BAI BAO KHOA HOQC

ANH HUONG CUA HAM LUQNG XI LO CAO NGHIEN MIN LEN CAC
TINH CHAT VAT LY VA CO HQC CUA VUA CUONG PQ CAO

Ngé Si Huy'

Tém tit: Trong khi mot lwong Io6n chdt thdi rdn dwoe thdi ra trong qud trinh cong nghiép héa, thi mot
lwong lon vat lieu xay dung dwoc tiéu thu trong qua trinh do thi héa, lam hao mon dan cac nguén tai
nguyén. Chinh vi vdy, viéc tdi sir dung cdc chat thai cong nghiép dé thay thé cdc vit liéu truyén thong
ciing nhu tao ra mot loai vit liéu méi cé tinh ndng wu viét givip sir dung hiéu qua cdc nguon tai nguyén
la van dé cdp thiét. Nghién ciru nay sir dung xi 16 cao nghién min, la chat thai rdn trong qud trinh san
xudt thép, d@é thay thé mét phan xi mang trong san xudt vita cwong dé cao. Két qua nghién ciru cho thay,
dé heu dong ciia vita tang trong khi khéi lwong thé tich ciia vita twoi giam khi tang ham heong xi 16 cao
nghién min. Cuong do chiu nén va chiu uén cua viia tang khi sw dung 15%+30% xi lo cao nghién min
thay thé xi méng, trong khi @¢ hit nude giam. Hon nita, sir dung xi 16 cao nghién min givip giam do co
khé ciia vita. Tdt ca cdc mau vita trong nghién ciru nay cé cueong dg cao (cwong dd chiu nén lém hon 85
MPa, cwong dé chiu uon 1ém hon 13 MPa), c6 thé sir dung cho cdc cong trinh quan trong cé yéu cau
cao vé mat cuwong do.

Tw khoéa: Vira cuong dd cao, xi 10 cao nghién min, cuong d6 chiu nén, cudng do chiu udn, do co kho,

do6 hat nude.

1. PAT VAN PE

Ngay nay, voi toc sy phat trién nhanh va manh
mé cua khoa hoc va cong ngh¢, qué trinh do thi
hoa ciing dién ra nhanh chong trén khip thé gidi,
vi vay nhu cau tiéu thu vat lidu xay dung cling
ngay mot tang. Vi dy, bé tong dugc coi nhu 1a vat
liéu tiéu thy nhiéu thtr hai trén thé gidi, chi dung
sau tai nguyén nudc (Opon and Henry, 2019). M6t
vi du khac 1a cat xay dung, theo udce tinh hi¢n nay
trlt lugng cat song st dung cho muc dich xay
dung cia ca nudc chi con khoang 2 tri€u tan, voi
téc do phat trién xdy dyng nhu hién nay, du bao
ngudn cat tyr nhién s& khong con du dé cung cip
cho cac hoat dong xdy dung trong nhitng ndm t&i
(Ngo and Huynh, 2022). Chinh vi vdy, hoat dong
khai thac cat trai phép dién ra phd bién nhitng nim
gan day. Viéc khai thac cat qua muc dan dén tinh
trang s6i 15 bo séng, anh huong nghiém trong dén
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an toan cua cac khu dan cu hai bén bo song va anh
hudng dén méi trudng sinh séng ciia cac loai thiy
sinh (Farahani and Bayazidi, 2018; Sathiparan and
De Zoysa, 2018). Vi¢c khai thac va st dung hi¢u
qua cac ngudn tai nguyén, ciing nhu viée sir dung
cac loai vat liéu khac dé thay thé cac ngudn tai
nguyén ciing nhu cac vat liéu truyén thong duoc
dat ra va thu hat sy quan tdm cta cac nha nghién
ctru trong va ngoai nudc. Dé str dung hiéu qua cac
ngudn tai nguyén, cac vat liéu co cudong do cao va
siéu cao duoc hudng dén dé giam kich thudc cua
cac két cAu cong trinh, tir d6 giam nhu cau sir
dung vat li€u. Mt trong ) nhitng vt liéu do 1a bé
tong bdt hoat tinh voi cudng dd chiu nén va chiu
ubn twong ung dat trén 100 MPa va 17 MPa
(Yazicietal., 2013).

