ANH HUGNG CUA MOT SO PHY GIA HOA HOC
DPEN CO NGOT CUA VUA TINH NANG CAO

NGUYEN QUANG PHU*!?; NGUYEN NHU OANH;

JIANG LINHUA?; LIU JIAPING?; PO VIET THANG*

1. Khoa Céng trinh - Dai hoc Thuy loi, Ha N¢i, Viét Nam

2. Khoa Vit liéu Cong trinh - Dai hoc H6 Hdi, Nam Kinh, Trung Qu(fc
3. Vién Khoa hoc Xay dyng - Nam Kinh, Trung Quéc

4. Phong Ké hoach Tai chinh - Vién Thuiy cong, Ha Ngi, Viét Nam

Tém tit: Vira tinh nang cao cé nhiéu tinh nang vueot tréi so voi vita théng thwong trong viéc sira
chita cdc cong trinh bé tong va bé tong cot thép khi ma cueong do nén, cuong do dinh két va dg bén
cao can dwoc cong nhan. Tuy nhién, hén hop vita tinh nang cao luon luon duwoc ché tao véi ty lé
miede/chat két dinh (W/B) thap trong khodng 0.20+0.40 va trong hén hop c6 suw két hop cao véi cdc
hoat tinh pozzolan nhw mugi silic (silica fume, SF), tro bay (fly ash, FA), xi (slag). Do do no khong
tranh khoi sw thay doi thé tich xudt hién trong vita va bé tong, do la do két qua cia hién twong co kho,
tw co, phan ung hoa hoc va su thay déi nhiét do. Co ngot va ran nut luon la cdc tinh chat thuong xay
ra trong nghién cutu bé tong hién truong, dac biét la ran nut som da dwoc xét toi. Bai bdo nay da
danh gid anh hwéng ciia mot s6 phy gia héa hoc dén co ngét ciia vika tinh ndng cao cho hai hon hop

vita (W/B = 0.22 va 0.40).

1. Pit van dé

Vit liéu két dinh thay d6i thé tich 1a do sy thay
ddi do 4m, nhiét d va cac phan tng hoa hoc; diéu
nay gdy nén hién tuong tu co ngdt, co ngdt kho
hodc co ngét do nhiét. Co rat nhiéu bién phap da
dua ra dé giam kha ning co ngét ran nut cho vita
va bé tong tinh nang cao; nhu sir dung vita va bé
tong co ty 18 W/B thip, ting thoi gian bao dudng
dé giam kha ning thoat hoi nudc hodc cic bién
phép cung cip nudc tir bén ngoai (Lepage et al.
1998), Ira chon thanh phan hdn hop t6i wu (Mindes
va Young 1981), dung cdt liéu nhe hodc cdt liéu
bao hoa voi viéc bdo dudng bén trong (Weber va
Reinhardt 1997; Van Brugel et al. 2000; Lura et al.
2000), hodc dung cac phu gia gidn nd dé bu lai
phin bji co ngdt cua vira va bé tong (Enyi va
Huizhen 1994; Hori et al. 1998).

Ngoai ra, dé giam kha ning giy ran nat va co
ng6t cho vita va bé tong tinh ning cao, nhiéu tac
gia da su dung céc loai soi nhan tao (Swamy va
Stavrides 1979; Paillere et al. 1989; Grzybowski va
Shah 1989; Krenchel va Shah 1987; Sarigaphuti et
al. 1993).

V& linh vuc ap dung cho thuc té, dé giam co

ngot va ran nut cho vira va bé tong tinh nang cao,
thuong dung bién phap 1a tir viéc tdi wu thanh
phan hdn hop dén viée str dung céc loai phu gia
ho4 hoc dé pha tron (Ai va Young 1997; Bentz et
al. 2001; Berke et al. 1997; Shah et al. 1998;
Weiss et al. 1999a; Diamon S 1996; Fu Y va
Beauidoin J. J 1996; Heinz D va Ludwig U 1987,
Du Chongjiang 2005). Bai bao nay da st dung ba
loai phu gia hoa hoc khac nhau: phu gia giam co
ngot (shrinkage-reducing admixture: SRA), phu
gia gian nd (magnesium oxide: MgO va concrete
expansive admixture: CEA) nham giam dang ké
co ngot cho vita tinh nang cao co ty 1é nudc/chat
két dinh 1a W/B = 0.40 va 0.22.

