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NGHIEN CUU THUC NGHIEM SU DUNG Xi LO CAO
NGHIEN MIN TRONG SAN XUAT BE TONG BQT HOAT TIiNH
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Nghzen citu nay suw dung xi lo cao nghién min dé thay thé mét phan xi mang trong
sdn xudt bé tong bot hoat tinh. Cac mau nghién ciru sir dung xi [0 cao nghién min thay thé
tir 15% dén 60% xi mang. Két qua thi nghiém cho thdy, sir dung xi [6 cao nghién min gép
phan cdi thién tinh céng tac ciia bé tong, giam khoi heong thé tich ciia bé tong tuwoi, giam
d¢ hiit nudce va tang kha nang cdach nhiét. Mdc di gid tri vdn toc truyén xung siéu am ciia
bé téng giam khi tang ham lwong xi 16 cao nghién min, tuy nhién cdc mau bé téng trong
nghién cuu nay van dat chat luwong 16t véi cuong do chiu nén lon hon 75 MPa, van téc
truyén xung siéu dm trén 4200 m/s va dé hit nuwde nhé hon 3,42%. Duwa trén két qua thi
nghiém tir nghién civu nay, ham lwong xi 16 cao nghién min thay thé xi médng phit hop dwoc
dé xuat sir dung tir 15% dén 30%.

Tir khoa: Bé tong bét hogt tinh, bé téng tién tién, xi 16 cao nghién min.
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1. PAT VAN BE

Ngay nay, nhu cau str dung thép phuc vu cac nganh cdng nghiép ciing nhu xay dung co
s& ha tng ngdy cang gia tang, nhiéu nha may san xuét thép duoc dau tu xay dung. Tuy nhién,
qué trinh ndy ciing thai ra mot luong 16n chat thai rin trong d6 co xi 10 cao. Theo thong k&, mdi
nam tai cc nha may san xuat thép tai Viét Nam c6 khoang 1,12 triéu tan xi 10 cao nghién min
duoc tao ra [1]. Ciing nhu cac nganh cong nghiép khéc, viéc xir Iy cac chét thai ran ludn 1a van
dé cap thiét vi lién quan truc tiép dén chi phi xir Iy méi truong ciing nhu chi phi san xuat. Do do,
Viéc téi str dung cac cht thai nay cho cac muc dich khéc, chang han trong san xuat vat liéu xay
dung nhan dwoc nhidu su quan tam tir cAc nha nghién ciru trong va ngoai nude. Mit khéc, qua
trinh san xuat bé tdng can mot lwong 16n xi mang, trong khi dé san xuét xi mang can tiéu thy
mat khdi luong 16n tai nguyén thién nhién va dong thoi thai ra khi quyén mot lwong CO, rat Ion,
gay 6 nhiém méi truong, 14 tac nhan gay ra hién tugng bién doi khi hau [2]. Hién nay, trén thé
gi6i da co nhiéu nghién ciru vé sir dung xi 10 cao nghién min trong san xuét bé tong [3,4]. Két
qua cho thay, khi sir dung véi ham luong thich hop, xi 10 cao nghién min c6 thé cai thién mot
s tinh chat co 1y ciia bé tong. Ngoai ra, xi 10 cao nghién min ciing dwoc (g dung nhu vat liéu
két dinh trong ché tao vira xay dung [5][6], san xuat bé tong tu 1én [7][8] va bé tdng bot [9][10].
Tuy nhién, viéc sir dung xi I6 cao nghién min trong san xuat vat liéu xay dyng tai Viét Nam
van con han ché, dac biét 1a trong mot s6 loai bé tong tién tién nhu bé tong bot hoat tinh [1].
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Bé tong bot hoat tinh 1a mot loai bé tong tién tién st dung chu yéu cac vat liéu dang bot
c6 do hoat tinh cao. Cac vat liéu nay tham gia cac phan tng héa hoc tt va lam cho két ciu
ctia bé tong dic chac va bén viing voi méi truong. Cac nghién ciru trude cho thiy bé tong bot
hoat tinh ¢6 hiéu nang vuot troi so vai bé tong thong thuong [11][12]. Tuy nhién, nhuge diém
I6n nhét cua loai bé tng ndy la gia thanh cao do st dung luong I6n xi méing va silica fume
lam chit két dinh [13]. Hon nita, v6i ham luong xi mang 16n, cac phan ung thily hoa xay ra
manh mé& lam tang nhiét do trong bé tong, gay ra hién tuong co ngét. Vi vay, can nghién ciu
dé giam bét luong xi mang trong thanh phan cap phdi cua bé tong bot hoat tinh.

