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ANH HUONG CUA CHE PO DUONG HO PEN CUONG PO
CHIU NEN CUA BE TONG CHAT LUQONG SIEU CAO

Lé Trung Thanh*

Tém tit: Bé téng chét lwong siéu cao (Ultra High Performance Concrete - UHPC) thuong cé cuong dé chiu
nén Ién hon 150 MPa va cwong dd chiu uén trong khodng 15 - 40 MPa la mét loai bé téng thé hé méi co
tinh néng vurot tréi so véi céc loai bé téng cuong do cao. Sw phét trién cudong dé cia UHPC phu thuéc vao
ché dé dudng hé & nhiét d6 cao. Bai bao trinh bay két qua nghién ctru vé anh huéng cia cac ché dé dudng
hé dén cuong dé chiu nén cua bé téng chét long siéu cao (UHPC). Céac két qua cho thdy & ché dé dudng
hé nhiét 4m (90 + 2°C, RH = 95%) cuong dé nén cia bé téng cao hon so véi mau dudng hd & ché do tiéu
chuén (20 + 2°C, RH = 95%). Bdng thoi, sau khi dudng hé nhiét &m méu bé téng duoc lam ngudi va dubng
hé trong diéu kién khéng khi sé cho cuong do I6n hon so véi mau duoc dudng hé trong nuéce. Piéu nay cé
y nghia rét I6n trong thuc té béi vi khi d6 céc céu kién bé téng duoc dudng hé trong khéng khi sé dé dang
va tiét kiém duroc rét nhidu chi phi so véi dudng hé trong nuéc & 20°C.

Tor khéa: Bé téng chat luong siéu cao (UHPC); ché dé dudng hd; cudng dé nén.
Influence of curing regimes on compressive strength of UHPC

Abstract: Ultra High Performance Concrete (UHPC) having over 150 MPa compressive strength and 15-40
MPa flexural strength is considered as the latest generation of concrete technology and highly advanced
performance compared with high strength concrete. The development of UHPC strength is significantly
dependent on curing regime with high temperature. This research is to investigate the influence of curing
regimes on the compressive strength of UHPC. The experimental results show that the curing regimes influ-
ence significantly on the development of compressive strength of UHPC, in which the post-heat treatment
curing (90 + 2°C, RH = 95%) improves the compressive strength higher compared with the standard curing
(20 + 2°C, RH = 95%). Moreover, after post-heat treatment, the UHPC samples cured under air curing gain
higher compressive strength than those cured in water. These results are very helpful in practice because
the air curing for UHPC is more convenient and economical than water curing at 20°C.
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@ 1. Gi&i thiéu

Bé téng chét lwong siéu cao (UHPC) dwoc coi la mét san phdm mang tinh bwdc ngoét clia sy phat
trién mai déi véi cong nghé xay dwng ndi chung va cdng nghé bé téng néi riéng [1-3]. UHPC da duoc
nghién ctu tlr d4u nhirng ndm 90 cla thé ky XX & Phap va Canada [4,5], v&i cac ddc tinh vwot troi so véi
bé téng thwdng nhw cwéng d6 nén rat cao (thwdng Ién hon 150 MPa), cwdng dd udn Ién (khi st dung cbt
soi) 15-40 MPa, médun dan hdi cao tir 50-60 GPa, do thAm thap va dd bén rat cao [4]. V&i cwéng d6 cao,
str dung UHPC cho phép thiét ké cac két cAu mdéng hon, két qua la cing mét kha néng chiu lwc nhung lvong
vat liéu st dung it hon.

Hién nay, dé dat dwoc cwong do nén cao cac nha khoa hoc da ap dung rat nhiéu gidi phap nhw giam
ty 16 N/CKD, s dung phu gia khoang (PGK) min, t6i wu héa thanh phan hat ctia bé téng... Mét trong nhirng
bién phap hiéu qua co thé ap dung trong thuc t& do 1a ché dd dwdng ho nhiét &m, tuy nhién viéc ap dung
ché d6 dwdng hd nhw thé nao dé dat dwoc hiéu qua cao nhat ca vé kinh té, k§ thuat dén nay chwa cé nhiéu
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két qua nghién ctru dwoc cong bé. Do vay, viéc nghién ctru v& anh hwéng ctia ché dd dwdng hd nhiét dén
cwdng dd nén cla bé téng, tir d6 dwa ra nhirng giai phap vé& dwdng hd dé& nang cao chét lwong bé téng la
rét can thiét.

