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Tom tit:

Vira kho ty chay khdng co ngay cang dugc sir dung phd bién tai Viét Nam dé sira chira cac két cau bé
téng bi rdng, hu hong hoic chén vao cac khe ha két cdu. Ché tao vira tu chay khdng co can sir dung rat
nhiéu loai phu gia khac nhau. Ngoai ra, viéc phdi hop chiing dé vira dat yéu cau vé mat ki thuat, vira dat
yéu cau vé mat kinh té 1a rat kho khan. Bai bao trinh bay két qua nghién ctu ché tao vira khd tu chay
khong co sir dung xi 10 cao nghién min c6 cuong do chiu nén sau 28 ngay trén 80 MPa. Céc vat lidu dau
vao déu duoc lya chon ¢ dang bot khd. Ty 18 nudc/vira la 0,13. Ham luong xi 10 cao nghién min sir dung
1a 15%, 20%, 25% va phu gia siéu déo polycacboxylat dang bot véi ham lugng 0,23% so véi chat két
dinh. Luong nudc va phu gia siéu déo phai duoc lua chon sao cho dam bao 6n dinh cho tinh cong tac cua
vira khd trong thuc té. Két qua thi nghiém vé do chay, cuong do nén, cudng do kéo udn va co ngét cho
thy vita tu chay khdng co dat yéu cau cua loai vira kho dong bao.

T khoa: Vira kho; Xi 10 cao; Khdng co ngét; Tu chay; Cuong do cao.

Abstract:

Non-shrink self-flowing dry mortar is commonly used in Vietnam to repair hollow, damaged concrete
structures, or fill structural gaps. The manufacturing of non-shrink self-flowing mortar requires the use of
many different types of additives. In addition, it is difficult to combine them to meet both technical and
economic requirements. This article presents the results of research on producing non-shrink self-flowing
dry mortar using fine blast furnace slag with a compressive strength after 28 days of over 80MPa. The
input materials were all selected in dry powder form. The water/mortar ratio was 0,13. The fine blast
furnace slag contents used were 15%, 20%, and 25%, and the powdered polycarboxylate superplasticizer
was used at a content of 0.23% compared to the binder. In practice, the amount of water and
superplasticizer must be chosen to maintain stability for the workability of dry mortar. The experimental
results on flow, compressive strength, flexural tensile strength, and shrinkage show that the non-shrink
self-flowing dry mortar meets the requirements of packaged dry mortar.

Keywords: Dry mortar; Fine blast furnace slag; Non-shrink; Self-flowing; High strength.

1. Giéi thiéu lwong nudc thich hop dé sir dung. Céac loai vira
kho tu chay c6 dic tinh cao véi thanh phan vat
liéu rat phic tap. Vita kho dong bao khdng yéu
cau cao kién thic chuyén mdn vé vat liéu xay
dung trong qué trinh str dung, tranh duoc kho

Dé nang cao chat luong va tranh sai sot trong qua
trinh thi cong, vita khé dong bao ngay cang duoc
sir dung phd bién tai Viét Nam. Uu diém caa nd
la chi c6 mét thanh phan va can tron véi mot
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khan khi tron 1An hodc bao quan nhiéu thanh
phan riéng biét, dic biét 1a ham luong phu gia.
Cac loai vira kho co6 dac tinh dac biét, nhu cuong
d6 cao, néu can chéng thdm hodc ting cuong
dinh bdm véi bé tong cii va kha ning chéng nirt
thi gia thanh rat cao va thuong khdng phé bién
trén thi truong. Viéc st dung phd bién céc loai
vira dd dugc dé cap boi mot sé tac gia trén thé
gisi [1], [2].

