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Tém tat

Bai bdo nay trinh bay két qua nghién ciiu kha niing ché tao bé tong cudng do cao (HSC) st dung ham ludng
16n tro bay va céc loai vat lidu dia phuong. Trong do, tro bay chua tuyén dudc lay truc tiép tir hé thdng loc bui
ctia nha may Nhiét dién Quang Ninh, d€ thay thé dén 70% theo khdi luong chat két dinh trong bé tong. Két qua
nghién ciiu cho théy, khi st dung ham lugng tro bay cao lam ting tinh cong tic ctia hdn hop bé tong. Cudng
do chiu nén clia bé tong & tudi sém (< 7 ngay) gidm manh va toc do phat trién cudng do ciing giam theo ham
lugng tro bay thay thé. Nhung dén tudi 28 ngay va mudn hon cudng do chiu nén ctia bé tong dat tuong duong,
tham chi con cao hon cudng do chiu nén ciia cip phdi bé tong ddi chiing, khi sit dung téi 50% tro bay thay thé
xi ming. Hoan toan c6 thé sit dung dén 60% tro bay thay thé xi ming dé ché tao HSC c6 tinh cong tic tot va
cudng do chiu nén dat 72 MPa & tudi 28 ngay va 80 MPa & tudi 90 ngay.

Tir khod: tro bay; bé tong cudng do cao (HSC); bé tong ham lugng 16n tro bay (HVFAC); tinh cong tac; cudng
dd chiu nén; téc do phat trién cudng do.

DEVELOPMENT OF HIGH-STRENGTH HIGH-VOLUME FLY ASH CONCRETE USING FLY ASH FROM
QUANG NINH THERMAL POWER PLANT

Abstract

This paper presents the investigation on the possibility of producing high-strength concrete (HSC) using a high
volume of fly ash, and local materials. In which, unselected fly ash was taken directly from the dust filter
system of Quang Ninh Thermal Power Plant, to replace up to 70% by weight of binder in concrete. The results
show that when using high fly ash content the workability of the concrete mix increases. The compressive
strength of concrete at early ages (< 7 days) decreased significantly and the strength development rate also
decreased with the replacement fly ash content. But by the age of 28 days and later, the compressive strength is
equivalent or even higher than that of the control concrete when using up to 50% fly ash to replace cement. It
is completely possible to use reach to 60% of fly ash to produce HSC with good workability and compressive
strength achieves 72 MPa at the age of 28 days and 80 MPa at the age of 90 days.

Keywords: fly ash; High-Strength Concrete (HSC); High-Volume Fly Ash Concrete (HVFAC); workability;
compressive strength; strength development rate.
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1. Dit van dé
Nhiing nim gan day, xay dung co sé ha ting ngay mot ting nhanh kéo theo nhu cau st dung bé
tong néi chung va bé tdong cudng do cao (HSC) néi riéng trong xay dung & Viét Nam rit 16n. Theo
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TCVN 10306:2014 [1] HSC 1a loai bé tdong c6 cudng do chiu nén dic trung trén mau tiéu chuin dat
> 55 MPa & tudi 28 ngay trén mau tru d X h = 15 x 30 cm (hay tuong duong > 60 MPa dbi v6i mau
lap phuong 15 cm). HSC c6 nhiéu uu diém, trong d6 phai ké dén nhu hén hop bé tong (HHBT) c6
ty 18 N/X thip, d6 dong nhét cao, khong phéan ting va tach nudc [2—4] nén bé tong c6 do dic chic
va kha niing chéng in mon cao, bén trong cic mdi trudng xam thuc, 1am ting tudi tho ctia cong trinh
[2, 3]. HSC c6 cudng do cao sé gidp giam kich thudc va ting kha ning chiu luc cia ciu kién dudi tic
dong cla tdi trong va ngoai luc [2-4]; cudng dd cia HSC phét trién nhanh & tudi sém cho phép thdo
khuo6n sém, rat ngén thdi gian thi cong [5], v.v... V6i uu diém nhu trén, HSC da dugc nghién ctiu va
ting dung phd bién trén thé gi6i va & Viét Nam trong nhiéu cong trinh xdy dung nhu cau, cic tdoa nha
cao ting, cic cong trinh ngoai khoi, ven bién, v.v... [6]. Bén canh nhiing wu diém trén, HSC ciing
ton tai mot sd nhuge diém nhu: hén hgp HSC thudng c6 dd quéanh cao, nén d€ dam bao tinh dé thi
cong thudng phai sit dung lugng phu gia siéu déo 16n nham duy tri tinh cong tac tét, didu d6 lam ting
chi phi va yéu cau phéi kiém sodt chit ché trong qua trinh tron, van chuyén va thi cong [5-7]. Hon
nita, viéc duy tri tinh cong tic biang cich bd sung thém phu gia siéu déo & cong truvng rat kho thuc
hién va khong dam bio do dong déu [7, 8]. Viéc st dung lugng xi ming 16n (thudng vudt qua 500
kg/m?) ciing s& khong nhitng 1am ting gia thanh san xuit hén hgp HSC ma con phit sinh lugng nhiét
thity héa 16n trong qud trinh ran chic, c6 thé gay niit do ing suit nhiét va ting co ngdt ctia bé tong
[4, 9, 10]. Nhiing nhugc diém nay lam gidm kha ning ting dung phd bién ctia HSC trong céc cong
trinh xdy dung. Do d6, viéc st dung tro bay va cic loai vat liéu thay thé mot phan xi ming trong san
xuét HSC c6 thé khic phuc dudc phan 16n cic han ché trén [5, 8].