2. Vat liéu va phwong phap thi nghiém

2.1 Vit li¢u dang trong thi nghiém

2.1.1. Xi mang

Xi ming Poocling san xuit tr nha may
Jiangnan - Nam Kinh - Trung Quéc. Cudng do
nén xac dinh theo tiéu chudn GB/T 17671-1999
(CBMIA 1999) dat tai 7 ngay va 28 ngay tuong
mg 14 49.7 MPa va 60.1 MPa. Thanh phan hoa
hoc va tinh chit vat 1y cua xi mang duoc thé hién
0 bang 1.
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Bdng 1. Thanh phan héa hoc va tinh chat vt Iy cia xi mang

Ky Thanh phan hoa hoc chinh (%) Khdi luong riéng | Dién tich bé mat
hiéu | SiO, | ALO; | CaO | MgO | Fe,05 | SO; | Loss (a/cm’) (m’/kg)
C 20.60 [ 5.03 | 64.11|1.46 | 438 |1.72 | 1.18 3.15 450

2.1.2. Phu gia khodng
Phy gia khoang dugc st dung cho hén hop
bé tong bao gdm mudi silic (Silica fume, SF),

tro bay (Fly ash, FA), va xi (Slag). Thanh phan
hoa hoc va tinh chét vat Iy ciia phu gia khoang
dugc thé hién ¢ bang 2.

Bdng 2. Thanh phan héa hoc va tinh chat vit Iy ciia SF, FA va Slag

Phy gia Thanh phan hod hoc chinh (%) Khoi lugng | Dién tich bé
" . riéng mat
khoang SiO, | ALO; | CaO | MgO | Fe,O; | SO, Loss (e Jem?) (m¥/k o)
SF 93.15 | 0.97 1.01 0.43 0.88 0.50 |1.50 |2.10 24 000
FA 4939 | 3336 |[4.92 |4.13 0.85 1.96 |249 |2.20 615
Slag 3312 | 11.80 | 1.17 [3495 [10.75 |0.69 |1.23 |2.89 439

2.1.3. Cét ligu min (cdy)

Cat tu nhién co cép phéi tdt, do sach dat yéu
cAu; céc tinh chit cta cat duge thé hién & bang 3
duoi day:

Bdng 3. Cdc tinh chat cia cdt

2.1.4. Phu gia hod hoc

Phu gia gidam nudc bac cao (high-range water-
reducing admixture, HRWR) ky hi¢u PCA (I) dugc
diing cho tat ca cac mau thi nghiém c6 W/B = 0.22 dé
nham ting do luu dong ctia vita. Dé giam co ngét cho
vira tinh nang cao, phu gia giam co ngot (shrinkage-

Kiditng OOE i o gy Toducing admixure: SRA), Gx§t Magié (magnesium
riéng (g/em’) onvi (%) 46 16n oxide: MgO) va phu gia gidn nd (concrete expansive
glem’) admixture: CEA) da duoc sir dung. Céc tinh chit ctia
2.66 1.65 1.50 2.90 , . O
céac phu gia dugc the hién ¢ bang 4.
Bdng 4. Cdc tinh chdt cuia phy gia ding trong thi nghiém
Phu gia Tén Thanh phéan chinh Mau Ham lugng Khdi lwong
nudc (%) riéng (g/cm’)
HRWR PCA® (I) Poly-naphthalene | Dark 80 1.04
sulfonate brown
Shrinkage reduce SBT®-SRA | Glycol ether Light 0 1.02
admixtures (SRA) yellow
Concrete expansive | SBTIM®- Ettringite White 0 1.70
admixture (CEA) 1I(c) expansion
Magnesium oxide (MgO) | - Magnesium oxide | brown 0 3.60

Tét ca céc loai vat liéu va phu gia dung cho thi
nghiém déu dugc cung cip tai phong thi nghiém
ciia Vién nghién ctu Vat liéu moi, thanh phd
Nam Kinh, tinh Giang Té - Trung Qubc (Jiangsu
Bote Advanced Materials - SBT).