Thoéng thweng, khi 4p dung ché dé duéng ho nhiét &m, mot sé wu diém co thé thdy nhw sau [5,
6]: Cai thién vi cAu trdc va phat trién cwéng d6 nén cla bé tong & tudi sém, bé téng cé thé dat trén 80%
cwong do cudi cung sau khi duwdng hd nhiét am; Cwong dd nén va cwong do kéo sau khi dworng hd nhiét
4m cao hon khoang 20% so v&i bé téng dwdng hd thwdng sau 28 ngay; Gidm co ngét va gidm tir bién sau
khi duwéng ho nhiét &m, tdng dd co sau khi dwéng ho nhiét bang “0”; O nhiét d6 cao qua trinh thiy hoa cda
xi méng xay ra nhanh hon ddng thdi thic day qua trinh phan (rng puzolanic gitta PGK va Ca(OH), sinh
ra trong qua trinh thay héa clGa xi mang, 1am téng do déc chic, tdng cwong d6 va dd bén 1au cho bé téng.

Déi v&i UHPC véi déc diém dac trung 1a ty 18 Nuwdc/Chét két dinh rat thap (thwdng nhé hon 0.25
theo khéi lwong) va st dung ham lwong xi méng, PGK rét I, thi dwéng ho nhiét &m dwoc coi 1a mot trong
nhi*ng nguyén tic quan trong trong ché tao bé téng. Cac diéu kién duwéng ho khac nhau sé cai thién cac tinh
chét clia bé téng UHPC khac nhau. Tac gid Zanni [7] chi ra ring, khi duwdng hd nhiét &m sé thuc day qua
trinh thiy héa clia xi mang, tdng d6 d&c cu tric va cwong dd UHPC. O didu kién duéng ho nhiét dm, mic
d6 thay hoa tang twong (ng theo théi gian dwéng ho tir 8 dén 48 gitr. Theo tac gia Acker [8] viéc dwéng
hé & nhiét d6 90°C khong nhivrng giam co ngét va tir bién trong UHPC ma con thic ddy qua trinh phan trng
puzolanic va qua trinh nay dac biét phu hop véi hén hop coé sir dung GBFS véi ham lwong Ién [9, 10]. Theo
Cheyrezy [11] &nh hwéng cla diéu kién duwéng hd dén mire dd phan (ng puzolanic trong UHPC khac nhau.
O diéu kién nhiét dd 90°C va 250°C, mirc do phan (rng puzolanic la twong dwong dat khoang 90%, trong
khi & diéu kién dwdng ho thweng (& 20°C) ty 1€ nay la 72%. Thém niva, & nhiét d6 200°C d& bat dau cé sw
hinh thanh cla céc tinh thé xonotlite.

Bén canh d6 ché do duéng ho dbi véi UHPC cling anh hwdng dén tinh chét ctia bé téng, mot sé cac
tac gid da dé xuét cac ché do khac nhau (Bang 1).

Tw cac khao sat nay rd rang cho thay diéu kién duéng hd cé &nh hwéng rat I6n dén cac tinh chét cla
bé téng v&i cac ché dd dwdng hod khac nhau. Tuy vay, ché d6 téi wu déi véi dwdng hod bé téng UHPC can
dwoc nghién ciru dé giam thidu nang lwong st dung va cai thién I&n nhéat cac tinh chét ctia bé tong. Xuét
phat tir Iy do nay, bai béo sé trinh bay nghién ctru v& sw anh hudng clia cac ché do duéng ho khac nhau va
dwa ra dé& xuét vé ché do duédng ho ddi véi bé tong UHPC.