Khi st dung trong bé tong, tro bay anh hudng dén nhiéu tinh chit ctia bé tong, tif trang thai HHBT
dén cudng do va do bén lau clia bé tdng da ran chic & tudi dai ngay. Khi sit dung tro bay tit nha may
nhiét dién theo cong nghé dbt than phun thudng 1am ting tinh cong tic, giam luong nude tron, HHBT
déo hon va it bi phan tang, céi thién kha ning bom [11-14]. Nhung st dung tro bay ciing 1am kéo dai
thoi gian dong két, giam t6n thit do sut cia HHBT, lam gidm nhiét thiiy héa va tbc do ran chic ctia bé
tong, dic biét 1a trong diéu kién thai tiét lanh [12—14]. Tro bay lam giam dang ké tinh thim va ting
khé ning khang thAm ion clo, dic biét & tudi dai ngay [15-24]. Tro bay lam gidm hién tugng nd thé
tich do phan tng kiém c6t liéu, va tham chi c6 thé triét tiéu hoan toan do nd do phan ting kiém cbt lidu
khi st dung 30% tro bay loai F hodc 40% tro bay loai C [25]. Khi st dung 20-30% tro bay loai F, d
bén sun phat ctia chit két dinh c6 thé tuong duong véi xi ming bén sun phat trung binh [17, 24-27].
Tuy nhién, st dung tro bay dic biét 1a § ham lugng cao sé lam gidm cudng do & tudi sém ngly, giam
dd bén cacbonat ctia bé tong [12, 13, 28, 29]. Ngoai nhitng hiéu qua vé mit ky thuat nhu da néu &
trén, st dung tro bay thay thé mot phan xi ming trong bé tong con gép phin quan trong vio viéc ning
cao hiéu qué kinh té, gidm 6 nhiém mdi trudng, va dic biét 1a gidm luong khi thai nha kinh trong san
xuét bé tong [30, 31]. Vi vy, viéc nghién ctiu x4c dinh ham lugng tro bay thay thé xi ming 16n nhét
ma van didm bao dong thai cdc yéu td kinh té- k¥ thuit- moi trudng ctia HSC 1a rat can dudc quan tAm
nghién cudu.

