BAI BAO KHOA HOC

SU DUNG TO HQP PHU GIA KHOANG TRO TRAU VA XI LO CAO
KET HQP PHU GIA SIEU DEO THE HE MOI PE CHE TAO BE TONG
TU LEN UNG DUNG TRONG CAC CONG TRINH THUY LOI

Nguyén Quang Phu'

Tém tit: Sk dung tro trdu, xi I6 cao hoat tinh va phy gia siéu déo ché tao bé tong tw lén c6 tinh cong
tac tot, cuong do nén cao, phiv hop cho thi cong cac cong trinh Thiy loi. Khi thay thé chdt két dinh bang
15% tro trau va 30% xi 16 cao hoat tinh, két hop lwong ding phu gia siéu déo hop 1y sé ché tao dwoc bé
tong tw lén c6 cuong dd nén dat mdac 30 dén 60MPa. Bé tong tir lén ché tao ddp g dwoc cdc yéu cau

ky thudt cho thi cong cac cong trinh Thuy loi.

Twr khéa: Bé tong tu len; Xi 10 cao hoat tinh; Tro trdu; Phu gia siéu déo.

1. PAT VAN PE

Viéc st dung bé tong tu lén (BTTL) s€ lam
tang d6 bén cla cac két cau bé tong va bé tong ct
thép ding trong xdy dung, gitp giai quyét duoc
cac gidi phap thi cong khi bé tong thuong khong
thé tng dung dugc. Tuy nhién, BTTL van chua
duoc ché tao phé bién va su dung mot cach da
dang cac loai vét li€u khac nhau trong ché tao, can
phai phat trién loai bé tong nay dé dap tng yéu
cau cho cac cong trinh n6i chung va cac cong trinh
thuy 1oi c6 két cAu phirc tap, mong, day cbt thép 1a
didu can thiét.

Vi thuc trang hang triéu tan trau thai ra mdi
nim trén ca nude, can nhiing dién tich 16n dé
chira dung va chi phi dé xir 1y tén kém; kém
theo hang nghin tan xi 10 cao dwgc thai ra tir cac

nha may luyén gang thép thi viéc nghién ctru va
dua vao sir dung cac san pham sau khi xtr 1y cua
cac thai pham trén dé lam phu gia khoang cho
bé tong s& gop phan lam giam chi phi xir 1y,
chén 1dp, giam thiéu 6 nhiém moi trudng. Tir
d6, dua ra cac dé xudt sao cho viéc su dung cac
loai phu gia khoang nay trong san xuit bé tong
xdy dung coéng trinh tai Viét Nam, dac biét la
ung dung cho cac cong trinh Thuy lgi mot cach
hiéu qua nhét.

2. VAT LIEU SUDUNG TRONG NGHIEN CUU

2.1. Xi mang

Pé tai sir dung xi mang PC40 Ha Tién dé thiét ké
bé tong tu 1én; két qua thi nghiém mot s6 chi tiéu co
Iy clia xi mang nhu trong bang 1 dat yéu cau ky
thuat theo TCVN 2682:2009.

Bang 1. Két qua thi nghiém mét so chi tiéu co' Iy ciia xi ming

TT Chi ti¢u thi nghiém Pon vi Két qua

Khdi luong riéng g/em’ 3.15

2 D6 min (lugng sot trén sang 0,09 mm) % 3.5
Luong nudce tiéu chuan % 29.4

A Thoi gian bt dau dong két phut 118
Thoi gian két thuc dong két phut 315

5 | Do 6n dinh thé tich mm 1.6

‘ Gi6i han bén nén tudi 3 ngay N/mm? 23.8
Gi6i han bén nén tudi 28 ngay N/mm? 49.6

"B mén Vit liéu xdy dung, Khoa Cong trinh - PH Thuy loi
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2.2. Phu gia khoang hoat tinh Vién Vat liéu xay dung, két qua thi nghiém mot
2.2.1. Tro triu s6 tinh chét co 1y cua tro trdu duoc trinh bay tai
Tro trdu duoc phan tich va thi nghiém tai bang 2.