Nhu da dé cap ¢ trén, véi luong xi 16 cao nghién min thai ra ngay cang Ion, trong khi
viéc tai st dung chidng trong san xuét céc loai bé tdng tién tién & Viét Nam con han ché.
Nghién ctru nay duoc tién hanh nhiam danh gia thyc nghiém kha niang st dung xi 10 cao
nghién min dé thay thé mot phan xi mang trong san xuat bé tong bot hoat tinh. Anh hudng
ctia ham luong xi 10 cao nghién min 1én mot s tinh chat co 1y cta bé tong nhu d6 linh dong,
khéi luong thé tich bé tong twoi, cuong do chiu nén, van tc truyén xung siéu am, d6 hit nuéc
va do truyén nhiét duoc danh gia. Két qua thu dwoc gop phan tao mot loai vat lidu co cuong
d6 cao, st dung mot phan chat thai ran cong nghiép va gidp tiét kiém tai nguyén thién nhién.

2. VAT LIEU VA PHUONG PHAP THI NGHIEM
2.1. Vit ligu

Xi mang st dung la loai PCB40 ctia nha may xi ming Nghi Son, ¢6 khéi luong riéng
la 3,12 tin/m?®. Silica fume duoc mua tir cong ty IPRO, ¢ khdi luong riéng 2,21 tan/m?®, xi
10 cao nghién min duoc ldy tir nha may thép Hoa Phat véi khdi lwong riéng 2,82 tan/me.
Trong khi xi ming va silica fume 1a cac chat két dinh chinh trong thanh phan bé tong bot
hoat tinh, xi 10 cao nghién min duoc st dung dé thay thé mot phan xi mang nham tai st dung
chat thai ran céng nghiép ciing nhu giam bét lugng nhiét phét sinh trong qua trinh thuy hoa
cua bé tong. Cot lidu st dung 1a cat min c6 ngudn gbc tir song Ma va duoc sang qua cac ray
sang dé Iy kich ¢& hat trong khoang tir 0,15 dén 0,63 mm. Nghién ciru ciing st dung phu
gia siéu déo Sikament NN dang long, mau nau nhat, d6 pH 8,65, ty trong 1,15 kg/lit & giam
lugng nudc tron va ting tinh cong tac cho hon hop bé tong. Hinh 1 minh hoa cac vat liéu
khé duoc sir dung trong nghién ctu nay.

2.2. Thiét ké thanh phan cip phéi cia bé tdong bét hoat tinh

Cap phdi ctia cac hdn hop bé tong duoc thiét ké cho 1 m® va dugc trinh bay trong Bang 1.
Mau ddi chimg XLO00 dugc thiét ké trude véi chat két dinh bao gom 75% xi méang va 25% silica
fume, ty Ié nuac/chat két dinh (N/CKD) bang 0,24, ty 1 cat/CKD bang 1,0. Cac mau tiép theo sir
dung xi 10 cao nghién min dé thay thé 15%, 30%, 45% va 60% xi ming theo khi luong, trong
tmg duoc cac mau XL15, X130, XL45 va XL60. Trong d6 XL la ki hiéu caa xi 10 cao nghién
min, cac 6 dimg sau (15, 30, 45 va 60) tuong (ng chi ham lwong phan tram xi 10 cao nghién min
(tinh theo khéi lwong) thay thé xi méang trong cac mau vita. Ham luong phu gia siéu déo duoc
ding diéu chinh d& hdn hop bé tdng bot hoat tinh ¢ do chay xde trong pham vi 18 + 2 cm.
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(a) (b)
Hinh 1. Vit ligu thi nghiém a) xi miing, b) silica fume, ¢) xi 10 cao nghién min va d) cat