Trong khi d6, luong tro, xi thai phat sinh tif cdc nha may nhiét dién dot than & nudc ta hién nay
rat 16n. Theo bdo cdo ctia Bo Cong thuong, dén nim 2019 [32], Viét Nam c6 25 nha mdy nhiét dién
dbt than dang hoat dong, phat thai ra tdng lugng tro xi khoang hon 19,5 triéu tAn/nim (trong do, tro
bay 15,6-16,6 triéu tin, chiém tir 80-85%). Ngoai ra, nhiéu du 4n nhiét dién d6t than dang tiép tuc
xdy dung hoac da dudc phé duyét, cho nén lugng tro xi thai ra tit cac nha may nhiét dién 6 Viét Nam
s& ngdy cang ting trong nhitng nim t6i. Dén nim 2025, lugng tro xi du kién thai ra khoang 29,4 triéu
tAn/nidm va nim 2030 s& 1a 38,3 triéu tAn/nim [33, 34]. Riéng tai 16 nha mdy nhiét dién dbt than phun
n6i chung va nha mdy nhiét dién Quang Ninh néi riéng, luong tro xi thai phat sinh lan lugt khodng
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14,1 triéu tAn/nim va 1,53 triéu tAn/nim. Tuy nhién, tdng ludng tro xi nhiét dién da tiéu thu trén ci
nuéc chi khodng 38% tong lugng phat thai hang nim, lugng tro xi con lai hau hét dudc chia tai cac
bii d6 thai ctia nha may. Tro xi dugc st dung nhiéu nhét 1a linh vuc 1am phu gia khodng cho xi ming
[13, 27, 30], sau d6 la dung lam phu gia trong bé tong cho cac cong trinh dap thiy 1gi, cong trinh giao
thong (dudng bé tong xi ming viing ndng thon) va cong trinh xay dung dan dung (két ciu méng khdi
16n it toa nhiét) [13, 17, 23, 35]. Ngoai ra tro, xi ciing dudc dung dé thay thé mdt phan nguyén liéu
san xuat gach xay nung va khong nung [33, 34, 36] hay lam vat liéu san 14p [33, 34].

Bé tong st dung ham lugng tro bay 16n 12 bé tong c6 st dung ham ludng tro bay thay thé xi ming
16n nhit 12 35% [37], khong it hon 40% [38] hoic 16n hon hoic bﬁng 50% [23, 39]. Tai Viét Nam,
Nam [35] da nghién citu bé tong ham lugng tro bay 16n sit dung tro bay sau tuyén ctia nha mdy nhiét
dién Pha Lai t6i 50% khbi lugng chit két dinh (CKD) trong ché tao bé tong khdi 16n cho dap trong
luc, v6i cudng do chiu nén cua bé tong chi dat khoang 15-20 MPa. Hanh va cs. [6] da st dung 35%
tro bay da tuyén két hop v6i 6% silicafume dé ché tao HSC dat cudng do chiu nén 80 MPa cho két
cAu cong trinh bién. Gan day, nhém téc gia [40] ciing di sit dung 10-40% tro bay qua tuyén dé ché tao
bé tong chit lugng siéu cao. Két qua cudng do chiu nén mau sit dung 20% tro bay dat téi 114 MPa
va 150 MPa khi b4o dudng thuong va bdo dudng nhiét am. Mic du di c6 nhiéu nghién cdu st dung
tro bay trong ché tao bé tong nhung viéc st dung tro bay ham ludng 16n (> 50%) cho bé tong néi
chung va cho HSC néi riéng & Viét Nam con it, dic biét 1a tro bay chua tuyén. Ty 1€ tro bay st dung
con thip, phd bién khoang 10-30% khbi lugng chit két dinh. Vi vy, d€ diy manh viéc st dung tro
bay ham lugng 16n (> 50%) dé thay thé xi ming trong san xuét ciu kién bé tong va bé tong cbt thép.
Nghién ctiu nay nhim khao sat kha ning st dung tro bay chua tuyén dudc lay truc tiép tit hé thdng loc
bui clia nha mdy nhiét dién Quang Ninh dé€ ché tao bé tdng cudng dd cao c6 ham lugng tro bay 16n.
Két qua nghién cifu dudc phan tich so sanh su anh hudng ctia tro bay ham lugng cao dén tinh cong
tac, cudng do chiu nén va su phat tri€n cudng do chiu nén cta cac hdn hgp bé tong khong hodc c6 st
dung tro bay.

