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PieslégSanas konferencei 08:30 00:30
Rollanvdf CEE[)-l:IrItIS, LBS valdes Konferences atklasana, LBS atskaite par 2021. 09:00 00:20
priekssédéetajs gadu

V.A. Lapsa, LBS goda

priekésadétajs Konkurétspéjas kritérijs - kvalitates cena 09:20 00:20

Sesija I: Plaisas betona- plastiskais rukums (moderators: Janis Zale)

Rolands Cepuritis, LBS valdes

v ymam Plaisas betona 09:40 00:25
priekssédétajs

Betona plastisko rukuma plaisu rasanas

Martins Suta (RTU/ Primekss) . . 10:05 00:15
teorétiskie aspekti

Aldis Z&gelis (Primekss) Sagaidamais idens izsviduma apmers realas 10:20 00:15
betona konstrukcijas: lauka meérijumi
Praktiska lastisko plaisu risk

Kaspars Kravalis (Velve MS) e tls. Eisv me’Fodes prastisko p alﬂj riska 10:35 00:15
samazinasanai betona konstrukcijas
Ruk itas piepales k kcijas. Plai

Gatis Vilks (BICP) Rukuma raditas piepales konstrukcijas. Plaisu 10:50 00:15
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Egils Emersons (Betonam.lv) Plaisu remonts betona saskana ar EN 1504-5 11:05 00:15

Pauze 11:20 00:15

Genadijs Sahmenko (RTU), .. L -

Tomasz Nowacki (STACHEMA XVIII Latvijas betona ollmpladfes rvezultatl, 11:35 00:15
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Sesija ll: Visparéjas nozares aktualitates un inovacijas (moderators: Janis Freibergs)

Janis Zale (Schwenk) LBS TK-01 Betona salturiba 11:50 00:15

Maris Sinka (RTU) 3-D betona drukasanas perspektivas Latvija 12:05 00:15

Genadijs Sahmenko (RTU) Vleglalf cementa kvo.mpo_zns ar putustikla 12:20 00:15
granulam un PVA Skiedram

Cyprian Petczynski (STACHEMA | Influence of selected admixtures on concrete 12:35 00:15

Polska) shrinkage and other parameters

. . Assessment of concrete surface destruction
Aleksejs Tatarinovs (RTU) . . 12:50 00:15
using innovative NDT technology

Ulvis Skading un Mareks Bokta IsSkiedru betona paliekosas stipribas

(LLU) noteikSana un izmantosana konstrukciju 13:05 00:15
apréekinos
Karunamoorthy Rengasamy Fiber degradation in concrete subjected to
13:20 00:15
Kannathasan (RTU) open flame

Bending properties investigation of short glass
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Betona savieniba
jauna statusa

Genadljs Sahmenko,

RTU Bavmaterialu un bavizstradajumu katedras vadosais pétnieks

Atbilstosi Latvijas Betona savienibas
ilggadéjo biedru vélmel parcelt
organizacijas darbibu neatkariga
statusa dibinita jauna biedriba, kas
turpinas 1995. gada aizsakto un tris
desmitgades vadito ieguldijumu
betona un dzelzsbetona nozares
attistiba.

Betona savientbas valde 2019. gada beigas
pienemtslemums parveidot to par neatkarign
sabiedrisku organizaciju. reistrejot Uznemu-
mu registra (UR).

Sarunu cela izveidojas dibinataju kodols -
¢etras struktaras, kuru parstavji izstradaja at-
jaunotos statttus un parakstja dibinaianas
dokumentus, iesniedzol registracijai UR.
2020. gada 2. novembrt picnemts lemums par
Latvijas Betona savienthas registrésamy. Sta-
totos fiksels, ka paratjaunota Betona savienl-

30

ba ir turpingjums 1995, gada 7. marta dibina-
tajai biedrtbai.

Betona savientbas dibinatgjbiedrt ir: Rigas
‘Tehniska universitate, Schwerk Latviia, Baltik
saule, Primekss. Par biedribas Goda pricksse-
detaju uz mAdu ecelts Videvuds Arijs Lapsa,
izcefot vina izcilo zinatnisko un inovativo ie-
guldfumu betona un dzelzsbetona tehnologgiu
joma, k2 art par Betona savientbas darbibas
nodrodinasanu. Betona savienthas vadiba: Ro-
Tands Cepurtis — valdes priekssedetajs, Gena-
dijs 3ahmenko un Janis Zale — valdes locekli.
Pienemts lemums algot vienu darbinieku - iz-
pilddirektoru, konkursa kartiha amatam izrau-
goties Jani Freibergu.

Aicinam ikvienu ar betona un dzelzsbeto-
na nozari saistHlo profesionali un wrnemumu
Kjat par Betona saviembas biedru, akirvi pie-
dalities statatos defineto merku izpilde un
inferedu parstavasand.

Vairak informacijas majasiapa bibs.Jv. BI

IEPAZISANAS

Nozares vastis

SAKUMS

ZINAS v

SERTIFIKACIJA v ZURNALS “E

Latvijas Betona savieniba — jauna

statusa
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LBS BIEDRI: 11/2021

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

24/11/2021 °
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LBS BIEDRI: 11/2021
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LBS ATSKAITE PAR 2021. GADU

LBS valdes parskats par padarito 2021. gada:

2.1. Administrativie jautajumi

2.2. Informacija par TK 1 “Salturiba” darbibu

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

2.4. Informacija par toposSo "Betona rokasgramatu"

2.5. Informacija par LBS valdes locekla Jana Zales rikoto seminaru tematiku

2.6. TK 2 — pastaviga LBS biedru komiteja, LBS publisko tehnisko dokumentu

apstiprinasanai

2.7. LBS mini seminars: eksponétas betona virsmas

2.8. LBS ikgadéja zinatniski-tehniska konference

24/11/2021 °
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2.4. INFORMACIJA PAR TOPOSO "BETONA ROKASGRAMATU"
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2.5 LBS VALDES LOCEKLA JANA ZALES RTKOTO SEMINARU TEMATIKA

BETONS
Standarti. Darbu izpilde. Praktiskie aspekti.

Eiropas standarta un nacionala pielikuma prasibas
Betona kvalitates novértésana objekta, betona pienemsana
Betona konstrukciju izgatavoSana — standarta prasibas

Sacietéjusa betona testésana objekta — urbtie paraugi un negraujosas metodes

24/11/2021 °
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2.6 TK 2 — PASTAVIGA LBS BIEDRU KOMITEJA

TK2 — pastaviga LBS biedru komiteja, LBS publisko tehnisko dokumentu
apstiprinasanai

; LATVIAN CONCRETE ASSOCIATION
LATVIJAS ” BETON-VEREIN LETTLANDS
BETO }I_A LETTISKA BETO.\'GF&RENL\'QEN
SAVIENIBA % ASSOCIATION LETTONE DU BETON |

ASSOCIACION LETONA DEL HORMIGON
JIATBHIICKIIT COI03 BETOHA

LBS pozicijas pazinojums #1

Argjas iedarbibas klases atspogulo$ betona piega |

betona atbilstibu noteiktai aréjas vides iedarbibas klasei. Visas aréjas vides iedarbibas klases tiek

apzimétas ar burtu kodu, kas definé noteiktu iedarbibas veidu (XA — kimiska korozija, XC — karbonizacija

utml.) un ar ciparu no 1 lidz 3 vai 4, kur$ atspogulo dotas aréjas iedarbes veidu, no vajakas (1) lidz '
stiprakai (4). lznémums ir tikai betona sala izturibai (XF klases), kurai aréjas vides iedarbiba ir sadalita divas
savstarpéji nesaistitas apaksgrupas: XF1/XF3 un XF2/XF4.

I VS 156-1 standarta ir noteiktas minimalas prasibas betona sastavam, lai bitu iesp&jams apliecinat

Praksé biezi pastav gadijumi, kad projekta noteikta betona stipribas klase nodrosina augstaku aréjas vides
iedarbibas klasi, ka projekta noteikts. Betona razotajs attiecigi piegades dokumentos to ari norada, kaut ari
ta ir augstaka (ar lielaku noturibu un ilgmazibu), neka noradits projekta.

Pieméram, betona stipribas klase C35/45 Latvijas apstaklos parasti izpilda jebkurai karbonizacijas klasei
noteiktos betona sastavu ierobezojosos kritérijus, t.i., no XC1 [lidz XC4, un atbilstosi standartam LVS EN 206
razotajs norada maksimalo izpildito aréjas vides iedarbibas klasi, proti, XC4. Ja projekta noteikts, ka aréjas
iedarbibas klasei jabat XC2, bet stipribas klasei C35/45, tad piegadatais betons jebkura gadijuma atbildis XC4, 2011142021 °
kaut a[i_prcjekté minéta tikai XC2.

2.8 LBS IKGADEJA ZINATNISKI-TEHNISKA KONFERENCE

Latvijas Betona savienibas XXIX zinatniski tehniskas konferences 25.11.2021

programma
Autors Téma Sakums llgums
Pieslégianas konferencei 08:30 00:30
Rolands Ci itis, LBS vald Konfi tklas LBS atskait: 2021.
olands Cepuritis, valdes onferences atkla¥ana, LBS atskaite par 5550 565
priek3sedetajs gadu
VA L'aesa_, EBS goda Konkurétspgjas kritérijs - kvalitates cena 09:20 00:20
priek3sédétajs
Sesija I: Plaisas betona- plastiskais rukums (moderators: Janis Zale)
Rolatis Eeptriis LISVakIES: | pe il 09:40 00:25
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MisrGE Siita (RTU/ Primekssy | DEtona plastisko rulaima plalsu rasanas 10:05 00:15
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Pauze 11:20 | 00:15
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Tomasz Nowackl (STACHEMA XVIII Latvijas betona OJII’I‘Ipiad-ES Eazultah, 11:35 00:15
STACHEMA Polska balvu pasniegsana
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2.8 LBS IKGADEJA ZINATNISKI-TEHNISKA KONFERENCE

Sesija II: Visparéjas nozares aktualitates un inovacijas (moderators: Janis Freibergs)

Janis Zale (Schwenk) LBS TK-01 Betona salturiba 11:50 00:15

Maris Sinka (RTU) 3-D betona drukasanas perspektivas Latvija 12:05 00:15

Vieglais cementa kompozits ar putustikla

SenpdiisSehmenka (KTH) granulam un PVA skiedram

12:20 00:15

Cyprian Pefczyniski (STACHEMA | Influence of selected admixtures on concrete

12:35 00:15
Polska) shrinkage and other parameters

Assessment of concrete surface destruction
Aleksejs Tatarinovs (RTU) using innovative NDT technology 12:50 00:15

Ulvis Skading un Mareks Bokta Is3kiedru betona palieko3as stipribas

(L) noteik$ana un izmanto$ana konstrukciju 13:05 00:15
aprékinos
Karunamoorthy Rengasamy Fiber degradation in concrete subjected to
13:20 00:15
Kannathasan (RTU) open flame

Bending properties investigation of short glass

Krishna Kiran (RTU) Rbier rainforcad contrate 13:35 00:15
Ro.lan'dﬁj Cf!p}:lﬂ'[ls, LBS valdes Jauhf]uml, diskusijas un konferences 13:50 00:30
priekisedétajs noslégums
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Dr.inz. Videvuds Arijs Lapsa, Valsts emeritétais zinatnieks, RTU

BUVMATERIALU, KONSTRUKCIJU UN BUVES KONKURETSPEJAS KRITERIJS IR
KVALITATES CENA

Latvijas Publisko iepirkuma likuma (14. 09. 2021. g. redakcija) 51.panta “Piedavajuma
izvértéSanas kritériji” 1.punkta ir noteikts, ka liguma slégSanas tiesibas ir japieskir saimnieciski
visizdevigakajam piedavajumam. ST pasa panta 2.punkts 3o jédzienu paskaidro ka sastavosu
no 1.tabulad noraditajiem kritérijiem(1).

Tabula N2 1
Kritériju ietekmes novertéjums un komentari

N2 Saimnieciska izdeviguma kritériji

1. | Cenavaiizmaksas
1.1 | Aprites cikla izmaksas

Vai Pl likums Seit atstaj brivu izvéli?

Ta nav nauda, bet gan tas atrums. Lai
noteiktu pilnas aprites izmaksas, projekta ir
jauzrada objekta kalpoSanas laiks.

Sis kritérijs ir subjektivs un atkarigs no brivi

2. | Kvalitate:

2.1 | Tehniskas prieksrocibas

izvéléeta prototipa.

2.2. | Estétiskas priekSrocibas

Subjektivs kritérijs, tapat kd maksla

2.3 | Funkcionalas pasSibas

Katram objektam ir vairakas normativas
funkcijas

2.4. | Atbilstiba universalam dizainam

Erta pieejamiba, to nosaka objekta
arhitekttra

2.5 | Pieejamiba

p.2.4. atkartojums

2.6 | Socialas prasibas

Tas ir vairakas un tas nosaka socialas
palidzibas likums , 29.11.2006

2.7 | Vides aizsardzibas prasibas

Tas ir vairakas un tas nosaka vides
aizsardzibas likums , 29.11.2006

2.8 | Inovativie raksturlielumi

Atbilst ES Parlamenta un Padomes
direktivas 2014/24/ES 47.punktam par
pétniecibas un tas rezultatu praktisko
izmanto$anu, t.i. inovacijas, ka ar1 socialo
problému risinajumi, kurus nodroSina €ku
tirgus cenu kritumu (2).

2.9. | PardosSanas nosacijumi

Nav reglamentéti

3. | lepirkuma liguma izpildes vadibas
struktdra un iesaistita personala
kvalitate un pieredze

Nekonkréts un brivi interpretéjams

4. | Pecpardosanas pakalpojumi,
tehniska palidziba, piegades
nosacijumi

Nekonkréts un brivi interpretéjams

Turpat 8T punkta papildinajuma ir paskaidrots, ka “kvalitates kritériji ir saistiti ar liguma
priekSmetu ...............

Sadus saimnieciska izdeviguma (turpmak — kvalitate) kritérijus nav iesp&jams summét un
td noverteét matematiski, ar skaitli, jo tie ir ar izpliduSsdm robezam, nekonkréti, patvaligi
interpretéjami, tiem nav piemérojama vienota mérvieniba, bet lielakai dalai vispar nekadu
meérvientbu.

Tade| Sodien 81 Pl Likuma reglamentétie kritériji, pielauj pilnigi patvaligu to lietoSanu, kura
nav savienojama ar vienlidzigiem konkurences noteikumiem, lauj veidot kartelus un obligati



noved pie tiesu darbiem. lznémums Seit ir pozitivais, p.2.8. minétais kritérijs, taCu art tam nav
novértéSanai lietojamas mérvienibas.

Brisele S0 problému jau ir pamanijusi un Eiropas Parlamenta un padomes direktiva
2014/24/ES sava 49.panta par vienigo liguma slég3anas kritériju nosaka “labako” cenas un
kvalitates attiecibu. So direktivo prasibu masu Pl likuma taisitdji, Skiet, ka nemaz nav
pamanijusi. Vini ir vienkarsi sagrozijusi veca 2006.gada PI likuma 46.panta vardu secibu. Tacu
arm ES direktivas autori problému Iidz galam nav izdomajusi, jo piedavato kritériju nevajadzéja
saukt par “labako”, bet gan minimizét to, jo ST attieciba faktiski ir kvalitates cena. Vardu
‘kvalitate” ari ES direktivas autori nav atSifrgjusi. Armt tam nav vienotas un normétas
meérvienibas un ta joprojam ir lasama ka pierasts jédziens — subjektiva abstrakcija ar
izplddu$sam robezam.

ST darba meérkis ir atrast kvalitates jédziena konkrétas mérvienibas, izmantojot tam par
pamatu materiala, konstrukcijas, €kas vai bives lietderibu, t.i. labumus, par kuriem maksa un
kurus iegust pasuititajs. AtSkirlba no Pl likuma 51.punkta piedavatajam nekonkrétajiem
“’saimnieciska izdeviguma™ kritérijiem, Sie labumi ir skaidri definéti blvmaterialu, konstrukciju
un éku bavnormativu prasibas.. Tur ir gan to pielaujamas skaitliskas robezas, gan art visas to
mérvienibas. Blvnormativu kopums un to prasibu izpilde materiala, konstrukcija vai visa
objekta, arT viennozimigi apliecina pasititajam piedavata pirkuma kvalitati. Ja kada no
normativa prasibam nav projekta vai bavobjekta izpildita, tad kvalitates vienkarsi nav! Lai
kvalitates cenu viennozimigi un neapstridami noteiktu, ir janem véra sekojosie apstakli:

1) Materialu, konstrukciju lietderibas normativo prasibu (labuma), mérvienibas nesakrit ar

tirgus mérvienitbam, kuram parasti ir tikai balasta vértiba.

2) Katrai bavnormativu prasibai ir sava atsSkiriga mérvieniba.

3) Katrs blvnormativos prasito materialu, konstrukciju vai bives / €kas kvalitates
raksturojums ir viegli nosverams ar universalu mérvienibu — ar naudu.

Seit piedavatas konkurétspéjas aprékinu metodikas mérkis ir paradit, ka ar brivi pieejamo
informaciju — materialu un konstrukciju cenraziem, kvalitates dokumentiem, specifikacijam,
projektiem un tameém pilnigi pietiek, lai viegli un vienkarSi aprékinatu gan materialu, gan
konstrukciju, gan arT visas bdves kvalitati ar vienotu un viegli summé&jamu lietderibas
meérvienibu — --pasatitaja apmaksato visu lietderibas funkciju cenu summu.

Piedavata kvalitates vértéSanas metodika ar naudu satur sekojosas darbibas:

1. Kvalitates jédziena definicijas noteikSana. Ta ir materialu, konstrukciju vai art visa
objekta normativos noteikto lietderibas funkciju kopums. Bavobjektam tas ir materialu
stipribas, sala izturiba, slodzes nestspéja, siltuma pretestiba, baves ilgmdziba un citas
projekta noteiktas funkcijas. Tas arT ir vienigais labums, kuru vélas iegut pasititajs un
ir ar mieru par tam maksat.

2. Katrai lietderibas funkcijai ir sava, normativos noteikta mérvieniba, kura parasti atSkiras
no tirgld lietojamam mérvientbam un kuram bieZi vien ir tikai balasta vértiba, ka
pieméram, térauda tonnas vai betona kubikmetri.

3. Lietderibas funkciju apjoms -- kvalitates mérvienibu saraksts, ir redzams no projekta,
gan ka materialu normativie raksturojumi un konstrukciju specifikacijas, gan ar ka visas
blves kalpoSanas Tpasibu normativie raditaji.

4. Lietderibas funkciju cenu katrai komponentei aprékina izdalot objekta materialu,
konstrukciju tirgus cenu uz to apjomu projekta un norméto lietderibas mérvienibu
skaitu, kurs ir noradits projekta. Bet tapat ar naudu var vértét art visa objekta lietderibu
kopuma. Tada gadijuma par lietderibas funkciju izvélas piem., llguma vai projekta
paredzéto (vai garantéto) kalpoSanas laiku, atskaitot nost ekspluatacijas, piem.,
apkures remonta u.c. izdevumus visa blves projektétaja maza.

”9)



5. Par projekta vai objekta konkurétspéjas kritériju izmanto taja ietilpstoSo komponensu
apjomu lietderibas funkciju cenu summu, vai arT paSa objekta kopigas lietderibas
funkcijas cenu. Ta arT bus piedavata objekta kvalitates cena.

6. Kvalitates cenas minimizaciju tehniski veic projektétajs, optimali izveéloties materialus
konstrukcija, tad projekté pasas optimalakas konstrukcijas un bvobjektu kopuma. Tad
tas konkursa piedalas ar minimalo cenu par normativo (vai augstako) kvalitati..
Pasutitajs var izvéléties un apmaksat arf augstaku kvalitati par normativo.

Piedavata metodika neieverté tadus konkurétspéjas kritérijus kad garantiju apjomus (laiku
var izveértét atseviski), visu veidu apdrosinasanu, taCu ar ta ir skaidra nauda, kuru viegli var
pierékinat klat pie 5aja veida aprékinatas kvalitates cenas. Eso8a Pl likuma 40. — 45.pantos
prasitos raditajus ka viegli redzamus un neapstridamus un neattiecinamus uz kvalitati,
konkursa komisija var vertét atseviski.

Ir viegli ieraudzit, ka ar projektu, tirgi pieejamiem cenraziem, materialu kvalitates
dokumentiem, buvdetalu specifikacijam, tamém, (ja vajag, ari bavstradnieku tarifu likméem,
laika normam) pilnigi pietiek, lai aprékinatu materialu, konstrukciju un ari visas baves
saimniecisko izdevigumu ar summaru un vienotu kvalitates cenu. Tacu lai to noteiktu,
nepietiek tikai ar tirgus mérvienibu lietoSanu, bet aprékinos noteikti ir jaizmanto gan materiala,
gan konstrukciju normétas lietderibas ( ta ir arT kvalitate) mérvienibas.

