Taylor & Francis
Taylor & Francis Group
Statyba

ISSN: 1392-1525 (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tcem19

REINFORCEMENT INFLUENCE ON NON-
AUTOCLAVE FOAM CEMENT CONCRETE STRENGTH
CHARACTERISTICS

M. Sinica, A. Dudik, A. Laukaitis & G. Sezeman

To cite this article: M. Sinica , A. Dudik , A. Laukaitis & G. Sezeman (2000) REINFORCEMENT
INFLUENCE ON NON-AUTOCLAVE FOAM CEMENT CONCRETE STRENGTH
CHARACTERISTICS, Statyba, 6:3, 169-174, DOI: 10.1080/13921525.2000.10531583

To link to this article: https://doi.org/10.1080/13921525.2000.10531583

ﬁ Published online: 26 Jul 2012.

N\
[:J/ Submit your article to this journal &

||I| Article views: 73

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tcem20


https://www.tandfonline.com/action/journalInformation?journalCode=tcem20
https://www.tandfonline.com/loi/tcem19
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13921525.2000.10531583
https://doi.org/10.1080/13921525.2000.10531583
https://www.tandfonline.com/action/authorSubmission?journalCode=tcem20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tcem20&show=instructions

ISSN 1392-1525. STATYBA - CIVIL ENGINEERING - 2000, VI tomas, Nr. 3

Statybinés medziagos ir gaminiai

ARMAVIMO JTAKA PUTUY CEMENTBETONIO STIPRUMO CHARAKTERISTIKOMS

M. Sinica, A. Dudik, A. Laukaitis, G. Sezeman
Termoizoliacijos institutas

1. Jvadas

Gaminiy fizikines, mechanines savybes geriausiai
nusako medziagos tankis bei makrostruktira [1]. Aki-
vaizdu. kad kuo tankis didesnis, tuo gaminiy stiprumo
charakteristikos yra geresnés. Taciau kartais reikia me-
dziagy, turin¢iy tam tikry savybiu, pvz., didesnj stiprj
lenkiant, smiiginj stipr{. Siekiant pagerinti $ias savybes,
medziagos yra armuojamos. Tam yra naudojami jvairiis
pluostiniai priedai. Betono tiriniam armavimui naudoja-
mi mineraliniai ir organiniai pluostai [2], metaliniai seg-
mentai [3]. metalinis tinklas [4. 5]. Gipso gaminiai, be
tirinio armavimo, i§ paviriaus yra armuojami i§ abiejy
pusiy lakstinémis medziagomis — kartonu [6]. Turinis
armavimas pluostiniais priedais labiausiai paplitgs gami-
nant mazo tankio iki 300 kg/m’ termoizoliacinius gami-
nius [7] arba plonasienius apdailos elementus. Tai firmuy
»Cetris™, ,,Bison™, ,,Eternit* lakStai. Jiems armuoti naudo-
jamas celiuliozés pluodtas. Tarinis armavimas buvo nag-
rinétas 400450 kg/m' tankio autoklaviniam akytajam
betonui. naudojant anglies pluosta [8] ir 700 kg/m” tankio
neautoklaviniam akytajam betonui [2], naudojant minera-
linius ir sintetinius pluostus.

Sio darbo tikslas — itirti Sutinto ir kietéjusio natiira-
liomis salygomis puty cementbetonio stiprumo charak-
teristikas armuojant jj anglies pluoitu ir stiklo tinkleliu.