Nghién ctu lam cha cong nghé san xuat cac
loai vita kho dong bao va tbi uu héa viéc sir dung
céc thai pham cong nghiép gilp lam sach moi
truong 14 xu hudéng ciia tuong lai. Thanh phan
cua vira khd bao gom cac ty 1é hop ly cua cét lieu
nho, xi mang, cac loai bdt tro, phu gia siéu déo
giam nudc, phu gia tang dinh bam, phu gia no
chdng co ngdt, phu gia ting nhét tranh tach nudc
phan tang, phu gia siéu min hoat tinh. Ham luong
cua céc loai phu gia tron thém rat nho so Véi Xi
ming nhung mang lai nhiéu tinh nang dic biét.
Viéc str dung sai ham lugng phu gia c6 thé tao
nén sy ¢6 cho vita nhu tich nudc, phan tang, co
ngo6t, gi cot thép [3]. Nhiéu nghién ctiu cho thay
anh huong cua chat két dinh phu thém [4]-[6] va
anh huong cua phu gia hoa hoc [7], [8]. Vira kho
thiét ké véi gia tri cuong d6 chiu nén muc tiéu 1a
trén 80 MPa ¢ sir dung xi 10 cao nghién min.
Ham luong xi 16 cao dugc dung lan luot 13 15%,
20% va 25% thay thé cho xi mang nham muc
tiéu xac dinh anh huéng cia xi 10 cao dén cuong
d6 chiu nén va kéo ubn cua vira theo thoi gian 1,
3, 7, 28 ngay tudi. Ham luong phu gia nd duoc
dung lan luot 1a 2%, 4%, 6%, thay thé xi ming
nhim xac dinh anh huong dén sy thay doi thé
tich cua vira. Két qua nghién ctu 1a cap phdi vira
dat cuong do chiu nén, tinh cong tac va cd dac
tinh co ngét thich hop. Céc thi nghiém duoc tién
hanh tai phong thi nghiém Vat liéu xay dung
thuoc Truong Pai hoc Giao théng van tai.

2. Nghién ciu thec nghiém
2.1. Vit ligu ché tao va thiét ké thanh phan

Xi mang dugc su dung la xi mang Podc lang
Buat Son PC50, c6 céc chi tiéu ky thuat thoa mén
tiéu chudn TCVN 2682:2020 [9]. Khéi luong
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riéng 3,1g/cm®. Cudong d6 nén duoc xac dinh
theo tiéu chuan caa TCVN 6016:2011 [10]. Gia
tri thi nghiém sau 28 ngay dat cuong do nén 55,8
MPa.

Xi 10 cao nghién min: La xi Hoa Phét S95 ¢6
d6 hoat tinh & 28 ngay dat 96%, khéi luong riéng
2,86 g/cm?®, ty dién tich bé mat trén 5000 cm?/g.
Céc yéu cau ky thuat thoa tiéu chuan TCVN
11586:2016 [11].

Phu gia siéu déo: La loai & dang bot c6 gbc
Polycarboxylate (PCE) cai tién cd kha ning giam
nudc cao, ham lugng chat ran 98+1%, khoi
luong thé tich 0,6g/cm®.

Phu gia nd: La loai CSA 20 thanh phan chira
Canxi Sunphua Aluminat tir cac thanh phan da
vOi, thach cao va quang bd xit, c6 tac dung bu co
ngot cho vira.

Phy gia giit nuéc (HPMC): Thanh phan la
Hydroxypropyl Methylcellulose co tac dung git
nudc, tranh tich nudc, phéan téng, lam tang
cuong do dinh bam va cuong d6 chiu kéo cho
vira.

Nudc: Buoc dung theo nudc sir dung trong bé
tong xi mang thuong, dat yéu cau tiéu chuan
TCVN 4506:2012 [11].

Phu gia pha bot AP488: C0 tac dung ngan su
hinh thanh bot khi va pha bot da hinh thanh trong
via.

Cét liéu nho: Pugc st dung trong thi nghiém
14 loai cat song Pa, kich thudc hat 16n vai mé
dun Mk = 2,76. Khéi lwong riéng 2,56 g/lcm?®. Cét
liéu duoc rua sach, phoi kho trudce khi thi nghiém
va ¢6 cap phdi thoa tiéu chuan ASTM C33 [13].