Bén canh viéc phat trién cac loai vat liéu co
cuong do cao, viéc tim kiém cac vat liéu khac dé
thay thé cac vat lidu truyén thong nhu cat va xi
mang ciing duoc nhidu nha nghién ctru quan tam.
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Mot trong nhiing vat li¢u co thé sir dung dé thay
thé mot phan xi mang trong hdn hop bé tong hoic
vita chinh 13 xi 10 cao nghién min. Gan day, nganh
cong nghiép san Xuét thép ¢ Viét Nam phat trién
manh véi nhiéu nha may thép dugc xdy dung.
Theo udc tinh cia Hiép hoi thép Viét Nam, trong
ndm 2018 san lugng thép dat khoang 23,3 tri¢u
tn, dong thoi ciing thai ra khoang 5 tridu tan xi
gang va thép, du kién dén nam 2025 luong xi nay
s& 1én téi 10 tridu tin. Mot phan trong s6 do 1a xi
16 cao, khi duoc nghién min, chiung dugc st dung
dé thay thé mot phan xi ming trong san xuit bé
tong va vira xay dung (Kou et al., 2011; Ngo and
Huynh, 2022; Yazici et al., 2010; Yun et al., 2020).
Chét luwong cta san phém dau ra phu thudc vao chat
luong cua cac vat li€u dau vao. Chinh vi vay, mac
du xi 10 cao nghién min di dugc nghién ctru nhiéu
trén thé gidi, tuy nhién véi cac xi 10 cao nghién min
tai Viét Nam, chiing van can duoc nghién ctu than
trong trudc khi duge st dung. Theo udc tinh nam
2021, lwong xi 10 cao nghién min (S95) trong nudc
khoang 1,12 triéu tn (Ngo and Huynh, 2022). Viéc
str dung chung trong vira cuong do cao con han ché
va chua nhan dugc nhiéu sy quan tam tr cac nha
nghién clru trong nudc.

Xuat phat tir nhu cdu phét trién vat lidu co
cuong d6 cao va tai sir dung chét thai rén trong
cong nghiép, nghién ctu nay st dung xi 10 cao
nghién min dé thay thé mot phan xi ming trong
san xuat vita cuong do cao. Anh huong ciia ham
lwong xi 10 cao nghién min 1én cac tinh chat vat ly
va co hoc cua vira nhu dé luu dong, khdi luong
thé tich, d6 4m, do co kho, cudng do chiu nén va
cuong dd chiu uén duoc thuc hién trong nghién
ctru ndy. Nghién ciru ndy gop phan sir dung hiéu
quéa cic ngudn tai nguyén, tai st dung chat thai
ran trong cong nghiép, cling nhu phat trién mot
loai vat liéu c6 cuong dé cao phuc vu cho sy phat
trién bén virng.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Vit li¢u

Trong nghién cu nady, ngoai chit két dinh

truyén thong 1a xi ming, xi 10 cao nghién min va
silicafume ciing dugc sir dung 1am chit két dinh.
Xi ming loai PCB40 Nghi Son, xi 10 cao nghién
min loai $95 duoc cung cap bai nha may thép Hoa
Phat, silicafume c6 tén Promic dugc cung cap boi
Cong ty c6 phan IPRO. Dé vira dat cudong d6 cao,
tuong tu nhu trong bé tong bot hoat tinh (Peng et
al., 2015; Yazic1 et al., 2013), silicafume cling
duoc sir dung nhu 13 mot phan chat két dinh. Cac
tinh chét vat ly va héa hoc cua xi mang, xi 10 cao
nghién min va silicafume dugc trinh bay trong
Bang 1. Cung v6i thanh phan hoa hoc, hinh anh vi
cau tric cua cac hat xi ming, silicafume va xi 10
cao nghién min ciing duoc trinh bay lan luot nhu
Hinh 1, 2 va 3. Bén canh cac hat c6 kich thudc
twong ty nhu xi ming, xi 16 cao nghién min va
silicafume c6 nhiéu hat c6 kich thudc rat nhé duoc
quan sat thay trén Hinh 2 va 3.

