressions in the form, or a repair



3. Measurable characteristics of the surface
Ridge Groove Step discontinuity

It is like a long, shallow hill that Itr:S Iifl__<e a I%ng, SRaIIOngrOOer
formed on the surface of the that formed on the surface o i inui
concrete product. The ridge on the concrete product. The A SE)enptilgcsouan’QCUeltgffgl:;n -
the surface of the product groove on the surface of the concrete product due to the
usually reproduces the product usually reproduces the o Eident T SR TEe
scratches on the surface of the protrusions on the surface of the Btl)o mt&;ib.&to%niﬁhing
form-facing material. mold.



3. Measurable characteristics of the surface

Big recess (‘'moon's surface') Cracks

In products where planes of different heights are formed on
a horizontal surface during production, such as balcony

eaves, a wall panel gable, etc., a removable part of the Cracks appear as a result of direct loading
form can be used that is removed when the concrete (torsion, bending, shear) and/or strain restraint.
reaches the required strength. Under the removable part of The width of cracks in precast concrete products is
the form, the air that has not been displaced during the limited according to standard LST EN 1992-1-1

compaction of the concrete mixture remains, which forms : : : o
surface recesses of large irregular diameters. The reqU|remeBM1 in dgkig Be]tHomuhmg

permissible recess dimension at the longest point is 100
mm, maximum depth of 10 mm.



3. Measured characteristics of the surface

Filleted edge

Chamfered edge

o "-"\
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Measurement of surface
characteristics

BU
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4. Tolerances for ordinary and smooth s

neclal surfaces

The number of lumps per 1 m?2 The
number of
recesses
per
Product |s1f|]:taerre Maximum | Maximum | Maximu
_ _ _ ! step ridge m groove
surface | Height, Height, Height, when | 4. continu height depth
category 1 mm 2 mm 3 mm recess ity, mm mm ! mm !
diameter !
(5-10)
mm, and
depth up
to 5 mm
A* 0 0 0 10 0 0 0
B 10 0 0 20 2 0 2
C 20 5 3 50 5 5 5

Explanation:

1) Category A* surfaces are formed in contact with the horizontal surface of the mold.

2) The amount of recess up to 5 mm in diameter when their depth does not exceed 5 mm, is not

regulated.

3) Surface category C tolerances apply to the visible surface, for which the surface category is not
specified in the factory drawings or the customer-manufacturer agreement. The deviations are not
limited to the invisible surface, but a protective cover of concrete must be ensured within the

permissibl

e deviations.

vetooniiihing




6. Measured characteristics of the surface

Definitions of surface characteristics Measurement of surface characteristics

200

3000

Key
1 Recess 4 Ridge
2  Lump 5 Step discontinuity
3 Groove 6 Undulation
Key
1 Lump:dy-dy 2 Ridge: dq -d> 3 Step discontinuity: dp — d4
Recess: d3 — d Groove: d3 — d1 4 Undulation: dq — dp

The ruler should be shifted to find the The largest value of the differences is To be measured at the highest and
largest lump and recess governing lowest point within the ruler

Du ‘ eesti petooniuning



Definitions of iImmeasurable
surface characteristics

BU
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7. Immeasurable characteristics of the surface

Surface structure described by touch Surface structure described by looking at
the surface closely

The structure of the surface is described by The structure of the surface is described by
touch, when we experience a certain sensation looking at the surface closely (at a distance of 1-2
when running our fingers over the surface, we m) we can see the surface: i§ smooth, rough,

recognize smoothness, roughness, roughness, or wavy atterned. ) .
a certain pattern. B eesti betooniiihing



7. Immeasurable characteristics of the surface

Surface texture

The visible surface texture of the product is
viewed from a distance of more than 20 m.
The texture changes depending on the
viewing distance and meteorological
weather conditions: on a sunny day, the
texture is visible in one way, on a cloudy
day - in another way, and rain - in another
way.

The production of products with special
surfaces should be started only after
determining the texture of real-size
reference products.

