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Tém tit

Nghién ctiu nay dénh gia anh hudng ctia ham lugng tro bay va nano carbon dén céc tinh chit co ly ciing nhu
co ngét va kha ning khing nit theo phuong phap vong han ché (Ring-Test) ctia bé tong chét lugng siéu cao
(UHPC). Két qua nghién ctiu cho thiy khi ting ham lugng tro bay thay thé xi ming thi tinh cong tic va co ngét
ctia UHPC sé dugc cdi thién. Tuy nhién, cudng do nén & tudi 28 ngly va kha ning khang nit cia UHPC dat
dugc cao nhit & 20% tro bay thay thé xi ming theo thé tich. Khi st dung nano carbon thi cudng do nén & 28
ngay tudi va kha ning khang nit cia UHPC ting 1én.

Tir khod: bé tong chit lugng siéu cao; tro bay; nano carbon; co ngét; khang nit.

EFFECT OF NANO CARBON AND FLY ASH ON SHRINKAGE AND CRACK RESISTANCE OF ULTRA-
HIGH PERFORMANCE CONCRETE

Abstract

The present study aims to evaluate the effects of fly ash and nano carbon on properties of ultra-high performance
concrete (UHPC) such as workability, compressive strength, shrinkage, and crack resistance. Ring-Test method
was used to measure the crack resistance of concrete samples. The results showed that increasing fly ash content
in UHPC will result in higher flowability of concrete mixture and lowers shrinkage of UHPC. However, the
maximum compressive strength at the age of 28d and crack resistance of UHPC can be possibly obtained by
using 20% to replace cement by volume. The addition of nano carbon enhances the 28d compressive strength
and crack resistance of UHPC.
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1. Pit van dé

Bé tong chét lugng siéu cao (UHPC) 12 mot phan loai bé tdng mdi st dung chit két dinh xi ming,
n6 da va dang dudc nghién ciu va ing dung & nhiéu nudc trén thé gidi trong hon hai thip nién qua
[1, 2]. Bé tdng chit luong siéu cao c6 dd chay cao, cudng dd nén & tudi 28 ngay thudng dat trén 120
MPa trong diéu kién dudng ho thudng, cudng do udn 16n (khi sit dung cdt sdi thép), do rong rat thip
va do bén lau rat cao [3-5]. D€ dat dudc cic tinh ning dic biét niy, bé tong chit lugng siéu cao st
dung ty 1& nudc va chit két dinh (N/CKD) rit thip, lugng ding xi ming khodng 900-1000 kg/m? va
ham lugng mudi silic (silica fume) tuong ting khoang 150-250 kg/m>. Véi lugng ding xi ming va
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muoi silic 16n, luong dung nudc rat thip, bé tong chit lugng siéu cao c6 do co ngét cao, giy nguy co
ntit cao hon nhiéu so véi bé tong thong thudng ciing nhu bé tong chit luong cao, anh hudng 16n dén
kha ning dng dung ctia loai bé tong nay. Cac huéng nghién cifu chinh hién nay khong nhiing nhim
nang cao cac tinh chét vé cudng do, do bén déo dai, cu tric va do bén lau clia bé tong ma con can cai
thién tinh cdng tac, gidm tinh co ngdt cling nhu ting cudng kha ning khang niit cho hdn hop bé tong
nay.