2.2. Hon hep thi nghi¢m

Thanh phan vira khd dugc tinh toan theo phuong
phép thé tich tuyét ddi, bo qua thé tich 16 rdng
cudn khi va lya chon ty 1é nudc/xi mang dua vao
cuong do muc tiéu. Ham lugng nudc/vira 1a 0,13
dua vao kinh nghiém va diéu chinh trong phong
thi nghiém, cong thuc thanh phan vita khd duoc
trinh bay tai Bang 1. Trong d6, CP1 la cap phdi
d6i chung str dung 100% xi ming; CP2, CP3,
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CP4 1a cap phdi sir dung 15%, 20%, 25% xi 10
cao nghién min thay thé xi mang; CP5, CP6, CP7
la cap phéi st dung 15% xi va lan luot thém 2%,
4%, 6% phu gia nd. Ham lugng phu gia siéu déo
duoc chon 1a 0,23% khéi luong xi mang. Ham
luong HPMC 14 0,03% khdi lwong xi ming.
Ham luong AP488 14 0,3% khéi lugng xi ming.
Cac mau thir duoc thao khudn sau 24 gio va bao
dudng ¢ diéu kién nhiét do 27+1°C, d6 4m tuong

d6i > 90% cho dén ngay thi nghiém. Cac mau thi
nghiém nén va ubn duoc thuc nghiém véi kich
thudc 40 x 40 x 160 mm theo tiéu chuian TCVN
6016:2011 [10]. MAu sau khi tron dugc tién hanh
do d6 chay Suttard. Thi nghiém co ngot duoc
thuc hién theo tiéu chuan ASTM C490 [14]. Cac
két qua do do chay, cuong do nén, cudng do kéo
udn va co ngét dugc trinh bay & muc 3.

Bang 1. Thanh phan cip phéi vira.

CP1 CP2 CP3 CP4 CP5 CP6 CP7
Vatliu 12?\;/" 15%Xi  20%Xi  25% Xi 1?:%5 l ﬁ/gé‘g A+ ﬁg@;‘;
XM PC50 (kg) 730 621 584 548 606 591 577
Cét (kg) 1285 1285 1285 1285 1285 1285 1285
Xi 895 (kg) 110 146 1825 110 110 110
Nude (kg) 263 263 263 263 263 263 263
CSA (kg) 14.6 29.2 43.8
PGSD (kg) 1.83 1.83 1.83 1.83 1.83 1.83 1.83
HPMC (kg)  0.219 0.22 0.22 0.22 0.22 0.22 0.22
AP488 (kg) 2.190 2.19 2.19 2.19 2.19 2.19 2.19

3. Két qua thwc nghiém va thao luan
3.1. Tinh cbng tac

Dua vao két qua thi nghiém cho thay, do chay
cta cac hon hop tang dan khi ting ham luong xi
16 cao va giam dan khi ting ham luong phy gia
né. CP4 co dd chay cao nhat ung véi ham lugng
xi 10 cao nghién min 16n nhit, CP2 va CP3 ¢6
ham luong Xi 10 cao va do chay thap hon. CP5,
CP6, CP7 1a ba cip phdi st dung phu gia no
CSA déu c6 d6 chay giam. Muc giam 16n nhat la
12% tng vai CP7, st dung 6% phu gia no CSA.
Diéu nay dugc giai thich bai xi 10 cao hap thy
nudc va phu gia siéu déo it hon so vdi xi mang,
phu gia nd hap thu nhiéu nuéc, phu gia siéu déo
hon so véi xi mang nén khi s dung ching sé
lam giam hodc ting ma sat giira c4c hat ran, tir
do, lam tang hoac giam tinh cbng tac cua vira.
Két qua nay ciing tuong tu nhu nghién cau [15].
Theo yéu cau tai tiéu chuan TCVN 9204:2012
[16] V& vira tu chay khong co thi tit ca cac cap
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phéi déu dat yéu cau va cé do chay I6n hon 200
mm va d chay sau 30 phut dat trén 180 mm.