@ 2. Vat liéu str dung va phwong phap thi nghiém

2.1 Vét liéu str dung

Vat liéu sir dung trong nghién ctru bao gém: xi mang poocléng loai 42.5N. Silicafume dang hat roi
v&i khdi lwong thé tich tir 250 dén 300 kg/m?. Cat s dung trong nghién ctvu c6 dwdng kinh c& hat trung
binh 1a 270 pym, d6 réng clia cat & trang thai tw nhién la 37%, lwong nwédc béo hoa khd bé& mét 1a 1.1%; phu

Bang 1. Mét s6 dé xuét vé ché dé dudng hé UHPC

TT | Thoi diém bat ddu dwéng hd nhiét | Ché do dwéng ho Thei gian dwdong ho nhiét TLTK
1 | Két thac dong két 90°C * 10°C, 95% RH 48 gio [12, 13]
2 | 14 gio (sau khi thao khuén) Nwéc nong 90°C - [14]
3 | 7 ngay (sau khi duc) Nwéc nong 90°C 2 ngay [15]
4 | 7 ngay (sau khi duc) Nwéc néng 90°C 4 ngay [15]
5 | 70 gi® (sau khi duc) 90°C, 100% RH 48 gio [16]
6 | 5 ngay (sau khi duc) 90°C 2 ngay [17]
7. | 24 - 48 gi® (sau khi dtic) Tir 90°C dén 450°C 24 gio - 1 tudn [18]
9. | 24, 48, 168 gi®’ (sau khi duc) 90°C 24, 48, 96 gio [19]
10 |- 90°C 3 ngay [20]
11 | 24 gio (sau khi duc) 90°C, 95% RH 48 gioy [21]
12 | 24 gio (sau khi duc) Nwéc nong 90 + 2°C 3 ngay [22]
13 | 7 ngay (sau khi duc) Nwéc nong 90°C 3 ngay [23]
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gia siéu déo gdc polycarboxylate véi ham lwong Bang 2. Thanh phén héa cta vat liéu

chat kho qat 25%. Soi thép str dung trong nghién Ham lwong céc oxit, %
ctru la loai thép cac bon cwong dé cao véi duwong Oxit =
kinh trung binh khoang 0.2 mm, chidu dai 13 mm - 7 .
va cwong do kéo trén 2000 MPa. Thanh phan héa CaO 64.1
clia mot s6 vat liéu str dung trong nghién clru dwoc SiO, 20.64 90 97.02
2.2 Phwong phap thi nghiém Fe,O, 2.24 0.24
Trong nghién ctru nay cwong dd nén cua MgO 1.25
bé tong duoc xac dinh theo tiéu chuan BS EN N,O 0.19
12390-3:2009 v&i mau co kich thwdc 50%x50x50
x S . i a . K,O 0.76 0.7
mm. Mau sau khi duwdng hd sé dwoc nén trén may 2
thay Iwc véi téc do tang tai 2.5kN/s cho dén khi SO, 3.66
mau bi pha hay. Véi tw do 15
2.3 Qud trinh trén va dic méu MKN <3 0.24

Vat liéu dwoc dinh lwong va cho vao may tron truc dung theo th& tw: xi mang, silicafume va cat.
DPAau tién hdn hop vat liéu dwoc tron khd trong thoi gian 1 phat, sau d6 cho hén hop nwéc va phu gia vao
thung tron. Vat liéu dwoc tron dén khi hdn hop bé tong chuyén tir trang thai kho sang trang thai chay. Téng
thoi gian tron khoang 10 dén 15 phat va ddm bédo hén hop bé tdng dwgc ddng nhat. Sau d6 soi duoc dua
vao va tiép tuc tron trong khodng thdi gian trén 5 phit d& dam bao soi dwoc phan tan déu trong hén hop

bé tong.

@ 3. Thanh phan cap phéi va cac ché dé dwéng ho

3.1 Thanh phan cap phdi

Trong nghién clru nay dé tai lwa chon va thi
nghiém 2 cap phdi v&i ham lwong soi khac nhau
la 0% va 2.5% (tinh theo thé tich bé téng), twong
&ng v6i ty 18 N/CKD = 0.15 va 0.17 (tinh theo khéi
lwgng). Lwong vat liéu dwoc Iwa chon véi ham
lwong SF st dung chiém 20% theo khéi lwong
CKD (Bang 3).