Phu gia khodng hoat tinh, dic biét 1a silica fume can dudgc st dung trong ché tao UHPC. Phu gia
khodng hoat tinh déng vai tro 13 cac chit dién day 1am ting kha ning lén chiit gifta c4c hat, ting kha
ning phan tan cc hat xi ming ciing nhu gép phan phan ting v6i Ca(OH), nham cai thién tinh cong
tac cling nhu cudng do, vi clu tric cia UHPC. Vi vy, silica fume anh hudng rit nhiéu dén céc tinh
chét ctia hdn hop bé tong va bé tong da ran chac [6-8]. Tro bay, 1a chét thai ran clia cdc nha mdy nhiét
dién dang dugc thai ra v6i khoi luong rat 16n 6 gid thanh thap va gay 6 nhiém moi trudng & nudc ta
va trén thé gidi c6 thé dugc st dung dé san xuit UHPC. Khi tro bay thay thé ting phan xi ming thi
c6 thé céi thién tinh cong tic ctia hdn hgp UHPC nhung chi lam ting cudng do ¢ mdt ham lugng thay
thé hop ly hoic tham chi 1am gidm cudng d6 ctia UHPC [9-12]. Trong bé tong, khi ting ham luong
st dung silica fume sé& 1am tiing co ngét trong khi d6 st dung tro bay thay thé xi ming sé cai thién
tinh co ngdt clia bé tong, dic biét 1a bé tong chat lugng siéu cao [13]. Bén canh d6, vit liéu nano nhu
nano silica, nano carbon ciing da dugc nghién ctiu va ting dung trong UHPC [14, 15]. Két qué nghién
cifu [15] cho thiy viéc st dung nano carbon khong anh hudng nhiéu dén tinh cong tic nhung lai c6
kha nang cdi thién cutng d6 nén va co ngét cia UHPC.

Nghién ctiu ndy danh gia anh hudng ctia ham lugng tro bay va nano carbon dén cac tinh chét co
ly ciing nhu co ngét va kha ning khang nit theo phuong phap vong han ché (Ring-Test) cia UHPC.
Cic két qua nghién ciiu sé& dudc so sanh v6i mau dbi ching khong st dung tro bay hoic miu khong
stt dung nano carbon.

2. Nguyeén vat liéu va phuong phap nghién citu
2.1. Nguyén vdt liéu

Xi miing PC40 Biit Son, tro tuyén Pha Lai (FA), silica fume (SF) dudi dang hat khong két nén 1a
cdc vat lidu chét két dinh dugc st dung trong nghién ctu. Cat quic 1a cbt liéu duy nhat cho bé tong

Bang 1. Thanh phan héa ctia vit liéu chét két dinh, [%]

Si0, Fe,03 Al,O3 CaO Na,O K,O MgO MKN

Xi ming 22,56 3,47 5,29 64,21 0,14 0,61 2,26 0,81
Tro bay 58,70 7,31 22,89 0,98 0,33 3,60 0,85 3,13
Silica fume 92,30 - - - - - - -

Bang 2. Tinh chit cd ly cd ban cia vit liéu

Xi mang Tro bay Silica fume Cat quéc
Khbi lugng riéng [g/cm3 ] 3,1 2,24 2,20 2,64
Kich thudc hat trung binh [pum] 21,1 7,87 0,151 473,40
Cuong do xi ming & cic tudi [MPa] 3 ngay: 28,7 28 ngay: 47,9
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chét luong siéu cao. Cic dic tinh héa ly ctia vat liéu st dung dudc trinh bay & Bang 1-2. Phu gia siéu
déo c6 gbc polycarboxylate v6i ham lugng chét ran 40% dudc sit dung d€ ché tao bé tong va nano
carbon (NC) dugc dua vio dusi dang phu gia. Nano carbon 12 vt liéu nano dang 6ng dudc nhap khiu
tu cong ty Advanced Research & Technologies tit Belarus dudi dang dung dich c6 chita nano carbon
va chit 8n dinh v6i mot sb dic tinh clia nano carbon dugc néu trong Bang 3.