2. Vat liéu st dung va phuong phap nghién citu
2.1. Vat liéu su dung

Vit liéu st dung trong nghién ctiu gdm c6: tro bay (TB) 14y truc tiép tir si 16 chiia sau thiét bi loc
bui ctia Nha may Nhiét dién Quang Ninh, day 12 loai tro bay thu dudc bang cong nghé d6t than phun.
Tir két qua thanh phan héa cia tro bay (Bang 1) ta thiy tdng ham luong oxit SiO, + Al,O3 + Fe, 03
= 86,2% nén tro bay st dung thudc loai axit (loai F). Ham lugng SOz = 1,7% < 3% va mét khi nung
(MKN) 12 6,6% nhung than st dung c6 ngudn gdc tir antraxit nén van c6 thé st dung dudgc tro ché tao
san phdm va cAu kién bé tong, bé tong cdt thép 1am viéc trong diéu kién dic biét theo tiéu chuin Viét
Nam, TCVN 10302: 2014. Hinh dang, tinh chit bé mit hat tro bay dudc thé hién qua anh chup kinh
hién vi dién ti quét (SEM) trén Hinh 1. RS rang thiy ring, cic hat tro bay chd yéu 1a hinh cu va bé
miit hat tron nhin. Tuy nhién, ciing quan sit thiy cdc hat than chua chdy c6 bé miit réng xop va hinh
dang géc canh c6 trong hdn hop tro bay (mii tén chi trong Hinh 1). Piéu nay sé anh hudng dén tinh

Bang 1. Thanh phan héa va ham lugng MKN ctia tro bay Quang Ninh

Si0,  AlLOs FepO3 CaO  SO;3 KO TiO, MnO BaO P,0Os MKN
51,8 24,8 9,6 2,1 1,7 5.9 33 0,1 0,2 0,5 6.6
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cong tac ctia HHBT va céc tinh chit khdc ctia bé tong sau nay [41, 42]. C4c tinh chit co ly ctia tro bay
va xi ming PC50 Cim Pha (XM) sit dung dudc trinh bay trong Bang 2. Tt cic tinh chét cho thiy tro
bay va xi miing st dung hoan toan st dung dugc cho ché tao bé tong.

Hinh 1. Anh SEM véi d6 phéng dai 500 1an va 2000 lan ctia tro bay

Bang 2. Céc tinh chét co 1y ctia tro bay Quang Ninh va xi ming PC50 CAm Pha

TT Tinh chit Xi mdng Tro bay Tiéu chuén thi nghiém
1 Khéi lugng riéng, g/cm® 3,06 2,37 TCVN 4030:2003 [43]
2 Luong nudc tiéu chuan, % 29,5 - TCVN 6017:2015 [44]

Lugng nuéc yéu cau, % - 100,0 TCVN 8825:2011 [45]

3 Do min: S6t sang 90 um, % 0,8 - TCVN 4030:2003 [43]

Sot sang 45 um, % - 21,4 TCVN 8827:2011 [46]

4 Thoi gian dong két: Bat dau, phuit 85 - TCVN 6017:2015 [44]
Két thiic, phut 168 -

5 Cuong do chiu nén: 3 ngay, MPa 35,8 - TCVN 6016:2011 [47]
28 ngay, MPa 57,6 -

6 Hoat tinh cuong do: 7 ngay, % - 62,8 TCVN 6882:2001 [48]

28 ngay, % - 86,9

Phu gia (PG) st dung 12 loai phu gia c6 gbc Poly carboxylate bién tinh c6 tic dung gidm nudc cao
va hiéu qua déng rin nhanh, khéi luong riéng 1a 1,12 g/em?, ham lugng chét kho 35% va do PH = 6,5.
Cac vat liéu khac su dung 1a cat thd ¢c6 md dun do 16n 3,0; da ddm Dy = 10 mm va nudce sinh hoat.
Két qué phan tich thanh phan hat ctia cat va d4 st dung trong nghién ctu dugc thé hién trén Hinh 2
va Hinh 3. Céc tinh chit co 1y dudc téng hop & Bang 3. Qua danh gia va so sanh véi yéu cau k§ thuat
ctia TCVN 7570:2006 [49], céc loai cbt lidu sit dung déu phu hop véi yéu cau va cho phép st dung dé
ché tao bé tong.