2. Zaliavos ir tyrimy metodikos

Kaip riamoji medziaga naudotas AB ,.Akmenés
cementas” CEM 42.5R markés portlandcementis. atitin-
kantis standarto LST 1455:1996 reikalavimus. Jo ri§imosi

Zaliavy cheminé sudétis

Raw Material Chemical Composition

pradzia — 60 min, pabaiga — 600 min. mineraliné klinke-
rio sudétis, %: C;S — 63,63; C-S - 10.55: C;A - 647
C,AF - 12,22, Tiriniam armavimui naudotas sintetinis
anglies pluostas. Plauseliy ilgis — iki 5 mm, skersmuo —
4,6-7,7 um. Zaliavy cheminé sudétis pateikta lenteléje.
Pavir§iniam armavimui naudotas Sarmams atsparus
stiklo audinio tinklelis, atitinkantis austry standarto SSA
— 5433-S reikalavimus. Jo akudiy dydis 4.5 X 4,5 mm
arba 9 X9 mm. Kaip putokslis naudotas sulfonolas, ati-
tinkantis TS 6-01-1001-75 reikalavimus. Jo tirpalo kon-
centracija — 2%. Puty stabilizatorius — 0,3% koncentra-
cijos kauly klijy tirpalas. Sulfonolo ir kauly klijy santykis
— 1:0,2. Putos 15 min plaktos laboratoriniame periodinio
veikimo puty plaktuve. Formavimo misinio V/K yra 0,55.
Pluostiné medziaga — sintetinis anglies pluo$tas — bu-
vo maiSoma su vandeniu. | maidykle buvo pridedamas
reikiamas portlandcemenéio kiekis. Komponentai maisyti
1 min, véliau pridéta puty ir miSinys maiSytas 5 min.
Formavimo misiniais buvo uzpildytos 100x100x100 mm,
40x40x160 mm ir 500x500xh mm matmeny formos, kuriy
aukstis (h) buvo 8, 10, 12, 14 mm. Vienas stiklo audinio
tinklelis buvo détas ant formy dugno prie$ uzpildant jas
formavimo miginiu, kitas {spaustas { formavimo mas¢ i}
vir§aus ir privoluotas. Bandiniai kietéjo natliraliomis sg-
lygomis 28 paras. Armuoti stiklo audinio tinkleliu bandi-
niai 3utinti 85, 65 ir 45 °C temperatliroje. I§ paruosy
500x500%(8—14) mm i$pjauti bandiniai (70£2x15+2x(8-
14) mm smiiginiam stipriui nustatyti ir 40x10x160,
100x10x220, 100x10x450 mm stipriui lenkiant jvertinti.

Zaliava Sudetis. % Kaitmenys.
SiO- Al-O4 Fe,O; Ca0O MgO SO, R-O %
Klinkeris 2042 5,01 4,02 64.49 3,86 0.72 0,76 0.32
Anglies pluostas 3.64 0.13 0,08 0,26 0.09 93.80
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Bandiniy tankis, stipris gniuzdant ir lenkiant nustatyti
standartiniais metodais. Faktinis stipris gniuzdant per-
skai¢iuotas | norimo tankio betono stiprj pagal [9] meto-
dika.

Puty cementbetonio smiginis stipris nustatytas pagal
GOST 8747-88 p. 8 reikalavimus naudojant Vilniaus uni-
versitete esantj vokiska Svytuoklinj plakta (1 pav.).

1 pav. Bandinio smiiginio stiprio nustatymo schema: 1 —
stovas; 2, 3 — atramos; 4 — $vytuoklé: 5 — ribotuvas: 6 —
smugio daviklis: 7 — parodymy skalé: 8 — bandinys

Fig 1. Specimen impact strength determination scheme. |
— trame, 2,3 — supports, 4 — pendulum, 5 - restrictor, 6 —
measuring element, 7 — scale, 8 — specimen

Armuoto stiklo audinio tinkleliu puty cementbetonio
smiginio stiprio rezultatai palyginti su ploksCio asbest-
cemencio lakstais (Siferiu) ir ,,Bison* firmos laksty analo-
giskais bandymy rezultatais. Bandiniai bandyti prie§ tai
juos vieng parg iSlaikius vandenyje (20£3) °C temperati-

roje.