2.2. Phwong phap va két qua thi nghiém
hén hep vira

Cac mau thi nghiém duoc thyuc hién véi hai ty
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1& nuéce/chat két dinh: W/B = 0.22 va 0.40. Ba loai
phu gia khoang dugc dung trong thi nghiém nhu
sau: 15% SF, 25% FA cho mau W/B = 0.22 va
25% FA, 25% Slag cho mau W/B = 0.40. Mot sb
phu gia hoa hoc dugc s dung dé giam co ngdt
cho vita, bao gdm: 2% SRA, 4% MgO va 10%
CEA. Thanh phan hdn hop vira duoc thé hién &
bang 5.



Bdng 5. Thanh phan hén hop vita tinh ndng cao

wa | FA SF Slag | Ximang | Cat | Nuéc | HRWR | SRA | CEA | MgO
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg)
161.5 0 161.5 | 323.00 | 1196 | 259.00 0 0 - -
< 161.5 0 161.5 | 323.00 | 1196 | 246.08 0 12.92 - -
o 161.5 0 161.5 | 25840 | 1196 | 259.00 0 - 64.6 -
161.5 0 161.5 | 29720 | 1196 | 259.00 0 - - 25.84
279.5 | 167.7 0 670.80 | 1136 | 246.00 | 27.95 0 - -
a 279.5 | 167.7 0 670.80 | 1136 | 223.64 | 27.95 | 22.36 - -
o 279.5 | 167.7 0 559.00 | 1136 | 246.00 | 27.95 - 111.8 -
2795 | 167.7 0 626.08 | 1136 | 246.00 | 27.95 - - 44.72

Hon hop vita duge tron trong mdy tron vira
(cement mortar mixer). Cac mau vira kich thudc
(25 mm x 25 mm x 250 mm) dugc ché tao dé
xac dinh co ngo6t theo tiéu chuan ASTM C 157/C
157M-03 (ASTM Committee C09 2003b). Sau
khi tron, hon hop vita dugc duc khuon va dam
rung theo quy dinh, sau d6 cac mau vira dugc
bao phu kin bang niléong sau 1 ngay thi thao
khuén. Cac mau vita dung trong thi nghiém xac
dinh do tu co ngot thi dugc boc kin ngay 1ap tuc
sau khi thao khu6n bang 2 16p gidy bac. Tat ca
cic mau thi nghiém duogc bao dudng trong phong
bao dudng tiéu chuin voi do am 1a 50% va nhiét
d6 20°C. Po thay d6i do dai thanh vita dugc do
tai 1, 3, 7, 14, 28, 60, 90, 120, 150 va 180 ngay
dé xac dinh do tu co ngdt (autogenous shrinkage)
va co kho (drying shrinkage) cta vira.

3. Két qua thi nghiém va nhan xét

Hinh 1 va 3 biéu dién anh huong cia SRA,
MgO, CEA dén do tu co ngdt (autogenous
shrinkage) va co ngot kho (drying shrinkage)
cuia vira sau 180 ngay thi nghiém cho ca hai hon
hop vita c6 W/B = 0.40 va 0.22. Qua d6 c6 thé

t (days)

0 20 40 60 80 100 120 140 160 180

-600

-800

Autogenous shrinkage (x10°)

-1000

-1200

—&— 10% CEA —8— 2% SRA —&— 4% MgO —x— Control

(a) W/B = 0.40

nhan thdy rang tit ca cac phu gia déu co tac
dung giam co ngot cho vira, tuy nhién hi€u qua
ciia SRA 1a cao nhat, tiép theo d6 1a MgO va
CEA d6i véi do tu co ngot; con ddi voi co ngot
kho thi hidu qua giam dan khi s dung SRA,
CEA va MgO.