Bu eesti betooniiihing



7. Immeasurable characteristics of the surface

Colour variation

The color variation of the product, which is

made of conventional or colored concrete,

can be affected by:

e type of cement;

e aggregates;

e water to cement (W/C) ratio of the

concrete mixture;

e temperature and relative humidity of the

product curing environment;

e pigments (in the production of colored

concrete);

e surface structure and texture.

The factors that determine the color of the

product are controlled in the production

process, within the tolerances of the

constituent materials of the concrete mix.

Color variations on product surfacqs are

allowed. Allowable limit 10r variation .
should be discussed bet t cFJﬁ%ﬁbbEto‘)mUhmg

and the manufacturer.



7. Immeasurable characteristics of the surface

Efflorescence

Efflorescence is white scales of calcium carbonate released on the surface of concrete products,
which are formed by the reaction of excess lime with carbon dioxide. Molecular formula CaCOs.
Later, the calcium carbonate released on the surface of the product reacts with carbon dioxide
(CO2) dissolved in water and forms calcium hydro carbonate, which is soluble in water:

CaCOs + CO2 + H20— Ca(HCO3)2
The released salts on the surface of the product are washed away by the ram a ong time.

bu ‘ eesti betooniiihing



7. Immeasurable characteristics of the surface

Reinforcement shadow Aggregate transparency

The apparent position of the reinforcement is The transparency of fillers on the surface of the
visible on the surface of the molded product, product can occur due to the minimum distance

usually as darker lines. The image of between the aggregate and the surface of the
reinforcement on the surface of the product can mold. On the surface of the product, a variegated
be caused by changes in the concrete matrix, image of lighter and darker areas (spots) can be

VS L NN -

which manifests itself in the appearance of lighter seen, which, accor ‘o Ih ir shape‘and S|ze
and darker tones on the surface of the product. reproduce the v C ar‘sé%\g‘glﬂga‘?&"“"'"g



7. Immeasurable characteristics of the surface

Leakage of fine particles

"Leakage of fine particles " is a mixture of water
and fine concrete constituents that can escape
due to leaks in the form, leaving visible spots on
the edges of the product.

The imprint of plywood
panel layers on the formed
surface

Usually on the invisible surface

BU
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7. Immeasurable characteristics of the surface

Visible impression of the joint of panels

It is a visible impression of the joint of panels on the formed concrete surface, forming a
joint impression on the surface of the product. Joints on surfaces with special requirements

should be coordinated with the customer.. o
Bl I eesti betooniiihing



Production of reference
samples

BU
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Staff Mobility For Teaching under the ERASMUS+ program at the University of Architecture, Civil Engineering, and Geodesy, Sofia, 20 and 21 October 2022

8. Production of reference samples

Evaluation of structure and Evaluation of the texture and color variation of
color variation of reference the precast concrete product
concrete products

The manufacturer shall photograph the

structure of the existing reference The texture of the reference sample is photographed from a distance
sample from a distance of 25 cm in of 10 m. The customer can agree on another shooting distance with
sufficient places to assess the differences the manufacturer. It is recommended to photograph the texture of the
in color and structure. But it should be reference sample in different weather conditions: a sunny day, a
photographed in at least three different cloudy day, or a rainy day. The customer,apprpves the photos of the
laces on the surface of the reference referenc le . ST
P product. A ruler is used when Note: The texture and color captw h&%§%£&ﬂ!§mm#&mngl
n

photographlng aL§j1-’rM!':"l.5%20 “Precast concrete t;-')h]oedll?ciig.dé‘lucl;‘;gcg Esp?)le%¥§n%?ucrl]1%rea:ft%ﬁgl!tfésaanc t elthns' This fact must be
I I T I T Y evaltllare VvV e ClLISTOMer.



Thank you for your
attention!