Pieméram, betona lietderibas - ta spiedes stipribas, vidéjo cenu aprékins pa spiedes
stipribas klasém, izmantojot 2019.g.marta tirgus cenrazus, ir paradits tabula N2 2. Labakai
uzskatamibai Sie rezultati ir arT atainoti grafiski 1.zime&juma.

Protams, ka pieaugot betona stipribai ta 1m? tirgus cena var tikai pieaugt. Tac¢u - kads ir
saimnieciskais izdevigums no 1m?3 betona? No ta, ka neso$as konstrukcijas aiznem baveé lielu
tilpumu un ir smagas, ieguvums nav ne bdvniekam, ne klientam, bas tikai sliktak. Tirgus
mérvieniba 1m? nevar bat betona lietderibas mérs, ta ir tikai balasta mérs. Betona galvena
lietderibas mérvieniba ir ta spiedes stipribas klase un nav nekadu problému to nosvért ar
naudu, jo katras firmas cenradi abiem Siem lielumiem ir jabati. No tabulas N2 2 un zim. N2 1 ir
redzams, ka pieaugot betona stipribai, ta tirgus cena pieaug. Tacu bavnieciskas lietderibas
funkcijas — spiedes stipribas, cena strauji samazinas. Protams, ka nepiecieSamo betona
kubikmetru apjoms un buves svars attiecigi samazinas .Var ari redzét ari to, ka parsniedzot
betona stipribu ~ 45 MPa, 81 sakariba Skietami stabiliz€jas. TaCu ari aiz Sis robezas
iegUstamais tehniskais un ekonomiskais ieguvums ir viegli saprotams .Stipribai pieaugot tas ir
betona patérina, konstrukcijas passvara un slodzes uz zemak esoSam konstrukcijam, talakais
samazinajums. ArT tas klus vieglakas un létdkas Lidzigu sakaribu var redzét ari cita
konstruktiva bavmateriala — térauda, lietderibu vértéjot. Ta tirgus mérvieniba ir tonnas, no
kuram labuma nav nevienam, ir tikai vertikdla papildus slodze. Augot térauda stipribai,
protams, pieaug art 1t tirgus cena, bet lietderibas mérvienibas — stipribas cena [€/t-MPa] krit.
Tadél augstu stipribu téraudus izmanto auksti velmétu, vieglu plansieninu siju un racionalu
caurulu profilu veida

Betona videjas tirgus cenas un stipribas cenas 2019.gada

Tabula N2 2
Betona spiedes stipribas klase Cena Tirgus cena ar Garantétas (95%)
MPa €/m? PVN stipribas klases
LBN 203-97 | LVS EN 206 €/m? cena €/m*-MPa
B5 - 46,80 - 49,00 56,60 - 59,30 11,32-11,86
B7,5 - 47,40 - 49,80 57,35 - 60,30 7,65 - 8,04




B10 C 8/10 51,00 - 52,00 61,71 - 62,92 6,17 - 6,23
B15 C 12/15 52,00 - 53,00 62,92 - 64,13 4,19 - 4,28
B20 C16/20 54,00 - 55,50 65,34 - 67,16 3,27 - 3,36
B22,5 - 55,00 - 56,00 66,55 - 67,26 2,96 - 3,01
B25 C 20/25 56,00 - 57,00 67,76 - 68,37 2,71-2,73
B30 C 25/30 58,00 - 60,00 70,18 - 72,60 2,34 -2,42
B35 - 59,50 - 63,00 72,00 - 76,23 2,06 - 2,18
- C 30/37 61,00 - 66,00 73,81 - 79,86 1,99-2,16
B40 - 63,50 - 65,50 76,84 - 79,23 1,92-1,98
B45 C35/45 68,00 - 71,00 82,28 - 85,91 1,83-1,91
B50 C40/50 69,50 - 72,50 84,01 - 87,73 1,68-1,75
B55 C 45/55 74,50 - 79,50 89,40 - 96,20 1,63-1,75
B60 C 50/60
- C 55/67
- C 60/75
- C 70/85
- C 80/97
- C90/105
- C100/115

Tada pasa veida ar naudu var novértét arl citas, blvmateriala kvalitati normé&jo3as
buvnieciskas Tpasibas, piem., kimisko izturibu vai salturibu —piem., cik maksas viens salturibas
cikls? Siltuma izolacijas materialiem lietderibas kritérijs, protams, bus to siltuma pretestiba 1/A,
ar mérvienibu mK/W |

Lidziga veida var novertét ari, pieméram, jumta seguma lietderibas saimniecisko
izdeviguma cenu dalot ta tirgus cenu €/m? ar kadu ta lietderibas kritériju, piem., kalpoSanas
ilgumu gados. Tad izvéloties materialu ar $o cenu [€/m?-gadi] klients un projektétajs ieraudzs,
ka tirgu dargakais materials, ilgtermina bus Ietakais.

Lidzigi var vertét art paSas buvkonstrukcijas. NesoSam konstrukcijam lietderiba bis slodZu
nestspéjas cena — kolonnam ta bis Euro/ kN , sijam Euro uz 1 kN / m, bet platném -- Euro
uz 1kN / m? . Rékins ir vienkarss, jo slodZu nestspéju var atrast gan projekta, gan arf saliekamo
konstrukciju specifikacijas, bet cenas ir piegadataja cenrazos.
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Zimeéjums Nr.1. Betona tirgus cena (1) un ta stipribas cena(2) atkariba no tas klases. C

NorobeZotajkonstrukcijam — arsienam un to elementiem — logiem, viegli redzét, ka to

lietderibas funkcija ir projekta prasita siltuma pretestiba Rr= 1/U ar mérvienibu [m 2K/W ]
Monolitam konstrukcijam tai ir jabat projekta un tirgus cenas kopa ar visam bdvizmaksam ir
tameé. Saliekamam konstrukcijam — paneliem, logiem, siltuma pretestiba Ry (vai tas preté&jais
lielums U [W/mZK ]) ir atrodams specifikacijas, vai razotaja apliecinajumos, bet tas tirgus cenu
kompetents pasatitajs, vai projektétajs var izvéléties atbilstoSu minimalai un garantétai
lietderibas cenai.

Saimnieciski izdevigai (ekonomiski lietderigai) bavmaterialu optimalai izvélei ir lietojama
shéma, kada, piem., ir paradita tabula N 3.

Konstruktivo bivmaterialu tirgus cenas un to lietderibas cenas 2019.gada

Tabula N2 3
Materials | Blivums Cena Siltuma Siltuma Spiedes Spiedes
kg/m?3 €/m? pretestiba | pretestibas | stipriba | stipribas cena
1/A cena MPa €/m*® MPa
Betons 2400 84,0 0,49 1449 45,00* 1,87
C35/45
Keramikas 650 113,00 5,65 20,00 12,5 9,04
bloki
Gazbetona 400 67,00 9,10 7,36 3,0 22,33
bloki
Bivkoksne 600 165,00 8,20 20,1 8,5-16,0 19,4+103
(priede)
Putu 15 57,23 30,3 1,89 0,060** 953,8
polistirols
(EPS60)

* kuba stipriba atbilsto$a LVS EN 206-1
** Spiedes spriegums pie 10 % deformacijas

Seit salidzinasanai ir ietverti dazadi arsienu materiali — gan tie, kuri vienlaicigi ietver sevi
abas funkcijas — slodzes nestspé€ju + siltuma izolaciju, gan art specializétie — vai nu tikai
slodzes nedanai paredzeétie, vai ari tikai €ékas siltuma izolacijai lietojamie, ar visaugstakam $o,
Latvijas tirgh atrodamajam, abu lietderibas funkciju (stipribas un siltuma pretestibas) vértibam.

Ka redzams, Sodien Latvijas tirgl visaugstaka atrodama betona spiedes stipribas klase ir
45 MPa (kubiem 150 x 150x 150 mm), bet tam ir vismazaka siltuma pretestiba. Savukart,
visaugstaka siltuma pretestiba ir putu polistirolam EPS 60 un ta ir 30,3 m.K/W, bet ta spiedes
stipriba (pie 10% deformacijas) ir nieciga — tikai 0,06 MPa. Tacu atSkiribd no mineralvates,
tehnologiski ta ir pilnigi pietiekama priek$ paliekoSajiem siltuma izolacijas veidniem. Nosverot
8is 1pasibas ar naudu, klist redzams, ka betonam ir vislétdkd spiedes stipriba, bet putu
polistirolam — vislétdka siltuma pretestiba. Salidzinot So abu specializéto buvmaterialu
lietderibas funkciju cenas ar tradiciondlo materialu lietderibas cenam, var redzét, ka gan
keramikas, gan gazbetona blokiem un koksnei, abu lietderibas funkciju — stipribas un siltuma
pretestibas, izmaksu raditaji ir daudz dargaki. No Siem skaitliem ir vieqgli izdarit slédzienu, ka
ne tehniski, ne ari ekonomiski nav izdevigi, censties apvienot abu minéto lietderibas funkciju
realizaciju viena, piem., arsienas, materiala, tad tas abas bus parak dargas. Acimredzams ir




ar1_tas, ka tehniski_un saimnieciski visizdevigak norobezotajkonstrukciju veidot no diviem
atseviskiem un augsti specializétiem materialiem — tas kur$ nes slodzi, lai to dara ar viszemako
stipribas _cenu, un ari_ar vismazako ta patérinu un _masu, bet siltuma izolacijas materialu
izvéléties ar minimalo (tikai montazai nepiecieSamo) stipribu un minimalo siltuma pretestibas
1/A cenu.

Ka S$ada bivmaterialu lietderibas funkciju sadaliSana, kopa ar So funkciju izmaksu
minimizaciju, nosaka konstrukcijas bavnieciskds Tpasibas un k& to lietderibas funkciju
uzlabosana ietekmés blvizmaksas?

Piedavatas lietderibas faktoru vértéSanas (ar naudu) panémienu izmantoSanas rezultatu
viens piemérs - termosa maju arsienas konstrukcija, ir paradits tabula N2 4 .Termosa majas
arsienu 1 m? salidzino$as tehniskas Tpasibas, blvizmaksas un siltuma pretestibas izmaksas
pie nosacitti vienadiem sienu biezumiem.

Tabula N2 4
Arsienas ekonomiskie un Meér- Arsienu variants
tehniskie saimnieciska vientba Keramikas bloku | Gazbetona 40 cm bieza
izdeviguma raditaji maris, 40 cm | bloku mdris, 40 monoltta karkasa
biezs A=0,177 | cm biezs termosiena
W/m-K A=0,11 W/m-K palieko$ajos putu
polistirola panelu
veidnos
1 2 3 4 5
1.Ekonomiskie raditaji €/m? 34,49 36,18 31,00
1.1 Materiali (ar PVN)
1.2 Darba spéks €/m? 14,74 11,37 5,14
1.3 Socialas 3,48 2,68 1,21
apdroSinasanas nodoklis »
23,59% no 1.2
1.4. Darbu mehanizacija 10 » 1,47 1,14 0,51
% no 1.2
1.5 Materialu transports 8% » 2,76 2,89 3,03
nol.1
1.6 Bavorganizacijas pelna " 5,69 5,13 4,09
10% no 1.1.+- 1.5.
1.7 Pievienotas vértibas " 13,15 11,84 9,45
nodoklis 21% no 1.1.+ 1.6
1.8.Arsienas buvizmaksas €/m? 75,79 71,23 54,43
(p.1.1-1.7) kopa
2.Tehniskie raditaji
2.1. Arsienas svars kg/m? 360,00 160,00 78,00
2.2. Arsienas siltuma m2K/W 2,26 3,810 8,27
pretestiba
2.3. Arsienas lietderibas AW 33,54 18,70 6,58
meéra — siltuma m*K
pretestibas vienibas
izmaksa
2.4. Siltuma zudumi apkures| kW.st/ 43,12 25,57 11,78
sezona m?
€/m? 3,04 1,81 0,83

Piezimes:



1) Tabula ne tehniskos, ne ekonomiskos apréekinos nav ievértéta sienas iek$&ja un aréja apdare,
jo salidzinatajiem variantiem ta var bat gan vienada, gan arT jebkura, ar dazadam 1pasibam un dazadam
blvizmaksam.

2) Saja pieméra kolonnu $kérsgriezums ir izvéléts 150 x 150 mm, jo par to mazaks $kérsgriezuma
paliekoSo veidnu piepildis8ana ar betonu radija tehnologiskas problémas, konstruktivi batu pieticis ar
Skéersgriezumu 100 x 100.

Tehnisko un ekonomisko aprékinu veikSanai ir izmantota sekojo8a informacija:

. LBN 208-15 ,Publiskas €kas un baves

. LBN 209-09 ,Mazstavu dzivojamas majas”

. LBN 002-19 ,Eku norobeZojo$o konstrukciju siltumtehnika”.

. LBN 003-19 ,Bavklimatologija”.

.EN 1SO 6946 ,Building components and building elements. Thermal resistance and thermal
transmitance — calculation method”. 6. Bavmaterialu cenu aptauja, veikta 2019.gada.

. Blvdarbu izcenojumu katalogs, Latvijas bivnieku asociacija 2011.

8. AS ,Rigas Siltuma” raZotas siltuma energijas cena, kura 2019.gada bija 70,57 €/M.W.st.
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Termosa arsienas konstrukcijas ekonomiskie un tehniskie raditaji Seit ir sadaliti divas dalas.

Pirma dala — no p.1.1. lidz p.1.8., parada — ko, veidojot arsienas konstrukcija lietderibas
funkciju optimalu sadalljumu kopa ar to izmaksu minimizaciju (5.aile), salidzinot ar
konstrukcijam no tradicionaliem materialiem ar abam apvienotam lietderibas funkcijam (3. un
4 aile), iegust bavfirma. Tas ir batiski samazinatas buvizmaksas. Otra dala (p.2.1 — p. 2.4)
parada — ko vél, bez |étakas cenas, ékas lietoSanas ilgtermina procesa iegust pasutitajs.
Termosa arsienas siltuma pretestiba 8,27 m2.K/W, talu parsniedz Latvijas bavnormativa LBN
002-19 prasito minimalo 5,555... m2.K/W, un ta arT ir vislétaka. Ja pasutitajs vélas, nav nekadu
gratibu ar Seit piedavato tehnologiju termosienu siltuma pretestibu vél vairak paaugstinat. Bez
tam - ievérojami samazinas arsienas 1m? svars, kas, savukart, zemak eso$as konstrukcijas
lauj izveidot ar mazaku apjomu un masu, ka art attiecigi Iétakas.
Sadas termosa arsienas konstrukcija [1] ir paradita zimé&jumos N2 2 un N2 3. Zim. N2 4 ir
paradita ékas monolita karkasa rigela un kolonnu betonéSana putu polistirola paliekoSajos
veidnos, bet zim. N@ 5 ir paradita termosa tipa gimenes majas fasade bavniecibas procesa,
pirms aréjas apdares.

Ziméjums Nr.2. Termosa majas [2] arsienas konstrukcija paliekoSajos veidnos. 1- iebetonétas
kolonnas, 2- siltuma izolacijas veidnis, 3- cieta iek8&ja apdare, 4- sienas aréja apdare, 5-
siltumu izoléjosa loga aploda.
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Ziméjums Nr.3. PaliekoSo siltumizolacijas veidnu montazas shéma. 1- rindas paneli, 2- stura
panelis, 3- durvju pieduras, 4- logu pieduras, 5- zemloga panelis, 6- ailu parsedzes paneli.
lek$éja cieta apdare — cementa-skaidu platne, kura noslédz kolonnu un rigelu veidnus
nosactti Seit nav izradita.

Pasdtitaja ieguvums, savukart, ir arT bovfirmas ieguvums, jo ta iegust ievérojami
paaugstinatu prestizu un lielaku konkurétspéju pie pasudtijumu sadales.

Lidziga veida var pieradit armt monolitu, pa perimetru balstitu termosa tipa ribotu kesonu
parseguma platnu tehniskas un ekonomiskas priekSrocibas [2]. ArT tas, gan konstruktivi, gan
ekonomiski, gan arT €kas ekspluatacijas gaita ilgtermina, ar daudz mazaku betona apjomu un
svaru, un ar savam zemakajam lietderibas izmaksam parliecinodi konkuré ar tradicionali
lietojamam viena virziena laiduma konstrukcijam.

Piedavato metodiku viegli var izmantot arT visas buves kopigas kvalitates izvértéSanai,
piem., tas cenu (vai blvizmaksu) izdalot ar projekta garantéto kalpoSanas ilgumu, ja tads ir
uzradits. Tads vertéjums var nesakrist ar atseviSku konstrukciju lietderibas vértéjumu nauda,
jo, piem., viens panelis var kalpot (slodzi nest) daudz ilgak par visas €ékas mazu. Savukart, ja
€kas kalpoSanas muzs ir noteikts, tad par konkurétspéjas negativu kritériju var izmantot kadu
no tas ekspluatacijas raditajiem, piem., apkures izmaksas laika vieniba, piem. gada. Reizinot
tas ar ékas muza garumu 3aja piemeéra apkures mérvienibu (MV) izmaksas visa ékas maza.
Tas atskaita no paréjo pozitivo lietderibas funkciju izmaksam. Tas, protams, bls svarigas tikai
pasatitajam, bet tam ir janosaka gan projektétaja, gan blvnieka konkurétspéju pie pasitijuma
izsoles. Piedavato lietderibas funkciju vértéSanas metodiku var lietot art paraléli — gan
materialiem, gan konstrukcijam, gan ari visai buvei kopa.

Sledzieni
1) Baves pasutitajam visi svarigakie saimniecisko izdevigumu (ekonomisko lietderibu)
Tstermina un ilgtermina kalpoSanu raksturojoSie normativie kvalitates kritériji var tikt
novertéti ar naudu — gan pa materialiem, gan atseviskam konstrukcijam, gan ar bave
kopuma. Tads vértéjums parada pasititajam piedavata projekta faktisko lietoSanas



2)

3)

4)

vertibu, atSkirtbd no publiska iepirkuma likuma 51. panta 1.punkta uzskaititajiem,
nenosveramajiem un izpliduSajiem “saimnieciska izdeviguma “kritérijiem.
Ekonomiskas lietderibas kritériju maksimimizacija un tai atbilstoSa kvalitates izmaksu
minimizacija, kuru veic jau projektd, parada, ka tada veida ieguta kvalitates
palielinadSana var samazinat art pasas €kas blvdarbu izmaksas, un tas ir izdevigi abam
pusém -- gan klientam, gan art bavfirmai.

Izmantojot piedavato ékas un tas dalu lietderibas funkciju vertéSanas metodiku ar
naudu, kvalitates izmaksu minimizacija dod iesp&ju zemas energijas patérina (termosa)
€kas uzbluvet majas ar uzlabotam un Ieétakam ekspluatacijas 1padibam un ar zemakam
blvizmaksam, neka ar tradicionalam konstrukcijam. Tada veida visizdevigak var
apmierinat socialas problémas — misu sabiedribas Iéni augosa vidusslana prasibas
péc lIétam un ekologiskam dzivojamam platibam.

Gan projektétajs, gan arl bavfirmas iegust augstaku konkurétspéju pie Iliguma
slegSanas. tiestbu sanemsanas.

Izmantota informacija

Publisko iepirkuma likums, 2021.g.14.septembra redakcija,

Videvuds A.Lapsa “Apsildamu éku arsienu konstrukcija un to bvésanas panémiens”. Latvijas
patents LV 13573, 11.11.2005.

Videvuds A.Lapsa “Kesona tipa dzelzsbetona parseguma platne un tas izveido$anas process”.
Latvijas patents LV13964, 21.04.2009.
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PLAISAS BETONA

ACT RAP Balletin 1

American Concrate Insiuie®

Introduction
Certain things in life are inevitable. Some are said to
FIELD GUDE TO | Structural . ;
CONCRETE REPAR | Crack Repair by include death. taxes, and concrete cracks!

APPLICATION PROCEDURES | Epoxy Injection
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Structural Crack Repair by Epoxy Injection (ACI RAP-1) T
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KAPEC BETONA IR PLAISAS?

ahc ABC PADOMI NOZARES SPECIALISTI BOVIZMAKSAS ATBILD EKSPERTI AKTUALITATES PRAKTISKIE PADOMI
v

Kapéc betona grida uzreiz péc ieklasanas saka plaisat?

Raivo 2017. gada 4. oktobri

Labdien!

Apméram 1000 m2 platiba ir ieklata betona grida, bet tiilit péc tam ta saka plaisat! Vélos noskaidrot, kas nav izdarits 3, ka vajag?

Paldies!
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BETONA STIEPES STIPRIBA

o =F/A (N/mm?)
I N/mm?= | MPa

Q \‘__-;'/IAL o= f =

c ¢, concrete —
- \‘._-------’ N/mmZ(MPa)
Lo

C45/55
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BETONA DEFORMATIVAS TPASTBAS
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Fig. 9.2 Stress-strain relations for cement paste, aggregate, and concrete

Att. Neville A.M., 2002.