Biang 2. Tinh chit co Iy ciia tro triu

STT Chi tiéu thi nghiém Pon vi Két qua thi nghi¢m
1 Khdi luong riéng g/cm’ 2.24
2 Khdi lwong thé tich xdp g/cm’ 0.48
3 Luong mat khi nung % 1.95
4 Kinh thudc hat trung binh pm 7.89
5 Chi s6 hoat tinh v6i xi ming % 115
2.2.2. Silica fume k¥ thuét cua Silica fume dugc phan tich tai Vién

Phu gia khoang si€u min la Silica fume cia Khoa hoc Céng nghé xay dung (IBST), két qua
hing ELKEM thay thé mot phan xi ming trong nhu bang 3. Két qua cho thdy Silica fume dam bao
thiét ké cip phoi bé tong tu Ién dé so sanh cac tinh  yéu cau k¥ thudt theo ASTM C 1240-00.
chit voi bé tong st dung Tro trau. Cac tinh chat

Biang 3. Tinh chit ky thuit caa Silica fume

s n . x ) Yéu cau ky thuat
STT Chi tiéu Don vi Keét qua ASTM C 1240-00
1 | Khéi lugng riéng g/cm’ 2.38 -
2 | DPoam % 1.76 -
3 | Ham lugng mat khi nung % 2.82 <6,0
4 Ham lugng SiO, % 90.15 Si0, > 85,0
5 Ham lugng SO; % 0.05 <2,0
6 Ham lugng CaO % 0.66 <1,0
7 Ham luong CI % 0.01 <0,3
2.2.3. Xi lo cao hat hoa thi nghiém. Tinh chit co 1y cua xi 10 cao dugc

Xi 16 cao dugc ldy tir nha may gang thép Hoa  trinh bay tai bang 4.
Phat va dugc dua vé phong nghién ctru vat lidu dé

Biang 4. Tinh chit co' Iy ciia xi 10 cao

STT Chi ti¢u thi nghiém Pon vi Két qua thi nghiém
1 Khdi lwong riéng g/cm’ 2.88
2 | Khéi lugng thé tich xbp g/cm’ 0.82
Chi s6 hoat tinh cudng do:
3 + Sau 7 ngay % 86
+ Sau 28 ngay 109
4 | Ham lugng mat khi nung % 1.52
2.3. Cét liéu trong ctia hon hop bé tépg, pé anh hudng dén do
2.3.1. Cat chady xoe va kha nang dién day cia hon hop BTTL

Cét (ct lieu min) ciing 1a mot phan rit quan trong qué trinh thi cong. Trong thi nghiém st
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dung cat ty nhién, cat liy tir cong trinh va dua vé
phong thi nghiém; két qua thi nghiém tinh chit co
Iy cua cat dugc trinh bay trong bang 5. Cat st

Biang 5. Tinh chit co' Iy ciia cat

dung c6 thanh phan hat va céac chi tiéu co ly phu
hgp TCVN 7570:2006.

STT Chi tiéu thi nghiém DPon vi Két qua thi nghiém
1 | Khi luong riéng g/cm’ 2.67
2 | Khbi lugng thé tich xp g/cm’ 1.66
3 | Do hong % 37.8
4 Ham lugng bui, bun, sét % 0.65
5 | M6 dun d6 16n - 2.66
6 Tap cht hitu co - bat
7 | Thanh phan hat - Pat

2.3.2. Pa dam
P4a dim liy O cong trinh xay dung va
duoc dua vé phong dé thi nghiém, d4 dam c&

hat (5-20) mm c6 thanh phan hat va tinh chit co
ly dat tiéu chudn TCVN 7570:2006 dugc trinh
bay tai bang 6.

Bang 6. Tinh chit co' Iy ciia da dim

STT Chi ti¢u thi nghiém Pon vi Két qua thi nghiém

1 | Khéi luong riéng g/cm’ 2.76

2 | Khéi luong thé tich xdp g/cm’ 1.68

3 Ham lugng bui, bun, sét % 0.08

4 Ham lugng thoi det % 5.5

5 Do hut nudc % 0.52

6 | Thanh phan hat - Pat
2.4. Nuére ctia hdn hop bé tong va mac bé tong thiét ké.