Bing 1. Thanh phan cip phdi bé tdng bt hoat tinh (kg/m?)

i Thanh phan cap phdi (kg)
TT | Ténmau | N/CKD )§I Silica Xi .I;O a0 | st | Nude Phu gia
mang fume | nghién min siéu déo
1 | XL0O 817,1 204,4 0 1021 | 2451 | 14,0
2 | XL15 683,6 201,0 120,6 1005 | 2413 | 131
3 | XL30 0,24 553,3 197,6 237,1 988 | 237,1 | 14,0
4 | XL45 4284 194,7 350,5 973 | 233,7 | 12,2
5 | XL60 307,1 1919 460,7 960 | 230,3 | 105

2.3. Chuian bi mau va phwong phép thi nghiém

Cac loai vat liéu dau vao duoc chuan bi va can theo khéi lugng nhu & Bang 1 cho 01
mé tron. Céc vat liéu kho duoc cho vao may tron trude cho dén khi déu, sau do cho tir tir
hén hop nudc va phu gia siéu déo vao tron cho dén khi dugce hdn hop dong nhat. Do linh
dong caa hdon hop bé tong twoi duoc xac dinh theo TCVN 3121-2022 [16] ngay sau khi tron.
Luu ¥ rang, bé tdng bot hoat tinh c6 thanh phan cap phdi 1a cac hat min twong tu nhu vita,
do vay cac tinh chat co 1y ctia bé tdng bot hoat tinh dugc xac dinh dua trén cac tiéu chuan
thi nghiém cua vira. Sir dung phu gia siéu déo dé diéu chinh d6 chay xoe cia cac hdn hop bé
tong tuoi, sao cho tat ca cac hdn hop co do chay xoe trong khoang 18 + 2 cm. Tiép theo tién
hanh xac dinh khéi lwong thé tich bé tong twoi theo TCVN 3121-2022 [16]. Sir dung céc
khuon hinh lap phuong kich thude 50x50x50 mm dé dic mau xac dinh cuong d6 chiu nén
va d6 hat nuéc. Sir dung khudn hinh tru c6 duong kinh 100 mm, chiéu cao 200 mm dé dic
mau xac dinh van tdc truyén xung siéu am va do truyén nhiét. Do hat nude va do truyén
nhiét ctia bé tong duoc xac dinh tai 28 ngay tudi, trong khi cuong do chiu nén va van téc
truyén xung siéu 4m duoc xac dinh tai 3, 7, 14 va 28 ngay tudi. Do truyen nhiét cua bé tong
dugc do truc tiép bang thiét bi ISOMET-2014, trong khi van toc truyén xung siéu am duoc
thuc hién theo tiéu chuan ASTM C597 [17], cac tinh chat khac cua bé tong duoc xac dinh
dua theo TCVN 3121-2022 [14].

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Céc tinh chét ciia bé tong tuoi

Do chay xoe va khdi lugng thé tich bé tong tuoi duoc thé hién trong Bang 2. Cac hdn
hop bé tong bot hoat tinh c6 duong kinh d6 chay xoe nam trong khoang 16+19,5 cm, vdi
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ham luong phu gia siéu déo duoc sir dung tir 1,1+1,4% khbi luong cia chat két dinh. Khi
tang ham luong xi 10 cao nghién min ta thiy dudng kinh chay xde cta cac hdn hop bé tong
twoi ¢4 xu hudng tang 1én hodc ham luong phu gia siéu deo giam di. Két qua nay cho théy
do linh dong cua hén hop bé tong duoc cai thién khi st dung xi 16 cao nghién min thay thé
mot phan xi mang, diéu nay phu hop véi két qua nghién ctru cia Oner va Akyuz [18].