Bang 6 va 7, tuong Ung so sanh ty 1€ d6 tu co
ng6t va co ngét kho ciia vira sau 1 ngay cho tat ca
cac mau vita so v6i mau khong c6 phu gia ctia hai
ty 16 W/B = 0.40 va 0.22. Két qua cho thay, tai thoi
diém 180 ngay do tu co ngdt cua vita co phu gia
SRA, MgO va CEA tuong tng la 0.72, 0.82 va
0.95 (mau c6 W/B = 0.40), va 0.58, 0.87 va 0.92
(mau c6 W/B = 0.22) so véi mau khong c6 phu gia.
Trong khi do, co ng6t khd cta vira tuong ting 1a
0.77, 0.93, 0.87 cho mau c6 W/B = 0.40; va 0.66,
0.89, 0.89 cho mau c6 W/B = 0.22 khi so sanh véi
méu khong ¢ phu gia. Qua d6 nhan thiy rang khi
pha tron phu gia SRA, MgO va CEA thi hiéu qua
giam co ngét cho vira 1a rat cao, tuy nhién hiéu qua
giam co ngot ctia SRA 1a cao nhat. Khi ham luong
SRA ting 1én (I6n hon 2% chat két dinh) thi hi¢u
qua giam co ngdt cho vira 1a rat dang ké.

t(days)

0 20 40 60 80 100 120 140 160 180
0

-400

-800

-1200

-1600

-2000

Autogenous shrinkage (x10%)

-2400

—4—10% CEA —8— 2% SRA —a— 4% MgO —x— Control

(b) W/B =0.22

Hinh 1. Anh hwéng cia cdc phu gia dén do tir co ngdt ciia vita sau 1 ngdy bdo dwong



Bang 6 Ty I¢ do tw co ngot cua vita cho tat cd cac mdu vika so voi mau khong co phu gia

Ty Ié do tw co ngot cua vita

W/B 0.4 0.22
. 2% 4% 10% 2% 4% 10%

Phu gia SRA MgO CEA Control SRA MgO CEA Control
2d 0.46 0.68 0.97 1.00 0.80 0.58 0.69 1.00
4d 0.53 0.62 0.90 1.00 0.70 0.53 0.73 1.00
&d 0.57 0.64 0.99 1.00 0.74 0.85 0.97 1.00
15d 0.60 0.67 0.99 1.00 0.65 0.87 0.99 1.00
29d 0.57 0.72 1.00 1.00 0.57 0.81 0.91 1.00
61d 0.67 0.78 0.91 1.00 0.59 0.88 0.99 1.00
91d 0.66 0.76 0.91 1.00 0.54 0.83 0.91 1.00
121d 0.68 0.80 0.92 1.00 0.56 0.86 0.92 1.00
151d 0.70 0.82 0.94 1.00 0.57 0.86 0.92 1.00
181d 0.72 0.82 0.95 1.00 0.58 0.87 0.92 1.00

n W/B = 0.40 ) 100 ‘ W/?=0.22
% g g é 0:20 }
o ) 8d7 151

0 20

Time (days)

B 2% SRA ®4% MgO O10% CEA @& Control

Hinh 2. So sanh ty I¢ do tw co ngot cua cdac mau vira

40 60

t (days)

80

100 120

140 160 180

-500

0 20

o

40 60

t (days)

80 100 120

d 29d 61d 91d 121d 151d 181d
Time (days)
W 2% SRA B4% MgO O 10% CEA @ Control

140 160 180

&
g
3

%\ -1000 g

—+—10% CEA —8— 2% SRA —&— 4% MgO —x— Control —o— 10% CEA —8— 2% SRA —a— 4% MgO —— Control

(a) W/B = 0.40 (b) W/B =0.22

Hinh 3. Anh hwéng ciia cdc loai phu gia dén co ngot khé cua vira
Bdng 7. Ty Ié co ngdt khé ciia cdc mdu vira so véi mau khéng cé phu gia
Ty 1€ co ngo6t khod cua vita
W/B 0.4 0.22