BU
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3D printed fair-faced concrete
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3D printed concrete —
99% of the time - a
fair-faced concrete

 Tor Alva, White Tower

« Will be the highest 3D
printed structure in the
world

 Located in Switzerland

Riga Technical University

298
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Riga Technical University



Wolf ranch, 100 residential
units

By ICON
Located in USA

Riga Technical University







 Water tanks
 WInd turbine towers
« By COBOD




Europe's first 3D printed
building

2017, Denmark
COBOD

Shrinkage cracks and
some surface deterioration

304 304



Europe's first 3D printed
building

2017, Denmark
CcOBOD

Shrinkage cracks and
some surface deterioration

305 305
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Quality of interlayer bond

= Low quality interlayer zones in 3D-printed concrete
can be considered as horizontal cracks.

= They severely affect the properties of hardened
concrete.

= The effect is similar to cold joints in monolithic
concrete.

= However, the bond is even lower due to lack of
aggregates.

Aggregate interlock in crack Interface Aggregate

“ ‘.Q\R. ..é.
b’ @ @° .0.0—.’

= Low interlayer bond quality is not always visible Monolithic concrete Printed concrete
by eye.

= Ensure controlled environmental conditions VB"“"‘"‘]
during printing and curing (while the concrete 58 i
is in a fresh state) — protection from solar < 3 2437 e
radiation, wind, maintain sufficient relative i Imralayeer ’

humidity !



Interlayer effect on durability

According to RILEM technical committee TC 304-
ADC: Assessment of Additively Manufactured
Concrete Materials and Structures interlaboratory
guidelines concrete durability tests — water
absorption and carbonation — were perfomed

SAKRET Ready-3D mix was used

2 objects were printed:
— 6 layer-sample without cold joint;

— 6 layer-sample with a horizontal cold joint in the
middle (printed after initial setting time of ~3h)
izdrukasanas.

Results:

— The impact of technological process and concrete
mixture on the quality of interlayer zone, therefore —
on durability.

— The effect of cold joint on the quality of interlayer
zone and durability.

RILEM Worldwide

+2953 members
+108 Corporates
110 countries



Water absorption test

= Simple, fast test method without expensive
equipment.

= Easy method to compare permeability of samples
made with various methods and/or mixtures.

= 4 series of samples were tested:
— Water absorption trough side plane, with cold joint
— Water absorption trough side plane, without cold joint
— Water absorption trough bottom plane, with cold joint

— Water absorption trough bottom plane, without cold
joint

Riga Technical University

Multilayered
samples

Containerlid to avoid evaporation

Water level (5+2) mm
| above the top of the line supports

Sample holder

322




Water absorption test

All samples without the
cold joint showed
significantly lower water
absorption

Samples that absorbed
water trough bottom plane
had lower water
absorption than from side
plane

Absorption | [kg/m?]

5

—o—CAST - To_bottom = ® = Toat bottem—*— To outer — ® — Tset outer

0 Square root of time vVt [Vs]

800



Carbonation test

= Carbonation process lowers the pH level of concrete Ca(OH), + CO, — CaCO5 + H,0
= \When carbonation front reaches reinforcement, the Rellording
reduced pH level allows corrosion. i b
co, CARBONATED ZONE
= Corrosion products expand — concrete spalling ot S AR TR
occurs. — |V B NON-CARBONATED ZONE
= Interlayer regions and cold joints are more '
permeable — easier peneteration of CO, — faster CONCRETE ——4
carbonation rate SURFACE I

CARBONATION
ADVANCEMENT

= 2 series of samples were tested:

— carbonation trough side plane, with cold joint

— carbonation trough side plane, without cold joint
= Accelerated tests: 1% CO,; RH=60%; t=20-C

= Carbonation depth was measured after 7, 28, 56, 90 days mn e

Riga Technical University 324



Carbonation test without the cold joint

= At early age the effects of interlayer
bond are evident — carbonation front
follows the geometry of printed
layers.

|

= At later stages (towards the center)
the effect of interlayer bond reduces

7d 28d 56d ~ 90d

—carbonation front moves in \
uniform, straight line _\ R I < T
= Qverall, cast and 3D printed o o |

samples show similar carbonation
rates — the interlayer bond is good

]
o

Sample height [mm]
]
=1

Sample height [mm]

D

[
L]
o

w

o
[%
o

Cast_7 To 7

——Cast_28 —Ty_28

w

@
0
w

—~Cast_56 —1'0 _56

—Cast_90 —T _90
0

o~
o

B

o

Riga Technical University 325
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Carbonation test with the cold joint

= Cold jointis clearly visible even
after 90 days (center of the sample)
contrary to the interlayer geometry

=  Similar to samples without the cold
joint, in the center of samples, the
carbonation front moves
uniformly — integration in the
interlayer regions.