3.1.3 Elastic deformation

E=0/¢
o=E-¢

(1) The elastic deformations of concrete largely depend on its composition (especially the

aggregates). The values given in this Standard should be regarded as indicative for general

applications. However, they should be specifically assessed if the structure is likely to be 24/11/2021 °
sensitive to deviations from these general values.
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== Gm = maximum tensile strength of concrete
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Att. Kh, HM.,, et al.., 2016.

Fig. EC2

BETONA DEFORMATIVAS TPASTBAS: ROBEZDEFORMACIJA

= Betona robezdeformacija stiepé ir tika aptuveni 100 - 10 pe = 0.01 % = 0.1 %o.

= Tas ir Joti maz, salidzinot ar sagaidamajam betona stiepes deformacijam, pieméram, uz
20 metriem: 20 m - 0.01 % = 2 mm.

Strain capacity (microstrain)

Compressive strength class

Figure
Early-age (three-day) tensile strain capacity

under sustained loading.
Sandstone

At 28 days this gives a value 43% higher than the three-day value.
Limestone
Quartzite

Basalt

24/11/2021 °

Att. Bamforth, P., et al., 2008.
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RELATIVA DEFORMACIJA UN TAS IEROBEZOJUMA PAKAPE

Principal stress situation in
Original length concrete

g=20

Free to move

Figure 1.

Evaporation (drying shrinkage)

S.<>'h,f1’ee gsh,free

Free to move

[e] [e] [e) [e] 0]

Shrinkage + freedom to move = no cracks

Figure 2.

Att. SIA Primekss
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RELATIVA DEFORMACIJA UN TAS IEROBEZOJUMA PAKAPE

Principal stress situation in

concrete
Evaporation (drying shrinkage)

Ground supported
0t < feconcrete

Friction force against subbase => F= coefficient of friction x slab deadweight

If not free to shrink, tensile stress develops

Figure 3.
Evaporation (drying shrinkage)
Eshrestrained
Ground supported O‘t > ft FORETEtE
)
If tensile stress > tensile strength of concrete = slab cracks
Figure 4.

Att. SIA Primekss 24/11/2021 °
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BETONA DEFORMATIVAS TPASIBAS: SLUDE

Att. Brokans, A. & Ozola, L., 2014.

Mechanism Diagram

Strain vs. Time

Stress vs. Time Notes

Initial configuration

77777777
Stress relaxation i ! I
' o |-
) 4 %)
[ [l
:

A Strain

Creep

o>
Time

Relaxation

Constant strain
over time

Time

24/11/2021 °

BETONA PLAISU RISKS NO PASIEROSINATAM DEFORMACIJAM

lIJ 8(‘.5' 'EC
C,, 1+ 0
n = =

Ja Ja

Att. Silfwerbrand, J. & Farhang, A.A., 2014.

n = plaisu risks; o, = stiepes stpriegums betona; f, = betona stiepes stipriba.

Betona cietésanas
laika: g, E, &, Y =

€. = betona briva pasierosinata tilpuma samazinasanas deformacija (betona dazada veida

rukums, temperatdras izmainas utt.).

E. = betona elastibas modulis.

¢ = betona s|udes koeficients.

¥ = deformaciju lerobeZojuma pakape (0 < < 1).

24/11/2021 e
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DEFORMACIJU IEMESLI BETONA: 1) AREJA SLODZE

Applied load X

AW

T

Ky

Continuous
support

‘ Flexural and flexure-shear

. A
Simple support

I T )
Flexural and  Web-
flexure-shear shear

07 Daniel Friedman

FOOTING

Web-shear

* section of garage -
“viewed from front ..

wall

damage to the garage
foundations at floor level often e
oceurs as a result of improper
slab slope causing salty water —
accumulating next to the wall 83"
B
water  fig,, =]

\ 53 /—spalling

24/11/2021 @

DEFORMACIJU IEMESLI BETONA: 2) PASIEROSINATAS DEFORMACIJAS

Betona rukums:

1. Plastiskais rukums
2. Plastiska sésanas

. Kimiskais rukums (svai
betona)

. Autogéenais rukums
(sacietéjusa betona)

5. Zas$anas rukums

rukums

7. Temperaturas ierosinatas betona tilpuma

izmainas.
Mixing/
casting Setting 1-2 weeks X number of years
ty i .
1
Fresh phase Hardening phase Service phase i
(thermo phase) i
=
ol
ga :
2 -
3 s
a «

Concrete
temperature

Casting

Daily- and seasonal variations

NN,

temperature —

Att. Bjgntegaard, @., 2021.

AV
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DEFORMACIJU IEMESLI BETONA: 3) KIMISKAS REAKCIJAS

Tipiskakie piemeéri: sarmu silikatu reakcija, aizkaveta etringitu
veidoSanas, dzelzs sulfidu saturosu pildvielu reakcija utt.

 caleiumsilicate hydrate:

Att. Figuiera, R.B, et al., 2019.

24/11/2021 e

VAI PLAISAS IR “BISTAMAS” UN KURS PIE TAM “VAINIGS”?

ahc ABC PADOMI NOZARES SPECIALISTI BOVIZMAKSAS ATBILD EKSPERTI AKTUALITATES PRAKTISKIE PADOMI
v

Kapéc betona grida uzreiz péc ieklasanas saka plaisat?
Raivo 2017. gada 4. oktobri
Labdien!

Apmeéram 1000 m2 platiba ir ieklata betona grida, bet tilit péc tam ta saka plaisat! Vélos noskaidrot, kas nav izdarits ta, ka vajag?

Paldies!

Vai plaisas ietekmeés konstrukcijas lietojamibu un ilgmuzibu?

24/11/2021 e
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Betona plastiska rukuma
plaisu rasanas teoretiskie
aspekti

Latvijas Betona savienibas XXIX zinatniski tehniska konference

Martin§ Suta, MSc.

_ BUVNIECIBAS
2021.gada 25.novembri INZENIERZINATNU
FAKULTATE

Udens virsmas spraigums - poru spiediens
Ap for water drops of different radii at STP
Droplet radius 1 mm 0.1 mm 1 um 10 nm => Tipisks kapilaro
A poru izmérs
P (atm) 0.0014 0.0144 1.436 143.6
Example: / Capillary
Cone-shaped ( condenced
pore “ water in under-
Jo mazak udens paliek pressure
poras, jo lielaks spiediens AP
palikusaja adeni, kas velk
poras sieninas klat — HCP
tiek stiepta
"~ Absorbed
RH<100%; '




Udens virsmas spraigums — meniska spéks

Samazinoties tdens daudzumam, cietas emulsijas dalinas tiek
vilktas cieSak kopa

Mainot Gdens virsmas spraiguma limeni, iespéjams manipulét ar
poru spiedienu un menisku savelkoso spéeku

Plastiskais rukums

Plastiskais rukums rodas, kad no neaizsargatas virsmas udens
iztvaiko straujak ka “izsvist” vai ar1 tiek izsukts cita virziena
(sausa grunts) svaigam (plastiskam) betonam.

air

water

11/24/2021



Plastiskais rukums (2)

air

water

Plastiskais rukums (3)

air

Plastiska stadija betonam nav praktiski nekadas stiepes stipribas.

11/24/2021
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Plastiskais rukums (4)

evaporation
plastic shrinkage crack

~ bleeding 3 '\ DRY =

i

v aeiae

Virsmas rukuma deformaciju kavé mitrs kodols
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Katalizatori s o e L L I
/0N
; /e N
* Temperatira ;g{; ™ \‘ \\
S5 N NN
° Gaisa RH% //:{:E;#, ‘Hi:\-‘ _-.\.\\ \\
| : 2// 5,5\\\\\\%\ N LW
- Substrata RH% 222 NN RN _\\
° RN Y
5 10 15 20 25‘30 35 ! il mmi //
« VE&ja atrums/caurvéjs Airtemperature, 'C s :/
4 ! g £
g H1V4V4Va
+ Tiesi saules stari t /5] /
23 / P
E ’f‘:/ 25/'3 .
+ Zemailc £, St |
E //J/{ ]
5 R |
* Augsts pastas saturs betona R - ééé 1 i
e —— i
+ Silicija putekli ’ :

Ka samazinat risku?

* Zema temperatira
* Augsts gaisa RH%
* Augsts substrata RH%

« Caurvéja novérsana

* Noénosana

* Rupjgraudainadka betona izmantoSana ar
mazaku pastas saturu

» Betona kop$anas atra sakSana

* PretiztvaikoSanas skidras membranas

11/24/2021



Paldies par
uzmanibu!
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Better Concrete Through Research

- Primekss
Sagaldamals ddens |zswduma apmérs realas betona
: konstrukcuas. lauka meruuml ‘

Aldis Zégelis

‘ - :Bleerla‘i'ng ("asind§aha"/ adens
- izsvidumi) 'uz_beton‘a konstrukciju
, 'virs.mas ir parédTbg, kad betona

: sast'évé/maisijumé eSoééiS brTvais_
:‘;_V‘_i‘udens pacelas Iidz virsmai un uz

wrsmas veldo planu udens kartu o
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Lauka mérijumi-Teorija

e VAS‘I"M International - ASTM C232/C232M-20-Standard Test Method for Bleeding of Concrete
~ * Amethod for concrete bleeding measurement - L. Josserand1 and F. de Larrard2

Procediira s . 0
. Betons'jéiést‘rédé?’» veidné:s,"kurém iesp‘éjams uinkt‘véku

1

~+ Jaizveido padzilindjumi izsvidu3a tdens savak3anai

= lzsvidusais Gdens regulari jasavac un janosver

top of the sample to avoid loss of water.

A-A

Fig. 3 - View of the tracks. The sample is placed upon a balance.
The top surface of the material is one centimetre lower than the

e




24/11/2021

Lauka meérijumi-prakse

- Projekts: e 7 ;
. Grida uz grunts betonéta 2018. gada 5. novembrT‘_ ‘

"+ Gridas biezums 150mm’ ' - . o

e Betons C25/30 =

* Konusa nosédiums'objekté 200mm

: . Gfunts un gaisa temperatura +7°C

. Betona temperatiira +10°C
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100 200 300 400 500 600 700 800

a)

Time [min]

1.4
1.2
Lauka meérijumi-Aprékini 10
: =
D4 - ',‘ E 0.8
A B C D E F G H 1 06
L 04
2| Spaina r= 105 mm
<l Slana biezums= 150 mm 0.2
4 Spaina laukums= 34619 mm2
5 0.0
0
i <ai Bleeding
: ; onemtais
Laiks min Laiks | Alaiks [min] | _ Kopa[g]| H, mm | AH, mm rate
adens A [g] S
[nm.min-1]
6 45
7 0 11:30 0 0 0 0.0 0.00 0 40
8 60 12:30 60 7.5 7.5 0.2 0.22| 36.107861 -
9 135 13:45 75 11.3 18.8 0.5 0.33| 43.522009 E 35
10 190 14:40 55 7.3 26.1 0.8 0.21| 38.339984 ; 30
11 300 16:30 110 9.5 35.6 1.0 0.27| 24.94725 = 25
12 360 17:30 60 4.5 40.1 1.2 0.13| 21.664717 g 20
13 420 18:30 60 3.2 43.3 1.3 0.09| 15.406021 :D
14 480 19:30 60 0.8 44.1 1.3 0.02| 3.8515052 g 15
15 540 20:30 60 0.6 44.7 1.3 0.02| 2.8886289 8 10
16 600 21:30 60 0.4 45.1 13 0.01| 1.9257526 :’.‘E 5
17 660 22:30 00 0.2 45.3 1.3 0.01| 0.9628763 0
18 720 23:30 60 0 45.3 1.3 0.00 0
|19 0

100200300400 500 600 700 800 :
b) 7

Time [min]

Spaina r= 105 mm ij A
Slana biezums= 150 mm kg
Spaina laukums= 34619 mm2
Nonemtais L izsvisanas atrums
Laiks min Laiks | Alaiks [min] | _ Kopa[g]| H,mm | AH, mm rate
adens A [g] ; kg [m2/h)
[um.min-1]
0 11:30 0 0 0 0.0 0.00 0
60 12:30 60 7 &0 0.2 0.22| 36.107861 0.217
i 135 13:45 75 11.3 18.8 0.5 0.33| 43.522009 0.261
; 190 14:40 55 7.3 26.1 0.8 0.21| 38.339984 0.230
300 16:30 110 9.5 35.6 1.0 0.27| 24.94725 0.150
S 360 17:30 60 4.5 40.1 1.2 0.13| 21.664717 0.130
420 18:30 60 3.2 43.3 13 0.09| 15.406021 0.092
= 480 19:30 60 0.8 441 1.3 0.02| 3.8515052 0.023
L - 540 20:30 60 0.6 44.7 13 0.02| 2.8886289 0.017
600 21:30 60 0.4 45.1 1.3 0.01| 1.9257526 0.012
660 22:30 60 0.2 45.3 1.3 0.01| 0.9628763 0.006
720 23:30 60 0 453 1.3 0.00 0 0.000
8
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.+ lauka metode i ir erti IletOJama |zsv1dumu apjomu un dinamikas noteiksanai. : _
o Sim konkrétajam betona sastavam betonéjot to uz pleves 150mm blezuma plastiska rukuma
risks bis jau pie iztvaiko$anas atruma =0.3 kg (m%h). - : -

« Jaatceras, ka rekomendacijas pielaujamajam iztvaikosanas étrumar‘n, ko var atrast
literatdira, nak no pagajusa gadsnmta 50-60 gadiem, kad betona razosana netika izmantotas
pledevas, kuras lietojam Sodien.

. 'SekOJot lauka meruumu datiem, rekomendacuamjabut sntngrakam un betons jasak

'~~,a|zsargat jau pie zemakiem raditajiem.
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TRANSPORT

Praktiskas metodes plastisko plaisu risku
samazinasanai betona konstrukcijas

Kaspars Kravalis, Mapei AS

Riga, 25.11.2021

B

@IS & MAPEI

Plastiskas plaisas ir A-F, visas
paréjas (F-1) ir sekojosu
faktoru rezultats- agrinais
termiskais rukums,
ilgtermina zGsanas rukums,
arméjuma korozija, alkali
reakcijas

B2
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@IS & MAPEI L .
=emmere Plastiska rukuma plaisu raksturs

* Platums lidz 3mm

* Garums no 50mm lidz pat 3m

* Dzilums 20-50mm, ar tendenci maksimalajam atvérumam virspusé
* Parasti izvietotas 45° pret betonésanas virzienu, retak haotiski

* Var bit visu veidu betona — gan nearméta, gan arméta

ok

B3

@IS & MAPE - ] o . R .
= Praktiskie soli plastiska rukuma risku mazinasanai

* Betona sastava optimizacija un gatavosanas betonésanai
* Betonésanas process
* Betona kopsSana

Ka redzams, tad atbildiba par pilnigu risku samazinajumu

gulstas gan uz betona razotaju, gan uz betonésanas procesa
veicejiem! Nereti ta ir stridus situacija

B 4
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CISOMA’E  Betona sastavs un plastiskais rukums

cismapei.co

Plastiskais rukums sakas jau pirms betona ripnicas nevis tikai biavobjekta!!!

* Sabalanséta granulometriska sastava ltikne — maksimali labs pakojums

* Udens daudzuma kontrole betona

* Konusa noséduma kontrole (gan tGdens, gan plastifikators)

* S5 konsistences betonam bis augstaks plastiskais rukums neka S3 betonam

*  Minimizet parak atru cementu lietoSanu vasara, un parak |[énu-ziema

* Raupj$ cements sastava var radit izsvidumu uz virsmas un plaisas

* |zsvidums vésa laika ir slikti, vasara-labi

* SCC betona ir Joti daudz smalko dalinu, kas nelauj izsvist tdenim — karsta laika tas
rada plastiskas plaisas uz virsmas

Screen analysis and grading curve

-
E .l 4
i i
= = i
—
P s ——— B|s
MADE/ =y =Ll s loa:
Co.BMAE  Betonésanas apstakli un plastiskais rukums
[ retative Humidity, % —] /] “SE——— 'Concrete Temperature, °C | _ o
m{ * Gaisa relativais mitrums, betona
/ ':/ = \\ | temperatlra un véja atrums ir
g7 ‘ . S -
//v/'m > \ \\ savstarpéji saistiti apstakli
A 0 IN N N
//VA:{{/’: o \\\\\\\ N * Jaiztvaiko3anas atrums parsniedz
/’/; ﬁ-‘f::{\\\ \\\ \\\ 1kg/m?2, tad ir javeic kads no
A 1Y TERARNN N N TR [N ietekméjo3o faktoru
®  AirTemperature, °C Wind Velocity, km / h o samazinajumiem
- . i ‘ ., km —'7 / J
Sl Units al—
5 2 gl ] T oo -
=, A A+ [IpasSisvarigi pie betonésanas
g z,// ol pavasara-vasaras apstaklos, kad
| & /fi//{:::{’:/ Latvija ir sauss gaiss un augstas
g ' o o1 L temperatiras.
ZE
==t
] @‘ 6
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CIoOMAE  Betonésanas apstakli un plastiskais rukums

* Gaisa mitrinasana ir loti efektivs veids ka noturét Gdeni ilgak betona

* Lieliem objektiem industriali gaisa mitrinataji vai sniega razosanas
izsmidzinataji, nelieliem objektiem augstspiediena mazgasanas iekartam

* Nedrikst smidzinat Gdeni tieSi uz betona. Ja telpas, tad labak dienu pirms
betonésanas jau samitrinat gaisu

* Tapat mitrai ir jabat art pamatnei, lai ta nenosuc betona eso$o mitrumu

B
Co.BMAE  Betonésanas apstakli un plastiskais rukums
* Betona temperatlira un pamatnes temperattra nedrikst
atskirties vairak par 7-10°C. Svarigi ziema, kad siltu betonu médz
liet aukstos veidnos vai uz aukstas pamatnes.
* Vasara karstu betonu betonéjot vésas telpas veidojas izsvidums
* Vasaras japaredz iespéja nakts betonésanai, ja javeic darbi zem
klajas debess tieSos saules staros
* Pasakumi véja un caurvéja ierobezosanai
P
Pretvéja sfena B s
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@IS & MAPEI

cismapei.com

Betonésanas process un plastiskas plaisas

* Parak Sauri veidni un arméjums parak tuvu virsmai

* Dazads betona slana biezums viena konstrukcija

* Maksimala veidnu stabilitate — ja kustas veidni, betona
veidojas vibracijas, kas rezultéjas plastiskajas plaisas

S I

CISOMA’E  Betonésanas process un plastiskas plaisas

* Nesavibreéts betons visa dziluma vai stliros rezultéjas ar ta
saséSanos un plastiskam plaisam

* Betonéjot dzilus elementus ar dazadam biezumu mainam,
jabetone vispirms dzilakas vietas, lai betons paspéj ‘nosésties’

* Jaievero 30-45min (atkartba no apstakliem) laiks, péc kura svaigu
betonu nevar likt uz pirms tam jau lieta betona. Risks ‘aukstajam
sSuvem’, kuras veérsies vala jau nakosaja diena.

@\ 10
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Q@M Betonésanas process un plastiskas plaisas

Tikai iebetonéta (bez virsmas apstrades) betona plastisko plaisu
paradisanas iespéjamiba ir |oti liela
- plastiska rukuma plaisas piemit gandriz visiem betoniem,

bet apstradajot virsmu ar slipmasinam S$is plaisas tiek aizblivétas un
péc tam neatveras.

B
QLM Lidzekli plastisko rukuma plaisu novérianai
Virsmas pretizzisanas lidzek|i
Kt Iztvaiko$anas atrums, kg/m?
' - : _ u_-a—— BezpretiliSanas membranas
| :
PR A Ar pretZisanas membranu
) 2
Laiks, h
B 12
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QISOMA™  Lidzekli plastisko rukuma plaisu novérianai

am

Virsmas pretizzisanas lidzekli
* Uzklat péc iespéjas atrak
* Lidzekli kurus var uzklat starp ielieSanu un slipésanu (nav uz parafina bazes)
* Lidzekli uz parafina bazes (visefektivakie) — péc tam uz tiem nevar veikt virsmu
apstradi ar krasu
* Jalieto arT ziema, pie betonésanas minus grados — nesalstosi kopsanas lidzekli

@\ 13

CLOMAPE | idzekli plastisko rukuma plaisu novér$anai

cis.map:

Sintétiskas mikro Skiedras

Plusi:
* Hidrofila daba — piesaista sev tdeni
e Samazina virsmas izsvidumu
* Novers plastisko plaisu veidoSanos
* Darbojas ka ieksejais kopSanas lidzeklis saule, veja

Minusi:

* lesaista betona nedaudz gaisu

* Nedaudz specifisks iemaisiSanas process
* Lielaks Gdens daudzums betona recepté

Tas nav strukturals arméjums!!!
@‘ 14
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@IS & MAPEI

cismapei.com

Lidzekli plastisko rukuma plaisu novérsanai

Betona rukumu mazinosie lidzek]i

Rukumu mazinos$as vielas (SRA) pateicoties savam Tpasibam ilgak betona notur
Gdeni — rezultata mazak plastisko rukuma plaisu

@\ 15

@IS & MAPET

CONCRETE INDUSTRY SOLUTIONS
cls.mapai.com

RAW MATERIAL

e P

MIX DESICN

Q’<9 SUSTAINABLE =
GUALITY
n@afl CONCRERE

\f%/

TRANSPORT

CASTING AND CURING

Paldies par uzmanibu!