. 2% 4% 10% 2% 4% 10%

Phu gia SRA MgO CEA Control SRA MgO CEA Control
1d 0.15 0.88 0.49 1.00 0.47 0.92 0.53 1.00
3d 0.39 0.84 0.67 1.00 0.50 0.87 0.73 1.00
7d 0.53 0.99 0.77 1.00 0.61 0.99 0.98 1.00
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Ty 1€ co ngo6t khod cua vita
W/B 0.4 0.22
. 2% 4% 10% 2% 4% 10%

Phu gia SRA MgO CEA Control SRA MgO CEA Control
14d 0.62 0.91 0.77 1.00 0.62 0.95 0.96 1.00
28d 0.65 0.95 0.76 1.00 0.55 0.92 0.87 1.00
60d 0.82 0.97 0.86 1.00 0.64 0.89 0.88 1.00
90d 0.80 0.96 0.84 1.00 0.63 0.87 0.88 1.00
120d 0.80 0.94 0.83 1.00 0.67 0.88 0.88 1.00
150d 0.76 0.93 0.85 1.00 0.66 0.89 0.89 1.00
180d 0.77 0.93 0.87 1.00 0.66 0.89 0.89 1.00

W/B =0.40

1.00 W/B =0.22
2 00 . 1.00 3
gg 0:60 §§ oo -4
% $ 040 - zjz
¢ 55; 020 £ - § é 0:20

0.00 L ®

1d 3d 0.00 -

14d 29d 60d 90d 120d 150d 180d
Time (days)

m 2% SRA m4%MgO o 10% CEA @ Control

1d 3d 7d

14d 29d 60d 90d 120d 150d 180d
Time (days)

W 2% SRA ®4% MgO O10% CEA @ Control

Hinh 4 So sanh ty 1é co ngot kho cua cac mau vira

Nhu trong bang 6, 7 va hinh 2, 4 cho thay
rang d6 tu co ngét va co ngdt kho cua tat ca cac
mAau vita chiém khoang 30% (sau 14 ngiy) va
50% (sau 28 ngay) co ngét clia vira tai thoi diém
180 ngay. Qua ddy cho thdy co ngot cua vita rat
cao, tai vi khong co sy kiém ché cua cbt liéu
thoé. Do vay, anh hudng cia c6t liéu thod dén co
ngot 1a rat dang ké, diéu nay dugc thé hién khi
nghién ctru co ngo6t cua bé tong; voi sy c6 mat
ctia c6t liéu tho thi co ngét clia bé tong da giam
rat nhiéu. Van dé nay sé& tiép tuc duoc trinh bay
trong cac bai bao tiép theo.

4 Két luan

e T4t ca cac phu gia héa hoc (SRA, MgO,
CEA) déu c6 tac dung giam co ngdt cho vita rat
t6t, tuy nhién hiéu qua ctia SRA 14 cao nhat, tiép
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Abstract:
INFLUENCE OF SOME CHEMICAL ADMIXTURES ON SHRINKAGE
OF HIGH PERFORMANCE MORTAR

Nguyen Quang Phu*"?; Nguyen Nhu Oanh’;
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High performance mortar has specific performance advantages over conventional mortar in
restoring the concrete and reinforced concrete structures where the high compressive strength, cohesive
strength and durability are necessary considered. But high performance mortar mixtures are usually
produced with water/binder mass ratios (W/B) in the range of 0.2-0.4, and incorporate with highly-
active pozzolans such as silica fume (SF), fly ash (FA), and slag; so it cannot avoid the volume changes
occur in mortar and concrete as a result of drying, self-desiccation, chemical reactions, and
temperature change. Shrinkage and cracking are always the frequent properties in the research field-
concrete, particularly early-age cracking is considered. This paper assessed the influence of some
chemical admixtures on shrinkage of high performance mortar for two mixtures (W/B = 0.22 and 0.40).

Key words: high-performance mortar, drying shrinkage, autogenous shrinkage,; shrinkage-reducing
admixture;, magnesium oxide; concrete expansive admixture.