Cat st dung trong nghién clru nay la cat song
c6 khdi lwong riéng 1a 2,63 T/m°, 46 4m 3,5%, do
hat nude 0,42%, va kich thude hat trong khoang
0,14+0,63 mm. Luu y réng, kich thudc hat cua cat
trong nghién ctru nay dugc ldy twong tw nhu trong
nghién ctru trude (Peng et al., 2015). Viéc sir dung
cac cdt liéu min gitp vira c6 thé dat cudng do cao
twong tu nhu d6i v4i bé tong bot hoat tinh va ciing
g6p phz‘?ln giup ching dé thi cong hon. Phu gia hoa
déo Sikament R4 dugc sir dung dé giam ham
lwgng nudc va van dam bao dugc tinh cong tac
cta vira. Nudc may duoc str dung dé tron mau
trong qua trinh thi nghiém.

20pm Mag= 500X

|Probe=  23ph Dafe 23 May 2021 Time 111525 FIREs

EHT = 5.00 kv Hong Due University

Hinh 1. Hinh anh vi cau truc cua xi mang
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Do 23 May 2021 Time 11:5641 x
Honhg Due University

I|Friobe = 25p4

- obe
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Hinh 2. Hinh anh vi cau tric cua silicafume

IProbe= 25pA Dafe 23 May 2021 Time 112230

EHT = 5,00 kv

| H Mag = 500X Hong Due University

Hinh 3. Hinh anh vi cdu truc cua xi lo cao nghién min

Bang 1. Tinh chit vat ly va thanh phin héa hoc ciia cac chit két dinh

Thong s6 X1 mang Silicafume XLCNM*
Khdi lwong riéng (T/m*) 3,12 2,21 2,82
SiO, 22,30 90,10 36,87
ALO; 6,68 0,98 12,38
Fe,0; 4,73 1,02 ;
CaO 55,45 0,44 30,73
MgO 2,40 1,86 14,8
Thanh phan héa hoc (%) SO; 1,28 0,07 0,41
Na,O 0,56 0,30 0,33
K,O 0,74 3,19 0,92
TiO, 0,65 0,57 0,39
P,0s 0,31 0,14 0,03
Luong mat khi nung 0,45 1,12 0,38

* XLCNM: Xi 16 cao nghién min

2.2. Thiét ké thanh phin hdn hop vira

Thanh phan cta cac hdn hop vira duoc trinh bay
trong Bang 2. Cac hdn hop dugc thiét ké voi cing ty
1& nuéc/chat két dinh (N/CKD) bang 0,16 va ham
lugng silicafume bang 25% tong ham lugng chét két
dinh (xi ming, silicafume, xi 10 cao nghién min). Dé
vira dat cuong d6 cao, cac nghién clru trude cling su
dung ty 1& N/CKD thép (0,16-0,18) (Peng et al.,
2015; Yazic et al., 2013) va ham lugng silicafume
trong khoang 15+25% (Cwirzen et al., 2008; Peng et
al., 2015). Ham luong cat sir dung bang ham luong
chit két dinh tinh theo khdi lwong (Peng et al,
2015). Ham luong phu gia héa déo bang 4% so voi
ham luong chit két dinh. Boi vi ty 18 N/CKD thip

nén ham luong phu gia héa déo can phai dii 1on dé
cac mau vira ¢6 do luu dong dat theo yéu cau. Theo
TCVN 4314:2003, d0 luu dong cua vira xac dinh
bang duong kinh chay xde theo phwong phap ban
dan phai dat trong khoang 165+205 mm. V&i ham
lugng phu gia hoa déo dugc s dung nhu trén, do
luu dong cua vira dat trong pham vi gidi han nay.
Hon hop dung dé dbi chirmg X00 (khdng co xi 10 cao
nghién min) duoc thiét ké trude, sau do lan lugt thay
thé 15%, 30%, 45% va 60% xi mang trong mau X00
béng xi 10 cao nghién min dé duoc cic hdn hop
tuong g X15, X30, X45 va X60. Cac gia tr1 ghi
trong Bang 2 da dugc quy ddi dé dam bao tong thé
tich tuyét ddi ciia moi hdn hop 1a 1 m’.
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Bang 2. Thanh phin hdn hep vira

Tén miu |N/CKD —— — Thinh phan (kg/m’) :
Ximdng | Silicafume | XLCNM Cat Nude | Phu gia hoa déo
X00 868 217 0 1085 173,6 43,4
X15 725 213 128 1066 170,5 42,6
X30 0,16 587 210 251 1048 167,6 41,9
X45 453 206 371 1030 164,8 41,2
X60 324 203 468 1013 162,1 40,5