Lam, N. T, va cs. / Tap chi Khoa hoc Céng nghé Xay dung

—————=
10 4 i 10 4 —
- '/,
20 2 4 /)
30 30 + /
°\Q, BN /
2449 507 /
= 50 1 < 50 !
= & /
g 60 5 z 60+ g
%‘? 70 | e — %" 70 + // Giéi han trén va dudi theo
= 80 1 TCVN 7570: 2006 S 801/ TCVN 7§70: ’2006
90 4 // — —TP hat cua Cat 90 ¥/, ——IFhgkoliaDa
100 -+ 100
0.0 1.0 20 3.0 4.0 5.0 5 10 ) 15 20
Kich thuéc mit sang, mm Kich thude mat sang, mm
Hinh 2. Biéu d6 thanh phan hat ctia cét thd Hinh 3. Puong biéu dién thanh phan hat cla dd dim
Dyax = 10 mm
Béng 3. Tinh chét ctia da dim (Dpax = 10 mm) va cét tho
TT Tén chi tiéu DPon vi ba dam Cat tho
1 Khéi lugng riéng glem® 2,70 2,65
2 Khbi lugng thé tich x6p kg/m® 1480 1550
3 Do hit nude % 0,65 0,82
4 Do réng xbp % 45,1 41,4
5 Ham lugng bui, bun, sét % 0,68 1,80
6 Do nén dap % 3,9 -
7 Ham luong tap chét hitu co So mau - Sang hon
8 Mobdun d6 16n - - 3,0

2.2. Cdp phdi bé tong nghién ciiu

CAp phdi so bo clia bé tong dudgc tinh todn theo chi din trong TCVN 10306:2014 [1], v6i yéu cau
HHBT c6 tinh cong tic tot, do sut cia HHBT dat 18+2 cm; cudng dd chiu nén clia bé tong & tudi
28 ngay 16n hon 60 MPa theo mau tru (hay 16n hon 72 MPa theo méu 1ap phuong tiéu chuén). Sau
khi tinh todn va hiéu chinh, cip phbi gbc (cip phdi khong sit dung phu gia khodng tro bay) nhu trong
Bang 4. Cép phdi nay c¢6 do sut ctia HHBT 1a 16 cm; Cudng do chiu nén & tudi 3, 7 va 28 ngay (xac
dinh bang mau lap phuong tiéu chuin) R3 = 70 MPa, R; = 79 MPa, va Ry = 82 MPa. Néu quy
ddi sang cudng dd mau tru (theo TCVN 3118:1993) cudng dd mau tru tuong ting 1a R3 = 58,3 MPa,
R; = 65,8 MPa, vi Ryg = 68,3 MPa phu hop véi yéu cau d6i véi HSC. Cip phdi nay sé dudc st dung
lam cép phdi dbi ching (PC) d€ nghién ctiu phét trién HSC ham lugng tro bay 16n. D€ 1am 16 quy
luat anh hudng cia tro bay dén cic tinh chit ctia bé tong (20TB, 40TB, 50TB, 60TB, 70TB), cic ty
1¢ tro bay sif dung trong nghién cttu gdm 20%, 40%, 50%, 60% va 70% theo khdi luong chit két dinh
(CKD = XM + TB). Ty 1& 20% va 40% d€ so sanh dic tinh clia bé tong st dung ham lugng tro bay
thip, véi cic loai bé tong st dung ham lugng tro bay cao 50-70%. Qua két qua khéo sat khi st dung
ham lugng tro bay dén 80% s& xay ra hién tugng phan tang tach nhiéu hat tro than chua chdy trén bé
mit mau HHBT. Do d6 trong nghién cifu nay chi st dung tro bay t6i da 70% CKD. Céc cip phdi bé
tong nghién ciiu chi thay d6i thanh phan CKD, con cic vt liéu khac gitt nguyén. Bang cip phbi bé
tong thi nghiém da quy déi v& 1 m? dudc trinh bay trong Bang 4.
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Bang 4. Bang cip phbi thi nghiém

CKD, kg

STT Kihiéu cap phéi Ty 1€ tro bay, % M TB ba, kg Cat,kg Nudc,lit PG, lit
1 bC 0 560 O 913 845 141 4,2
2 20TB 20 448 112 898 831 141 4,2
3 40TB 40 336 224 883 817 141 4,2
4 50TB 50 280 280 876 810 141 4,2
5 60TB 60 224 336 868 804 141 4,2
6 70TB 70 168 392 861 797 141 4,2

2.3. Phuong phdp nghién ciiu

Tinh chét clia céc loai vat lidu xi ming, tro bay, cat, da st dung trong nghién cifu dugc xac dinh
va danh gia theo cac TCVN hién hanh tuong ting. Po sut cia HHBT dugc xac dinh theo TCVN
3106:1993 [50] (Hinh 4). MAu bé tong dudc ché tao va bao dudng trong khudn 1 ngay, sau d6
thdo khuon va bio dudng mau theo TCVN 3105:1993 [51] dén tudi thi nghiém. Cudng dd chiu
nén ctia bé tong dugc xac dinh trén cic t6 mau gdm 03 mau lap phuong cé kich thudc tiéu chuin