= In the cold joint area integration
doesn’t happen!

= Cold joints in concrete promote
deeper and faster penetration of
the carbonation front into the
concrete.

Riga Technical University
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Quality of interlayer bond

* These tests proved that:

If the printing process

and concrete mixture A homogenous structure

ensure a high-quality can be obtained
interlayer zone

The central area of 3D
printed elements is more
protected from
environmental impacts
during curing

In this area, water
evaporation is slowed
down during the printing
and curing process

Regardless of the conditions, a low-
guality interlayer zone will form at the cold
joint

Durability of 3D printed
concrete is comparable
to cast element concrete

The durability of the
central part of the printed
element is higher

The cold joint will negatively affect the
durability of the whole structure



TRANSITION

Waste to 3D printing

Transforming Waste Into High-Performance 3D
Printable Cementitious Composite

2023 SEPTEMBER - 2026 AUGUST
https://transition.rtu.lv/

SAKRETe  ZAG '\’.°- o
1922 M-ERA.NET



Transforming waste into a high performance 3D printable
cementitious composite

3D printed concrete with reduced CO2 emissions

3D printing enables creating optimized concrete structures with reduced material
and labor consumption, while a specially developed recipe minimizes environmental
impact by incorporating industrial waste.

3D printed concrete




LCC

Low - CO, concrete printing using waste materials

. LOW CO,
8l = PRINTED
8  STRUCTURES

. AT el

High CaO ashes

BT ke

0% cement pozzolan construction debris

The objective of this projectis to reduce
CO, emissions by utilizing recycled waste
aggregates (RWA) and industrial waste ash
as binders in 3D printable concrete.

330



. 1862

Development and characterization of environmentally friendly
s gypsum-cement-pozzolana ternary compositions for 3D printing

LZP projekts -1zp-2022/1-0585.

Scientific team: Genadijs Sahmenko, Girts Bumanis, Maris Sinka, Alise Sapata, Peteris Slosbergs, Rihards Bendrats, Liga Puzule, Diana Bajare

L

Portland cement content < 200 kg/m?3

55-60 % 20-25% 20-25 %

The quick setting time The high final strength The pozzolanic component to
of gypsum of Portland cement ensure chemical stability 331



Used recycled gypsum

=  Within the framework of this research, ternary composites were developed, containing:

BAU- UND
ELEKTRIKERGIPS

Commercially Construction demolition Phosphogypsum (PG)
available gypsum waste gypsum (CDG) An industrial byproduct from agricultural
A secondary product from fertilizers, only 15% is recycled for building
gypsum board utilization. materials.

Riga Technical University 332



Exposed 3DP concrete: durability and mechanical properties

450 . 31.4 4%;4 O7 day, wet@28 day, wet 028 day, dry
40.0 T and 3?}2 3_81;6 37.0
35.0 31 [ —1_
= Freeze-thaw  tests:  the o 293 e T o
developed  mixtures are %250 zf} e i Zi
suitable for use in exterior £ 200 orl 19
environment condition (XF1). %15_0
810.0
= Compressive strength of 41 >0
MPa in dry conditions and 38 *®  PCmotar  GCPH GCP2 GCP3 GCP4 GCPS5
MPa in wet conditions. oo
(K>0.70)

500
m Sand 0/2 mm

m Complex admixture
400

= Carbon dioxide footprint at

m Plastretard powder
m VWater
H - 300 u Limestone filler
least 1,5 times lower _
m Metakaolin (MK)
200 mCEM | 425N
Phosphogypsum (PG)
100 m Recycled gypsum (RG)
= Building gypsum (BG)
0

GCP1 GCP2 GCP3 GCP4 GCPS
Riga Technical University morar 333

Produced emissions, kg CO, eq.