Bang 3. Tinh chit nano carbon do nha san xuit cung cip

Thong sb Gia tri
Dbuong kinh ngoai < 8 nm
Dbuong kinh bén trong 2 +5nm
Chiéu dai 10 + 30 pm
Do tinh khiét > 95%
Ludgng tro <1,5%
Ti dién tich bé mit riéng > 500 m?/g

2.2. Cdp phoi bé téng

Thiét ké thanh phan bé tong dudc tinh toan dua vao nguyén tac thé tich tuyét d6i. Bé tong chét
lugng siéu cao dugc xem gdm hai thanh phan chinh 14 cic hat c6t liéu va hd chét két dinh. Thé tich
ctia ho chit két dinh trong UHPC dugc chon 16n hon 15% thé tich réng ctia cat quic khong dam chit;
Thé tich rdng clia cit thach anh dung trong nghién ctiu 1 42%, vi vy thé tich ho chat két dinh sé
chiém 57% thé tich ctia UHPC va thé tich c6t liéu min chiém 43%. Ty 1& N/CKD, = 0,50 1a ty 1&
nudc trén chat két dinh tinh theo thé tich. Thé tich hd, thé tich chét két dinh va nudc dugc giii ¢b dinh
cho tét c4 cac cip phdi. Thé tich clia xi ming dudc thay thé titng phan béi thé tich ctia tro bay (FA) va
silicafume (SF). Luong dung phu gia siéu déo (SDy) 1a 1% ham lugng chit kho tinh theo khéi luong
hén hop chit két dinh. Céc cap phdi thi nghiém dugc dua ra 6 Bang 4 va Bang 5.

Bang 4. Cip phbi hon hgp bé tong UHPC c¢6 ham lugng tro bay khac nhau

% Phu gia khoang thay thé

STT xi ming theo thé tich Ximang Cat  SF FA N*  SDg N/CKD,
SF (%) FA (%) kg/m’

CPO 15 0 1001 1135 1254 - 190 113 050

CP1 15 10 884 1135 1254 851 190 10,9 0,50

CP2 15 20 766 1135 1254 1702 190 10,6 0,50

CP3 15 30 648 1135 1254 2554 190 103 0,50

(*) Tong lugng nudc nhao tron.

2.3. Ché tao bé tong va phuong phdp nghién citu

Hén hgp bé tdong dudc tron theo qui trinh trén Hinh 1. D6i v6i cip phdi st dung phu gia nano
carbon, dung dich phu gia c6 chifa nano carbon dudc dinh ludng theo ham luong chét kho ctia nano
carbon tuong ing véi cAp phdi trén Bang 5 dudgc tron vao 15% nudc va 50% siéu déo con lai trude khi
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Bang 5. Cip phéi UHPC c6 ham lugng nano carbon khac nhau

STT XM Cat SF FA3 N* SDx NC
kg/m
CP1 884 1135 125,4 85,12 190 10,9 0
CPI1-1 884 1135 125.4 85,12 190 10,9 0,050
CP1-2 884 1135 125,4 85,12 190 10,9 0,175
CP1-3 884 1135 125.4 85,12 190 10,9 0,300

(*) Tong lugng nudc nhao tron.

cho vao hén hop dé tron (Hinh 1). Do chdy loang dudc xdc dinh theo BS 4451-1:1998 nhung khong
din v6i dung cu mini con. MAu c6 kich thude 50 x 50 x 50 mm? dugc st dung dé€ xac dinh cudng
do nén theo ASTM C109, dudc tao hinh thanh 2 16p, mdi 16p rung 30 gidy. Mau thi nghiém dudc
bao dudng trong khuon & diéu kién phong thi nghiém va dudc thao khudn sau 24h. Mau sau khi thdo
khuon duge dua vao bio dudng trong nuéc dén tudi thi nghiém.