Hinh 4. Xac dinh do sut cia HHBT Hinh 5. MAu x4c dinh cudng do chiu nén ciia bé tong

3. Két qua nghién ctiu va thao luin
3.1. Anh hudng ciia ham lugng tro bay dén tinh céng tdc ciia hén hop bé tong

Anh huéng cia ham lugng tro bay dén tinh cong tic (d6 sut) va thé tich hd ciia HHBT dudc thé
hién trén Hinh 6. Két qua nghién ctiu cho thiy, khi ting him luong tro bay thi thé tich hd CKD va do
sut cia HHBT ting 1o rét. Thé tich hd dudc xac dinh bang cong thiic (1). Do khéi lugng riéng ctia
tro bay 13 y,rp = 2,37 g/lem?, thip hon so véi khbi lugng riéng cta xi ming 12 y,xu = 3,06 g/em?®
nén khi thay thé cuing khéi lugng xi ming bang tro bay thi thé tich ciia tro bay 16n hon. Khi ting ty 1&
tro bay dén 50% va 70%, thé tich ho ting khoang 27 lit (2,7%) va 37 lit (3,7%) so véi cip phdi PC.
Lugng hd CKD ting lam ting bé day 16p hd bao boc quanh hat cbt liéu va cac hat c6t lidu dé dang
tron trudt 1én nhau nén din dén 1am ting tinh d6 sut cia HHBT.
XM TB N PG
+ + +
YaxmM  YaTB  YaN  YaPG
6

Vi=Vxyu+Vrp+ Vy+ Vpg =

ey
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trong d6: Vyys 1a thé tich cla xi mang; Vp 1a thé 30 370
tich clia tro bay; Vi 1a thé tich ciia nu6c trong
HHBT va V), 1a thé tich ctia phu gia héa hoc.
Hon nta, khi tang ty 1€ tro bay 1én 50% theo 2
khdi luong chat két dinh, do sut cia HHBT ting
1én khodng 23 cm (44%) so v6i cAp phéi dbi ching
(16 cm). Piéu nay c6 thé giai thich Ia do cic hat tro
bay c6 dang hinh cau, bé mit tron nhin (Hinh 1), 5
nén lam giam ndi ma sat trong HHBT do d6 lam
ting tinh cong téc cia HHBT [13, 28, 53]. T I S el A
Tuy nhién, khi ham lugng tro bay st dung 16n Ty 1§ tro bay, %
hdn 50% thi hi¢u qud cdi thi¢n tinh cong tAc cla  py. 6 Anh hudng cia tf 16 tro bay/CKD dén thé
hon hgp bé tong bi giam dan. Nguyén nhan mot tich hd va db sut ctia HHBT
phan c6 thé do thé tich tro bay ting qud cao lam o
ting d6 nhét ciia hd CKD [11], va ¢6 thé mot phan
do anh huéng ctia thanh phan hat than chua chay trong tro bay (Hinh 1), dudc x4c dinh bang lugng
MKN (Bang 1). Cac hat than chua chdy c6 hinh dang géc canh, bé mit réng x6p sé lam ting manh
lugng can nuéc va gidm tinh cong tac cia HHBT [41, 42]. Tir két qua trén cho thiy, khi st dung hAm
lugng tro bay qué cao (60% va 70%) sé c6 hai hiéu ting trdi ngudc nhau anh hudng dén tinh cong tac,
két qua 12 hidu qua gia ting do sut cia HHBT gidm so véi khi st dung 50% tro bay, nhung van 16n
hon 37,5% va 25% tuong dng so véi cip phdi dbi chitng. Nhu vay, khi st dung tro bay chua tuyén c6
ham Iugng than chua chdy cao can phéai chi y dén 4nh huéng 1am gidm tinh cong tic cia HHBT, dic
biét khi st dung lam lugng tro bay 16n [12, 13].