@\ 16




11/24/2021

Rukuma raditas piepules konstrukcijas.
Plaisu ietekme uz betona konstrukciju
ilgmuzibu

Gatis Vilks
Nauris Inovskis

Dzelzsbetona konstrukciju projektésana
izmantotas rukuma relativo deformaciju vértibas

* Dzelzsbetona konstrukciju projektésana tiek veikta atbilstosi standartu
saimei LVS EN 1992 «2. Eirokodekss. Betona konstrukciju
projektéSana»

 Saskana ar LVS EN 1992-1-1 kopéjas rukuma relativas deformacijas
sastav no divam komponentém — Zlsanas rukuma un autogéna
rukuma relativajam deformacijam:

Ecs kopiga rukuma deformacija;
Eed ziisanas rukuma deformacija:
autogdna rukuma deformacija. (LVS EN 1992-1-1 3.1.4 (6) sadala)

e
Cca
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o,

oo

V. L7

IaONS LATVIIAS

/gy & BOVKONSTRUKCIJU
A

Zusanas rukums S i

* LVS EN 1992-1-1 tiek apskatitas rukuma vértibas pie nosacijuma, ka
betons ir atbilstosi kopts péc ta iestradasanas.

« ZG%anas rukuma relativas deformacijas attistas |éni, jo ta ir funkcija no
udens migracijas caur sacietéjusu betonu.

« ZG%anas nominala rukuma relativo deformaciju vértibas saskana ar
LVS EN 1992-1-1

3.2. tabula. Betona no CEM N Kklases cementa nominalas neierobeZota (nefikséta) Zasanas
rukuma e.g vertibas (*/pg)

Jelfek cobe Relativais mitrums (%)
(MPa) 20 40 60 80 90 100
20/25 0.62 0.58 049 0.30 0.17 0.00
40/50 0.48 0.46 0.38 0.24 0.13 0.00
60/75 0.38 0.36 0.30 0.19 0.10 0.00
80/95 0.30 0.28 024 0.15 0.08 0.00
90/105 0.27 0.25 021 0.13 0.07 0.00

Z0%anas rukuma relativo
deformaciju attistiba laika

ATVIJAS
OVKONSTRUKCIJU
ROJEKTETAJU
SOCIACIIA

K2
Y

V-V

* LVS EN 1992-1-1 ZiSanas rukuma relativo garendeformaciju attistiba
laika tiek izteikta ar sekojosu izteiksmi:

gcc'(f) = ﬁc's(r- Is)' kh' €cd.0- (3‘9)
3.3. tabula. Koeficienta ky vertibas izteiksme (3.9) =i}
o 2 Past )= ———— -
0 h (t—1.)+0.04y 1,
100 ‘ 1.0
200 0.85 t, dienas Baslt,ts) t,=2 dienas
300 ‘ 0.75 7 0.02
> 500 ‘ 0.70 14 0.06
‘ 30 0.12
90 0.31
365 0.65
3650 0.95
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772

Mg SOQS LATVIIAS

gA®  §O0VKONSTRUKCIIU
A

Autogénais rukums B

 Saskana ar LVS EN 1992-1-1 autogénais rukums tiek aprakstits ar
sekojosam izteiksmem:

Eeall) = Bas(?) Eca (). (3.11) fer, MPa &caloe), %o t, dienas Bas(t)

ik 20 0.025 7 0.41
) s 1 25 0.038 14 0.53

Eeal®) = 2.5 (= 10) 107 3.1 30 0.050 30 0.67

i 35 0.063 20 0.85

e 2 40 0.075 365 0.98

() =1-exp(-0.2:>), (3.13)

Pul® L ’ 50 0.100 3650 1.00

kur

t laiks (dienas).

Kopéjais rukums

* Saskana ar LVS EN 1992-1-1 betonam ar f =30 MPa un pie relativa

gaisa mitruma 50% kopéjas rukuma relativas deformacijas sasniedz
~0.45%eo.

* Bltisks jautajums — vai faktiskas betona rukuma relativas
deformacijas atbilst LVS 1992-1-1 aprakstitajam véertibam. Diemzél
atbilde ir «NE».

* Parasti rukuma relativas garendeformacijas >0.7%o.. Betoniem ar
250 MPa rukuma relativo deformaciju vértibas var but ievérojami
lielakas.
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Piepulu veidoSsanas no rukuma
ietekmes

* Var izdalit divu veidu piepulu veidoSanos— lokalo un globalo.

* Lokalas ietekmes veido rukuma relativo deformaciju gradienti
§kérsgriezuma ietvaros. Sie efekti galvenokart ir novérojami betona
cietéSanas stadija. Korekta betona kopSana péc iestrades minimizé
lokalos efektus, tadél to ietekme ir salidzinoSi minimala.

* Globalas ietekmes veidojas no konstrukciju «nostiprinajumiem», kas
ierobeZo rukuma relativo deformaciju raditos parvietojumus.

Aprékinos izmantojamas rukuma
relativo deformaciju vertibas

* Atkariba no konstrukciju veida aprekinos ir jaizmanto pilnas rukuma
relativas deformacijas vai ari rukuma relativo deformaciju gradienti
starp konstruktivajiem elementiem.

* Rukuma relativo deformaciju gradienti ir jaizmanto gadijumos, kad
konstrukcijas tiek lietas vairakos ciklos, kas nav atdaliti ar deformacijas
Suvém. Rukuma relativas deformacijas Sados gadijumos rada piepdules,
kuru raksturs ir |oti lidzigs temperatiras gradientu piepulém, tadeél Sis
iedarbes ir jakombiné (piepules jasummeé pilna apjoma).
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2255395
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Piemeéri rukuma relativo deformaciju
gradientu ievértésanai aprékinos

Dzelzsbetona siena ar 500 mm biezumu
Betons C35/45
Laiks starp izblves cikliem — 30 dienas

Kopéjais rukums saskana ar
LVS EN 1992-1-1 - 0.37%eo

Rukums 30 dienu vecam betonam saskana
ar LVS EN 1992-1-1 - 0.06%o0

Rukuma gradients — 0.06%o

Secinajumi. Saskana ar LVS EN 1992-1-1
aprékinatie rukuma gradienti ir neadekvati
mazi. Sadu rukuma vértibu ievértésana
aprékinos var novest pie konstrukciju
plaisasanas.

3
."l... ASOCIACIJA

Maslva dzelzsbetona siena \
A S A s
S50 000000000
— A A A A A st
e
raksturs e s > 7/
s /
sl 7 Ll
{/// Ky
Darba uve ,//// 4 - / "///7////
s /ﬁ//i pLarrias /ﬁ//i Z éi/i ik
V22 Z3

Pamatu konstrukcijas

1.etapa konstrukcijas

Aprakstitais piemérs — Siena uz platnes

s, 533
(Avg: 100%)

sz

7521

0508

T

IMIGGANS  PROJEKTETALU
... ASOCIACIJA

L

+1.133e-
+1.917e-02
-7.493e-02

aunuzbuveta siena
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1JAS
VKONSTRUKCIJU
ROJEKTETAJU
ASOCIACIJA

Pec LVS EN 1992-3 apréekiniem izdala:

- Elementus ar parvietojumu ierobeZojumu to galos

Jauni betona elementi, kas tiek iebetonéti starp

7

esosam konstrukcijam un ir fikséti pie tam

—
— 11—
— —

Nostiprinajums
Nostiprinajums

- Elementus ar parvietojumu ierobezojumu pa maiu

Sienas, atbalsta sienas, gridas platnes uz stingas

vai daléji stingas pamatnes, kas ierobezo parvietojumus
| | | | |
EEEESS

=

7.

Esosa konstrukcija / pamatne

o o®

S

rSOeSY LATVIIAS
5

Plaisu kontrole

PROJEKTETAJU
Kopéja rukuma raditas plaisas veidojas bridi, kad ierobeZojuma relativas deformacijas (strain) €, parsniedz betona

50
2%
22

ASOCIACIJA

stiepes relativo robezdeformaciju e,. ProjektéSanas praksé stiegrojuma aprékins plaisu kontrolei tiek sadalits

divos etapos, kur sakotnéji tiek noteikts minimalais laukums

A minOs = K¢ kfy ot A (LVS EN 1992-1-17.3.2),
kas garanté kontrolétu betona plaisasanu, bet nenodrosina konkrétu plaisu atvérumu. Konstrukcijam, kur plaisu

platuma ierobeZzosana ir batiska (ilgmiZibai, Gdensnecaurlaidibai, vai estétisko prasibu nodrosinasanai) veic

papildus aprékinus plaisu platuma noteiksanai.

Plaisu kontrole elementiem, kas ierobeZoti to galos un elementiem, kas ierobeZoti pa sanu batiski atSkiras. Plaisu
attalums un atvérums elementiem, kas ir ierobeZoti tikai to galos ir ievérojami lieldks par elementiem, kas

ierobezoti no saniem.
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. . . l;;/;;z’:;ff:::.
A4 Yo S
alos leropezotl elementl S S
"l.. ASOCIACIJA
Maksimalo plaisu platumu iesp&jams aprékinat saskana ar LVS EN 1992-3 M pielikumu:
€,;=0.5a, k kfy o (1+1/(a.p))/E M.1]
Vienadojums definé saméra lielu garenstiegrojuma apjomu, jo balstas uz betona stiepes stipribu.
Aprékina piemérs 250 mm biezai platnei —
Slab height h= 250 mm Good bond conditions ki = 0.80
b= 1000 mm For tension 1.00, for bending 050 k= 1.00
Bar diameter 0= 12 mm Min[2 5(h-d), (h-x)3, h/2]-b - A,
d;= 197 mm Eflecive tension area Ag= 60228 mm’
d,= 197 mm Area of tension steel Ay= 1257 mm’
Coverto A, c= 47 mm [Area of compresion steel A,= 1257 mm
fu = 30 MPa Maximum bar spacing (tension) S= 90 mm
22[(f,+8)10* En= 328 GPa A IA Poer=  0.021
[Mean concrete strength  fome = 38.00 MPa (-Aa-Aa(ac1)+[{Aa+Ag(a-1)}-2b{Aa.d-Anda(a 1)) )b
Mean tensile strength ~ fogopr = 2.90 MPa Fully cracked neutral axis depth X = 65.55 mm
fu= 500 MPa Max crack spacing Semax = 39529 mm
E.= 200.0 GPa [
Modular ratio G 7.00 k= 1.00
Short term or long term ? L (SorL) k.= 1.00
Age 28 days p= 0.010
Cement type N (S,N,orR)
Creep factor 9= 1.0 [CALCULATED CRACK WIDTH W, = 0.274 mm
s
reeete
= . v . . S yryiins
0 saniem ierobezoti elementi &Y e
"l: ASOCIACIJA

lzvérstaks apraksts ka LVS EN 1992-3 sniegts CIRIA C660. Sanos ierobeZots betons saplaisas ja:

€= Rax Efree = K[([ac Tl + sc:a)] R1+([ac TZ RZ)] t &y R3] > €ty [3'2']

attiecigi maksimalais plaisu platums péc LVS EN 1992-1-1: W =S €

r,max

Biezak sastopamo situaciju ierobezojuma faktori R (restraint factors) doti ari LVS EN 1992-3 L pielikuma.

L/2 max L/2 max 2.4
g R = - -
e T
i} =0 i N )
= ms OW = eIl
T
«3 I S,
ik 0s = | %32 05 4
i 11
1 | o /Xol A4l
i I

0(0,5)
0(0,5)

Ul

T

7
5

0(0.5). Hli\ =

-1 0

0

t’:m
&
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Plaisasanas atskiriba apskatitajam

parvietojumu ierobezojuma situacijam

Plaisas platums

I PROJEKTETAJU
N ASOCIACIIA

Plaisasana, kas radusies no parvietojumu ierobeZojuma galos

|zteiksme M.1

Plaisasana, kas radusies no parvietojumu ierobeZojuma gar malu

Deformacija

* LVS EN 1992-1-1 prasibas:

Pielaujamie plaisu atversanas platumi

7.1N. tabula. Rekomendéjamas wy,; vértibas (mm)

Iedarbibas klase Stiegroti elementi un Pricksspriegoti elementi ar
prieksspriegoti elementi ar spriegojama stiegrojuma
spriegojama stiegrojuma elementiem ar saisti
elementiem bez saistes
Kvazi-pastaviga slodze Biezak sastopama slodzes
kombindcija kombinacija
X0.XC1 0.4 0.2
XC2,XC3,XC4 0.3 0,27

XD1. XD2. [FOXD3.{Ac] XS1.
XS2. XS3

Spiediena pazeminasana

1. piezime. X0, XC1 iedarbibas klasém plaisu platumam nav ietekme uz ilgizturibu un dotais robezplatums
ir noteikts, lai [AQvairuma gadfjumu nodrosinatu(ac] pielaujamo &rgjo izskatu. Gadijumi, kad nav argja izskata
nosacijumu, var samazinat prasibas $im robezplatumam.

2. piezime. Sim iedarbibas klasém papildus ir japarbauda spiediena pazeminisana pie kvazi-pastavigas

slodzu kombinacijas.

P o0
s
7%
nn.,.'.: BUVKONSTRUKCIJU
Miiggdy  PROJEKTETAJU
Ay AsoCIACIIA
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Mg SOQS LATVIIAS

gA®  §O0VKONSTRUKCIIU
A

Pasakumi rukuma iedarbju mazinasanai & i

* Efektivakais veids rukuma iedarbju mazinasanai ir deformacijas Suvju
un kompensacijas Suvju izveide. Piemérs plaisu kontroles sistemai:

Contaflexactiv CV - p rofile steel galvanised sheet double-
sided covered with bentonite.

Contaflexactiv CV is used for:

= controlled cracks in construction joints.

Bentonite is covered with self-soluble organic foil, which
protects it from early swelling

During Contaflexactiv CV installation, it is possible to
concrete a long segment of wall. A Bentonite cover =
guarantees sealed construction joint.

., _* = &

UNCONTROLLED CRACKS INCURRED CRACKS BY USING CONTAFLEXACTIV CV

Plaisu platumu ietekme uz
konstrukciju ilgmuzibu

LVS EN 1992-1-1 pilnvertigi neapraksta visus pasakumus konstrukciju
ilgmuZibas nodrosinasanai. Standarta definétas aizsargslanu vértibas
nodrosSina konstrukciju ilgmZibu ne visos gadijumos (stiegrojuma
aizsardzibu). Saskana ar ModelCode 2010 stiegrojuma korozijas
aizsardzibu horizontalam konstrukcijam, kuram ir mikroplaisas un kuras
ir paklautas hloridu iedarbei, var nodrosinat tikai ar papildus

aizsardzibu.
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7- 1 : I_.:.. . ;;-___
$P|a|§|‘j remonts

Betoparﬁ;;l/\}‘s

Egils Emersons  +371 29229647
25.11.2021 @
https://www.iso.org/ics/91.080.40/x/ BETONAM WE B Ac ®

Guidelines for structural intervention of existing ructures using

, | Saturs
1.Par Wébaclun' betonam.lv “', %
— 2.Pamatnostadnes |

3.Betona un plaisu novértésana

4.Materiali plaisu remontam

92  WEBAC.

BETONAM
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Risssanierung

> Par WEbaC Uber uns

WEBAC ir vidéja izméra uznémums dibinats 1978
gada.

Darbibas nozare ir produkti hidroizolacijas
remontam un bavkonstrukciju remontam.

Uznémums galvenais birojs atrodas Hamburga.

2

BETONAM

2  WEBAC.

BETONAM
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Plaisu pasaizaugsana betona.
Udens spiediens H/biezumu

G

BETONAM

Druckgefalle . . .
Wasserdruck h,,/ Bauteildicke d RechnenS(‘::el Rissbralte
ca
[m/m] [mm]
=25 0,20
<50 0,15
>5,0 0,10

Tabelle 5.1: Rechnerische Rissbreiten fir die Selbstheilung [Lohmeyer (1995), S. 193]

UDENS CAURLAIDIBA

1.0 —
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Kapillarporenantest [ Voi -94)

Bild 1. VWasser s i i
13 1. W ssserdurchlassigkeit des Zemenisteins bei

tnterschiedlicher Kapillarporositit nach 151

B3

BETONAM

WEBAC.




24/11/2021

Risssanierung

» Betona konstrukciju aizsardziba un remonts TEETE

EUROPEAN STANDARD EN 1504-5
NORME EUROPEENNE

EUHDPA'SCHE NORM December 2004
ICS 91.080.40

English version

Products and systems for the protection and repair of
concrete structures
Definitions, requirements, quality control and evaluation of conformity
Part 5: Concrete injection

Produits et systémes pour la protec- Produkte und Systeme fiir den Schutz
tion et la réparation des structures und die Instandsetzung von Beton-
en béton - Définitions, exigences, tragwerken - Definitionen, Anforde-
maitrise de la qualité et évaluation de rungen, Qualitatsiiberwachung und

la conformité - Partie 5: Produits et Beurteilung der Konformitat - Teil 5:
systémes d'injection du béton Injektion von Betonbauteilen

BETONAM

This European Standard was approved

by CEN on 2004-07-09.

%8  WEBAC.

BETONAM
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. . - e - s mw Risssanierung
» Hidroizolacija un nostiprinasana Goersi

Ll

* Situacijas analize

(]

* Mituma stavoklis 4 h

* LietoSanas merkis

N

* Materiali plaisu aizpildisanai

L
Ll '\""wv._‘,

* Darbu veikSana

oo - - Risssanierung
> Konstrukcijas stavokla analize

Bojajumu rasanas mehanismi

Betona ipaibas Slodze

Hidratacija Spiede

Rukums lerobezota deformésanas
Slade Temperatiras ietekme
UzbrieSana Pamatnes séSanas
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> Rissanalyse

085 09 095 10 105 11

Risssanierung

Rissanalyse

 — Your Solut

04 04s 05 055 06

Tel. +49 40 67057-0
Fax +49 40 6703227
info@webac-grouts.c

as 12 13 14

Die Rissbreite ist der gemessene Abstand der Rissufer. Verlauf, Breiten, Zustand und

Beflllbarkeit von Rissen durch Bohrkernentnahme untersuchen.

> Rissanalyse

T B AW
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AW
einseitig: stetige Zu- oder Abnahme der Rissbreite
wiederkehrend: kurzzeitig z. B. Verkehrslast
taglich z. B. Temperaturschwankungen
langzeitig z. B. Jahreszeiten

Risssa

nierung

Rissbreitendnderung

-

LTI e,
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» Markéjuma piemérs WEBAC 4110 (sauss)

Klasifikacija U(F1) W(2) (1) (8/30) (1) nozime:

U(F1) PielietoSanas mérkis: Nekustigs savienojums

W(2) Minimalais izmérs: 0,2 mm

(1) Plaisas mitruma stavoklis: sausa

(8/30) Minimala- un maksimala lieto$anas temperatira 8 °C - 30 °C

(1) Plaisu platuma maina péc remonta: var izmantot plaisdm, kuras péc remonta laika
ir paklautas ikdienas platuma izmainam vairak neka 10% vai 0,03 mm

» Piemeérs WEBAC 4170T (siapi3)

Klasifikacija U(F1) W(1) (1/3) (5/30) nozime:

U(F1) PieleitoSanas mérkis: Nekustigs savienojums
W(1) Pielaujamais plaisas minimalais platums: 0,1 mm
(1/3) Plaisas mitruma stavoklis : sauss/slapjs

(5/30) Zemaka un augstaka lietosnas temperatira no 5 °C-30 °C
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> Rissanalyse

pirms injekcijas ir jazina:

* Plaisas rasanas iemesls
* Plaisas platums un iespéjamais kustigums
* Kopé€jais buves vertéjums.

Risssanierung

Rissanalyse

> Rissanalyse

Bectandshait

mogliche haden an en

Risssanierung

Rissanalyse

—# Schwinden -——

-4—— Quellen —»

A

—# Kriechen <*——

v

- —>
Temperatur

i b«

Setzung und
Baugrundverformung

DR -
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Risssanierung

» FEUChteZUSténde Rissanalyse

Trocken/Dry (DY) (DIN EN 1504-5)

Trocken (Instandsetzungs-Richtlinie)
(Beton mit umgebungsbedingter Ausgleichsfeuchte)

 Udens nav
* Udens plaisa tuvaka laika nav iespé&jams.

Risssanierung

’ FEUChteZUStande Rissanalyse

Feucht/Damp (DP) (DIN EN 1504-5)
Feucht (Instandsetzungs-Richtlinie)

* Mitrs. Krasas izmaina miruma iespaida
plaisas vai caurumos. TekoSs Gdens nav
noverojams.