Cit +xi mine | o7 2PhOt Hon hop + |tran2phaf{ Hon hop+  |trén8phit| Lam sach coi, |tronleidos i
+PGK ¢ 85% nude + S 15% nude + thir do chay Bric méu .
50% SD 50% SD

Hinh 1. Quy trinh ché tao bé tong chit ludng siéu cao

Co ngét ciia miu UHPC dudc xdc dinh trén mau kich thudc 25 x 25 x 285 mm, trén cd sd tiéu
chudn ASTM C157. Hdn hop bé tong dudc rét diy khudn, khong rung tao hinh, dudc bao dudng trong
phong thi nghiém va thio khudn sau 24h. MAu sau khi thio khudn dudgce boc kin bé mit ngay dé thuc
hién do co ngét ndi sinh va d€ tu do trong moi trudng phong thi nghiém d€ do co ngét tdng, mdi cip
phbi cho mot phép do dugc thuc hién trén 3 mau va bat diu qud trinh do co ngét sau 24h thiiy hoa.

NG TEST

- amst AL

oANG
Hinh 2. MAu thi nghiém Ring-Test
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Kha ning khang niit ctia UHPC dugc xdc dinh thong qua thdi diém mAu thi nghiém bi nit k€ tir
khi thdo khuon bang phuong phép thi nghiém vong han ché (Restrained ring test) theo ASTM C1581-
2004. MAu bé tong sé dugc thao khudn sau 24h bao dudng & diéu kién phong thi nghiém. Sau dé tién
hanh x4c dinh bién dang ctia vong thép dudi tic dong co ngdét cia bé tong. Khi mau bi nit thi tng
sult trong vong thép sé& thay d6i dot bién do d6 sé x4c dinh dugc thoi diém niit miu do dng suét cla
co ngot bé tong gy nén (Hinh 2).

3. Két qua thuc nghiém va ban luén
3.1. Anh huéng ciia tro bay va nano carbon dén tinh cong tdc

Két qua do chay loang ctia UHPC sit dung cdn do mini dudc thé hién trén Bang 6. So sanh két
qua ctia cAp phdi CPO dén CP3 cho thiy khi ting ham lugng tro bay thay thé tiing phan xi ming thi do
chdy loang ctia hdn hgp UHPC ting 1én. Trong khoang sit dung vat liéu nano carbon ctia nghién ciiu
nay thi ting ham luong nano carbon sé cai thién do chdy loang ctia hén hop bé tong (cip phdi CP1,
CP1-1, CP1-2 va CP1-3). Diéu nay cho thy cic hiéu ting vit ly cta tro bay va nano carbon nhu hiéu
ting dién diy, phan tdn va & bi da cai thién miic do Ién chit gitta cac hat chit ran, giai phong lugng
nudc tu do trong hdn hop, tlf d6 céi thién tinh cdng tac ctia hdn hop bé tong.

Béng 6. Do chay loang ctia cac hon hgp UHPC, mm

CPO CP1 CP2 CP3 CP1-1 CP1-2 CP1-3
260 270 300 310 285 295 305

3.2. Anh huéng ciia tro bay va nano carbon dén cuing dé nén

Két qua cudng do nén trén Hinh 3 cho thiy khi ting ham lugng tro bay thay thé mdt phan xi ming
thi cudng do nén ctia UHPC & tudi sém (7 ngay) giam dan. Trong khi d6, cudng do nén & tudi 28 ngay
ctia mau UHPC c6 chiia 20% tro bay thay thé xi ming theo thé tich dat cudng dd cao nhit. Cic mau
c6 chiia tro bay két hop véi silica fume déu c6 cudng dd nén cao hon so véi mau ddi chiing chi chiia
silica fume. C6 thé st dung dén 30% tro bay dé thay thé xi ming theo thé tich ma cudng do nén cia
van dat trén 130 MPa & tu6i 28 ngay (Hinh 3).

Két qua trén Hinh 4 cho thiy khi thay d&i ham lugng nano carbon thi cudng d6 nén & tudi 7 ngay
clia cic mAu c6 chifa nano carbon ting 1én. Mau c6 chita ham lugng nano carbon rit thip (CP1-1) cho
cudng do nén & tudi 7 ngay thap hon doi chiit so véi mau khong chita phu gia nano carbon. Két qua
nay c6 thé do sai s6 clia thi nghiém. Tuy nhién, dén tudi 28 ngly thi cic miu c6 chifa nano carbon déu
cho cudng dd nén cao hon mau khong chita nano carbon. Khi tdng ham lugng st dung nano carbon
s€ lam tang cudng do nén cia UHPC (Hinh 4).