D6 chay cia céc cdp phédi vira
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Hinh 1. B chay theo khudn Suttard.
3.2. Cwong do chiu nén

Cuong do chiu nén dugc xac dinh tai 1, 3, 7 va
28 ngay tudi. Két qua thi nghiém cuong do nén
trung binh tai cac ngdy tudi khac nhau caa nhiing
mau vira duoc thé hién tai Bang 2. Anh huéng
cua Xi 10 cao nghién min dén cudong do chiju nén
cua vira duoc biéu dién qua Hinh 2 va Hinh 3.
Khi thay thé ham luong xi 10 cao lan luot 12 15%,
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20% va 25%, cuong do cua vira giam so voi mau
db6i chung tai tt ca cac ngay tudi. CP1 c6 100%
xi ming Vai cudng do chiu nén cao nhit 1a 85,2
MPa sau 28 ngay tudi. Cac cip phdi sir dung
15%, 20% va 25% xi 10 cao co cuong do nén lan
luot la 83,5, 80,1, 78,6 MPa. Muac giam cuong
d6 & tudi 28 ngay 1a 2,0% nhung khéng dang ké,
khi duing 15% xi 16 cao, néu ting thanh 25% xi 10
cao thi mac giam cuong do twong ung la 7,8%.
Téc d6 phét trién cuong do ¢ tudi som (1, 3, 7
ngay) cua cac t6 mau ddi chung ding 100% Xi
ming cao hon so véi cac mau dung xi |0 cao. Ty
s6 cuong d6 ¢ tudi sém/cudng do & 28 ngay cua
mau ddi chang lan luot 13 0,39, 0,63 va 0,81,
mau dung 15% xi 10 cao cd ty Ié twong ng la
0,37, 0,62 va 0,80, ty I¢ nay thap hon khi ding

20% va 25% xi 10 cao. Tuy nhién, téc do phat
trién cuong do cua tat ca cac t6 mau déu thoa
man yu cau cia vira kho tron san theo tidu
chuan TCVN 9204:2012 [16] Vvéi ty 1¢ bat budc
1a 0,35, 0,50 va 0,75.

Phu gia nd thém vao 2%, 4%, 6%, nham muc
tiéu han ché co ngot cua vira khd va anh huong
dén cuong d6 nén. CP5, CP6 va CP7 duoc thém
vao phu gia nd dé so sanh véi CP2 khong sir
dung phu gia na. O tudi 28 ngay tai mac 2%, 4%
va 6%, phu gia no lam giam cuong do nén, tuy
nhién, khong dang ké, véi cac gia tri giam lan
luot 1a 1,3%, 2,1% va 3,4%. Phu gia né lam tang
cuong do som tai 1, 3 va 7 ngay tudi. Ty sb
cuong do ¢ tudi som/cudong do & 28 ngay tudi
cia mau 6% phu gia nd lan luot 13 0,42, 0,65,
0,84. Cé&c gia tri nay cao hon so vai CP1 dung
100% xi mang.

Bang 2. Cuong d6 chiu nén trung binh.

Cwong do chiu nén (MPa)

=
S

=5

——1ngiy =——fr=3ngiy =—4=Tngay

—a—11 nzay

Cép phéi
PP 1 ngay 3 ngay 7 ngay 28 ngay
CP1 33,3 53,8 68,9 85,2
CP2 31,2 51,8 66,6 83,5
CP3 28,6 48,2 63,4 80,1
CP4 27,5 44,5 59,4 78,6
CP5 31,6 51,0 67,5 82,5
CP6 33,3 51,5 67,9 81,8
CpP7 33,5 52,7 67,7 80,7
Cudng d6 nén cia céc cAp phdi vira %0
o0 % E——
1 |3100% Xi mang w p:. 0
gsz | |oiswxi § ? o + —_—
2 o, L@ ] \ $ |
g = § g 3 ——
a7 \ & 1 '
\ :
eh 3o § ]
g \
3 \
N