 Udens tecésana bija senak
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Risssanierung

’ FEUChtEZUStande Rissanalyse

Nass/Wet (WT) (DIN EN 1504-5)
drucklos wasserfiihrend
(Instandsetzungs-Richtlinie)

« Udens smalkas pilités spieZas ara no
konstrukcijas .

Risssanierung

’ FEUChtEZUStande Rissanalyse

FlieBendes Wasser/Waterflow (WF) (DIN
EN 1504-5)

Unter Druck wasserfiihrend
(Instandsetzungs-Richtlinie)

* TekoSs tdens.

10
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2

BETONAM

WEBAC.

> Rissfiillstoffe

Rissfullstoffe nach DIN EN 1504-5

Darbibas meérkis

* Kategorie F salimét nekustigi
* Kategorie D ar elastigu materialu
* Kategorie S briestoSs materials

lestrades Tpasibas.

Min plaisas izmérs (Injektionsfahigkeit)
Mirtuma stavoklis plaisa

Min iestrades temperatdira.

Plaisas kustigums iestrades laika.

Risssanierung

Rissanalyse

11
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.e ° - Risssanierung
> Trankung vs. Injektion

lelieSana plaisa bez spiediena. Materiala iepildisana ar spiedienu

Oberfléchliche.r[Fﬁllgrad Vollstandiger Fiillgrad

S =

o Risssanierung
> Trénkung/Verguss

Oberflachlicher Fullgrad

s

12
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Ausfiihrung

Injektionspacker-Abstande bei Klebepackern

* Packer aufkleben
* Verdammen

* Injizieren

Arretierungsstift

Verdammung

3 X H D

*> Injektionspacker-Abstinde bei Bohrpackern

Verddimmung

Injektionsrichtung

Ansicht C-C Schnitt D-D

I Wirkungsradius
eines Einfiillstutzens a=1t/2 Abstand der Bohrpacker

t Bauteildicke

13
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» Injekcijas speidiens

Injekcijas materiala iestrades spiediens.

Betonfesti keit‘i
max. Druck = SR x 10 bar

Beispiel:

C20/25 =

% 10 bar = 83,3 bar

Risssanierung
Injektion

» Injekcijas

Volistandiger Fiillgrad

Risssanierung
Injektion

14
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> Injekcijas

- Spiediena aprékinasana
- Sak no apaksas (atgaisosana)

« Papildus materiala padeve cietésanas laika.

Risssanierung

Injektion

» PUR injekcijas putu sveki

Materiali kas reage ar tdeni
« atrs reakcijas laiks
+ Izplesas cietéjot

+ Pagaidu blivéjums.

Risssanierung
Produkte

15
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e o .o . Risssanierung
» PUR injekcijas sveki

* Elastigi

* Reage ar udeni

* llglaicigs blivéjums
* Blivas poras

* Mitrums konstrukcija
neietekmé 1pasibas.

* Var regulét cietésanas laiku ar
paatrinatajiem.

. Risssanierung

> EP injekcijas sveki Produite

* Stipriba spiedé

* Stipriba lieceé

* Stipriba stiepée

* PielipSanas spéja

* Domati stingru savienojumu veidoSanai

16
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o= - Risssanierung

* Loti Skidri
* Loti labi lip pie slapjas
pamatnes.

* Reguléjams reakcijas laiks.

Paldies par uzmantbhu! |/

Egils Emersons +371 29229647 @ WEB Ac
www.betonam.lv BETONAM ®

17
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Latvijas XVIII Betona olimpiade — 2021
XVIII Latvian Concrete Olympic — 2021

Latvijos Betono Sajunga

Léti Betoni Uhendus

Latvian Betoniyhdistys

Lettiska Betongféreningen
Beton-Verein Lettlands
Association Lettone du Béton
Asociacion Letona del Hérmigon
Jlameulickuli coro3 bemoHa

Latvijas Betona
olimpiades vésture
(2000 -2014)

R =) MAX

Compressive strength (cube), MPa

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

oVidgji

BMAX




Latvijas Betona
olimpiades vésture
(2000 — 2014 )

R ====) 100 MPa

Rc, MPa
120.0
103.7
100.9
% 98.2
100.0 281 -
80.0
613
60.0
®Rc, MPa
40.0
247
200
0.0 r r r r T
NorCement HC Betons Consolis CEMEX MS Aqua NT 1
Latvijas Betona olimpiade — 2021.
TVIIAS ATVIAN CONCRETE ASSOCIATION e s TATVIAN CONCRETT. ASSOCTATION
. 1 YLILS ” BETON-VERTIN LETTLANDS LA }1 ) HAS ” RETON-VTRTIN TRTTLANDS
BLTONA LETTISKA BETONGFORENINGEN BETONA LEITISKA BETONGFORENINGEN
SAVIENIBA [/ AsaoL TION LETTONE DU BETON SIENT ASEOETAR e i
ASS JTONS DIT HORMICON SAVIENIBA /D ASSOCIATION LETTONE DU BETON

ASSOCIACION LETONA DEL
SATBHACKNIT COLO3

IRMIGON

N A\TB)I[‘l( KHIT CO103 BETONA TOHA

7. Rezultatu novertéjums

Betona 2021. g. Olimpiades Testu rezultan tick apkopoti protokela. Excel tabula tick izrckinatas vidgjas vertibas,
Nolikums standartnovirzes un absolino novirzu no 100 MPa vEr(ibas, nemol vard vidgjo result@u un
standartnovirzi. Rezultatu novert&juma piem

1.Merkis

Betona savienfba un Rigas lehniska universitite Serijas Nr. 1 2 3 4 5
erences iclviros. Belona olimpiddes merkis ir izgatavol

ikgad@jas 1.BS Zindmiski (chniskas

betona paraugus, kas pee stipribas vistuvak un visprecTzak atbilst mérka stipiTbai 100 MPa. 80 95 98 100 90
100 100 100 105 5
120 105 102 110 100
Ollll'lp]dd\/ var plc Jalities man ll’ldl\ldu;l]l gan korporativi da ki un studenti (vai o
Katrai Jabae dividudls biedrs (Vards, uzvards) vai firma (N)sdukums) Vidéjais 100,0 1000 100,0 105,0 95,0
vai studentu knmandﬂ (nosaukums). Standartnovirze 20,0 5.0 2,0 50 5,0
o 1200 1050 .0 10
3. Pieteiksandy 200 =0 8.0 1000
Katrs daltbnieks piedalds ar 3 ieprieks izgatavotiemn hetona kubiem 10x10x10 cm (viena sérija). 5 - 5 .
Pieteikiands iespgjama pa e-pastu janis. freibergs. Ibs@email com vai pa telefonu +371 202401 20, ’ ‘
PigteikSunis un paraugu piegides lerming i alimpiades dicna pl, 10600 n 5 2 o 2
4. Datums un laiks Max absoliita
novirze no 100, 20 5 2 10 10
Olimpiade notiks 1 2 dienas pirms |.BS /|||dl1l|s|\l tehniskas konferences RTU, Laboratoriju maja nemot véra s
Paula Vildena T (RTU Laboraloriju maja, 18
Paraugu testésanas precizs datums un laiks tiks pazigots ieprieks visiem olimpiades dalfbniekiem. Ar zalo iclondts sErijas numurs 3, kas uzradija labiku rezultatu pie 3 nolikuma.

8. Uzvarétaji un balvas

Zarija ir 4-5 locekli, kam ir pm’cdze betona d paraugu
test@danu athilstodi standartam, veic rezultdm apstradi un novartssan. 7ur||'| ir neatkariga un taja

nedrikst bt olimpiddes dalbnicki,

bus 1as dalibnicks, kuram hiis absolitd resuliata vismazika novirze no 100 MPa, nemaot
vérd vidéjo un standartnovirzi péc aprékina metodikas 7. punkta.

Pirme viclu ieguvai sagems parsieiguma balvas no olimpiades atbalsim@jiem.
6. Paraugn meriana un teste¥ana
Piems lestiem visi paraugi ek sagrup8i un sanumurcli, Katrar strija un kalram paraugam ir savi
origindli apzZimgjumi.
Stipribas testéana tiek veikta saskana ar LVS TN [2390-3 standarta prastham. Pirms testa visi
paraugi tiek apskatiti, izmérmti un nosvert. Tlek '\rmmems qplcdeq plakne~ ﬂlnwmnn notiek ar

e 06.10.2021.

Olimpiades Nolikums tika apstiprindts LBS Valdes

alrumu 0.9 — L0 MPa 1S Vald Kssed Rolands C
i 1 i BS Valdes priekssgdatajs 5 i
Olimp Aticne drikst § aldes priekssedetajs olands Cepuritis
Addrese: Kallw e L Telefous: 1571 29240120 Valdes priekisidad]
K, Lavviia, LV-1030 Lzpilddirckios Lcom Lepildirehiors
Advese: Kalku ield | Telefons. 1371 20240120 e-pasts. coliud Valdes prickisde
Riga, Latvija, LV-1050 I7ptlddurcktns. f email com Izpilddirekrors




Betona olimpiades atbalstitajs — Stachema Polska

Supporter of the Concrete Olympiad - Stachema Polska

¢ Chemicals for building materials
* Concrete and mortar accelerators/hardeners
* Concrete and mortar retardants
st a a « Concrete and mortar antifreeze agents

¢ Concrete and mortar bonding agents

* Concrete and mortar plasticisers
http://stachema.pl/

* Concrete and mortar guniting additives

* Concrete debonding agents

* Waterproofing agents for concrete and mortar
* Retardants for plaster

« Thickening agents for plaster

st a ONAS  ROZWIAZANIADLABUDOWNICTWA  CHEMIAUZYTKOWA  LABORATORIUM  ZROWNOWAZONY ROZWOJ  KONTAKT  RODO Q

r
»
ras)

: / >
We create solutlmé D %

concrete

Wiodacy producent i dostawca kompleksowego asortymentu chel
budowlanej

Latvijas Betona olimpiade — 2021

Zurijas locekli:

* Andrejs Krasnikovs (priek$sedétajs)
 Vitalijs Lusis
* Vladislavs Agapovs

* Eduards Protasevics
« Genadijs Sahmenko Paraugu testésana: 24.11.2021. no pl. 14:00




Latvijas Betona olimpiade — 2021

Paraugu testéSana: 24.11.2021. no pl. 14:00

* MPA Tests
* HCB (HC Betons)
* Schwenk

* BCB Daugavpils

Latvijas Betona olimpiade — 2021

Paraugu testésana: 24.11.2021. no pl. 14:00




Latvijas Betona olimpiade — 2021

Vidéjais rezultats un standartnovirze, MPa

115,0
110,0
1 99,2 | 1001 | 1001 | 2312 2327 919 92,6
b
105,0 5pC Dauave
augavpils 2 99,2 99,9 99,9 2287 2310 887 89,5
F
3 100,2 [ 999 | 1001 | 2310 2307 873 87,2
4 Vidéjais rezultats 2303 89,8 — e w0
100'0 Standartnovirze 2,7
MAX (Vid. + S) 92,5
MIN (Vid. - S) 87,1
IMAX novirze no 100 MPa 7,5
95’0 MIN novirze no 100 MPa 12,9
Max absoliita novirze no 100, nemot véra S 12,90
90,0 89,8
-12,90
85,0
80,0
BPC Daugavpils
Vidéjais rezultats un standartnovirze, MPa
115.0 1 100,1 | 100,7 | 100,1 2404 2383 885 87,8
’ 4
Schwenk 2 99,9 | 99,7 | 99,9 2378 2390 905 90,9
3 99,9 | 1005 | 99,9 2392 2386 965 96,2
110,0 Vid&jais rezultats 2391 91,6
Standartnovirze 4,2
MAX (Vid. +S) 95,8
MIN (Vid. - S) 87,3
105,0 MAX novirze no 100 MPa 42
MIN novirze no 100 MPa 12,7
Max absolata novirze no 100, nemot véra S 12,66
100,0
95,0
91,6
90,0 s 89,8
-12,66
’ -12,90
85,0
80,0

Schwenk

BPC Daugavpils




Latvijas Betona olimpiade — 2021

Vidéjais rezultats un standartnovirze, MPa

1150 | 1 1000 | 1001 | 100,7 | 2044 | 2029 1108 110,7
,
HCB 2 1004 | 1002 | 1013 | 2001 | 2052 1088 1082
b
+ 12,22 3 1000 | 1001 | 1006 | 2223 | 2208 985 98,4
1 10/0 Vid&jais rezultats 2119 105,8
Standartnovirze 6,5
MAX (Vid. +S) 112,2
105,8 [viN(vid.-s) 99,3
105,0 ! MAX novirze no 100 MPa 12,2
MIN novirze no 100 MPa 0,7
Max absolita novirze no 100, nemot véra S 12,22
100,0
95,0
91,6
90,0 89,8
-12,66
g -12,90
85,0
80,0
HCB Schwenk BPC Daugavpils
Vidéjais rezultats un standartnovirze, MPa
115,0 L2 1003 | 1008 | 1004 | 2538 | 2502 1007 29,6
MPAtest | 2 1001 | 999 | 1002 | 2538 | 2533 1012 101,2
+12,22 3 1001 | 1000 | 997 | 2530 | 2535 1052 105,1
110,0 Vidéjais rezultits 2535 102,0
Standartnovirze 2,8
MAX (Vid. + ) 104,8
MIN (Vid. - 5) 99,2
105,0 = 4’80 B 105'8 MAX novirze no 100 MPa 48
! MIN novirze no 100 MPa 0,38
Max absoliita novirze no 100, nemot véra S 4,80
102,0
100,0

95,0

90,0

85,0

80,0

MPA test HCB

91,6

Schwenk

-12,66

BPC Daugavpils

89,8
-12,90




Rezultati - kopsavilkums

Videjais rezultats un standartnovirze, MPa

@
110,0

85,0

80,0
MPA test HCB Schwenk BPC Daugavpils

Latvijas Betona olimpiade — 2021

Vidéjais rezultats, MPa

-105,8

91,6
90,0 I I89,s
v MPA test HCB Schwenk BPC Daugavpils
APSVEICAM !!! 1500 .
12,22
* MPA Tests - 15t place
o MPA test HCB Schwenk BPC Daugavpils
e HCB (HC Betons) — 2" place -
-12,66 -12,90

* Schwenk — 3th place




BALVAS ?!!

BALVAS ?!!

Tomasz Nowacki,
Vice-President
STACHEMA POLSKA
tel. +48695732604




TEHNISKA KOMITEJA “TK 01 BETONA SALTURIBA”

KOMITEJAS DARBIBAS MERKIS IR:

1. VEICINAT BETONA NOZARES PROFESIONALU DISKUSIJU PAR BETONA SALIZTURIBU UN
GATAVOT ZINOJUMUS, KAS SATURETU KONCENTRETU INFORMACIJU AR REKOMENDACIJAM
KVALITATIVA UN ILGMUZIGA BETONA RAZOSANAL. SOS ZINOJUMUS VARES IZMANTOT
PROJEKTETAJI, BETONA RAZOTAJI, BUVNIEKI UN BUVUZRAUGI.

2. ARGUMENTETI FORMULET LVS 156 STANDARTA ATJAUNOTAS REDAKCIAS PRASIBAS ATTIECIBA
UZ BETONA SALTURIBU, KA ARI VIRZIT TALAK IEKLUSANA STANDARTA.

KOMITEJAS VADITAJS — JANIS FREIBERGS
SEKRETARS — JANIS ZALE

BETONA SALIZTURIBA EIROKODU UN EN 206 IZPRATNE

Klasu Vides raksturojums Informativie pieméri, kuri parada
apzIméjums argjas iedarbibas kladu rasanas
iespéjas

5. Sasalde$anas/atkauséSanas agresiva iedarbiba ar vai bez pretapledojuma lidzekliem
Ta betons slapja veida ir paklauts ievérojamai sasalSanas/atkusanas cikliskai agrestvai ietekmes, argja
iedarbiba jaklasifics $adi:

XF1 Meérens piesatindjums ar Gideni, bez Vertikalas betona virsmas, kas paklautas
pretapledojuma vielam lietum un sasal$anai
XF 2 Merens piesatmajums ar Gden, ar Vertikilas celu konstrukeiju betona
pretapledojuma vielam virsmas, kas paklautas sasalSanai un pa
gaisu parnestu pretapledojuma vielu
iedarbibai
XF3 Liels piesatinajums ar tideni, bez Lietum un sasalSanai paklautas
pretapledojuma vielam horizontalas betona virsmas
XF4 Liels piesatindjums ar @iden1, ar Celu un tiltu segum, kas paklauti ¥
pretapledojuma vielam vai jiiras Gdem pretapledojuma vielam,
Betona virsmas, paklautas tieSam $lakatam, A

kas satur pretapledojuma vielas;
Slakatu iedarbibas zonas jra, kuras ir
paklautas salam




ESOSAS SALIZTURIBAS PRASIBAS- LVS 156-1:2017

3. tabula. Prasibas svaiga betona sastivam un sacietéjusa betona ipasibim

Aréjas vides iedarbibas Klases [+
Berarezix Hloridu izraisitas korozijas
fedar bﬂmi Karbonitu izraisitas korozijas — Citi mm-rl_:]:‘iezs no jiras Sasalzanas-atkusanas noslodze Agresiva kimiska vide
X0 XC1 X2 XC3 XC4 Xs1 X52 X53 D1 xD2 XD3 XF1 XF2 XF3 XF4 XAl XAl XA3
/e’ ne vairdk ka 090 0.80 0.60 0.60 050 045 043 (155 035 045 0.60 0350 0.50 045 0.50 0435 040
Minimala stipribas klase C12/15 C€2073 | C2530 | C3037 | C30/37 | C30/37 | C3345 | C3545 | C30i37 C30537 | C35/45 |C25/30 | C25/30 | €307 C30/37 €3037 C35/45 C40/50
Misiimilais cements, 160 160 250 250 300 320 320 300 300 320 | 20 | 330 | 300 | 340 300 320 330
dandzums[ke/m’]
Cements atbilstosi EN 187-1
&I piemerotibu attiecigaja E 2
argjas vides iedarbibas klasé
Smalko piedevu k-vértibas
Mikrosilfcijs:
Wi D 20 20 20 20 20 20 20 20
o048y 20 10 20 10 10 10 10 20
Pelnu putekli® 10 04 . 10 04 1.0 04 04
II Kases smalko piedevu maLsu.u.ala dozacijas robezvértibas % 1 5 svara! f
Picdevis veids: X0 xcl xC2 XC3 XC4 XS1 X512 XS3 D1 XFI | XF2 | XF3 | XH XAl X412 XA3 E
Mikrosilicijs )31 1 1 1 1 1 11 11 11 1 1 1 p 11 1 11 4 * 33
Pelnu putekli 100 100 45 45 45 45 43 45 43 45 30 43 30 45 30 43 .
FI | MS5S B | Udems >
Minerdlmaterilu salizturiba - = = . - _ _ _ _ _ _ ulznsuie” . _ R
MsS18 5
Iesals:ﬂa gaisa daudzums
o
- 50 5.0 30
s 43 43 45
- 40 40 40
1 Sulffitus saturod vids izmanto vai ou standartam EN 197-1 atbilstofu pret sulffimu iedarbbu noturigu cementu (CEM [-SR3 XA2 klasei un CEM I-SR-3 XA3 klasei), val ari saistviela ir jasatur dommas simus vismaz 70% apmérd no
saistrielas kopéja daudzuma
Projektatsjs izvElas izmantojamo saistviehn, vadoties péc noteicosss kimiskas iedarbibas
Pelnu putekn aktivitdtes koeficients ir 0, cikiil pelm un cementa svara dalu atheciba parsniedz 0.33, imemot X0, XC 1. XF1 un XF3 drjas vides iedarbibas klases gadfjuma. [zmantojot 32.5 stipribas klases cementu. pelnu putekln
aktivitates Loeficienta vértiba XC2, XC3, XC4, XF2, XF4, XS. XD un XA argjas vides iedarbibas klases gadijuma ir 0,20, ciktil pelnu un cementa svara dalu attieciba ir mazaka par 0.33; attiecibd uz So limeni parsniedzodo dalu,
al.h\';lales koeficienta vériiba ir 0
Visas piel cementu tm piel piedevuk A ja vien maisijuma sastivs atbilst prasibim, kas pielaujamo cementu sastivam noteiktas standartd EN 197-1
Ja betona idens-cementa attieciba it mazika par 0.4, tabuld norad.?m a:llsa daudzuma robezvértibu var samazinat par 0.3% vienibu

ESOSAS SALIZTURIBAS PRASIBAS- LVS 156-1:2017

5.2. tabula. Sacietéjusa betona salizturibai noteiktas prasibas saskana ar
LVS 156-1:2017 A pielikumu’

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

CEN/TS 12390-9 5.p. (platnes tests) LVS156:4:2017 A pleliloums

Aréjas vides iedarbibas v

Klase Aréjas vides iedarbibas
) G R ) klase
Masas zudumi p&c 56 cikliem (g/m”) ) Stipribas zudumi
Saliznbas klase i
4
XF1 mss < 1000
XF1 F100
XF2 ms6 < 6507
5 5
XF3 ms6 < 500 *E2 Fa00 f
<5 o
XF4 mss < 3502 XF3 F200 &
4
[PIEZIME XF4 F300
MMletode attiecmama vz betoniem, kuriem primara ir konstrukeijas funkcionalis
[virsmas notusiba pret sala iedarbibu — galvenokart celu un laukumu nodilumvirsmam, PIEZRME
k3 arf nenesoiajiem un pasnesoiajiem dekorafivajiem betona elementiem. fMetode attiecingma uz betoniem. kuri paredzeti bvkonstrukeiju nesosajam

konstrukeijim. un primisa ir fo stipribas nodrosinatana visa ekspluaticijas periodd pie

P Salizturibas parbaudi veic, betona paraugus 1zturot 3% nitrya hlorida (NaCl) skiduma IETILEC I
i jatbilstosam edarbibas klasém.