3.3. Anh hudng ciia tro bay dén co ngét

Co ngdt ndi sinh va co téng ctia cidc mau cip phéi UHPC da dude do dén 70 ngay sau khi thdo
khuon. Két qui co ngét cia UHPC dudc dua ra trén Hinh 5 va Hinh 6. Két qua nghién ctiu cho thiy
co ngét ctia miu UHPC phit trién rat nhanh & tudi s6m ngay sau d6 cham lai. Khi ting ham luong tro
bay thay thé xi ming trong UHPC thi co ngét ndi sinh va co tdng clia mau giam. So sanh dudng thé
hién phit trién co ngét ndi sinh va co ngdt téng ctia cac mau cAp phdi UHPC cho thiy tro bay thay thé
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Hinh 3. Anh hudng ctia ham ludng tro bay dén cudng ~ Hinh 4. Anh hudng ciia ham ludng nano carbon dén
dd nén cuong do nén

xi ming chi yéu anh hudng dén co ngét cia UHPC & tudi sém ngay, trude tudi 29 ngay. Trong khoang
thoi gian 28 ngay dén 70 ngay thi nghiém do co ngot, cic dudng phat trién co ngét ctia miu c¢6 ham
lugng tro bay khac nhau gan nhu song song véi nhau (Hinh 5 va Hinh 6). Khi so sanh két qua co kho,
12 hiéu gifta co tdng va co ndi sinh cho thiy khi ting ham Iudng tro bay 1én thi co khd ctia UHPC ting
1én.
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Hinh 5. Anh hudng ciia ham lugng tro bay dén co ndi sinh

3.4. Anh hudng ciia tro bay va nano carbon dén khd néing khdng niit

Kha ning khang niit cia UHPC dugc danh gid thong qua thi nghiém vong do co han ché. Khi bién
dang co ngdt clia bé tdng bi ngin can bdi vong thép bén trong sé tao ing suit nén trong vong thép va
ting suit kéo trong vong bé tong. Ung suét chiu nén ciia vong thép tao ra bdi co ngét ciia bé tong sé
dugc ghi lai bdi tenzomet dién trd (strain gauge). Khi bién dang co ngét ctia bé tong dat dén mot gid
tri nhét dinh sé& din dén ting suit kéo trong vong bé tong vudt qua kha ning chiu kéo clia bé tong, ltic
ndy sé giy ra niit trén két ciu bé tong. Khi d6 ap luc 1én vong thép sé dugc giai phong din dén bién
dang ctia vong thép do qua cdc tenzomet dién trd cling gidm xudng dot ngot. Két qua do Ring-Test
ctia cdc cAp phdi UHPC c6 chita ham lugng tro bay va ham lugng nano carbon khéc nhau dugc dua ra
tuong ung trén Hinh 7 va 8.
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Hinh 8. Anh hudng ciia ham lugng nano carbon dén kha niing khang niit cia UHPC

Két qué trén Hinh 7 cho cdc miu UHPC c6 chia 0, 10, 20 va 30% tro bay tuong ting véi CPO,
CP1, CP2 va CP3 c6 thdi gian xay ra nit ké ti thoi diém bit dau do 1a 290, 390, 17400 va 10540
phit. Piéu nay cho thiy cac miu UHPC c6 chifa tro bay déu kéo dai thdi gian bat du nit ctia miu thi