3. Rezultatai ir jy aptarimas

Siekiant i§vengti mikroply3iu, atsiradusiy kietéjan-
Ciame betone, ji armuojame sintetiniu anglies pluotu.
Nedideli armuojan¢iyju medziagy kiekiai (0,2-0,4% nuo
kietyjy medziagy masés) padidina 900 kg/m® tankio puty
cementbetonio stiprj lenkiant nuo 6 iki 24,5% (2 pav. a).

Armuoty sintetiniu anglies pluoitu puty cement-
betonio bandiniy stipris gniuzdant mazai kuo skiriasi nuo
kontrolinio (2 pav. b) ir ju kreivés sutampa.

Tirdami skelto bandinio makrostruktira, pastebime
styran¢ius anglies pluosto plaudelius (3 pav.). kurie vei-
kiant apkrovai nenutriksta ir nelGzta, bet i3sitraukia i§
puty cementbetonio. Todél galime padaryti i§vada, kad
armuojanciosios medziagos pluosto stiprumas yra dides-
nis uz sukibimo jéga tarp pluosto ir puty cementbetonio.
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2 pav. Pluostu armuoto puty cementbetonio stiprumo cha-
rakteristiky kinetika: stipris lenkiant (a) ir stipris gniuz-
dant (b). Armuojan¢iyjy priedy kiekis. %: 1 - 0: 2 -0,2; 3
-04

Fig 2. Reinforced with fibres foam cement concrete
strength characteristic kinetics: flexural strength (a) and
compression strength (b). Amount of reinforcing additi-
ves, %: 1-0:2-02:3-04

3 pav. Pluostu armuoto puty cementbetonio makrostruk-
tira (x60)

Fig 3. The macrostructure of foam cement concrete rein-
forced with fibres (x60)



Bandiniy, armuoty 0,2% sintetiniu anglies pluostu,
pavirsius buvo padengtas stiklo audinio tinkleliu, panar-
dinant jj | formavimo masg¢ iki 2 mm. Tinklelio akugiy
dydis buvo 4,5x4.5 ir 9x9 mm. Bandiniai, armuoti
4,5%4,5 mm tinkleliu, yra dvigubai stipresni lenkiant ne-

gu kontroliniai, 0 armuoti 9X9 mm tinkleliu ~ 1.8 karto

(4 pav.)
a)
IR
368
==
E. 205 B 3
Bandiniai

4 pav. Armavimo tinklelio jtaka puty cementbetonio. pa-
gaminto su 0,2% anglies pluoStu, stipriui lenkiant: 1 -
kontrolinis (be tinklelio), 2 - tinklelis su akutémis
9 x 9 mm, 3 — tinklelis su akutéemis 4.5 x 4,5 mm

Fig 4. Reinforcing net influence on foam cement concrete
made with 0,2% carbon fibre flexural strength: | — control
(without net), 2 — net with 9x9 mm mesh, 3 - net with
4,5%4,5 mm mesh

Tolesniems bandymams buvo pasirinktas stiklo au-
dinio tinklelis, kurio aku¢iy dydis yra 4,5%4,5 mm. Buvo
tirta armuoto puty cementbetonio bandiniy stiprio len-
kiant priklausomybé nuo medziagos storio ir bandiniy
matmeny. Standartiniai bandiniai — prizmés, kuriy storis
40 mm, suirdavo (5 pav. 1 ir 2 bandiniai). Plonasieniai
bandiniai (storis — 10 mm) i§ pradziy i8linkdavo ir tik
véliau suirdavo, taciau tinklelis nesuirdavo. Palyginimui
buvo iSbandytas gipso kartono lakStas. Bandymo metu jis
vidutiniskai iSlinko 10,5 mm, o puty cementbetonio ban-
diniai — nuo 5 iki 25 mm. Tai susij¢ su bandiniy ilgiu,
kuris bandymy metu buvo 160; 220 ir 450 mm. Armuoty
stiklo audiniu plonasieniy puty cementbetonio bandiniy
stipris lenkiant sieké 5,12—6,55 MPa, kas yra beveik 8%
daugiau uz standarting armuota prizme (5 pav. 2 ir 3 ban-
diniai), ir du kartus daugiau uz puty cementbetoni be tin-
klelio (5 pav. 3 ir 1 bandiniai). Didinant bandiniy ilgj iki
220 ir 450 mm stipris lenkiant mazai kuo skyrési (5 pav.
4 ir 5 bandiniai). Plonasieniai 10 mm storio bandiniai
veikiant apkrovai ilinkdavo, o nuémus ja sugrjzdavo j
prading padétj. Lakstai spyruokliuodavo, bet nesuirdavo.
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5 pav. Puty cementbetonio stiprio lenkiant ir jlinkio pri-
klausomybé nuo medziagos storio ir bandiniy sudéties bei
matmeny. Bandiniy matmenys. mm: | — 40x40x160 be
tinklelio: 2 - 40x40x160 armuoti tinkleliu: 3 -
40x10x160 armuoti tinkletiu, 4 — 100x10x220 armuoti
tinkleliu, 5 - 100x10x450 armuoti tinkleliu, 6 -
100x10x450 gipso kartonio lakStas — palyginamasis