Platnes testa rezultati ar granita pildvielam, izdrupusi javas Platnes testa rezultati ar grannita pildvielam, nodrupums

dala 10009/m2 1909/m2

Platnes testa rezultati ar olu pildvielam, izdrupusi oli un
javas dala 6709/m2

Platnes testa rezultati ar olu nilllviela‘lm,
1509/m2




Platnes testa rezultati ar
olu pildvielam, nodrupums
4609/m2

KF2 AREJAS IEDARBIBAS KLASE PARBAUDE PEC CEN/TS
12390-9 PLATNES TESTS

KOPEJAIS REZULTATU SKAITS 33

XF2 parhaudes Pildviela XF2 testos

. S m Oli = Grants = Dolomits
= |zturéja = Neizturgja b




— — — — N
LUS 156-1 METODES UN PLATNES TESTA PARALELA TESTESANA XF2/XF4
= _ Pildvielu | o Parbaudita Parbaudita | GOST .
granits) (ia zinama) test): metode: skaits 3
L287 |18.03.2019| C40/50 | 037 | 4,70% Granits Ms18 CEM1425R XF4 F300 z'mec‘i‘f(ﬁe 75 |hieaugums 4
J68  |12.03.2019| c45/55 5,20% oli MS25 CEM1425R XF2 F300 z'mec‘i‘;ﬁe 75 |hieaugums
R564 |24.04.2019| C30/37 400% | Granits MS18 CEM1425N XF2 F300 2‘”‘50‘:;36 51 219%
T 149 337-2 | 16.08.2019 | C30/37 oli MS18 CEM 11 42.5N A-LL XF2 Faoo | 2Mel0de T lpieaugums
D333 |12.04.2019| C25/30 51% oli MS25 CEM 425N XF2 F200 e m‘zﬁ(’l‘?e 451 0.20%
v4es |2504.2018| C30/37 | 05 5,4% oli CEM1425N XF2 F300 Z'mec‘i‘f(ﬁe 75 |hieaugums
TMB_149R | 16.08.2019 | C30/37 oli MS18 CEM Il A-LL/42.5N XF4 F300 Z'me;ﬁ(ﬁe'75 pieaugums
LDzB 287 |18.03.2019 | C40/50 Granits F1 CEM 1425R XF2 F300 z‘mecti‘}"ﬁe'm bieaugums
RTB 43 |19.11.2019| C35/45 Granits F2 CEM 1425N XF4 0,01 F300 ii';:‘ie“’de]s pieaugums ?
G_TB76 |25.06.2019 | C40/50 Granits F1 CEM |52.5 N SR3 XF4 0,05 F300 ii';:‘ie“’de]s pieaugums .-
L_Dz702 |06.08.2020| C45/55 | 041 | 4.9% Granits F1 CEM1425R XF4 0,05 Faoo  [metode TS | g 509,
= [zverteti 11 gadijumi

PIEDAVATIE LUS 156-1LABOJUMI

Piedavitie labojumi:

Projektatais betona £
kalpo$anas laiks gados?| CEN/TS 12390-9 5.p. (platnes tests), masas zudumi p&c 56 cikliem (g/m?) .
Argjas vides iedarbibas klase
fident 3% natrija hlorida (NaCl) &kiduma
50 ms6 < 500, vai mss < 1000, ja mss‘mog
i attieciba ir mazaka ka 2
100 msg = 200, vai msg < 500, ja mse/'mag
attieciba ir mazaka ka 2
50 msg = 630 vai m3g = 1300, ja mss/m2g
attieciba ir mazaka ka 2
XF2 ;5 5
100 mss =< 500, var mss < 1000, ja mss/mos
attieciba ir mazaka ka2
50 mse =200, vai mss = 500. ja mss/mos
XF3 attieciba ir mazika ki 2
100 mse = 100, vai mss < 200, ja mss/mas ¢
attieciba ir mazaka ka 2 o
50 ms6 = 350 vai mse = 700, ja mss/mas
attieciba ir mazaka ka2 3
XF4 - *
100 ms6 = 200, vai mss < 500, ja mss'mas
attieciba ir mazaka ka 2
PIEZIME
Metode attiecinma uz betoniem, kuriem primira ir konstrukeijas funkeionlas virsmas noturiba pret sala iedarbibu — galvenoldrt celu un laulkumu godilumyirsmam, ki ard
Sajiem un painesosajiem dekorativajiem betona elementiem.
2 P&c nolussjuma tiek pienemts betona projektetais kalpo¥anas laiks 30 gadi. Par nepieciefamibu betona atbilstibai un kalpofanas kritérijiem 100 zadu periodam. prasibam jabut
skaidri definétam betona pasttijuma un specifikcija




PIEDAVATIE LUS 156-1LABOJUMI

6.labojuma priekslikums — precizét 5.1. tabulas 1.piezimi

Orginala versija:

IMetode attiecindma uz betoniem, kuriem primara ir konstrukeijas funkcionalds virsmas noturiba pret sala iedarbibu — galvenoldrt celu un laukumu
nodilumvirsmam, ki arT nenesoSapnem un pasnesoianem dekorativajiem betona elementiem.

Piedavatie labojumi:

IMetode attiecindma uz betoniem, kuriem primara ir konstrukeijas funkcionalds virsmas noturiba pret sala iedarbibu.

T.Iabojuma priekélikums — precizét 5.2. tabulas 1.piezimi
Orginala versija:

Metode attiecinama uz betoniem, kuri paredzeti buvkonstrukciju neso$ajam konstrukeijam, un primara ir to stipribas nodro$inafana visa ekspluatacijas =
perioda pie atbilstosam iedarbibas klasem.

Piedavatie labojumi:

IMetode attiecindma uz betoniem, kuri paredzeti bivkonstrukeiju neso$ajam konstrukeijam, un primara ir to stipribas nodroginasana visa ekspluatacijas
perioda pie atbilstoiam iedarbibas klasem. Metode negarantZ betona virsmas noturibu pret sasal$anas/atkufanas ciklu iedarbibu.

PIEDAVATIE LUS 156-1LABOJUMI

10.labojuma priekslikums — precizét prasibas A pielikuma testésanas metodei

Preciz&jumu batiba (standarta teksta nepieciefami vairaki uzlabojumi, lai korekcijas ieviestu):

*  Prasibas paraugiem. Bez vizuiliem defektiem. Blivuma atskiribas: nevienam no test@$anas paraugiem blivums nedrikst bt mazaks par
visu testsianas paraugu vidgjo blivumu vairak neka par 30 kg/m’.

o Testéiana: sasaldefana =2.5h gaisa t=-18=2°C, atkauséfana ne mazak par (2+0.5h) 3%NaCl gkiduma t=18=2=C; gaisa temperatira janosaka
sald&sanas kameras centrd, blakus testeSanas paraugiem.

*  Partraukumi testéSand. minimalais ciklu skaits diennakti-1. Testg5anas partravkuma gadfjuma paraugi jauzglabi sasald&ta stavokli saldeianas Y
kamera vai speciala ledusskapi temperatiira =-10-C._ paraug: jaapsedz ar mitru audumu, lai tie neizzastu.

AT %

o ) aprEkinatais blivums katram paraugam un vid&jais aritmétiskais blivums, kg/m3. 7
* h) parauga spiedes stipriba MPa (ar precizitati 0. 1MPa) vai N/'mm?2 (ar precizitati 0. 1N/mm2)




PIEDAVATIE LUS 156-1LABOJUMI

A4, tabula. Gala rezultata ieginsanai nepieciesamais parbaudes ciklu skaits

Salizturibas SazaldeZamas un atkausEianas cildu skaits atkaribd ne betona salizturibas markaz
Betons noteiléanas
metade E35 F50 F75 F100 F130 F100 F30d F400 F300 F500 Fa00 F1000

1. metode 15 35 50 i 100 130 200 300 400 500 600 800 1000

2. metode - - g 13 20 30 45 75 110 150 00 300 450

1. metode = = = 1 3 4 3 8 12 15 1w 37 35
emetoda | - E 50 7 100 150 200 300 00| sg—t—sor—"E00 | 1000

| | "
—] |

3. metode [ S e IR 5 10 __”ﬁ‘—'-—h———a:.____sy__ 105 155 205

| - e—
_—___-_'_'_'_——._




SAKRET*

RIGA TECHNICAL
UNIVERSITY

3D betona drukasanas perspektivas
Latvija

Bavniecibas inzenierzinatnu fakultates
Materialu un konstrukciju institdta
Vadosais pétnieks

3D betona drukasanas zinatniskas
laboratorijas vaditajs

Dr. Sc. Ing.

Maris Sinka

25.11.2021.

11/24/2021

Situacija pirms 12 ménesiem RTU BIF:

* Nepilnigs ramja 3D printeris ar vienkarsu printgalvu;
* Viens pétnieks, kas strada Saja virziena;
* Bez industrijas atbalsta.

:\ W \




11/24/2021

Pasreizéja situacija:

» 3D betona druka8anas zinatniska
laboratorija izveidota 01.04.21.;

» [EsoSais ramja tipa printeris ir pilnveidots
sadarbiba ar RTU Design Factory;

* Industrialas doktoranturas studijas
uzsaktas sadarbiba ar SAKRET;

» Vairaki pétnieki un pétniecibas virzieni.

Laboratorijas pétijumu virzieni 1
* Industrialas doktorantlras projekts sadarbiba ar SAKRET,
doktorants Krists Ziemelis;

»  Meérkis — printera mainigo parametru un maisijuma
mijiedarbibas izpéte;

* Mainigie parametri — sprauslas izméri un formas,
printéSanas un ekstrazijas atrums, objekta forma, slanu
augstums;

» Testéti vairaki sastavi, Sobrid atrasts perspektivakais, ar ko
turpinas testi;
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Laboratorijas pétijumu virzieni 1

* Industrialas doktorantlras projekts sadarbiba ar SAKRET,
doktorants Krists Ziemelis;

»  Meérkis — printera mainigo parametru un maisijuma
mijiedarbibas izpéte;

* Mainigie parametri — sprauslas izméri un formas,
printéSanas un ekstrizijas atrums, objekta forma, slanu
augstums;

» Testéti vairaki sastavi, Sobrid atrasts perspektivakais, ar ko
turpinas testi;

Laboratorijas pétijumu virzieni 1
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Laboratorijas pétijumu virzieni 1

Laboratorijas pétijumu virzieni 1

Talakais virziens saistas ar nepartrauktas printéSanas
nodroSinasanu, izstradajot slégta tipa printgalvu, kas
savienota sistéma ar javas maisitaju un sikni;
Paldies SIA «<REAKTIVS» par laboratorijas atbalstu ar
iekartam — javas maisitaju un sdkni.

T FART NUMBER escarron_far
1 [LOADER SIDES AISI 304 - Imm 1
2 |LOADER_BOTIOM AISI 304 - Tmm I
3_[ROUED. CYUNDER ASI304 Jmm | 1
4 _[ROLLED_CONE AIS| 304 - 1 1
5 [RING_INSERT AIS| 304 - 3mm 1
6 |LOADER_TOP AIS| 304 - 3mm 1

STANDARD PARTS
[SCREWED_UNION_DIN 11850
3

DNBO.DNE5

IREDUCER_DNB0_TO_DN40
PIPE_DNEO.

DIN 1 1850 - WELDING LINER

FASTENERS
r FEAGON SOCHET
15 [DN7380-MAX 8- A2 BUTION HEAD SCREW_| ©
%[Ozt Weko Nt 5
17 [on229 -8 [ weomr |2
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Laboratorijas pétijumu virzieni 2

MaisTjumu izstrade, ilgmiZzibas testéSana laboratorijas un
SAKRET maisijumiem.

Reologija ar mini-cone péc EN 1015-3.

Atskirtba veidnots/printéts, spiede, liece dazados virzienos (EN
206 un EN 1015), Suvju parbaude ar tomografu Scanco
microCT 50;

Salturibas testi un salidzina$ana veidnots/printéts, jaadapté
standarta testi, salturiba CDF tests péc EN 1338 vai CEN/TS
12390-9:2006 CF, sulfatizturiba SIA 262/1;

Planota daltba DC2022 ar rakstu par $1 pétijuma rezultatiem;

Talakie virzieni — ietekmes uz vidi samazinasana ar SCM
lietoSanu.

Digital

riem W@ Concrete

Third International RILEM Conference on Digital Fabrication with Concrete

27-29 June 2022 - Loughborough University

Laboratorijas pétijumu virzieni 2 — 3D drukata betona ilgmuziba

Experimental mix proportions Sakret ready-made mix proportions
= Eksperimentalais maistjums un Sakret Water 143.0 Water  170.0
gatava maisijuma sastavs: o e ~Drymix_ 10000
= Mehanisko Tpasibu testi — 7 un 28 dienu Sand <2mm 564.0
lieces un spiedes testi gan veidnotiem, gan Sand/Cement 172
3D drukatiem betona maisijumiem;; “mes‘;:ef"'ef 1220
= Salturtba LVS CEN/TS 12390-9; VMA 0.2

Sulfatu izturibas testi pec SIA 262/1;

10
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Laboratorijas pétijumu virzieni 2 — 3D drukata betona ilgmuziba

28 day compressive strength of cast and 3D printed concrete
7 day compressive strength of cast and 3D printed concrete

50
40 45
30 i
©
o 20 = © 30 i
E_ I % 25 . I
=10 — 20 I
15
0 10
Sakret mix Experimental mix g
Mix i i
Printed M Cast in molds Sakret mix Experimental mix
Wi Printed, perpendicular direction
ix
Printed

m Cast in molds

(1) Monolithic specimen. (2) Loading direction L. (3) Loading direction II.

11

Laboratorijas pétijumu virzieni 3 +--

e
Fast Setting Binders for Application in 3D Printing of
Bio-Based Building Materials

«  PostDoc projekts “3D drukati biologiskas izcelsmes materiali

Maris Sinka ), Jlizaveta Zorica'), Disna Bajae?, Genadis Sshmenko and

pielietojumam bivnieciba”; e s . _
+ Meérkis - samazinat bavniecibas nozares negativo ietekmi uz s o .

vidi, izgatavojot 3D drukatus biologiskas izcelsmes b

blvmaterialus; e st s s o i

shives—are used i these materials 2 a iller together with thrve difirent types of fst-cting
Thestudy

» Biologiska pildviela un minerala saistviela;

ey

e (L)t s peroeed. e s kot it e e

° Labs bui/dability‘ bez Stabiliziatoriem; buildability a< well as mlatively high compressive strength, which allows for load-bearing use at
+  Sobrid tikai materiali ar blivumu sakot no 1000 kg/ms3; R S e e

b @) f{TU.
Hemperete print 27.07.21.

Sis darbs adats ar Eiropas Regiona istibas fonda atbalstu darbibas programmas “Izaugsme un HACIOHALAIS »
nodarbinatiba” 1.1.1. specifiska atbalsta mérka “Palielinat Latvijas zinatnisko institdciju pétniecisko un @ PostDoc e
inovativo kapacllall un spéju piesaistit aréjo finans&jumu, ieguldot cilvékresursos un infrastruktdra” 1.1.1.2. S
“Pe tdras pé atbalsts” ietvaros (Nr.1.1.1.2/VIAA/3/19/394). TEGULBIIUMS TAVA NikoTHE

12
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Laboratorijas pétijumu virzieni 3 — biologiskas izcelsmes materialu druka

Materiali
Alternativas atri cietéjosas saistvielas:
= Cementi uz magnija bazes:

= Magnija fosfata cements (MPC):
MgO + KH,PO, + SH,0 — MgKPO,-6H,0

= Magnija oksihlorida cements (MOC):

3MgO + MgCl, + 11H,0 — 3Mg(OH),-MgCl,-8H,0

SMgO + MgCL, + 13H,0 — SMg(OH), MgCl,-8H,0
= Kalcija sulfoaluminata cements (CSA):

CaAls(SO4)012 + 2CaS04 + 38H20 = CazAl,03CaS0,32H20 + 4 Al(OH)s
= Gip$a saistviela (BG):

CaSOs -Y, Hy0(s) + g H,0(1) = CaSO; - 2 Hy0(s)

Kanepju spali — lauksaimniecibas blakusprodukts

Pildviela — biologiskas izcelsmes lauksaimniecibas blakusprodukts —
kanepju spali.

Riga Technical University 13

13

Laboratorijas pétijjumu virzieni 3 — biologiskas izcelsmes materialu druka

Saistvielu un biokompozitu ipasibas

Binder compr. str., MPa HD biocomposte compr. str., MPa LD biocemposte compr. str., MPa

100. 15

= MOC - augsta stipriba — gan saistvielai, gan
biokompozitam, tas pats ar MPC; P 3@

= CSA - augsta saistvielas stipriba, bet zemaka stipriba ar : : B "o
biologiskas izcelsmes pildvielu; i o

»  BG - salidzino$i labi rezultati - uzrada lielaku stipribas % o i N b N e
ar LD biokompozitiem.. % of the highest compr.str.

= Papildinformaciju skatiet midsu raksta “Fast setting 100%7- =T T=T o
binders for application in 3D printing of bio-based | gl - i
building materials”, Sustainability, 2020. ~  Jooo@l| oo = CSA

o ; T BN R R = e

0%

Binder compr. str. HD compr. str. LD compr. str.

HD biokompoziti no dazadam
saistvielam MPC (aug$éja
kreisaja pusé), BG (augséja
labaja pusé), CSA (apakséja
kreisaja pusé) un MOC
(apak$éja labaja pusé).

14



11/24/2021

LCA - ietekme uz vidi

= PriekSizpéte — tikai saistvielam;
= "Credle-to-gate" sistémas robezas;

= |PCC 2013 GWP100a metode — ietekme
izteikta CO, ekvivalentos;

= Tika definétas tris dazadas funkcionalas
vienibas:
— 1 m?3 saistvielas;
— 1 m3 HD biokompozita;
— 1 m3 LD biokompozita;

Laboratorijas pétijjumu virzieni 3 — biologiskas izcelsmes materialu druka

= Pielidzinats atbilstosi spiedes stipribai.

Riga Technical University

GWP of 1m” of binder

] 12400

‘GWP of 1m® of LD biocomposite

T T
500 1000 1500

kg CO2 eq.

‘GWP of 1m? of binder adjusted for compr, str.

15

LCA - ietekme uz vidi
= MPC — cietinataja radita lielaka ietekme —

GWP of 1m” of binder

monokalija fosfats — |oti energoietilpigs;

= MOC - otrs augstakais, HD biokompoziti
pielidzinati stipribai — labs rezultats;

= CSA - otrs zemakais — apdedzinasanas
temperatdras un izmantoto izejvielu dél;

= BG — mazaka ietekme, tada pati kd CSA,
vél zemaka apdedzinasanas temperatira;

= BG un CSA LD biokompozitmateriali batu
CO, negativi, ja pildvielu nemtu véra, jo
kanepju spali augSanas laika uznem un
ieslédz sevi CO,.

Riga Technical University

"|10200

1560/0

2000 3000 4000
kg COz eq.

m? of HD biocomposite

‘Iﬁﬂ

Laboratorijas pétijjumu virzieni 3 — biologiskas izcelsmes materialu druka

‘GWP of 1m? of binder adjusted for compr, str.

A 50% 100%

16
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Jauns virziens - EPS un gipsa kompozita izmantosana 3D drukasana

L= . o - a) Skats a)
= Geometriskas novirzes ar dazadiem <~ TF Pn

izraisoSiem faktoriem:
— Printéjama forma (taisns, stri);
— Kustibas uzsaksanas bridis vai
vienmériga kustiba;
— Slana izvietojums;
— Materiala apjoms tvertné u.c.

90 90
80 i 80 a

'y

2
2
8

Augstums, mm
o
2

30 30

17

Studentu iesaistiSana

Baltija pirmais starptautiskais 3D —
betona konkurss. 2021 oktobris -2022
marts sadarbiba ar RTU Dizaina
fabriku un Latvijas Universitati:

» 1-3 brivstavosi objekti LU Campus
Tornakalna.