25 - 360

- 350

- 340
15

Do sut, cm
(93]
(93]
)

Thé tich ho, lit

10

w
1593
S

- 310

3.2. Anh huédng ciia ham lugng tro bay dén cuong dé chiu nén ciia bé tong

Két qua cuong do chiu nén trung binh ctia bé tong & tudi 1 ngay, 3 ngay, 7 ngay, 28 ngay va 90
dugc thé hién trén Hinh 7. Téc d6 phat trién cudng do chiu nén cia cic cip phdi dugc thé hién trén
Hinh 8.
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Hinh 7. Anh hudng ciia ty 1& tro bay st dung dén Hinh 8. Ty 1€ cudng do chiu nén so véi Rgy cua HSC
cudng do chiu nén cia HSC theo thai gian bao dudng

Tit Hinh 7 cho théy, cuong do6 chiu nén ctia tit ca cip phdi sit dung tro bay déu thap hon nhiéu so
v6i cudng do chiu nén ctia cip phdi PC & tudi sém ngay (< 7 ngay). O tudi 1 ngdy, cudng dd chiu nén
ctia cdc cAp phdi st dung tro bay (chi dat tir 11,9 - 46,9 MPa), thip hon 23-80% so véi cudng do chiu
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nén ctia cip phdi PC (dat 60,9 Mpa). Pén tudi 3 ngay, cic cip phdi st dung ty 1é tro bay thip (20TB
va 40TB) di c6 cudng dd tot hon, dat 67-97% so vé6i cudng dd ctia miu PC. Dén tudi 7 ngay, chi con
cAp phdi 60TB va 70TB van c6 cudng do thap tuong ting bang 50% va 37% so véi cudng do cia cip
phdi BC cung tudi. Két qua nghién citu nay ciing phit hdp véi cac két luan cta [6, 11-13, 17, 23].

Tuy nhién, cudng do chiu nén clia cic cip phdi bé tong st dung tro bay & tudi dai ngay (sau 28
ngay) da dudc cai thién 1o rét. Cuong do ctia cac cap phdi sit dung 20-50% tro bay thay thé xi ming
déu dat cuong do tuong duong cp phdi ddi chiing (82,0 MPa; 80,3 MPa ddi véi cip phbi 40TB; S0TB
va 82,4 MPa dbi véi cip phdi PC), tham chi cudng do ctia cip phdi 20TB con cao hon cap phdi ddi
chiing (dat 83,1 MPa). Cudng dd chiu nén ctia cAp phbi 60TB ciing di dat 71,7 MPa, tuong duong véi
87% so véi cip phdi DC. Chi con cip phbi 70TB c6 cudng dd van con kha thip, dat 59,0 MPa, bing
khoang 72% so véi cip phdi DC. O tudi dai hon (90 ngay), cudng do chiu nén ciia cic cap phdi sit
dung 20-50% tro bay thay thé xi ming déu cao hon 4-9% so véi gid tri nay ctia cip phdi PC, trong d6
cAp phbi 40TB c6 cudng do cao nhit, dat dudc 12 97,1 MPa (bang 109,1% so véi cudng do chiu nén
ctia cAp phdi PC (89,0 MPa). Cép phéi st dung 70% tro bay ciing dat cudng do 68,2 MPa & tudi 90
ngay (bing 76% cudng do ctia cip phbi DC). Nhu vy ching ta thy, cic cip phdi sit dung ham lugng
tro bay 16n phat trién cudng do chdm & tudi sém (< 7 ngay) [11, 26]; Tuy nhién & céc tudi dai ngay (>
28 ngay), HSC sit dung ham lugng tro bay 16n (50% tro bay) phat trién cudng do tot, khong kém cap
phdi dbi ching [6, 12, 26]. Néu cudng do thiét ké yéu cau & tudi 28 ngay dat 60 MPa thi chi nén st
dung tbi da 50% tro bay thay thé xi ming. Con néu tudi bé tong thiét ké yéu cau & 90 ngay thi c6 thé
st dung dén 60% tro bay thay thé xi miing ma bé tdng van dat yéu cau vé cudng do6 ctia HSC.