Fig 5. Foam cement concrete tlexural strength and conca-
vity dependency on material thickness, sample composi-
tion and dimensions. Sample dimensions, mm: 1 -
40x40x160, without net; 2 — 40x40x160 reinforced with
net; 3 — 40x40x100 reinforced; 4 — 100x10x220 reinfor-
ced: 5 — 100x10x450 reinforced, 6 — 100x10x450 gyp-
sum board (for comparison)

Armuoto puty cementbetonio bandiniy smiiginis stip-
ris beveik nepriklauso nuo storio ir siekia (7.0-8,0 ) - 107
MPa - m (6 pav. 1-4 bandiniai). Tuo tarpu bandinio be tin-
klelio smiginis stipris — tik 1.35-10" MPam. t. y. daug

mazesnis uz kontroliniy gaminiy (6 pav. 5, 6, 7 bandiniai).
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6 pav. Puty cementbetonio smuginio stiprio priklau-
somybé nuo medziagos storio ir armavimo budo. I3 abiejy
pusiy tinkleliu armuoty bandiniy storis. mm: 1 — 14; 2 —
12: 3 - 10: 4 — 8. 5 — be tinkleliy. storis 10 mm; 6 ir 7 —
kontroliniai, 10 mm storio ploksti asbestcementinis ir ,,Bi-
son” firmos lakstai

Fig 6. Foam cement concrete impact strength dependency
on material thickness and reinforcement. Samples reinfor-
ced by net on both sides at thicknesses, mm: 1 — 14; 2 —
12: 3 — 10: 4 - 8: 5 — without net, thickness 10 mm, 6 and
7 — control, 10 mm thickness asbestoscement and ,,Bison™
firm sheets



Taip armuoti puty cementbetonio gaminiai pasizymi
dideliu atsparumu smiigiams.

Toliau buvo tirta $utinimo jtaka tinkleliu armuoto
puty cementbetonio stiprumo charakteristikoms. Zinoma,
kad $utinimas padidina puty cementbetonio stipruma len-
kiant [10], o gaminiy Sutinimo trukmé priklauso nuo jo
temperatiros [11]. Kadangi panaudotas stiklo audinio
tinklelis yra padengtas polimerine danga, $arminéje terpé-
je esant auk$tesnei temperatarai jis gali prarasti savo stip-
rumo charakteristikas.

Gauti rezultatai leidzia teigti, kad esant 65 ir 85 °C
temperatiirai, bandiniy stipris lenkiant nedidéja ir siekia
1,2-1.3 MPa, esant stipriui gniuzdant 2,8-3 MPa (7 pav.
a ir b). Matyt, esant §ioms Sutinimo temperatiiroms, vyks-
ta stiklo audinio pavir$iuje esan¢io polimerinio sluoksnio
dalinis ardymas.