2.3. Tao méu va phwong phap thi nghi¢ém

Qua trinh tron mau duoc thuc hién theo hai
budce, ban dau cac vat liéu kho (bao gém: X1 mang,
silicafume, xi 10 cao nghién min) va cat dugc cho
vao cbi tron trudc trong thoi gian khoang 3 phit
(Cwirzen et al., 2008; Peng et al., 2015). Phu gia
hoéa déo va nudc dugc hoa 1an vao nhau, sau do
cho tir tir vao cbi tron va tiép tuc tron trong
khoang 5-6 phut dén khi dat dugc hén hop vira
ddng nhit.

b Iuu ddng caa vira duoc kiém tra ngay sau
khi tron mau, thyc hién theo TCVN 312:2003,
minh hoa nhu Hinh 4. Hon hop vita sau khi do do
lru dong duge tién hanh thi nghiém xac dinh khoi
lwong thé tich vira tuoi (theo TCVN 3121:2003)
va sau d6 rot vao cac khudn bang thép co kich
thudc khac nhau dé tao mau, st dung ban dan va
bay dé lén chit va tao mat nhin cho cic mau vita.
Mau c6 kich thude 40x40x160 mm duoc sir dung
dé kiém tra cudong do udn va cudng do chiu nén
theo TCVN 3121:2003. Trong khi d6, mau c6 kich
thudc 25%25%285 mm duge st dung dé xac dinh
d6 co kho theo TCVN 8824:2011. Mau lap
phuong c6 kich thude 50x50x50 mm dugc su
dung dé do d6 hut nudc theo TCVN 3121:2003.
Tat ca cac mau sau khi dac dwoc 24 gio thi tién
hanh thao mau ra khéi khudn va bio dudng ngam
trong nuéc dén ngay thi nghiém. Riéng cac mau
xac dinh do co ngodt, sau khi thao miu thi tién
hanh do chiéu dai ban dau, va dat cac mau niy
trong ti bdo dudng ¢ nhiét d6 27+2°C va do am
50+4% trong subt qua trinh thi nghiém. Hinh 5
minh hoa cac miu vita dung dé xac dinh cuong dd
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chiu ubn, chiu nén va do co khé. Cuong do chiu
udn va chiu nén duoc xac dinh tai 3, 7, 14 va 28
ngdy tudi. Céc gia tri trinh bay trong nghién ctru
nay 1a gia tri trung binh cua it nhit 3 mau thr.

Hinh 5. Chudn bi mau thi nghiém

3. KET QUA VA THAO LUAN

3.1. P lwu dong va khoi lwong thé tich caa
vira twoi

Do luu dong va khéi lugng thé tich cua cac
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hén hop vita tuoi dugc trinh bay trong Bang 3.
Mau dbi ching X00 c6 dudng kinh chay xoe
dat 165 mm, trong khi cdc mau cé str dung xi
10 cao nghién min c6 dudng kinh chay xoe dat
tr 171 mm dén 195 mm. C6 thé thay rang, voi
ham luong phu gia héa déo khong doi, khi
ting ham lwong xi 16 cao nghién min, d6 luu
dong cua vira ting. Két qua nay tuong dong
v6i két qua tir cac nghién ctru trude (Oner and
Akyuz, 2007; Tavasoli et al., 2018). Theo
Siddique va Bennacer (2012) véi c& hat rat
min, bé mat cua cac hat xi 10 cao nghién min
tuong ddi nhén, co tac dung nhu chit boi tron,

vi vdy lam tiang d6 luu dong cua viia
(Siddique and Bennacer, 2012).

Theo Bang 3, khéi luong thé tich cua vira twoi
giam dan khi ting ham luong xi 10 cao nghién
min. Khi ham lugng xi 16 cao nghién min ting tir
0% dén 60%, khdi lwong thé tich vira twoi giam
nhe tir 2265 kg/m® xudng con 2204 kg/m’. Su
giam khdi luong thé tich nay 1a do khdi lwong
riéng cua xi mang 16n hon khdi luong riéng cia xi
10 cao nghién min (Bang 1). Do vay khi thay thé
mot phin xi mang boi xi 10 cao nghién min dan
dén giam khoi lugng thé tich vira twoi. Tuy nhién,
su thay d6i nay khong dang ké.