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

» Vairaku ménesSu garuma tiks e
organizétas lekcijas un apmacibas; EISAKREF

* https://print-concrete.com/#/

— RTU

—

— DESIGN
FACTORY

18
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COMPETITION
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3 COHCRETE
COMPETITION

Prof. Indrikis MuiZnieks
University of Latvia
rector

Laila Kundzina
CEO, Board Member UL
Foundation

ol

Prof. Ugis Bratuskins
Dean of Faculty of
Architecture at Riga
Technical university

N
>
Voldemars Johansons

Visionary Culture
Foundation, Artist

Maris Sinka

Head researcher at
RTU 3D concrete
printing laboratory

F ﬁ
3 N )

Matijs Babris

Architect, researcher
Riga Technical
university

Margers Pots

University of Latvia
Head of Infrastructure
Department

Janis Ploks
University of Latvia
“House of Letters”
project director

3 CONCRETE
COMPETITIOHN

Balvu fonds:
5000-10 000 EUR

Zelts (galvena balva) — 3000 EUR / komanda
Sudrabs (simpatiju balva) — 2000 EUR / komanda
Bronza (atzinibas balva) — 1000 EUR / komanda

print-concrete.com
ej.uz/printcompetition

concreteprintevent@gmail.com

12
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Sadarbiba ar nozari

30. septembrT laboratorija organizé&ja Pirmo 3D
betona un blvmaterialu drukas seminaru;
Piedalijas visi galvenie Saja joma aktivie
zinatnes un rdpniecibas parstaviji;
lepazistingjam ar laboratorijas pétijumu
virzieniem un demonstréjam laboratoriju.

25

Industrija Latvija

SAKRET
CONSTROS;
PROFABB;
FabControl;
3Dtech;

Riga Technical University

= PROFABB

ADDITIVE MANUFACTURING

26

26

13
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Industrija Latvija
= SAKRET NV
= CONSTROS;
= PROFABB;

= FabControl;
= 3Dtech;

27

Industrija Latvija

= SAKRET

= CONSTROS;
= PROFABB,;

= FabControl;

= 3Dtech;

Riga Technical University

28

14



PALDIES!

Esat aicinati uz 5. Starptautisko konferenci

“Innovative
Materials, Structures and Technologies”

IMST2022
Organizé Rigas Tehniskas universitates Bavniecibas
fakultate Riga, Latvija

2022. gada 28.—30. septembris
http://www.imst.rtu.lv/

Tpasa sekcija par 3D drukasanu

https://www.facebook.com/3DCLab
maris.sinka@rtu.lv

N LT,

)

?oak o;;bstrog

3D Betona Drukasanas

Zinatniska laboratorija >
# Edit Follow

11/24/2021
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VILNIUS GEDIMINAS RIGA TECHNICAL
TECHNICAL UNIVERSITY _ UNIVERSITY
Laboratory of Composite Materials Faculty W Chil Enginsering

Latvijas Betona Savienibas XXIX zinatniski tehniskas
konference 25.11.2021.

Vieglais cementa kompozits ar
putustikla granulam un PVA skiedram

Genadijs Sahmenko, Donatas Sikarskas, Valentin Antonovi¢, Jurgita
Malaiskien, Renata Boris, Rimvydas Stonys

Problems:

* Floor cracking

e Plaster cracking
* Delamination




Plaster for industrial boilers

Problems:
* Liels passvars (Self-weight) === |ight-weight plaster!
*  Trauslums, plaisu veidoSanas ===y Crackresistance ..Elastigums .. Ductulity!

1862

Q SAPERE »
VILNIUS GEDIMINAS z"l f\:

TECHNICAL UNIVERSITY RI([‘:JI; ITVEECRHSI\II.:.(;AL

Faculty of Civil Engineering

The aim of this work:

 Development of Light-weight cement composite plaster
with expanded glass aggregate and polyvinil alcohol
fiber (PVA) fibers;

* Investigation the microstructure and properties.




VILNIUS GEDIMINAS R,L
TECHNICAL UNIVERSITY UNIVERSITY

Faculty of Civil Engineering

The materials used in the investigation included:

Portlandcement - CEM | 42R

Table 1. Chemical composition

-mmmmmmm

63.2 0.4 2.4 0.05 215

Table 2. Physical-mechanical properties of cement

Particle Bulk Blaine Compressive | Compressive Setting Final setting,

density, | density, fineness, | strength after | strength after | time, min min
g/cm3 g/cm?3 /g 2 days, MPa | 28 days, MPa
3.1 1.1 3700 20 55 160 215

Q( SAPERE =% joea o
,, AUDE S Jl£§ 2
IRy

VILNIUS GEDIMINAS e i)
TECHNICAL UNIVERSITY ONIVERSITY

The materials used in the investigation included:

Expanded glass granulate (EGG) ecologically valuable material made
from recycled glass.

Table 3. Characteristics of EGG

Charakteristika | Sizeof GG, mm ______|
1-2 0.5-1 0.25-0.5

Bulk density, kg/m3 230 270 340
Compressive strength, MPa 2.0 2.3 2.5
Water absorbtion , % by mass 20 20 25

Softening point, °C
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VILNIUS GEDIMINAS

TECHNICAL UNIVERSITY | Rﬁ&xﬁg#aL

Faculty of Civil Engineering

B — 10pm X 500 JEOL 8/29/2018 08:40:43
Vace=10.0kV PC=12 Signal=LEI r-Filter=sSB,0 Mode=LM WD=9.0mm

RIGA TECHNICAL
UNIVERSITY

Faculty of Civil Engineering

[r— 1pm (  JEOL 1/30/2014 14:24:00
Vacc=4.0kV PC=7 Signal=LEI r-Filter=SB,0 Mode=SEM WD=8.S8mm

A
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1862

The materials used in the investigation included: s
Waste of FCC catalyst (FCC) (Al,O;5-39,4%; SiO, - 50,1%)  "G\veens™

mmm  10pm
Vacc=20.0kV PC=11 Signal=LEI

X 650

Faculty of Civil Engineering

ol . o
JEOL 9/14/2016 10:25:13
r-Filter=SB,0 Mode=SEM WD=8.3mm

VILNIUS GEDIMINAS
TECHNICAL UNIVERSITY

The materials used in the investigation included:
Table 4. FIB-energy* MC polyvinil alcohol fibers

Diameter

Type
(um)

X 2,500 JEOL 5/25/2020 10:55:3%
EI  x-Filter=SB,0 Mode=SEM WD=S.6mu

Vacc=4.0kV

PC=12

Tensile Elasticity
strength modulus

10pm X 2,500 JECL 5/25/2020 11:02:19
Signal=LEI r-Filter=SB,0 Mode=SEM WD=3.4mm
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VILNIUS GEDIMINAS
TECHNICAL UNIVERSITY

Table 6. Compositions of plaster with fiber additive

GEG, (%)

Sample mark

1862

sP & 10
J‘Lr‘l,
RIGA TECHNICAL

UNIVERSITY
Faculty of Civil Engineering

11

X )

VILNIUS GEDIMINAS
TECHNICAL UNIVERSITY

Results: Density and UPV

1250 3400

1200 - 3350
3 3
g 1150 - - 3300 £
= @
A 1100 - - 3250 E

1050 - - 3200

1000 - - 3150

LC-0 LC-Al LC-A2 LC-B1 LC-B2
Composition
s Density =&-UPV

1862

RIGA TECHNICAL
UNIVERSITY

Faculty of Civil Engineering
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Flexural strength, MPa

&
2]

=
w
s

e
tn

Flexural strength, MPa

4,37

)
s

[u
'

o

LC-0 LC-A1 LC-A2 LC-B1 LC-B2
Mark of composition

1862

RIGA TECHNICAL
UNIVERSITY

Faculty of Civil Engineering

Compressive strength, MPa

- 26,7 59
e 25,3 255 :
= I 25,0
=
*‘E:h — — E—
L
5 - ||
wm
]
= — — —_
7
E — — 3
o
£ _ .
o}
U d
LC-0 LC-A1  LC-A2  LC-Bl  LC-B2

Mark of composition
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VILNIUS GEDIMINAS
TECHNICAL UNIVERSITY

Load, N

1862

RIGA TECHNICAL
UNIVERSITY

Faculty of Civil Engineering

Results: “Load—deflection” curves for specimens
subjected to bendin

1800

1600

1400

1200

1000

800

600

400

200

0,00 0,50 1,00 1,50
Deflection, mm

----- 0-2 ——Al-3 ——A21

Absorbed energy:

LC-0 100
LC-Al 259
LC-A2 830
LC-B1 497
LC-B2 317

2,00 2,50

B1-2 ——B2-1
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Drying shrinkage of composite, %

1862

RIGA TECHNICAL
UNIVERSITY

Faculty of Civil Engineering

1,6

1,4

1,2

=

0,8

0,6

—

0,4

0,2

7 days 14 days
-¢--1C-0 —<LC-B1

21 days 28 days
LC-A1 ——LC-B2 —& -LC-A2

15

TECHNICAL UNIVERSITY

X 7,500

1lpm
SignalsLEI

SEM analyses

r-Filter=38B,

1pm
Signal=LEI

Vacc=10.0kV PC=12

X 3,000 JEOL 2
r-Filter=5B,0
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S GRS AL
SEM observation RS TR

Faculty of Civil Engineering

Vace=10.0kV PC=12 S5ignal=LEIL r-Filter=sgB, 0"

Conclusions

1. The contrasting behavior of such pozzolans as FCC catalyst
waste and metakaolin based waste led to improve the
cement matrix, produced from ternary blend, in plaster
with granulated glass aggregates.

2. PVA fiber decrease the drying shrinkage of cement
composite with expanded glass filler.

3. The densified hydrate microzones are formed on the
contact surface that vesture the PVA fibre.
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sta@nmg

—Influence of selected admixtures
on concrete shrinkage and others

parameters

R&D Stachema Poland

Agenda

1. Target

2. Works on a harmonized standard

3. Research program

4. Materials and compositions of concrete mixtures

5. Summary and conclusion




e
Targets e

1. Evaluation of SRA efficiency for shrinkage during drying,

depending on type of ADM, dosage and caring conditions,

2. Comparision SRA efficiency to other types of admixtures

for shrinkage reducing abilities,

3. Comparison of applied admixtures for other concrete

parameters.

www.stachema.pl

CEN - European Committee for

Standardization ‘

B3 ) <] I jrum

EU government EU treaties require national Governments of
implementation of EU documents EU states
into national documents

Translate EU

Initiates Writes Write/adopt Sendar
-—
EU standards - ; : National standards
EN . EU directives Qontem is National laws DIN/BS/ ...
identical
EU Official Journal National standards are

links EN standards
to EU directives

linked to national laws

www.stachema.pl

23.11.2021
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CEN - European Committee for

Standardization ‘

CEN/TC 104

g CEN/TC 104/SC3 N 710 Date: 202109

PprEN 934-7:2021

ceNyTC104
CENITC 104/SC 3 "Admixtures for concrete™
Secretariat: DIN

Secretary; Land Gerrit Mr Dr, rer, nat,

Secretariat: SN

Working Draft prEN 9347

Admixtures for concrete, mortar and grout — Part 7: Shrinkage reducing
Related content Document date Expected action : e ; 5 -

L : Y, g
Project/ Drat 20210913 labelling:
s Zusatzmittel fir Beton, Morte und Eirg Teit 2 Arforde
Description Konformitat, Kennzeichnung und Beschriftung;
Dear members of CENTC 104/SC 3, pour bét for
‘margquage et étquetage:
Atthe last meeting SC 3 decided to tan the work on a nonharmonzed product stardard for
shrinkage reducing admixti adkhoe group 1o prepare &
its viotk on the dralt which y e following pages. We would
ke to discuss this draft in detail with you at & meeting of SC 3. Please indicate in the parallel survey ics:
for & meeting date, which dates would be convenient or you .
W expeet your feedback on the mesting date untl 2021209421 at latest.
Yours sincerely
DIN Building and Civil Engineering Standards Committee (NABa)
Or. Ger Land
Seerctary of CENTC 104/SC 3
Documenttype: Burapean Standard
Documentaubtype:
Documentstage: WorkingDocument
bt iy www.stachema.pl

STD Version 2.9p

Research program

o testing the initial consistency by the cone slump method in accordance with the

!

o concrete volume density testing in accordance with the PN-EN 12350-6 standard;

4. Freezing resistance test of concrete F150 in accordance with the PN-B-06265 national complement of

5. Spacing factor in accordance to EN 480-11.

www.stachema.pl

()}
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Materials and compositions of concrete mixtures

THE NUMBER OF THE CONCRETE MIX
COMPONENT 1 2 3 4 5 6

Content, kg/m?

CEM142,5R 350
| sand(02mm) | 1850
Gravel (2-8 mm) 920
Superplasticizer (PCE) 1,4
Air-entraining admixture (AEA) - 0,250 - - - -
Shrinkage reducing admixture
- 5 3,5 7,0 5 5
(SRA 1)
Shrinkage reducing admixture
= - - - 3,5 7,0
(SRA 2)
190
0,54
Design air content, % 3,0 4-6 3,0 3,0 3,0 3,0
. . www.stachema.pl
The designed consistency class S3-54
7
CONCRETE 1 CONCRETE 2 CONCRETE 3 CONCRETE 4 CONCRETE 5 CONCRETE 6
FRESH MIX PARAMETERS
REFERENCE AEA 0,045% SRAL 1% SRAL 2% SRA2 1% SRA2 2%
BULK DENSITY [kg/m®]/
AIR CONTENT [%]/ 2326 2,4 210 2219 7,8 185 2338 22 205 2346 15 220 2339 18 220 2342 16 210
SLUMP [mm] START
L AL TIECM]PERATURE 15,4 17,3 18,4 16 15,1 15,4
T R SR E CONCRETE 1 CONCRETE 2 CONCRETE 3 CONCRETE 4 CONCRETE 5 CONCRETE 6
[MPa] REFERENCE AEA 0,045% SRAL 1% SRA1 2% SRA2 1% SRA2 2%
AFTER 2 DAYS 18,08 17,54 17,21 14,11 15,44 14,58
AFTER 7 DAYS 37,05 33,87 36,84 34,12 33,85 33,69
AFTER 28 DAYS 47,57 41,50 49,30 47,41 48,01 46,76
AFTER 56 DAYS 51,55 45,62 50,69 50,98 51,13 50,92
www.stachema.pl
AFTER 90 DAYS 57,25 49,18 54,99 54,95 55,34 54,71
8
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CONCRETE 1
REFERENCE
WATER ABSORPTION av.
6,26
[%]
CONCRETE 1
REFERENCE
PENETRATION DEPTH 2433
[mm]
CONCRETE 1
REFERENCE
LOSS OF WEIGHT av. [%] 0,29
DROP IN STRENGTH av. 6,0
[%]
A300 [%] 0,48
L [mm] 0,444

CONCRETE 2

AEA 0,045%

6,39

CONCRETE 2

AEA 0,045%

18,67

CONCRETE 2

AEA 0,045%

0,30

1,69

2,38

0,163

Summary and conclusions

CONCRETE 3

SRA1 1%

6,32

CONCRETE 3

SRA1 1%

25,33

CONCRETE 3

SRA1 1%

0,09

26,43

CONCRETE 4

SRA1 2%

6,31

CONCRETE 4

SRA1 2%

23,67

CONCRETE 4

SRA1 2%

0,17

28,77

0,97

0,302

CONCRETE 5

SRA2 1%

6,36

CONCRETE 5

SRA2 1%

16,67

CONCRETE 5

SRA2 1%

0,04

21,66

CONCRETE 6

SRA2 2%

6,86

CONCRETE 6

SRA2 2%

23,00

CONCRETE 6

SRA2 2%

0,17

22,97

www.stachema.pl

Pic.1 Grauf-Kaufman apparatus

Summary and conclusions

Pic.2 Samples on grate caring in
humid chamber

Pic.3 Desiccator with siliceous

deposit

10
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LINEAR CHANGE [MM/M]

Summary and conclusions

Linear changes of samples stored in the desiccator 070 Linear changes of samples stored in humid chamber
(humidity 25-30%) (humidity 75-80%)

——— CONCRETE 1

g
S o40
CONCRETE 2 =
@
CONCRETE 3 5]
Z o030
CONCRETE 4 I
S
CONCRETE 5 K
£ 02
CONCRETE 6 =R
0,10
0,00
709 131517 21 24 28 31 35 41 45 50 56 63 70 78 86 94 105119148182 13 6 8 10 14 16 20 23 27 30 34 36 43 49 52 58 65 73 83 91 100115133164

TIME [DAYS] TIME [DAYS]

——— CONCRETE 1

CONCRETE 2

CONCRETE 3

CONCRETE 4

CONCRETE 5

CONCRETE 6
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' LATVIAN CONCRETE ASSOULATION
LATY IJ_)\S E RETON-VEREIN LETTLANDS
BETONA LETTISKA BETOMGFERENINGEN
SAVIENIBA % ASSUCIATION LETTONE (MU BETON

ASSDUIACTON LETONA DEL BORMICGUN
JATBHACKHH COK3 RETOIA

Latvijas Betona savienibas XXIX zinatniski tehniskas konference
25.11.2021

Assessment of concrete surface destruction
using innovative NDT technology

Aleksejs Tatarinovs,
Institute Electronics and Computer Sciences
Riga Technical University
Riga, Latvia

Thursday, 25/Nov/2021 12:50pm - 13:05pm, online

1. Problem concrete degradation and loss of structural integrity due to surface deterioration

. Freezing - thawing cycles

Chemical corrosion (environment with reduced
pH-acids, sulphates, chlorides, sea water)
Carbonization

High temperatures, fire

Abrasive effect and leaching

Simultaneous effects of several factors

Exposed concrete surface
degradation:

¢ cracking,

¢ scalling,

¢ delamination

Purpose of the study:
To explore an ultrasonic testing method for assessment of concrete by the depth
and the degree of degradation of the surface layer using elements of Al
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2. Traditional ultrasonic testing of concrete

-

Ultrasound Pulse Velocity meter use to

measure a single parameter

Application of UPV method for testing concrete is regulated by several national and international industry standards: ASTM
C 597-02; BS 1881 Part 203; 1SO1920-7:2004; 1S13311; CECS21; ASTM C 597: Standard Test Method for Pulse Velocity
Through Concrete; BS EN 12504-4:2004 Testing Concrete.