38



An, V. V. T., Hai, L. D. / Tap chi Khoa hoc Céng nghé Xay dung

nghiém so v6i miu d6i chiing CPO. Véi cac maiu c6 chita ham luong tro bay khac nhau thi thoi di€ém
gy nit mau 1a khac nhau. Miu c6 chita 20% tro bay thay thé xi ming theo thé tich cho thdi gian xay
ra niit 13 16n nhat (17400 phit), thim chi dai hon ca thdi diém gy niit ciia mau c6 chiia 30% tro bay
(10540 phuit). Trong khi, két qua co tong va co noi sinh trén Hinh 5 va 6 déu cho thiy co ngét ctia mau
c6 chita 20% tro bay 16n hon co ngét cia méu c6 chita 30% tro bay. Diéu nay cho thiy tuy thay thé véi
ham lugng 16n tro bay thi c6 thé cdi thién co ngét clia bé tong nhung kha nidng khang nut clia bé tong
lai khong ting. C6 thé do viéc thay thé vugt qua ham lugng phu gia khodng hop ly sé din dén cudng
dd chiu kéo ctia bé tong suy giam nhiéu gay niit sém cho mau bé tong cho du ting suét kéo trong mau
dudc tao nén bdi co ngét 1a khong cao.

Dé d4nh gid kha niing cii thién ctia nano carbon dén kha ning khang niit cia UHPC, cép phdi c6
chita 15% silica fume va 10% tro bay thay thé xi ming theo thé tich dudc st dung dé€ bd sung ham
lugng nano carbon khac nhau. Két qua trén Hinh 8 cho thiy khi ting ham luong sit dung nano carbon
thi kha ning khang niit cia UHPC dugc cdi thién ro rét. Mau UHPC khong chita nano carbon c6 thoi
gian xay ra nit ké tir thoi diém do 1a 390 phiit. Trong khi ting ham lugng nano carbon trong UHPC &
chp phéi CP1-1, CP1-2 va CP1-3 véi lugng dung nano carbon tuong tng 1a 0,05 kg/m?, 0,175 kg/m*
va 0,3 kg/m’ thi thdi gian x4y ra nit k& tir thoi diém do twong tng 12 1480 phiit, 3040 phut va 4230
phiit. R rang, cic 6ng nano carbon c¢6 kich thu6c siéu nhé da 1am cau ndi giita cac 16 réng va vét niit
té vi clia dd xi ming tir d6 cdi thién kha ning khang nit cta bé tong (Hinh 9) [16].

Hinh 9. Anh chup c4u triic vét niit ctia hé xi ming - nano carbon [16]

4. Két luan

Dua vao céc két qua thuc nghiém thu dugc trong nghién ciiu, cic két luin sau day dugc it ra:

- Viée st dung tro bay thay thé mot phan xi ming trong ché tao UHPC d cai thién tinh cong tic
va co ngét clia bé tong. V6i ham lugng thay thé 20% tro bay theo thé tich cho xi ming thi cuong do
nén & tudi 28 ngay clia mau bé tong dat cao nhit. Nano carbon ciing cii thién cudng d6 nén cia UHPC
& tudi 28 ngay.

- Phuong phép thi nghiém Ring-Test c6 thé st dung d€ danh gid kha ndng anh hudng cta phu gia
khodng ciing nhu nano carbon dén kha niing khang niit ctia bé tong. Khi ting hAm lugng tro bay thay
thé xi ming thi co ngét clia bé tdng giam xudng, tuy nhién kha ning khang nit do co ngét ctia mau bé
tong chi dat cao nhit khi sit dung ham lugng phu gia khoang hop ly. Trong nghién ciiu nay, bé tong st
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dung 20% tro bay cho kha niing khang ntt tét hon bé tong sit dung 10 va 30% tro bay. St dung nano
carbon da cai thién r6 rét kha nang khang niit cia UHPC.

Loi cam on

Cic tac gid cam on su hd trg thuc nghiém ctia DS Vin Duong va Nguyén Thé Piic trong qua trinh

thuc nghiém tai Phong thi nghiém.
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