Nude str dung dé trén va bao dudng bé tong la
nuée sinh hoat phtt hop tiéu chuan TCVN 4506:2012.

2.5. Phu gia hoa hoc

Pé hdn hop bé tong co tinh cong tac va kha
ning Ién chat tot thi hdn hop bé tong thiét ké
khong dugc phép xay ra hién twong phéan ting va
tach nuéc. Thong thudong, khi ché tao BTTL phai
sit dung phu gia ting tinh luu bién, tuy nhién dé
tai nghién ctru da sir dung phu gia siéu déo giam
nude bac cao AM-S50 gbe Polycarboxylate (PC) dé
thay thé, thong qua thi nghiém dé xac dinh ty 1¢
pha tron hop 1y, dam bao tinh cong tac yéu cau

3. THIET KE CAP PHOI BE TONG TU LEN
VA KET QUA THi NGHIEM

3.1. Thiét ké cAp phoi bé tong tu Ién

* Panh gid hiéu qua cia PGK Tro trdu so véi

Silica fume:

Pé so sanh hiéu qua cua hai loai phu gia khoang

siéu min 14 Silica fume va Tro trau, d& tai thiét ké thanh
phan vat liéu cho 1m’ bé tong ddi chimg mac M30 véi
cap phdi: CP1: 100% xi ming Podc-ling. Sau do, thay
thé mot phan SF va RHA duoc CP2: 10% silica fume
(SF) va 90% xi méang Pooc-ling va CP3: 10% tro triu
(RHA) va 90% xi mang Pooc-lang.

Bang 7. Thanh phin vit liéu cho 1m® bé tong

STT | Cipphdi | Ximing SF RHA Ciat Pia | Nwéc | Phu gia siéu déo
1 CP1 380 - - 795 956 175 4.8
2 CP2 342 38 - 779 950 175 4.8
3 CP3 342 - 38 779 950 175 4.8
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Tién hanh thi nghiém kiém tra do chay xoe cua
cac hon hop bé tong, sau d6 diic mau theo kich
thudc tiéu chuan, bao dudng va thi nghiém kiém tra

cudng d6 nén clia bé tong & 7, 28 va 90 ngay tudi.
Két qua mot s tinh chit k¥ thuat ciia bé tong sir
dung PGK Tro triu va Silica fume nhu trong bang 8.

Bing 8. Két qua thi nghiém cac tinh chét ky thuit cia bé tong

STT

Cip phdi

D0 chiy xoe (cm)

Cuwong d§ nén, MPa

7 ngay

28 ngay

90 ngay

CP1

84.0

28.6

36.5

38.6

CP2

81.0

26.8

38.8

43.5

CP3

79.5

25.5

38.1

42.9

Rn (MPa)
A
50 +

40
uCP1
uCP2

CP3

30 A

20 A

10 4

0 t (ngay)

7 ngay 28 ngay 90 ngay

Hinh 1. Biéu do so sanh curong do nén ciia
3 cap phoi bé tong

Nhan xét:

Hon hop bé tong tu lén c6 st dung PGK la
Silica fume hodc Tro trau, két hop phu gia siéu
déo giam nudc hop Iy c6 do chay xoe thdéa man
yéu cau thiét ké (Dx = 65 <85 cm, theo TCVN
12209:2018).

Cudng d6 7 ngdy tudi ciia bé tong mau dbi
chiing khong c6 phu gia khoang cao hon, nhung
cuong d6 28 ngay va 90 ngay thap hon cuong do

bé tong c6 PGK Tro trdu va Silica fume. Nguyén
nhin vi O giai doan dau thuy hoa phan tng
puzolan cua Tro trau va Silica fume chdm hon
phan Gng thuy hoa cua xi ming, nhung vé sau
phan tng puzolan phat trién manh, lam ting
cuong do cua bé tong.

Két qua thi nghiém cuong d6 nén ciia bé tong sir
dung PGK Tro trdu va Silica fume & cic ngay tudi
c6 gia tri twong duong nhau. Do dd, chung ta hoan
toan c6 thé thay thé PGK siéu min Silica fume phai
nhap khau bang PGK siéu min Tro trdu trong san
xudt bé tong tur len.