Canzrme cube sirengzh (MP2)
w o

0

—F it corve 2 §=114607" g
Rl=gm

13 22 26 30 34 38 42 44 50
Welocity thraugh concrete (ks

3. Method of ultrasonic testing of surface layer quality using surface waves

St . oo > By s

Penetration depth of surface waves into
material is a function of wavelength
(frequency)

Building 2D spatio-temporal F1
waveform profiles

Healthy and deteriorated
conditions of material
revealed as patterns

(Cramrerenins ) (omtsremns )

11, Pattern analysis

2D spatiotemporal waveform profiles at several

frequencies — raw material for analysis
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Ultrasonic surface scanner and ultrasonic data acquisition

Motor-driven ultrasonic
scanning setup

Acquisition parameters:
Surface profiling 30...80 mm, step 5 mm (21 signal in a profile)
Excitation signal: Modulated 2-period sine tone burst
Frequencies: 50 kHz; 100 kHz; 200 kHz in a train

3.1. Specimens design

2 factors-of-interest (FOI):
o Depth of deteriorated (weak) surface layer
o Degree of deterioration (weakness)

Modelling:
o Varied thickness of weak surface layer in 2-layer specimen
o Degree of weakness varied by cement content and
controlled by ultrasound velocity values

Thicknesses ratio of weak (W) and strong (S) layers:
For building model: 0:40; 5:35; 10:30; 20:20; 30:10; 35:5; 40:0 (7 grades)
Control cases: 3:37; 25:15

160 x 40x40 mm

Concrete quality (3 grades) S w1 W2 W3
W Cement/sand ratio 1:3 1:4 1:7 1:12
S N=7x3=21  yjtrasound velocity, m/s 4400 3900 3100 2200

Predicted strength, MPa 36 25 14 8
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4. Ultrasonic surface profiles in 2-layer concrete specimens at 50 kHz:
effects of depth and degree of “weakness” (W)

W1

Thickness of
weak layer

5mm

10 mm

20 mm

5. Pattern recognition applied to ultrasonic data
5.1. Signals conversion to frequency domain using Digital Fourier Transform and calculation F max and F min

= Pl
Refill/1= 3 filin] cos[”%]

Imil[ /)= 3, {10 -sin[%}

Magli][ j1=+/(Rel][ j1f +(im[i] 1}

Maglil[ /]
I max(j) |

Fmin(;)

- . .

o 20 40 60

600000

500000

AUOHI)

300000

200000

100000

Example of DFT signal of a single examination
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5. Pattern recognition applied to ultrasonic data
5.2. Calculation of statistical criteria

* In the selected interval w, the values of three * Criterion #1: the number of w values that fulfill the
functions were calculated: condition: Fiyax(w) = average(F_max(m)), (cr#1);
* F_max(w) = max{M(w)}; + Criterion #2: cr#2 = s Fomin(w))

max(F_max(w))
* F_avr(w) = average{M(w)}; + Criterion #3: cr#3 = MaxlaF-max(@)]
, , : =

* F_min(w) = min{M(w)} T emarlal)
« Criterion #4: cr#d = ————

max(F_max(w))
+ Criterion #5: cr#5 = maxldfomin(w)l
max(F_max(w))
max(F_avr(w))

max(F_max(w))

* Critera #6, #7 and #8:
cr#o « Criterion #9: cr#9 =

-1
Z ) * Criteria #10 - #13:  “where

f S » Sy, w e TINER

ccr#l10 = S_; min max{F_max(w)}
. Z w; - F_max(w) 512::
T s cr#ll = %; .5 _ Zz—;"m‘f;!m F_avr(w)
avr = F
ZF_max(w) . crttl2 = smax_savr; Rk {Fimax ()]
i Smax

FOMAE b on ()

Savr—Smi =w_mi;
s cr#l3 =S -mn * Smax = um;;';"max(m)}

max
] = | P o : :
WaTurs e CouruTEn scokce 5. Pattern recognition applied to ultrasonic data
5.3. Creation and use of decision rules
‘lnnin w
1/4
17
1712 40 1/4
- “
thickness, tam thickness, mm S natiow
0 20 40 i
Specimens network according to FOI Decision rule is a 2D function (bilinear Definition of the area of
(thickness(depth z?nc? strength of weak or bi-square), w.ere. x,y are FOl and z is probable solutions for an object
layer) with a-priori known values. the criterion value. with unknown FOI within the
Each object is described by set of 13 criteria x 3 frequencies = 39 admissible interval of deviations
discrete time signals. decision rules for the selected criterion (£5%)
10
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ratio w
"

112

5. Pattern recognition applied to ultrasonic data

5.3. Creation and use of decision rules

DR1 DR2 DR1 N DR2

Fy ratio w ratio w

thickness, mm thickness, mm

thickness, mm

| | |
-

I
20 40 20 40 0

Example of intersection of 2 decisions rules to concretize the area of finding the statistically true solution

B
ELEKTRONIKAS UN d INSTITUTE OF
DATORZINATNU ELECTRONICS AND
INSTITUTS COMPUTER SCIENCE

Criterion #2

Criterion #5

Criterion #10

5. Pattern recognition applied to ultrasonic data

5.3. Creation and use of decision rules

50 kHz 100 kHz

200 kHz

~ 4
-
= L

Examples of decision rules presented in brightness scale for selected criteria

12
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5. Pattern recognition applied to ultrasonic data
5.5.1. Determination of Factors-of-Interest, Case 1: FOI1 Th = 25 mm; FOI2 W =1/7

Th, mm 50 kHz

Use of criteria at a
single ultrasonic

frequency
DRcr#6 0
1/12 1/7 1/4
13
5. Pattern recognition applied to ultrasonic data
5.5.1. Determination of Factors-of-Interest, Case 1: FOI1 = 25 mm; W = 1/7
Th, mm 50 kHz Th, mm 200 kHz

14




11/23/2021

5. Pattern recognition applied to ultrasonic data
5.5.2. Determination of Factors-of-Interest, Case 2 FOI1 Th =3 mm; FOI2 W = 1/7

Th, mm 100 kHz

15
6. Pattern recognition applied to ultrasonic data
Continued studies: Pattern recognition in time-space domain
100 kHz [ 1 1 ‘”\; Patterns of normalized signals in informative areas at
X , b tﬂ | {‘,"" ! different thicknesses of weak surface layer
f Y 'l’ | \‘
il gy Wi VA
' 1 ‘l q
= | —
s
W3 _3.png W3_5.png
e — -- E
W3 _20.png W3_25.png
W3_30.png W3_35.png W3_40.png
Selection of informative signal area
in spatiotemporal waveform profiles
16
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7. Conclusions

1) Ultrasonic 2D spatiotemporal profiles formed by surface waves are sensitive to both
the depth and the degree of degradation of the surface layer of concrete. The use of
mathematical methods for pattern recognition makes it principally possible to
differentially evaluate both factors.

2) An adequate choice of decision rules and a proper estimation of its weights in pattern
recognition are key elements of correct diagnostics.

Acknowledgement:
Project of Latvian Council of Science
LZP-2020/2-0033
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Thank you for attention!

Corresponding author: Dr. Alexey Tatarinov
Institute Electronics and Computer Sciences
14 Dzerbenes Street, Riga, Latvia, www.edi.lv
E-mail: aleksejs.tatarinovs@edi.lv
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22
20 —130-
, ig 1-30-1
—1-30-2
214
12 1-30-3
10
2 g 1-30-4
23 —— 1305
2
0 ——1-30-6
0 1 2 3 4
CMOD, mm
Slodzes F-CMOD Iiknes I-30 paraugu kopai
%g V-30-1
16
z 15 V=302
12 V30
E 10 (U V-30-3
=28 V-30-4
= 6
@ g ——V-30-5
0 ——V-30-6
0 1 2 3 4
CMOD, mm

Slodzes F-CMOD liknes V-30 paraugu kopai

Lieces testu eksperimentalie rezultati

——11-30-1
——11-30-2
11-30-3
11-30-4
—1I-30-5
—11-30-6

CMOD, mm
Slodzes F-CMOD liknes 11-30 paraugu kopai

1401
1402
1-40-3
1-40-4
——1-40-5
——1-40-6

—— e N

Slodze F, kN
SIRTNENISINFNEN=I 1N}

0 1 2 3 4
CMOD, mm

Slodzes F-CMOD Iiknes 1-40 paraugu kopai

PARAUGU MARKEJUMA SKAIDROJUMS:
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I, IL IV, V - §kiedru tips;
0, 40 — Skiedru nominalais daudzums, kg/m?;
1,2,3,4,5, 6 —kartas numurs.

20

ig ——1V-30-1
L4 —1V-302
2 %g — e 1V-30-3
58 1IV-30-4
E 2 —1V-30-5
w

2 V304

2 1V-30-6

0 2 4

CMOD, mm
Slodzes F-CMOD liknes 1V-30 paraugu kopai

2 —T1-40-1
18
z 16 11402
s 11-40-3
=12 -40-
3 10 11-40-4
7 g ——11-40-5
2 o I140-
P 11-40-6
0 1 2 3 4
CMOD, mm

Slodzes F-CMOD liknes 1I-40 paraugu kopai

1 - razotajs ArcelorMittal, garums 60 mm, o1 mm, stiepes stipriba f,,=1500 MPa.; II - raZotajs Jlnenpomerns, garums 60 mm, o1 mm, stiepes stipriba f,,=1500 MPa.;

1V - razotajs KrampeHarex, garums 50 mm, 00.75 mm, stiepes stipriba /,,=1200 MPa.; V —raZotajs Severstal-metiz, garums 50 mm, 00.75 mm, stiepes stipriba f;,=1500 MPa.;
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Prizmu zagesana

0.02

m GF2

0.07 0.12
Blivums skéluma 3 slan, Skiedras/cm2
GF1 X GF3

SLODZEF (N)

gl,(iedru izvietojums betona prizmu paraugos

APZIMEJUMI ATTELA:

Gp — laukums zem Iiknes jeb energija KN*mm;

G- — energijas vertiba no skiedru ietekmes kN*mm;

iy
0 CMODi=05

Slodze, kKN
>

R?=0.0016 ' 0

0.17
® GF4

Korelacijas diagramma pie dazadam CMOD vertibam

AL
CMOD:= 1,5

7%

CMODs=25

CMQD {mm)

CMOD.=3,5

Laukums zem Iiknes jeb energija

1V-30-3; n98
——1V-30-5;n110
——1V-30-6;n101
——V-30-1;n91
~——V-30-4;n101
V-30-5; n100
——1-40-5; n108
11-40-2; n105
11-40-3; n98
11-40-6; n101

1 2 3 4 5
CMOD, mm

Liknu salidzinasana $kiedru skaita grupa
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X fee Fibrobetonam

b 7/

Parastam betonam
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Prizmas modelis programma Atena-Gid

Apzim&jumi attéla: 1 — prizmas modelis; 2 — pieliktais parvietojums y virziena; 3 —
monitoringa punkts spekam; 4 — plaksne; 5 — divu virsmu fikséts kontakts; 6 —
maksimala virsmas plaisas platuma monitoringa punkts; 7 — monitoringa punkti
parvietojumam x virziena; 8 — kustibas ierobezojums punktam.
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Ipasibu noteik§ana nelinearo aprékinu veik$anai ar Atena-GiD

i

hmln
e
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Eksperimenta simulacija programma Atena-Gid

Stiepes funkcijas definéSana ar koeficientu metodi

Ipasibu noteik§ana nelinearo aprékinu veik$anai ar Atena-GiD

Slodze, kKN

0 1 2 3 4
CMOD, mm
Eksperimenta un simulacijas, programma Atena-Gid, datu
salidzinasana

8

1-30-2
F, kN 17.39 16.25 14.39 13.75 14.07 15.93 16.38 14.96| M
lo_t, Mpa 3.773 3.525 3.122 2.983 3.052 3.456 3.554 3.246|
ICMOD, mm 0.05 0.07 0.1 0.2 0.5 15 2.5 3.5
€ 0.0025  0.0035 0.005 0.01 0.025 0.075 0.125 0.175|
o_t/f_ctm 1.000 0.934 0.827 0.791 0.809 0.916 0.942 0.860|
Kk 1 0.64 0.4 0.4 0.42 0.45 0.48 0.4
e(f-ja) 0 0.001 0.005 0.01 0.025 0.075 0.125 0.175]
(o_t/f ctm)*k 1.000 0.598 0.331 0.316 0.340 0.412 0.452 0.344]

atiskais modelis koeficienta “k” piemekl&sanai tika prezentéts konferencé “20th
International Scientific Conference: Engineering for Rural Development” un ir apskatams
raksta “U. Skadins, M. Bokta. Simulation of fibre reinforced concrete structural failure

based on bending test results. Jelgava. 2021.”.
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Eksperiments/Atena raksturvértibas Eksperiments/Atena raksturvértibas Eksperiments/Atena raksturvértibas
paraugam I-30-1 paraugam I-30-2 paraugam I-30-3
1-30-1 1-30-2 1-30-3
Raksturigas vértibas Raksturigas vértibas Raksturigas vértibas
CMOD, mm Load, kN CMOD, mm Load, kN CMOD, mm Load, kN
|Atena  |Eksper. |Atena |Eksper. | Nesaiste % Atena  |Eksper. |Atena |Eksper. |Nesaiste % IAtena  |Eksper. |Atena [Eksper. |Nesaiste %
0 0 0 0| 0 0 0 0 0 0 0 0
0.03 0.05 16.71 16.59 0.71 0.07| 0.05 17.18 17.39 1.19 0.07| 0.03| 17.36] 17.32] 0.25|
0.50| 0.50| 9.67| 9.73] 0.63| 0.50| 0.50] 13.95 14.13] 1.29 0.50| 0.50| 8.02 8.04 0.26|
1.50 150, 11.43| 11.21 1.95 1.50 1.50, 15.88  15.81 0.43| 1.50 1.50 8.04| 7.83 2.70
2.50| 2,500 11.90, 12.08| 1.49 2.50| 2,50, 15.87| 16.48 3.70 2.50| 2.50 7.74] 7.88 1.76)
3.50] 3.50 11.67] 11.70 0.22] 3.50 3.50 15.17] 14.94 1.55 3.50 3.50 7.53 7.28 3.40
18 20 20
16 18 18
14 16 16
z 214 14
= 1; <12 *z‘_ 12
3 10 g
8 8
36 36 36
4 4 4
2 2 2
0 0 0
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
CMOD, mm CMOD, mm CMOD, mm
——1-30-1 ——1-30-1_Atena ——1-30-2 ——1-30-2_Atena ———1-30-3 ——I-30-3_Atena
Eksperimentala un simulacija Eksperimentala un simulacija Eksperimentala un simulacija
iegiitas slodzes F-CMOD Iiknes paraugam 1-30-1 iegiitas slodzes F-CMOD liknes paraugam 1-30-2 iegiitas slodzes F-CMOD liknes paraugam 1-30-3
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Overview

» Steel fibers are used to make the fiber reinforcement concrete in order to enhance the life of the concrete, but
that steel fiber reinforced concrete exposed to the high temperature it started to get weak.

* In this exp, steel fiber from the concrete block which is treated under the elevated temperature is taken and the
analysis made on that fibers.

+ Fibers from a rectangular section of broken steel fiber reinforced concrete were collected and the structure of
fiber is analysed by visual through the optical microscope and the selected fiber of various band width were
prepared as sample of concrete pieces with a single fiber.

* Then the samples are subjected to tensile test in order to know about the strength of fibre according to the
length from the heated side.

* Analytical studies are done to know about the orientation of fiber and crack. ANSYS R2021 software is used
to do FEM analysis.

RTU 2021 2
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Aim

The fibers from the concrete block which is treated up to the temperature of 800 degrees are going to study

detailly how the mechanical properties of the materials are changed by following analysis.
e Microscopic analysis of fibre

o Investigating tensile properties of fibre

ANSYS modelling and studies.

Analytical calculation to find orientation of fiber

RTU 2021 3

EXPERIMENTAL PART

* In this portion of the investigation, we started by
collecting every single fiber from the thermally
treated concrete block for the band width of 1 cm.

* Collected samples are separated and proceeded to
the next process of microscopic analysis in order to
check the internal structure of the fiber.

RTU 2021 4
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Analysing of fibers

* Optical microscopes are used to examine the ultrastructure of a
fiber.

* we calculated the average life of fiber which treated under the
high temperature as six months.

* The corroded fiber and the virgin fiber is shown below,

S ——

RTU 2021 5

TESTING OF SAMPLES

The concrete samples are compressed to check strength of the block
and the average compressive strength is calculated 26.77 MPa, that is
a good value for concrete under compression with no reinforcement
and aggregates.

Now the individual samples of all band width was examined to find
the strength of the fibre.

The highest strength is obtained from the fibers in the non heated side
as 135.47 MPa .

The degraded fibre is tested, and strength is obtained as 36.07 MPa .

Karunamoorthy Rengasamy Kannathasan 3
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COMPUTER ANALYSIS

This part of analysis is divided into three different parts for different considerations as follows,

1. Case Study 1
2. Case Study 2

Case study 1

* A concrete wall is considered with the dimension of two meter in length and with the thickness of twenty-
five centimetre under normal atmospheric temperature and uniform load which acting on the body.

* Fibers with 1 mm of diameter and 60 mm long is fixed as reinforcement.

* By using all these parameters, the maximum shear stress and deformation is obtained as 28.89 Mpa and 0.06
mm.

RTU 2021

Following figure shows the results of this considerations

RTU 2021
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Case Study 2

* In this study the boundary condition remains same
as the previous one except the temperature acting
on the wall, here high temperature of 800 c is
applied to the system.

* The maximum shear stress and deformation is
obtained as 21.53 Mpa and 0.08 mm.

1] 00 0 fmm)
e fm
RTU 2021 9
9
Following figure shows the results of this considerations
ANSYS
N2R
ACADEMIC
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Analytical Approach

* Analytical approach is considered because the fiber strength is not depending upon the direct force it will also
depends on the orientation of the fiber in order to analysis that, this part of study is considered as important
one.

* To find the orientation of fiber the fiber reinforced block with same dimensions as we considered in computer
analysis is taken and the shear force is calculated as 18.3 Mpa and the crack width of the block is calculated
as 0.095 mm

RTU 2021 11
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Conclusion

* Inexperimental analysis each fiber is analysed and tested individually for all the band width and
obtained the very good results of strength of the fiber is calculated as 36.07Mpa as least value for the fibre
treated with high temperature and the virgin fibre is with strength of 135.47Mpa.

*  In computer analysis part Stress and deformation in the Steel Fiber reinforced concrete is done using
Ansys R2021 for different case studies to find efficient design and various fiber orientations comparatively
got the values as the deformation of heated block is more than the normal one.

. The analytical approach is made to find the shear force, crack width and spacing, at last to the
orientation of fiber is also done using Winkler theory as total number of fiber is 46,428 numbers.

RTU 2021 12
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Thank you !!!

RTU 2021 13

13

Karunamoorthy Rengasamy Kannathasan 7



XXIX Scientific and Technological Conferenc
of Latvian Concrete Association (LCA),

s [L/
B ETONA
SA/ENIBA _

Bending properties investigation of short
glass fiber reinforced concrete

Krishna Kiran Annamaneni
Ph.D. scholar
Ecological Construction
Engineering Centre, Institute of
Building production, 1862

Riga Technical University or il

Riga, Latia R U 7
RTU

BUVNIECIBAS

LATVIAN CONCRETE ASSOCIATION, November 25,2021  INZENIERZINATNU

FAKULTATE

Index

Introduction

Materials and Methods
Experimental Tests
Results

Conclusion

Applications and future Scope

BUVNIECIBAS
INZENIERZINATNU
FAKULTATE



Glass fiber reinforced concrete (GFRC)

* Glass fiber reinforced concrete (GFRC) is a type of fiber-reinforced concrete.
Glass fiber-reinforced concrete consists of high-strength, alkali-resistant
glass fiber embedded in a concrete matrix.

* In this format, both fibers and matrix retain their physical and chemical
identities, while offering good combination of properties that cannot be
achieved with either of the components acting alone.

* Glass fibers are the principal load-carrying members, while the surrounding
matrix keeps them in the desired locations and orientation, acting as a load
transfer medium between the fibers and protecting them from the

loads/damage.

Introduction

Why GFRC?

1. Highly durable and safe?

Design freedom/ Freedom of shape?

Low self weight/ light weight?

Improvement in mechanical behavior/ High strength?
Requires very low maintenance?

Cost effective?

No rusting/damage problem?

©@ N O O A WO D

Weather and fire resistant?



Materials and methods

* Materials used : Cement, fine & coarse aggregate , cembinder, Microsilica,
Superplasticizer, Fly ash, water and fibers (Owens Corning AR glass fibres of length
36 mm & Eurofibers ).

* Groups for testing

« Two groups of concrete beams, each group with five beams = 10 beams and 3 concrete

cubes.

Groups | Tests performed

Group 1 7 days of 4PBT
Group 2 28 days of 4PBT

Rigas Tehniska universitate

Experimental Tests

* 28 days compressive strength test of concrete cubes (100%x100x100 mm)

* Four-point bending test (4PBT) of CFRP concrete beams (400x100x100 mm)

| 150 mm {+—100 mm —* 150 mm -
P
|—50mm —{ = p [~—50mm —{
e )
100Lm
S
O [©
- 300 mm -
|+ 400 mm -
Fig. 1 Four Point Bending Test scheme Fig. 2 Four Point Bending Test
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Results and Observations

» The compressive strength for the concrete for 28 days is 72.06 N/mm?

¢ 4PBT results are shown below.

2 Groups average graphs
—— ARG 36mm 7 days avg. —— ARG 36 mm 28 days avg.
9
§ 8
. 7
26
s
g 5
» 4
_g!" 3
= 9
g 2
m l
0 - e
0 1 2 3 4 5 6 ) 8 9 10
Deflection, mm

Fig. 3 Average graphs: Stress -middle of a span Deflection, for all groups
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* GFRC has the highest compressive strength of 74.25 MPa and average
compressivestrength of 72.06 MPa for 28 days.

Group 1:
* Group 1 beams has the average maximal bending strength of 6.46 MPa with a

crack mouth opening displacement (CMOD)/maximal midpoint deflection of
0.13 mm.

Group 2:

* Group 2 beams has the average maximal bending strength of 7.94 MPa with
CMOD of 0.33mm.

Rigas Tehniska universitate



Conclusions

Bending strength in our research is observed as the maximal higher force value on the
curve Stress — middle of a span Deflection, for the 28 days set GFRC is higher.

Key role is played by the short AR Glass which served as the load barriers in concrete
members and acted as the bridge in transferring the loads.

Another important point to be taken care of is the geometry of the concrete mix which is
important while adding both the fibres to make the concrete mix homogeneous and make
the member stronger.

Glass fibers length and thickness plays a major role in imparting the maximum bending
strength and maximum deflection .

Compared to steel fibers, glass fibers are free from corrosion and cheaper. When

compared to carbon fibers, glass fibers are environmentally friendly and cheaper too.

Rigas Tehniska universitate

Future scope

The potential of glass fiber is almost limitless. The properties of the material itself are
already established as industry leading: low-weight, high-strength, corrosion and heat
resistant; so the future of glass fiber becomes heavily dependent on the way the world’s
innovators choose to use it. Properties, such as lightweight, environmentally friendly, and
durable against extreme weather conditions, make GFRC ideal for landscaping.

GFRC find its major application in the architecture segment, where it can be used in
architectural cladding and mouldings, landscaping, foundations and floors, roofing, walls
& windows . Also low mortgage rates thus slowing inflation in house prices.

Building and construction industry to increase the demand for glass fiber.

Innovative cost-effective waste disposal and recycling methods are the major challenges
for the GFRC field in the future.

May be, GFRC is the future of construction and a new research has to be done by

the whole world in building a whole structure with GFRC.
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