3.2 Céc ché dé dwéng hod

V6i mau UHPFRCO st dung 0% soi thép,
mau sau khi duc trong khuén 50x50x50 mm sé&
dwoc dwdong hd trong 14 diéu kién khac nhau
d& tim ra ché d6 dwéng ho t6t nhat cho mau
UHPFRCO. Mau UHPFRCO sé& dwoc chia lam 3
nhém chinh véi cac ché d6 duéng hd nhiét dm
khac nhau: 6.25 ngay (ché dd 3-6), 6 ngay (ché do
7-10) va 4 ngay (ché dd 11-14). Sau d6 mau dwoc
so sanh v&i ché d6 dudng ho tiéu chuén (20+£2°C,
RH = 95%) va mau dwéng ho trong diéu kién nhiét
4m (90£5°C, RH = 95%) dén tudi thi nghiém.

Bang 3. Thanh phén cép phéi st dung
trong nghién ctru

Vat liéu str dung UHPFRCO | UHPFRC2.5

Xi mang, (kg/m?) 955 932
Silica fume, (kg/m?®) 239 233
CKD, (kg/m?) 1194 1165
Cat, (kg/m?®) 1051 1025
o rong cat, Gy | 6| 113
Phu gia siéu déo, (kg/m?) 50.0 48.8
'('kL; 7;?)””0‘3 ST 179.9 196.5
Ty 1& N/CKD, theo khéi lugng 0.15 0.17
Ham Iu’qnzg soi thép, 0 25
% theo thé tich bé tong

Cac ché do duéng hd mau UHPFRCO khac nhau dwoc thé hién trén Hinh 1.
Vé&i mau UHPFRC2.5 st dung 2.5% soi thép, mau sau khi duc trong khuén 50x50x50 mm sé& dwoc

dwéng ho theo 6 ché dd khac nhau, cu thé:

S 1& dwdng hé tiéu chuén: Mau dwoc duéng ho trong nwéc & nhiét d6 20+2°C dén khi tudi thi nghiém:;

H Ia dwéng ho nhiét &m: Mau dwoc duéng hod trong nwdc & nhiét dd 90+5°C dén khi tudi thi nghiém:;

S3d.H la mau dwoc dét & trong budng dwdng ho nhiét &m 3 ngay ké tr khi dic mau;

S7d.H 1a mau duoc dat & trong budng duéng hd nhiét Am 7 ngay ké tir khi duc mau;
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Céc diéu kién duéng ho

GHI CHU: M&u lu trong khusn | Mau duoc lam nguai trong nuéc
MAu dwéng h & diéu kién tiéu chuén | MAu duéng ho trong khong khi
M&u dwéng hd & didu kién nhiét &m
Hinh 1. Céc ché dé duéng hé méu UHPFRCO khac nhau st dung trong nghién ctru
S14d.H 1a mau dwoc dit & trong budng duwéng ho nhiét m 14 ngay ké tr khi dic mau;

S28d.H la mau dwoc dét & trong budng dwdng ho nhiét &m 28 ngay ké tir khi dic mau.

@ 4. Két qua va ban luan

4.1 Anh hwéng cta ché dé dwéng hé dén cwdng dé nén ctia mau UHPC déi chieng (stk dung
0% soii thép)
Két qua thi nghiém vé anh huéng clia ché d6 duwéng hd dén cwdng d6 nén ctia mau UHPFRCO (mau
UHPC dbi chirng khdng st dung sgi thép) dwoc thé hién & Bang 4 va Hinh 2.
Bang 4. Anh hudéng ctia ché dé dudng hd dén cudong dé nén ciia méu UHPFRCO déi ching
(str dung 0% soi thép)

Cwong do Ché do6 dwong ho
nén 1 2 3 4 5 6 7 8 9 10 1 12 13 14
o 122.0 | 158.8 | 157.2 | 186.8 | 167.2 | 160.0 | 154.0 | 164.0 | 170.0 | 153.2 | 170.8 | 178.4 | 167.2 | 163.6
14 n(g);,;;,olllea 129.2 | 165.6 | 168.0 | 160.8 | 145.2 | 166.8 | 192.4 | 182.0 | 175.2 | 188.0 | 170.8 | 176.0 | 187.2 | 206.0