G

A

o

1 ngay

3 ngay

7 ngay

28 ngay

Hinh 2. Cuong do chiu nén cua vira

theo thoi gian vai ham lugng Xi khac nhau.
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Hinh 3. Anh huéng cua xi 10 cao
dén cudng do chiu nén cua vira.
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3.3. Cwong dd chju udn

Két qua thi nghiém cuong d6 chiu kéo khi uén
duogc trinh bay trong Bang 3 va Hinh 4. Cuong
d6 kéo udn giam khi sir dung xi 16 cao thay thé
xi mang. Muc giam cudng d6 sau 28 ngay tudi
khi thay thé 15%, 20% va 25% xi lan luot 1a
2,64%, 6,91% va 10,72%. Gia tri nay 16n hon
so voi két qua anh huong cua xi 10 cao dén
cudng do6 chiu nén. Ty sé cudng d6 kéo uén &
tudi sém/cuong d6 & 28 ngay cua mau 100%

xi ming 1a 0,38, 0,63 va 0,85, véi mau ding
15% xi 14 0,37, 0,62 va 0,84. C6 thé thay rang
tbc do phét trién cuong d6 kéo udn & tudi 1
ngdy cham hon tdc do phét trién cuong do
chiu nén nhung nhanh hon & tudi 7 ngay. Phu
gia no lam giam cuong do kéo ubdn. Ham
lwong phu gia n¢ st dung 2%, 4% va 6% co
cuong do kéo udn giam 6,26%, 9,47% va
10,80%. Muc giam nay lén hon so vai muc
giam caa cuong do chiu nén.

Bang 3. Cuong do chiu kéo ubn trung binh.

Cuong dd chiu kéo udén (MPa)

Cip phdi 1 ngay 3 ngay 7 ngay 28 ngay
CP1 8,7 144 19,3 22,8
CpP2 8,3 13,9 18,5 22,2
CP3 7,6 12,7 17,5 21,2
CP4 7,0 12,0 16,2 20,3
CP5 7,6 12,8 17,7 20,8
CP6 7,3 12,3 17,0 20,1
CP7 7,6 12,5 17,2 19,8

Cuong do chiu kéo uon cua cac cap phoi vira
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0100% Xi mang
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)
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Hinh 4. Cudng do chiu kéo khi udn cua vira véi
ham lugng Xi khac nhau.

3.4. Co ngot

Gid tri co ngot duoc tién hanh do véi cac cap
phdi ¢é sir dung phu gia né 1a CP5, CP6, CP7
va so sanh véi CP1 la cap phdi st dung 100%
xi mang (Bang 4). Trong d6, DC2* 1a cap phdi
dbi chung duoc do gia tri co ngét trong cuing
diéu kién thi nghiém cia mot san pham vira
kho c¢6 tinh nang tuong tu, rat phd bién tai thi
truong Viét Nam. Két qua cho thay, khi chua
str dung phu gia ng, cac gié tri co ngot do duoc
sau 28 ngay tudi ¢ mic trén 600/1.000.000