Nguyén nhan, do dudng kinh hat ctia xi 16 cao nghién min nh6 hon xi mang va silica fume,

nén lam ting kha ning chay cua bé tong [19]. Mat khac, tir Bang 2 ta thdy, khi ting ham
lwong xi 10 cao nghién min tir 0% dén 60%, khdi lugng thé tich cua bé tong twoi giam nhe
tir 2185 kg/m® xuéng 2120 kg/m?®. Diéu nay la do khéi luong riéng cua xi 10 cao nghién min
thap hon xi mang (2,82 tan/m® so véi 3,12 tan/m®). Do d6, viéc thay thé mot phan xi ming
bang xi 16 cao nghién min khong nhiing gitip cai thién do linh dong cua bé tong ma con gitp
giam khéi lugng thé tich ciia bé tong tuoi.

3.2. Cwong d9 chiu nén

Hinh 2 thé hién su phét trién cudng d6 chiu nén ciia cac mau bé tdng bot hoat tinh
chua xi 10 cao nghién min theo thoi gian. Cuong d6 chiu nén cua cac mau bé tong bot hoat
tinh tai 28 ngay tudi cua mau déi chang XLOO 1a 86,73 MPa, con cac mau st dung 15%,
30%, 45% va 60% xi 10 cao nghién min ¢6 cudng d chiu nén lan lugt 1 99,78 MPa, 91,63
MPa, 81,82 MPa va 75,70 MPa. Diéu nay c6 nghia la viéc thay thé 15% hozdc 30% xi mang
bai xi 10 cao nghién min giup ting cuong do nén cua bé tong bot hoat tinh. Piéu nay duoc
giai thich 1a do xi 16 cao nghién min c6 kich thuéc nho gidp ching ¢ kha niang dién day vao
céc 16 rdng bén trong bé tdng va cac phan ung puzolanic cia nd gop phan lam cho bé tong
ngdy cang dic chac, vi vay cudng do nén caa bé tong tang [18]. Tir Hinh 2 con cho thay,
ban dau miu XL00 c6 cuong do cao nhat, tuy nhién theo thoi gian, su phét trién cuong do
ctia mau nay c6 xu hudng cham dan so véi cac mau XL15 va XL30, diéu nay 1a do cac phan
g puzolanic caa xi 16 cao nghién min trong cac mau XL15 va XL30 xay ra cham hon so
Véi cac phan ing thuy héa cia mau XL00. Khi ham lwong xi 10 cao nghién min tiép tuc ting
vuot qua 30%, cuong do chiu nén cua bé tong giam con 81,72 MPa va 75,70MPa tuong ttng
v6i ham lwong xi 10 cao nghién min sir dung 13 45% va 60% so véi mau dbi ching c6 cuong
d6 chiu nén 1a 86,73 MPa. Hién twong nay 1a do lwong xi 10 cao nghién min st dung vuot
qua gia tri phu hop 1am mat di hiéu ung dién day caa nd. Tuy nhién, tit ca mau bé tdng bot
hoat tinh trong nghién ciru nay déu c6 cudng d6 chiu nén I6n hon 75,70 MPa & 28 ngay tudi,
cao hon déng ké so véi bé tong thong thuong sir dung trong thuc té véi cuong do chiu nén
khoang 20-50 MPa.

Bang 2. P9 chay xo0e va khoi lweng thé tich bé tong twoi

Tén | Hamlwong | Ham luong phu | Budng kinh Khéi lugng thé tich
mau | XLCNM (%) | giasiéu déo (%) | chay xoe (cm) | bé tong tuoi (kg/md)
XLO00 0 1,4 16,0 2185
XL15 15 1,3 16,0 2174
XL30 30 1,4 19,0 2142
XL45 45 1,3 17,5 2140
XL60 60 1,1 19,5 2120
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3.3.Van tdc truyén xung siéu am