Bang 3. P§ lwru dong va khoi lwgng thé tich cia vira twoi

o Ham luong XLCNM DPuong kinh chay xoe Khdi luong thé tich

Tén mau 3
(%) (mm) (kg/m?)

X00 0% 165 2265

X15 15% 171 2249

X30 30% 179 2242

X45 45% 186 2212

X60 60% 195 2204

3.2. P hut nwée

D6 hit nude cua vira thuong lién quan dén do
dic chic va cac 16 réng bén trong vita. Kha ning
hat nudc cia vira ciing phan nao phan anh gian
tiép kha nang chong thim va kha ning chdng lai
cac tdc nhan xam thyc cua vita (Zhang and Zong,
2014). D6 hat nudc thap dong nghia véi viée vira
c6 kha ning chéng thdm va do bén cao d6i véi cac
tac nhan an mon hoa hoc. P hut nuwdc cua cac
mAu vita trong nghién ctru ndy dugc trinh bay trén
Hinh 6. Mau ddi chimg X00 c6 do hat nude 1a
2,08%. Mau X15 (v6i ham luong xi 10 cao nghién
min 15%) c6 gia tri do hut nuéc thap nhét trong sb
nim mau vira trong nghién ctru nay. Khi ham
lwong xi 10 cao nghién min ting 1én qua 15%, d6
hat nudce bat dau ting theo. Hinh 6 cho thiy, mau
X15 va X30 ¢6 d6 hut nuéc thip hon mau déi
ching, trong khi cac mau X45 va X60 c6 do hut

nudc twong dwong hodc cao hon miu ddi
chiing. C6 nghia 1a thay thé 15+30% xi ming
boi xi 10 cao nghién min 1a gia tri t&i wu dodi
voi do hut nudce cua vita. Cac nghién clru trudce
da chi ra rang, tac dung dién day (cac hat xi 10
cao nghién min gitp dién day vao céac 16 rong
bén trong vita) va cac phan ung pozzolanic cua
xi 160 cao nghién min lam cho céac két ciu vira
trd nén dic chic, do vay giam kha nang hut
nudc (Kou et al., 2011; Yazic1 et al., 2010).
Khi ham luong xi 10 cao nghién min vugt qua
gia tri t6i wu, d6 hit nudc cua cac mau vira co
xu huéng ting l1én. Tuy nhién, ca 5 mau vira
trong nghién ctu nay c6 d6 hit nudc rat thap
(1,76+2,55%). Piéu nay la do viéc sir dung cac
vat li€u min trong thanh phﬁn hén hop vira va
ty 16 N/CKD thép lam cho cac miu vita dic
chic, han ché kha nang hut nudc.
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Hinh 6. Bo hut nuoc cua cac mau vira

3.3. Po co kho

Mot trong nhirng vn dé cia vira va bé tong khi
st dung ham lugng xi mang va silicafume cao la
dd co kho (Zhang et al., 2003). Vi vay, trong
nghién ciru nay do co khé cua vira duge do dén 56
ngay tudi va két qua duoc thé hién trén Hinh 7. C6
thé théy rﬁng dd co kho ciia cac mau vita phat
trién nhanh & cac ngay tudi ban dau (dudi 7 ngay
tudi), sau d6 nd phat trién chdm dan va c6 xu
huéng 6n dinh & cac ngay tudi sau. Theo Wong va
cac cong su (Wong et al., 2007) do co kho la do
su giam thé tich cua vita chu yéu gay ra khi luong
am trong bé tong dong cling thoat ra ngoai. Chinh
vi vay su thay d6i ndy cang ngay cang 6n dinh
theo thoi gian khi lwong nuéc thoat ra gan hét va
cac phan Ung cua cac chat két dinh cling lam cho
mau dic chic, ngan can su thay théi thé tich cua
mau. Két qua trén Hinh 7 cho théy, do6 co kho
giam khi ting ham luong xi 10 cao nghién min
thay thé xi mang. Nhu da dé cap trén, hiéu tng
dién ddy va cac phan ng pozzolanic cta xi 10 cao
nghién min d3 giam thiéu cac 16 rdng bén trong
vira, lam giam d¢ hut nude cling nhu giam dd co
kho cua vira. Két qua nghién ctru trudce ciing chi ra
rang sir dung cac phu gia khoang nhu tro bay, xi
10 cao nghién min c6 tac dung lam giam do co kho
(Kou et al., 2011).