Exposed 3DP concrete: composition and surface evaluation

G-C-P-Limestone-Sand

All the mixtures are printable
immediately; open printing time
of at least 25 min.

Riga Technical University 334



www.facebook.com/3DconcreteRTU

hank you for attention!

maris.sinka@rtu.lv


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

Latvijas
Betona
Savieniba

TEHNISKA KOMITEJA 04 — BETONA
ILGTSPEJA

Ernests Ozolins

28/11/2024 @



VIEDAIS/LIELAIS IZAICINAJUMS

Kads ir progress Eiropas CO2 izmesSu samazinasana Figure 1.3.a
kopuma?

Kas mus sagaida nakotné?
Viss ir zals! Vai spéjam to novertéet?

Bet ka ir ar betonu? Vai ir iespéjams sarazot zalaku
betonu?

Materialu izvele

020 2025 2030 2035 2040 2045

Savos projekios més izvélamies materialus un produktus ar EPD (Envir —a=Total construction emissions

=& Building materials

Declaration), t.i., ar minimalu ietekmi uz vidi. M&s rapigi izvértéjam piegadai Consiriiction equipmeant! material fransports

sadarbibas kritErijiem ir atbilstiba SO 14001 standartam.
Lai projektos uzlabotu produktivitati, kvalitati, un samazinatu darba droibas riskus objekia, meés

GHG net emissions (target scope)
----- Linear trajectory to legislated EU targets
= = = GHG projections (WAM)

28/11/2024 @

ievieSam jaunas tehnologijas. viena no tam ir, modulu sanitarais tehniskais mezgls, kas klis par



TEHNISKA KOMITEJA - BETONA ILGTSPEJA

lzveidota 2024. gada aprili

Komisija parstaveti dazadi nozares eksperti:
No Latvijas lielakajiem betona produktu razotajiem
Universitatem
Projektetajiem

Tikamies 1 lidz 2 reizes ménesi kops komitejas izveidosanas

28/11/2024 @




KOMITEJAS MERKI 2024 GADAM

Izstradat CO2 gazu emisiju videja imena un samazinasanas limenu noteikSanas metodiku Latvija
razotam betonam

Izstradat sistemu betona, ar samazinatam CO2 emisijam, klasifikacijai Latvija

28/11/2024 @




METODOLOGIJA - DARBIBA

FINNISH CONCRETE ASSOCIATION

BY LOW CARBON CLASSIFICATION®

PART 1
Background report 2024

betongrorening

Publikasjon nr. 37

Lavkarbonbetong

Mai 2020

28/11/2024 @



METODOLOGIJA - CO2 EMISIJU APREKIN|

Emisiju aprékini veikti péc vienota standarta EN
15804+A2:2019 principiem

Aprekinos ieklautas dzivescikla stadijas: Al - A3

PRODUCT STAGE

-

Al - Emisijas no izejmaterialiem

A2 — Emisijas no izejmaterialu transporta lidz
razotnei

A3 — Emisijas no razoSanas procesa

Aprekinos nav ieklauta dzives cikla sadala A4 -
gatava produkta transports lidz klientam

Lai veiktu aprékinus definéjam:

Izejmaterialus un to emisiju faktorus END OF LIEE STAGE

Transporta veidus un to emisiju faktorus USE STAGE
Izejmaterialu transporta vidéjos attalumus

Citus emisiju ietekmeéjosus faktorus 28/11/2024 @



PARASTA REFERENCES BETONA SASTAVI

o Vides _ Smilts/rupjas Plastifikators
Betona stipribas . _ u/c Cements, o r o
iedarbibas - . pildvielas 7% no
klase attieciba kg/m .
klase/-s attieciba cementa
C25/30 XC2; XFI 0.6 300 /1 0.85
C30/37 XCHEXD2 g5 330 1/ 0.85
XFI
XC4; XS3;
C40/50 XD3; XFl; 0.45 400 /1 0.85
XAl