Khi ché tao HSC, tdc do phat trién cudng do ciia bé tong ciing can phai quan tam. Toc do phat
trién cudng do cia bé tdng c6 thé danh gia thong qua su phat trién cudng do theo thdi gian hodc miic
cudng do dat dudc so v6i cudng dd yéu cau & tudi thiét ké. Trong Hinh 8, cudng do chiu nén ctia céc
cip phdi bé tong & cic tudi dugc so sanh vdi cudng do chiu nén & tudi 90 ngay (Rop = 100%). RS
rang thiy rang, cp phdi PC chi yéu phat trién cudng do trong thdi gian 7 ngay dau. Cudng do chiu
nén sau 3 ngy va 7 ngay clia mau bé tong PC da dat khoang 1an ludt 80% va 90% Roo. Trong khi
do, cac cAp phdi bé tong sit dung tro bay, cudng do phat trién manh nhét trong khodng tit 7 dén 28
ngay. Cudng do chiu nén & tudi 7 ngay clia cac cip phdi st dung 20-40% tro bay chi dat 71-80% so
véi Rgg; dic biét 1a cap phdi st dung tif 50-70% tro bay, méi chi dat 44-66% so véi Rgg. Nhung dén
tudi 28 ngly, cac cip phdi sit dung 20-70% tro bay da c6 tdc dd phat trién cudng do rit nhanh (dat
84-90% so v6i cudng do Rop). Viéc cac cip phdi bé tong sit dung ham lugng tro bay rét cao (60-70%)
phat trién cudng do cham sau 28 ngly c6 thé dudc gidi thich 1a do trong bé tong st dung ham lugng
tro bay 16n, lugng xi méng st dung rit thip (chi con 168-224 kg/m?) nén san phdm Ca(OH), tao ra
tif phan ting thiy héa clia xi ming ciing thip, bdi vdy khong c6 di lugng Ca(OH), dé€ tham gia phin
ting Puzolanic vé6i SiO; hoat tinh trong tro bay dé tao cac san phadm C-S-H [13, 26]. Hién tugng nay
can phai dugc tinh dén khi thiét k& thanh phan bé tong st dung ham lugng tro bay 16n va c6 thé bs
sung thém bién phap bdo dudng nhiét 4m dé thic ddy su thdy héa cla xi ming, ciing nhu phén ting
puzolan gitta Ca(OH); va SiO; v6 dinh hinh trong tro bay [40].

4. Két luan

Trén co s6 cac vt liéu st dung va két qua thi nghiém thu dudc, mot sé két luan dudgc rit ra nhu
sau:

- Hoan toan c6 thé ché tao dudc bé tong cudng dd cao trén 60 MPa sit dung tro bay chua tuyén tir
Nha mdy nhiét dién Quang Ninh v6i ham lugng 16n (t6i 60%). Néu cudng do thiét ké yéu cau & tudi
28 ngay dat 60 MPa thi chi nén st dung t6i da 50% tro bay thay thé xi ming. Con néu tudi bé tong
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thiét ké yéu cau & 90 ngay thi c6 thé st dung dén 60% tro bay thay thé xi miing ma bé tong van dat
yéu ciu vé cuong do cao.

- Viéc stt dung tro bay sé 1am ting tinh cong tdc ctia hon hop bé tong khi st dung 20-50% thay
thé xi ming. Nhung khi lugng tro bay ting 1én téi 60-70% chit két dinh thi mifc do ting tinh cong tic
bi giam do tdng ludng than chua chay 16n trong hon hgp bé tong.

- Cudng do chiu nén clia céc loai bé tong st dung tro bay & tudi sém ngay (< 7 ngiy) ludn thap
hon nhiéu va phét trién chidm hon so véi cudng do chiu nén clia cic cip phdi ddi chiing khong st dung
tro bay. Tuy nhién & tudi dai ngay (> 28 ngay), cudng do chiu nén cta bé tong sit dung ham lugng t6i
50% tro bay van dat tuong duong va tham chi vuot ca cudng do chiu nén clia miu bé tdng ddi chiing.

- Khi ty 18 tro bay thay thé xi miing ting, tc do phat trién cudng do chiu nén ctia bé tong cudng
do6 cao ham lugng 16n tro bay gidm.

Loi cam on

Nghién ctiu ndy dudc tai tr¢ bdi Bd xay dung cho dé tai “Nghién citu va phat trién ting dung bé
tong cudng do cao st dung ham luong tro bay 16n trong cc két ciu cong trinh ven bién va hii dao”,
ma s6 RD25-20.
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