Két qua xac dinh van téc truyén xung siéu am caa cac mau bé tong bot hoat tinh vai cac
ham luong xi 10 cao nghién min khac nhau dwgc thé hién & Hinh 3. Nhin chung, gid tri van
tc truyén xung siéu &m cua cac mau bé tong ting dan theo thoi gian va giam nhe khi ting
ham lugng xi 10 cao nghlen min. Theo thoi gian, cac phan tng thuy hda va pozzolanic lién
tuc xay ra 1am cho két cau bén trong ciia bé tong ngay cang dac chic, giup ting cuong do chiu
nén va gié tri van toc truyén xung siéu am Tai 28 ngay tudi mau XL0O0 c6 gié tri van tc truyen
xung siéu am la 4462 m/s, con cac mau XL15, XL30, XL45 va XL60 c6 cac gia tri van toc
truyén xung siéu 4m giam dan twong tng 124371 m/s, 4341 m/s, 4297 m/s va 4223 m/s. Theo
nghién ctru trude [15], van tde truyén Xung siéu &m va khdi luong thé tich cua bé tong c6 lién
quan chat ché voi nhau. Tir Bang 2 ta thdy, khi ting ham luong Xi 16 cao nghién min, khéi
luong thé tich be tong giam, dan dén gia trj van tdc truyén xung siéu 4m ciing giam. Tuy nhién,
su khac biét vé gia tri van toc truyén xung siéu am giita cac mau XL15 va XL30 so véi mau
d6i chimg XL00 1a khong dang ké, do khdi lugng thé tich bé tong turoi cia mau XL15 va XL30
nhé hon khong déng ké so vai mau XL00. Cac mau XL45 va XL60 co gié tri van toc truyén
xung siéu am giam nhiéu hon so voi mau ddi ching. Mat khac, nghién ciru trude di sir dung
gid tri van toc truyén xung dé phan loai chat luong cia bé tong, véi cac mau cd gid tri trén
4100 m/s dugc cho 1a c6 chét lugng tot [16] Céc mau bé téng st dung xi 10 cao nghién min
trong nghién ctru nay déu co gla tri van téc truyén xung siéu am 16n hon 4200 m/s & 28 ngay
tudi. Mat khac, c6 thé nhan thay mdi quan hé ti 1¢ thuan glua van toc truyén xung siéu am voi
cuong do chiu nen ctia cac mau bé tong. Khi gia tri van toc truyén xung siéu 4m tang, cuong
d6 chiu nén cia mau bé tong twong tng cling tang, va nguqc lai khi gia tri van tc truyén xung

siéu Am giam, cuong do chiu nén cia mau bé tong twong (rng giam.
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3.4. B¢ hit nwéc

Do hiit nwdc caa cac mau bé tong bot hoat tinh ¢ ngay tudi thir 28 dwoc thé hién trong
Hinh 4, c4c mau sir dung xi 10 cao nghién min déu c6 d6 hit nudc thap hon so véi mau doi
ching XL00. Mau XL15 c¢6 d6 hat nudc 2,47%, thap nhat so véi cac mau con lai. Cac mau
X130, XL45 va XL60 c6 do hut nudc twong tng 1a 2,51%, 2,70% va 3,22%, trong khi mau
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d6i ching XL00 c¢6 d6 hut nude 1a 3,42%. Didu nay co nghia 1a khi st dung ham luong xi 10
cao nghién min hop ly, gitip giam d6 hit nwdc cia bé tong. Ham luong xi 16 cao nghién min
hop ly trong nghién ciru nay duoc xac dinh 1a 15%, tuy nhién dé tang kha ning tai ché chat
thai ran cong nghiép thi c6 thé dung dén 30%. Ca 2 mau XL15 va XL30 déu ¢ cudong do chiu
nén 16n hon so v6i mau dbi chung trong khi do hiit nuéc thip hon. Nhu da dé cap o trén, kha
ning dién day va céc phan tng pozzolanic caa xi 10 cao nghién min 1am cho két cdu bé tong
dac chic hon, dan dén do hat nuéc cua cac mau sir dung xi 10 cao nghién min thip hon so véi
mau dbi chung [18].