Tai 56 ngay tudi, 46 co khd cua cic mau vira
giam tir 0,19% xudng con 0,13% twong Gng véi
ham Iugng xi 10 cao nghién min sir dung ting tir

0% dén 60%. So v6i yéu cau k¥ thuat cua vira xi
ming kho tron san khong co theo TCVN
9204:2012, d6 co khod gidi han ¢ 28 ngady tudi
khong duoc phép vuot qua 0,3%. PO co kho cua
cac miu vita trong nghién ctru ndy nhé hon nhiéu
so véi gia tri cho phép vira néu. Co6 nghia 13, tat ca
cac mau vira trong nghién ciru ndy c6 d6 co khd &
trong gidi han cho phép va khi st dung xi 16 cao
nghién min gitip giam d6 co kho cua vira.

-0.03
-0.06 -
-0.09 [
-0.12 -

Do co khod (%)

-0.15

-0.18

_0.21- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Ngay tudi (ngay)
Hinh 7. D6 co khé cua cde mau vira

3.4. Cwong do chiu nén

Cuong d6 chiu nén la mdt trong nhirng thong
s6 quan trong nhat cua vita, chinh vi viy no
thuong dugc sit dung dé phan loai vita. Theo
TCVN 4314:2003, cac mac vira thong thuong tir
M1,0 dén M30, cb nghia 1a cuong do chiu nén
dat tir 1,0 MPa dén 30 MPa. Tuy nhién, cac loai
vira dung trong cong trinh thuy cong dugc phan
loai tir M5 dén M50 twong tng véi cudng do
chiu nén phai dat tr 7,4 MPa dén 59,9 MPa
(14TCN 80:2001). Cudong d¢ chiu nén cua cac
mau vita trong nghién cru nay dugc trinh bay
nhu trén Hinh 8. Tai nhitng ngay tudi ban dau
(dudi 7 ngay tudi), cudng dd chiu nén cua cac
mau sir dung xi 10 cao nghién min nhé hon
cudng d6 mau ddi chiung (X00). Tuy nhién, sau
7 ngay tudi cudng do chiu nén cia cac mau vira
st dung xi 10 cao nghién min ¢6 xu hudng ting
1én 15 rét. Pic biét cac mau X15 va X30 co
cudng d6 chiu nén tai 28 ngay tudi 16n hon
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cudng do chiu nén cua mau ddi chimg (X00).
Diéu nay duoc giai thich 1a do cac phan ung
pozzolanic ciia xi 10 cao nghién min xay ra
cham & thoi diém ban dau, tuy nhién phét trién
nhanh chdng & cic ngay tudi sau. Viéc cic miu
X15 va X30 c6 cudng do chiu nén 1é6n hon mau
dbi ching mot 1an nira ching t6 ham luong xi 16
cao nghién min t&i vu dung dé thay thé xi ming
trong nghién ctru nay trong khoang 15+30%.
Tuong ty nhu d6 hut nudce, hiéu ng dién day va
cac phan mg pozzolanic cia xi 10 cao nghién
min (Kou et al., 2011; Yazici et al., 2010) lam
cho cudng d6 chiu nén & 28 ngay tudi cua cac
mau X15 va X30 cao hon so v6i mau d6i chung.

Tai 28 ngay tudi, cudng do chiu nén cia miu
d6i chirmg (X00) dat khoang 105 MPa, cic mau
thay thé 15%, 30%, 45% va 60% xi mang baoi xi 10
cao nghién min dat cuong dd chiu nén lan luot 1a
113 MPa, 108 MPa, 97 MPa va 85 MPa. C6 nghia
1a sir dung xi 16 cao nghién min thay thé 15% hodc
30% xi mang lam tang cuodng d0 chiu nén tai 28
ngdy tudi cua vita trong Ung 1a 7% va 3%. Khi
thay thé dén 60% xi mang, cuong do chiu nén cua
vita van dat 85 MPa, cao hon nhiéu so véi vita xi
mang thong thuong.
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3.5. Cwong dd chiu udn