28/11/2024 @




CO2 EMISIJAS C30/37 REFERENCES BETONAM

| %

* Kopa 276 kg CO2e/m3
- Al -249 kg CO2e/m3
* A2 —24 kg CO2e/m3
* A3 -3 kg CO2e/m3

mAl = A2 mA3
28/11/2024 @




CO2 EMISIJAS C30/37 REFERENCES BETONA IZEJMATERIALIEM

o 3.1% o
|.6A\ | /|.7/>

* Kopa 249 kg CO2e/m3
* Cements — 233 kg CO2e/m3

Rupja pildviela — 8 kg CO2e/m3

Smilts — 4 kg CO2e/m3

Betona piedevas 4 kg CO2e/m3

Udens 0 kg CO2e/m3

=Cements =Smilts = Rupja pildviela =Udens = Betona piedevas

28/11/2024 @




CO2 EMISIJU LIMENI

Betona grupa

Betona
stipribas
klase

C8/10
C12/15

C20/25

Parastais C25/30
betons C30/37
C35/45
C40/50
C45/55
C50/60
C30/37
Saltl)zettl.;rrllgsals C40/50
C45/55
C50/60
o C30/37
Saliztunigais
betonsar -~ I75/50
salizturigam
pildvielam

C50/60

LRB*60% | LRB*50% | LRB*40%
120 100 80
125 105 85
135 115 90
145 120 95
155 130 100
165 140 110
180 150 120
195 165 130
210 175 140
220 185 150
180 150 120
190 160 130
210 175 140
220 185 150
235 195 155
190 160 125
205 170 135
220 185 145
235 195 155
245 205 160




KA BETONA TPASIBAS VAR IETEKMET CO2 EMISIIAS

letekme uz emisijam

Specifiska izmaina

Kalposanas laika palielinasana no 50 gadiem lidz 100 gadiem  +10-15 kg CO,e/m?

ligmuziba

Maksimala pildvielas izméra samazinasana no 16 mm lidz 8 +10-15 kg CO,e/m3
mm

Pildvielas
Maksimala pildvielas izméra palielinasana no 16 lidz 32 mm  -10-15 kg CO,e/m3
Konsistences klases maina no S4 uz S3 -5-10 kg CO,e/m3
Konsistences klases maina no S4 uz S5 +5-10 kg CO,e/m3

Palielinat specifikacija noradito stipribas sasniegsanas vecumu -15-30 kg CO,e/m3
no 28 dienam uz 9 dienam

Specifikacijas
prasibas

Samazinat specifikacija noradito stipribas sasniegsanas +20-40 kg CO,e/m3
vecumu no 28 dienam uz 7 dienam

28/11/2024 @



Latvijas
Betona
Savieniba

PALDIES PAR UZMANIBU!

VADLINIJAS TIKS PUBLICETASVNAKAMA GADA PIRMAIJOS
MENESOS

28/11/2024 @



A PRIMX

Tradicionala térauda Skiedru un PrimX° térauda
Skiedru passpriegojosa betona pilna méroga tests
Jelgava

Martins Suta
ProjektéSanas departamenta vaditajs,
Primekss SIA







levads

* Septembris — novembris 2023

* Junijs — oktobris 2024

e SFRC, SFRSSC — dubults tests pilna izmeéra

* Parseguma platnes, palu platnes atveids

* lzkliedeta slodze 23

* Centra, malas un stura punktveida slodze ‘24

* llgtermina izkliedéta slodze 24-'25




levads

3,0m x 3,0m kolonnu tikls
2,1m maléjais laidums
D300mm kolonnas
150mm platnes biezums
Tikai térauda Skiedras

Bez stiegrojuma stieniem




Merijumi

Optisko skiedru sensori
LVDTs

Deformaciju meritaji
VWSGs

DIC

IMX
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Sagaiditais rezultats ‘23
SFRC SFRSSC




Sagaiditais rezultats ‘23

Aprobéta ACI544.6R-15 aprékina pieeja
- gan SLS, gan ULS aprékins ir tuvs

realitatei

Maksimala izkliedeta slodze —

60,5kN/m?