Remiantis gautais rezultatais, bandiniy Sutinimo
temperatiiry intervalas buvo siaurinamas (45-60 °C).
kei¢iant ji kas 5°C. Nustatyta, kad, 3utinant puty
cementbetonio bandinius 45-55 °C temperatiirose, stiklo
audinio tinklelio apsauginis polimerinis sluoksnis dar
neardomas, ir bandiniy stipris lenkiant apie 2,6 karto
didesnis negu bandiniy, Sutinty 55-85 °C temperatiirose.
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7 pav. Sutinimo jtaka tinkleliu armuoto puty cementbeto-
nio stipriui lenkiant (a) ir stipriui gniuzdant (b). Sutinimo
rezimas 2+20+2 h. Sutinimo temperatira °C: | ~ 85, 2 -
65.3-45

Fig 7. Net-reinforced foam cement concrete steaming
temperature influence on material flexural strength (a) and
compression strength (b). Steaming regime 2+20+2 h.
Steaming temperature, °C: 1 — 85,2 ~ 65,3 - 45
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Sutinty ir kietéjusiy natiiraliomis salygomis puty
cementbetonio bandiniy mikrostruktiira nepakito. Tai
patvirtino bandiniy rentgenofaziné ir termografiné (8 ir 9
pav.) analizeés.

Kaip matyti i§ rentgenogramy (8 pav.), bandiniy
mikrostruktiiros pagrinda sudaro hidratuoti cemento mi-
neralai C;S, C.S, C;A. C,AF. Vykstant cemento mineraly
hidratacijai, susidaro apie 6% laisvojo Ca(OH),. kurj
rentgenogramose identifikuoja ryskios linijos 1.45; 1.49;
1,69: 1.79; 1.97; 2,63; 3,11 A (8 pav.), taip pat termo-
gramose (9 pav.) endoterminis efektas esant 540-560 °C,
rodantis Ca(OH), dehidratacija. Termogramose taip pat
galima pastebéti endoterminius efektus 140 ir 200 °C

temperatirose. charakteringus vandens i3siskyrimus

8 pav. Puty cementbetonio bandiniy rentgenogramos: 1 —
kietéjusiy natiraliomis salygomis: 2 — Sutinty

Fig 8. Foam cement concrete X-raygrams: 1 — hardened
in natural conditions: 2 — steamed

el

540°

145°

9 pav. Puty cementbetonio bandiniy termogramos: 1 -
kietéjusiy natiiraliomis salygomis: 2 — Sutinty

Fig 9. Foam cement concrete thermograms: 1 — hardened
in natural conditions: 2 — steamed



tobermorito grupés hidrosilikatams. Vyrauja CSH (1)
grupés kalcio hidrosilikatai, identifikuojami linijomis
1,82; 2,78; 3.04; 7,31 A (8 pav.). Kietéjusiy natiiraliomis
salygomis ir Sutinty puty cementbetonio bandiniy faziné
naujadary sudétis mazai skiriasi.

4. ISvados

L.
salygomis puty cementbetonio armavimas stiklo audinio

Pavirdinis Sutinto arba kiet¢jusio natdraliomis

tinkleliu priklausomai nuo tinklelio aku¢iy dydzio padi-
dina stiprj lenkiant 1,8—2,0 kartus, o smiiginj stipri 5.5

karto.
9

2. 1§ abiejy pusiy armuoti stiklo audiniu plona-
sieniai puty cementbetonio gaminiai yra elastingi — ap-
krovus i$linksta iki 25,0 mm, o apkrova nuémus sugrizta |
prading biikle.

3. Nustatyta, kad. Sutinant armuotus stiklo audinio
tinkleliu puty cementbetonio gaminius 45-55 °C tempe-
ratliroje, tinklelio apsauginis polimerinis sluoksnis nesu-
ardomas.