Hinh 9 thé hién biéu d6 phat trién cudng do
chiu ubn cia cac mau vira véi cac ham luong xi 10
cao nghién min khac nhau theo thoi gian. Tuong
tu nhu cudong do chiu nén, cuong do chiu udn cla

cic mau vira ting theo thoi gian. Cac mau vira sir
dung xi 10 cao nghién min c6 cuong do chiu udn
thdp hon mau dbi chirg (khong str dung xi 10 cao
nghién min) tai cac ngay tudi 3 va 7 ngay. Tuy
nhién, cuong dd chiu udn cia cac mau sir dung
15% va 30% xi 10 cao nghién min bit diu cao hon
mau d6i chig tir ngay tudi thir 14 tro di. Dén 28
ngdy tudi, cudng do chiu udn cua maiu dbi ching
dat khoang 16,1 MPa trong khi cac mau sir dung
15% va 30% xi 10 cao nghién min dat 17,3 MPa
va 16,8 MPa. Két qua nay cho thy, sir dung xi 10
cao nghién min thay thé 15%+30% xi mang lam
tang ca cuong do chiu nén va chiu udn cua vira,
bén canh d6 con lam giam d6 hut nudc. Néu xét
chung vé cac khia canh cuong do, do hut nudc, do
co kho, cac mau sir dung 15%+30% cho Kkét qua
t6t nhat vé mat cudng do va van dam bao cac
thong sd khac trong pham vi cho phép, chung
hoan toan c¢6 thé dugc st dung trong thuc té nhu
la mdt loai vira c6 cuong dd cao su dung cho cac
cong trinh quan trong c6 yéu cdu cao vé mit

cuong do.
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4. KET LUAN

Nghién ctru nay st dung xi 16 cao nghién min
dé thay thé mot phan xi ming trong viéc phat trién
vita cudong do cao va gop phan tai sir dung mot
phan chit thai rin trong san xuit cong nghiép.
Anh huéng ctia ham luong xi 10 cao nghién min
1én cac dac tinh vat Iy va co hoc cua virta dugc
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nghién ctru, mot sé két luan chinh dwogc rat ra tir
thuc nghiém nhu sau:

- P Iuu dong cua vira ting trong khi khdi
lwong thé tich ctia vira tuoi giam nhe khi ting ham
lwong xi 16 cao nghién min thay thé xi mang.

- Str dung 15%+30% xi 10 cao nghién min thay
thé xi mang lam tang cuong dé chiu udn, cuong
dd chiu nén va giam do hit nude cia cac mau vira.

- Str dung xi 10 cao nghién min c6 tac dung lam
giam dg co kho cua vira.

- TAt ca cac mau vira trong nghién ctru niy co
cuong do chiu nén va chiu udn cao (lﬁn luot trén
85 MPa va 13 MPa), d6 hut nudc thip (nho hon
2,6%), chiing co thé duge su dung cho cac cong
trinh quan trong.
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Abstract:
EFFECT OF GROUND GRANULATED BLAST FURNACE SLAG CONTENT ON THE
PHYSICAL AND MECHANICAL PROPERTIES OF HIGH-STRENGTH MORTAR

While a large amount of industrial wastes is released during industrialization, a huge quantity of
construction materials is consumed for urbanization, depleting natural resources gradually. Thus, the
recycling of industrial wastes to replace traditional construction materials as well as create a new kind
of material with superior features for the efficient use of resources is an urgent issue. In this study,
ground granulated blast furnace slag (GGBFS), the solid waste from steel production, is used to
partially replace cement in the production of high-strength mortar. Test results indicate that the
workability of mortar increased while the unit weight of fresh mortar reduced with increasing GGBFS
content. The compressive strength and flexural strength of the mortars increased while the water
absorption of mortars decreased when replacing 15%+30% cement by GGBFS. Furthermore, the
presence of GGBFS helped to reduce the drying shrinkage of the mortars. All mortars in this study
showed high strengths (with compressive strength of above 85 MPa and flexural strength of above 13
MPa), which can be used for important projects with high requirements in terms of strength.

Keywords: High-strength mortar, Ground granulated blast furnace slag, Compressive strength, Flexural
strength, Drying shrinkage, Water absorption.
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