127.2 | 184.0 | 171.2 | 164.0 | 174.4 | 171.2 | 185.2 | 168.0 | 164.0 | 162.4 | 199.2 | 173.2 | 160.4 | 162.0
TB, MPa 126.1 | 169.5 | 165.5 | 170.5 | 162.3 | 166.0 | 177.2 | 171.3 | 169.7 | 167.9 | 180.3 | 175.9 | 171.6 | 177.2
142.0 | 207.2 | 172.4 | 168.8 | 180.0 | 160.0 | 190.8 | 140.8 | 177.2 | 179.2 | 200.0 | 156.8 | 188.0 | 149.6
146.0 | 184.0 | 176.8 | 152.0 | 204.8 | 153.2 | 176.4 | 150.0 | 172.4 | 149.2 | 178.8 | 136.0 | 173.2 | 161.2
129.6 | 188.8 | 177.2 | 150.8 | 176.4 | 158.0 | 168.8 | 166.0 | 161.6 | 175.6 | 203.6 | 160.0 | 180.0 | 160.8
Trung binh, MPa | 139.2 | 193.3 | 175.5 | 157.2 | 187.1 | 157.1 | 178.7 | 152.3 | 170.4 | 168.0 | 194.1 | 150.9 | 180.4 | 157.2

O tudi
28 ngay, MPa
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120 WiB =0.15; 120 WWB=0.15; 120 WB=0.15
20% SF 20% SF 20% SF
110 110 10
12z 3 4 5 B 12 7 8 @ 10 12 11 12 13 14
Diéu kién dudng ho Piéu kién dudng ho Piéu kién dudng ho
(a-Nhom 1) (b-Nhom 2) (c-Nhém 3)

Hinh 2. Anh huéng ctia ché dé duéng ho dén cuong dé nén ctia mdu UHPFRCO déi ching
(str dung 0% soi thép)
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Cac két qua thi nghiém cho thay, mau UHPFRCO dwéng hd & diéu kién nhiét &m co cwong dd
nén cao hon so véi cac mau duwdng hd & ché dd duwéng ho tiéu chudn (20 + 2°C, RH = 95%). Cac mau
UHPFRCO dwoc duéng hd & ché do sb 2 va sb 11 cho cwdng dd nén cao nhat, cudng dd nén & tudi 28 ngay
dat khoang 194 MPa. V&i mau UHPFRCO sau khi dwoc duwéng ho nhiét &m, sau d6 dwoc 1am ngudi va tiép
tuc dwéng ho trong nwéc & 20°C (ché do dudng ho sb 4, 6, 8, 10, 12, 14) c6 cudng d6 nén giam, trong khi
dé v&i cac mau sau khi dudng ho nhiét Am dwoc 1am ngudi va dwéng ho trong khéng khi (ché dé dwéng
ho s6 3, 5,7, 9, 11, 13) cé cworng dd nén ting. V&i cac mau UHPFRCO sau khi dwdng ho nhiét &m sé tiép
tuc dwgc dwdng hd trong nwéc cé cwdng dd nén gidm diéu nay co thé do mau UHPFRCO bj hut mot lwong
nwéc nhat dinh vao hé théng 16 réng. UHPFRCO sau khi duéng ho nhiét &m da dat dworc cwdng dd nén Ién
nhét, do d6 khi ham lwong 4m trong mau cang ting thi cwéng dd nén clia mau cang gidm. Mau UHPFRCO
dwdng ho & ché dd sb 11 cho hiéu qua I&n nhat béi vi mau chi dwoc duwéng hd nhiét Am trong 4 ngay, sau
do6 mau tiép tuc dwoc dudng ho trong khong khi dén tudi thi nghiém.

4.2 Anh hwéng cua ché dé dwéng hé dén cwong d6 nén ctia madu UHPFRC2.5 st dung 2.5%
soi thép

Cac mau UHPFRC2.5 sau khi dic mau sé& dwoc dwdng hod trong 6 ché dd khac nhau. Vi ché
do6 s6 1 va sé 2, twong tng cac mau UHPFRC2.5 dwoc dwdng ho hoan toan trong didu kién tiéu chuan
(ngadm trong nwéc & 20+2°C) va sau khi duc mau 01 ngay, mau dwoc dwéng hd hoan trong nuéc &
90+5°C. V¢&i ché do sb 3, 4, 5 va 6, mau sé dwoc dwdng ho nhiét &m sau 3, 7, 14 va 28 ngay dén khi
mau thi nghiém.