3 ngay 7 ngay
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hay 0,6/1000 va c6 gia tri &m tic la mau bi co
lai khi dé kho tu nhién trong khong khi. Cac
mau dugc bao dudng trong khong khi co do
am thap (50%) theo tiéu chuan ASTM C490
[14] cua Hoa Ky. Trong 7 ngay dau tién co
ngét cua tat ca cac to miu déu ting nhanh va
dat khoang 80% so vai gié tri co ngot sau 28
ngay. Diéu nay chi ra rang, can thiét phai bao
dudng am 7 ngay dau tién ké tir khi d& vén
khuén nham han ché dugc phan 16n co ngot
kho trong giai doan dau. Phy gia ng co tac
dung giam manh co ngot cua vira tu chay. Khi
chua c6 phu gia ng, co ngot sau 28 ngay cua
cap phdi CP1 dat -0,695/1000, co ng6t cua cap
phdi chira 2%, 4% va 6% phu gia ng lan luot
la -0,452/1000, -0,412/1000 va -0,353/1000.
Gid tri co ngdt giam lan luot 1a 35,0%, 40,7%,
49,2% so véi mau d6i ching. Can cha y phu
gia nd o tac dung manh & nhiing ngay dau do
phan ng cua cac khoang vat alumin phan tng
rat nhanh. Mutc d6 giam co ngét chwa xét dén
hiéu qua do phu gia né trong 24 gio dau tién
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trudc khi mau duoc thdo khubn. Vi quy trinh
do co ngdt chi xac dinh ké tir sau khi thdo
khuén nén co ngot tong c6 thé nho hon gia tri

thi nghiém. CP5 va CP6 cé gia tri co ngot
tuong tu nhu BC2*, ¢ thé thay tiém nang cua
san pham nghién ctu nay.

Bang 4. Két qua thi nghiém co ng6t cua vira.

Co ngét tong ciia cic miu vira theo thoi gian (1/1000)

Ngay

CP1 bC2* CP5 CP6 CP7
1 -0,351 -0,218 -0,216 -0,183 -0,148
2 -0,379 -0,232 -0,264 -0,233 -0,172
3 -0,494 -0,288 -0,296 -0,254 -0,224
4 -0,531 -0,333 -0,304 -0,273 -0,26
5 -0,553 -0,368 -0,344 0,3 -0,274
6 -0,578 -0,375 -0,358 -0,326 -0,293
7 -0,591 -0,382 -0,392 -0,351 -0,314
14 -0,666 -0,411 -0,433 -0,391 -0,333
21 -0,679 -0,421 -0,448 -0,402 -0,342
28 -0,695 -0,431 -0,452 -0,412 -0,353

——15%Xi4% N& —8—15%Xi 6% N&
—==DC2

——15%Xi 2% N&
—a-100% XM

0.6

Co ngét (1/1000)

15 20
Thei gian (ngay)

Hinh 5. Co ngét tong ctia cAc mau vira.

0 5 10

4. Két luan va kién nghi

Vira kho tu chay khong co ¢6 cuong do cao la
san pham phuc tap vi nd st dung nhiéu thanh
phan vat liéu khac nhau. Trong do, yéu cau
khit khe khdng chi vé cap phdi cét liéu, ham
lugng cac loai phu gia str dung va tinh tuong
thich cua ching. Nghién ctru nay da dua ra
thanh phan vira kho phd hop c6 sir dung xi 10
cao nghién min va két hop véi phu gia ng dé
dam bao tinh khong co ngét, dong thoi giam
luong xi mang sir dung. Vira khd cia cac cap
phbi CP5, CP6 va CP7 sau khi ché tao dat
dugc d6 chay 220 — 240 mm, cuong do chiu
nén dat trén 80 MPa , cuong do chiu keéo
khoang 20 MPa, téc do phat trién cudong do
theo thoi gian thé hién qua ty 18 cuong do
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som/cuong do 28 ngay va gia tri co ngot phu
hop. Dic biét 1a hai cap phdi CP6 va CP7 ¢
gia tri co ngdt thap. Trong cac nghién cau tiép
theo, c6 thé xem xét dén tdi wu hoa hai cap
phdi nady nham muc tiéu cai thién cuong do
nén va do chay trén co sé b6 sung thém muoi
silic va tang ham luong phu gia siéu déo.

Loi cam on
Nghién ctru nay duoc tai trg boi Truong Dai

hoc Giao théng van tai trong dé tai ma sb
T2023-XD-KDN-005.
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