3.5. P truyén nhiét

D6 truyén nhiét cia bé tong duge danh gia thong qua gia tri hé sb truyén nhiét, hé s6 nay
cang thap thi kha ning cach nhiét cia bé tong cang cao. Két qua do do truyén nhiét cua cac mau
bé tdng ng Vi cac ham luong xi 10 cao nghién min khac nhau duoc thé hién trén Hinh 5. Khi
tang ham luong xi 10 cao nghién min, do truyén nhiét cua cac mau bé tong giam. Ciing nhu gia
tri van toc truyén xung siéu am, do truyén nhiét caa bé tdng co lién quan truc tiép dén khoi
lwong thé tich cua bé tong [17]. Mau cd khéi lugng thé tich cang 16n thi hé sé truyén nhiét cang
cao. Cy thé, mau XL0O0 c6 khdi luong thé tich bé tong 16n nhat (2185 kg/m®), trong tng c6 do
truyén nhiét cao nhat (1,933 W/m.K). Tuong tir, mau XL60 c6 khéi luong thé tich bé tong nho
nhat (2120 kg/m®) ¢ hé sé truyén nhiét thip nhat (1,597 W/m.K). Nhu vay, viéc st dung xi 10
cao nghién min gitip cai thién kha nang cach nhiét cia bé tong bot hoat tinh giam.
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4. KET LUAN

Nghién ctru nay duoc tién hanh nham danh gia kha nang sir dung xi 10 cao nghién min,
mot loai chat thai ran trong cac nha may luyén thép, dé thay thé mot phan xi méing trong mot
loai bé tong tién tién, bé tdng bot hoat tinh. Mot s6 két luan chinh duoc rit ra tir két qua thyc
nghiém nhu sau:

Str dung xi 10 cao nghién min thay thé mot phan xi méng gitp cai thién do linh dong,
giam khéi Iuwong thé tich cia bé tong tuoi, giam d6 hat nude va tang kha nang cach nhiét.
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Mic du sir dung xi 16 cao nghién min 1am giam gia tri van téc truyén xung siéu am,

tuy nhién tit ca cac mau sur dung xi 10 cao nghién min trong nghién ctru nay déu ¢ gia tri
I6n hon 4200 m/s.

Str dung ham luong hop 1y xi 16 cao nghién min thay thé xi mang gitp ting cuong do

chiu nén cua bé tong. Trong pham vi cua nghién ctru nay, ham lugng xi 10 cao nghién min
hop ly dung dé thay thé xi mang dugc dé xuat trong khoang tir 15% dén 30%.

[1]

[2]

3]
[4]

[5]
[6]
[7]

[8]
[9]

[10]

[11]

[12]

[13]

46

TAI LIEU THAM KHAO

Ngo, S.H., Huynh, T.P. (2022), Effect of paste content on long-term strength and
durability performance of green mortars, Journal of Science and Technology in Civil
Engineering (STCE)-HUCE, 16 (1) 113-125.

Belaid, F. (2022), How does concrete and cement industry transformation contribute
to mitigating climate change challenges?, Resources, Conservation and Recycling
Advances, 15, 200084.

Ganesh Babu, K., Sree Rama Kumar, V. (2000), Efficiency of GGBS in concrete,
Cement and Concrete Research, 30, 1031-1036.

Ahmad, J., Kontoleon, K.J., Majdi, A., Nagash, M.T., Deifalla, A.F., Ben Kahla, N.,
Isleem, H.F., Qaidi, S.M.A. (2022), A comprehensive review on the ground granulated
blast furnace slag (GGBS) in concrete production, Sustainability 14, 8783.