Bang 5. Anh huéng clia ché do dudng hé dén cudng dé nén ctia madu UHPFRC2.5
(str dung 2.5% soi thép)

Ché a dirgmg hd No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
S H S3d.H S7d.H S14d.H S28d.H
63.3
1 ngay, MPa 67.5
65.0
Trung binh, MPa 65.3
91.6 150.4
3 ngay, MPa 82.6 143.6
81.2 148.4
Trung binh, MPa 85.1 147.5
108.2 178.8 162.0
7 ngay, MPa 111.2 177.2 154.0
112.5 178.8 170.0
Cuwong donén | Trung binh, MPa 110.6 178.3 162.0
(MPa) 126.4 177.6 193.2 180.8
14 ngay, MPa 123.6 194.8 183.2 169.6
126.4 170.8 170.4 164.4
Trung binh, MPa 125.5 181.1 182.3 171.6
143.2 186.8 185.6 194.8 172.4
28 ngay, MPa 143.6 180.4 203.6 181.6 186
144.8 193.6 185.2 176.8 178.8
Trung binh, MPa 143.9 186.9 191.5 184.4 179.1
146.8 183.2 167.5
56 ngay 151.6 197.6 174.7
150.8 200.4 176.5
Trung binh, MPa 149.7 193.7 172.9
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Két qua thi nghiém vé anh hwéng cla ché do6
dwéng hd dén cuong dd nén ctia UHPFRC2.5 (khi ham
lwong soi st dung 2.5%) dwoc thé hien & Bang 5 va
Hinh 3. Cac két qua cho thay, & ché dé duéng ho nhiét
4m cudng dod nén cla bé téng ting. & ché do dudng
ho s6 1 va sé 3, qua trinh duwdng hd nhiét dm duoc thuc
hién sau 1 va 3 ngay sau khi dic mau sé cho cwdng
do nén cao hon khi so sanh v&i cac ché do dwdng hd
khac (Hinh 3).

Cuwéng d6 nén clia bé tdng cao nhat dat dwoc &
ché dd mau dwoc dwdng hod nhiét m trong thoi gian 4
ngay. Sau 7 ngay tr khi dic mau, hiéu qua dwéng hod
nhiét clia bé tdng sé& giam. Hiéu qua I&n nhat dat dwoc
chi khi qua trinh dwdng hd nhiét dwoc thwe hién trong
vong 7 ngay ké tir khi duc mau.

@ 5. Két luan

T cac két qua nghién ctvu d3 trinh bay, mot s Tudi, ngay
két luan cé thé rat ra nhu sau: Hinh 3. Anh huéng cta ché do dudng ho
dén cuong doé nén cia mau UHPFRC
(str dung 2.5% sgi thép)

Cuwong dé nén, MPa

- Cac mau bé tong UHPC duéng ho theo ché do
nhiét Am (90 * 5°C, RH > 95%) c6 cwdng dd nén cao
hon so v&i mau bé téng dwéng ho theo ché d6 tiéu chudn (20 + 2°C, RH = 95%). Cuéng do nén dat Ién
nhat & ché d6 duwéng ho sb 3 va sb 11, twong (ng Ia 193.3 MPa va 194.1 MPa, tang gan 40% so v&i ché do
dwdng hd cé cwerng do th&p nhét (ché d6 dudng ho sb 1 véi cudng d6 nén 139.2 MPa).

- Qua trinh dwdng ho nhiét nén dwoc thuc hién sém, ngay sau khi bé tdng da dong két. Qua trinh
dwéng ho nhiét &m dat hiéu qua nhét 13 4p dung théi gian dwéng hd 4 ngay sau khi dic mau 3 ngay (mau
UHPFRCO v&i ché do dudng ho nhiét &m S3d.H). V&i ché do nay cwéng dd nén ciia mau tang 33% so voi
ché d6 dwéng ho tieu chuan (ché d6 dwéng ho S).

- Cwéng d6 nén clia cac mau UHPC khéng bi anh hwéng dang k& khi st¢ dung thém soi thép (ng
véi cling mot ché do dwéng ho.
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