AN,




Sagaidamais rezultats ‘24 Lx -

i

* Kontroléets sabrukums (ductile) Mp : " ]

* Radialas plaisas apaksa \‘\ Mp

» Koncentriska plaisa augSpusé ﬁ
\_\.

/]/

Fig. 6.3.3—Cracking pattern of slab under point load.

1ACI544.6R-15 Fig.6.3.3 “ P R T M )(







Sagaiditais rezultats ‘24




Sagaiditais rezultats ‘24

* Aprobéta ACI544.6R-15 apréekina pieeja -
gan SLS, gan ULS apreékins ir tuvs

realitatei

* Maksimala punktveida slodze — 390kN




Turpmakie pétijumi

Camera 01

Channel 1: FS2024CUSTOM_230660345_24052024_S20a KA
(Tare: Before loading BOT SFRC) “u

200
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Channel 2: FS2024CUSTOM_230660345_24052024_523b
(Tare: Before loading BOT)
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Martins Suta
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PhD cand.

E-pasts: martins.suta@primekss.com
Telefona nr.:+371 25425436
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Monitoring of Concrete Structures and Its Effect on the
Visual Quality of the Concrete Surface

Nikita
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KEY POINTS

Exposed concrete is both structural and aesthetic,

requiring special care in curing and formwork removal

Improper timing in formwork removal causes defects
such as cracking, discoloration, or strength compromise

Real-time monitoring is critical to ensure formwork is
removed at the right moment, achieving high-quality
surfaces and technical integrity.









FACTORS

Climate - Surrounding environment conditions
Moisture

Type of concrete (aggregates, cement, receipe)
Curing time on formwork




WHEN TO REMOVE FORMWORK

Early Removal:

Visual Defects: Cracks, honeycombing, and surface

irregularities. Color variations from uneven hydration.

Technical Defects: Insufficient compressive strength and
load-bearing capacity. Risk of deformation.




Late Removal:

Visual Defects: Stains, discoloration from trapped moisture,
and rough patches due to prolonged contact.

Technical Defects: Shrinkage cracking and restraint-induced
stress.




SEASON IMPACTS

Summer Conditions:
Visual Defects: Rapid surface drying leads to shrinkage
cracking

Technical Defects: Overestimated strength gain due to high

temperatures, causing premature formwork removal risks.



SEASON IMPACTS

Winter Conditions:
Visual Defects: Frost damage on exposed surfaces before
sufficient curing.

Technical Defects: Delayed strength gain due to low

temperatures increases risks of brittle concrete.



METHODS FOR CORRECT FORMWORK REMOVAL

Steps to Ensure Success:

« Verify concrete compressive strength using on-site testing.

- Follow guidelines for formwork types, concrete mix, and curing conditions.

« Incorporate real-time monitoring tools to track curing progress.

Best Practices:

- Maintain curing consistency with appropriate temperature and moisture control.

« Use data-driven thresholds to decide removal timing.



REAL-TIME MONITORING

How They Work:
« Measure in-situ strength, hydration, and temperature.

» Provide continuous data to track curing progress.

Benefits:
« Reduces guesswork, ensuring precise timing.
« Minimizes risk of visual and technical defects.

« Adapts to seasonal conditions, optimizing the curing process year-round.
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SERVICE

Analytics Loadbearing

Concrete

Deformations strength

Surrounding
environment
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Conrete strength
Temperature
Vibration
Settlement

Tension
Compression
Inclination
Deformations
Concrete shrinkage
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CONCLUSION

Timing in formwork removal is critical for achieving the
desired visual and technical quality.

Early removal leads to surface and structural defects,
while late removal risks discoloration and shrinkage
ISsues.

Real-time monitoring ensures optimal decisions,
reducing risks and improving efficiency.

Investment in monitoring technologies is a vital step

toward superior exposed concrete outcomes.
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MEASURING THE INVISIBLE

THANK YOU
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