Wan, H., Shui, Z., Lin, Z. (2004), Analysis of geometric characteristics of GGBS particles
and their influences on cement properties, Cement and Concrete Research, 34, 133-137.
Siddique, R., Bennacer, R. (2012), Use of iron and steel industry by-product (GGBS)
in cement paste and mortar, Resources, Conservation and Recycling, 69, 29-34.
Al-Oran, A.A.A., Safiee, N. A., Nasir, N.A.M. (2019), Fresh and hardened properties
of self-compacting concrete using metakaolin and GGBS as cement replacement,
European Journal of Environmental and Civil Engineering, 26, 379-392.

Dinakar, P., Sethy, K.P., Sahoo, U.C. (2013), Design of self-compacting concrete with
ground granulated blast furnace slag, Materials and Design, 43, 161-1609.

Samson, G., Cyr, M., Gao, X.X. (2017), Thermomechanical performance of blended
metakaolin-GGBS alkali-activated foam concrete, Construction and Building
Materials, 157, 982-993.

Awang, H., Aljoumaily, Z.S., Hussain, R.R. (2017), Influence of granulated blast furnace
slag on mechanical properties of foam concrete, Cogent Engineering, 4, 1409853.
Cwirzen, A., Penttala, V., Vornanen, C. (2008), Reactive powder based concretes:
Mechanical properties, durability and hybrid use with OPC, Cement and Concrete
Research, 38, 1217-1226.

Sanjuan, M.A., Andrade, C. (2021), Reactive powder concrete: Durability and
applications, Applied Sciences, 11, 5629.

Zhang, M.H., Tam, C.T., Leow, M.P. (2003), Effect of water-to-cementitious
materilas ratio anh silica fume on the autogennous shrinkage of concrete, Cement and
Concrete Research, 33(10) 1678-1694.



p-1SSN 3030 - 4628

TAP CHi KHOA HQC TRUONG PAI HQC HONG DUC - SO 79 (09.2025) 5-1SSN 3030 - 4636

[14] TCVN 3121 (2022), Vira xay dung - Phuong phdp thir, Bd Khoa hoc va Céng nghé.

[15] Bogas, J. A., Gomes, M. G., Gomes, A. (2013), Compressive strength evaluation of
structural lightweight concrete by non-destructive ultrasonic pulse velocity method,
Ultrasonics, 53(5), 962-972.

[16] Solis-Carcafo, R., Moreno, E. 1. (2008), Evaluation of concrete made with crushed
limestone aggregate based on ultrasonic pulse velocity, Construction and Building
Materials, 22(6) 1225-1231.

[17] Uysal, H. Demirboga, R., Sahin, R., Giil, R. (2004), The effects of different cement
dosages, slumps, and pumice aggregate ratios on the thermal conductivity and density
of concrete, Cement and Concrete Research, 34, 845-848.

[18] Kou, S. C., Poon, C. S., & Agrela, F. (2011), Comparisons of natural and recycled
aggregate concretes prepared with the addition of different mineral admixtures,
Cement and Concrete Composites, 33(8) 788-795.

EXPERIMENTAL STUDY ON THE USE OF GROUND
GRANULATED BLAST FURNACE SLAG IN PRODUCING
REACTIVE POWDER CONCRETE

Mai Thi Hong, Nguyen Van Dung, Ngo Si Huy, Trinh Thi Ha Phuong
ABSTRACT

This study investigated the use of ground granulated blast furnace slag (GGBFS) to
partially replace cement in the production of reactive powder concrete. Studied mixtures
were formed by replacing 15%-60% cement with GGBFS. Test results indicated that the
presence of GGBFS contributed to enhancing the concrete workability, reduced the unit
weight of fresh concrete, decreased the water absorption, and increased the thermal
insulation. Although the ultrasonic pulse velocity of concrete reduced with increasing
GGBFS content, all concrete mixtures in this study had a good quality with compressive
strength of higher than 75 MPa, ultrasonic pulse velocity of above 4200 m/s, and the water
absorption of lower than 3.42%. Based on the experimental program in this study, the
optimal GGBFS content used to replace cement was suggested as 15%-30%.

Keywords: Reactive powder concrete, innovative concrete, ground granulated blast
furnace slag.
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