4. Sutinti ir kietéje natdraliomis salygomis puty
cementbetonio bandiniai turi vienoda medziagos mikro-
struktiira, kurig sudaro CSH (1) grupés kaicio hidrosilika-
tai, hidratuoti portlandcementio klinkerio mineralai ir

Ca(OH),.
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REINFORCEMENT INFLUENCE ON NON-
AUTOCLAVE FOAM CEMENT CONCRETE
STRENGTH CHARACTERISTICS

M. Sinica, A. Dudik, A. Laukaitis, G. Sezeman

Summary

The volume and surface reinforcement treatment influ-
ence on 900-1000 kg/m® density non-autoclave foam cement
concrete strength characteristics are discussed in this paper.

Carbon fibres of a length up to 5 mm and diameter of 4,6—
7.7 mkm were used for volume reinforcement. An alkali-
resistant glass fabric net with a 4,5 or 9 mm mesh satistying the
requirements of Austrian standard SSA-5433 was used for sur-
face reinforcement. The chemical composition of raw materials
used are given in Table 1. One glass fabric net was put on the
form bottom before pouring the mixture, while the other net was
put on top, pushed into the formation mixture and trowelled
with a roller.

The material contracts when the Portland cement hardens
and microcracks appear. These microcracks have a negative
influence on the materials structure, it decreases the materials
strength characteristics, frost-resistance and durability. Small
amounts of synthetic carbon fibres (0.2-0.4% based on solids)
increase the 900 kg/m* density foam cement concrete flexural
strength from 6 to 24.5% (Fig 2).

The carbon fibre adhesion to foam cement concrete is in-
sufficient. The fibres are dragged out of the material during
bending or extension (Fig 3). Besides volume reinforcement,
surface reinforcement was tested by introducing a glass fabric
net 2 mm below the formation mixtures surface. All the speci-
mens were additionally reinforced with 0,2% carbon fibre. The
obtained results show that samples reinforced with a 4.5 mesh
net have a twice better flexural resistance than control samples.
Samples reinforced with a 9 mm mesh glass fabric net showed a
1.8 time increase (Fig 4). The dependency of reinforced foam
cement concrete flexural strength on material thickness and
samples size were also investigated. Compressive strength
measurement experiments showed that standard prisms
(40x40x160 mm) ruptured regardless whether they were rein-
forced with carbon fibres or additionally by a glass fabric net
(Fig 5, samples 1. 2). Thin-wall specimens under load bent at
first, later ruptured. however the net was not destroyed. A gyp-
sum board was also tested for comparison. The obtained data is
given in Fig 5. Thin-wall (10 mm) specimens under a load bent
and returned to initial position when the load was removed dur-
ing testing. The boards behaved springly, but did not rupture.

It was found that thin-wall foam cement shock-resistance
does not depend on the article thickness. It was compared with
“Bison” firm boards. The obtained results are given in Fig 6. As
we can see, reinforced foam cement concrete specimen shock-
resistance reaches a (7.0 + 8,0) - 10* MPa - m value, while
specimens without a reinforcing net give a shock-resistance
value of only 1,35 - 10 MPa - m, which is substantially lower
than for control samples. It is well known, that steaming in-
creases the cement concrete flexural strength [10] and the



steaming duration depends on its temperature [11]. It was de-
termined, that with the aim of ensuring the glass fibre surface
polymer layer stability, the steaming should be conducted at 45—
50 °C temperature. In this case, its flexural strength increases by
2,6 times (Fig 7a, sample 3) in comparison with the interval of
temperatures 55-85 °C.

The steamed and hardened in natural conditions foam ce-
ment concrete microstructure is similar. This was confirmed by
X-raygrams and thermograms (Fig 8 and 9). So we came to the
conclusion, that clinker mineral hydratation takes place during
the hardening of foam cement concrete and tobermorite groups
calcium hydrosilicates are formed.

The main conclusion: we can increase the flexural
strength up to 2 times and the shock-resistance by 5.5 times by
reinforcing non-autoclave foam cement concrete with a glass
fibre.
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