* Sir dung 16 hop PGK Tro trau va xi I6 cao dé
thiét ké cdp phoi BTTL:

Sir dung t6 hop phu gia khoang gdm: Tro trau + Xi
16 cao, dé tai tién hanh thiét ké cho cac méac bé tong
M30, M40, M50 va M60. Trong thiét ké da sir dung
thay thé xi mang Poocling bang 30% GBFS va 15%
RHA trong thanh phan bé tong, thanh phan céc loai vat
liéu cho 1’ bé tong thiét ké nhu trong bang 9.

Bang 9. Thanh phén vit liéu cho 1m® bé tong thiét ké

Mscbé | Ximing Tmlllr';ug‘a kh";‘i} —— Nuwée | Cit | Didim E:;E;i
tng | (ko) o A B U B U U R v
M30 280.5 76.5 153 183 | 780 956 6.2
M40 319.0 87.0 174 180 | 800 874 7.0
M50 346.5 94.5 189 177 | 814 819 7.6
M60 357.5 97.5 195 163 | 885 765 8.0

Sau khi thiét ké thanh phan vat liéu cho 1m®
bé tong, tién hanh phdi tron vat liéu ding tiéu
chuan va thi nghiém xac dinh mot so tinh chét
k¥ thuat ctia cac hon hop bé tong tu Ién nhu do

chdy xoe va kha ning tu lén ctia hon hop bé
tong. Sau do, duc mau thi nghiém cudng do6 nén
clia tat ca cic mac bé tong thiét ké theo céc tiéu
chuan hi¢n hanh.
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3.2. Két qua thi nghiém

3.2.1. Két qua thi nghiém dé chdiy xoe ciia
HHBT

Tién hanh tron vat liéu cac cép phdi bé tong

thiét ké nhu bang 9, thi nghiém xac dinh do chay
xoe ciia cac hdn hop bé tong theo tidu chuin. Két
qua thi nghiém do chay xoe clia cdc hon hop bé
tong thé hién nhu trong bang 10.

Bang 10. Két qua thi nghiém dd chay xde cic hdn hop bé tong

Mac bé tong M30

M40 M5S0 Me60

D§ chiy xoe (cm) 81

79 73 70

Nhdn xét: Tir két qué thi nghiém dd chay xoe &
bang 10 cua cac hdn hop bé tong thiét ké nhan thiy,
cac cip phdi bé tong thiét ké déu thoa man yéu cau
tinh cong tidc cua bé tong tu lén theo TCVN
12209:2018, d6 chay xode cua cac hon hop bé tong
déu nam trong pham vi cho phép tir 65 dén 85 cm.
Do dong nhat ciia hdn hop bé tong rat tét, khong

phén ting, tach nudc tai mép ria ngoai ciia hdn hop.
3.2.2. Két qud thi nghiém khd nding tw lén ciia
HHBT
Str dung khuén hinh L-box dé thi nghiém kha
nang tu 1én (kha ning chay qua cdt thép) cuia cac
hdn hop bé tong tur Ién thiét ké; két qua thé hién
nhu trong bang 11.

Biang 11. Két qua thi nghiém kha niing tw 1én ciia cac hdn hop bé tong

Mac bé tong M30

M5S0 Me60

M40

H,/H, 0.98

0.96 0.91 0.88

Nhdn xét: Theo TCVN 12209:2018 thi tat ca
cac cap phdi bé tong tu 1én thiét ké déu dat yéu
cau vé kha ning tu 1én chat (Hy/H, > 0.8), bé tong
thoa man vé tinh cong tac. Qua két qua & bang 11
nhan thiy, v6i cac mac bé tong thdp nhu M30 va
M40 thi vi¢c st dung phu gia khodng siéu min la
Tro trdu két hop xi 10 cao s€ cho d0 lén chat rat
t6t, Hy/H, gén bang 1, kha ning chay ctia hon hop
bé tong tot nhat.

3.3.3. Két qua thi nghiém cwong d¢ nén

Dé thi nghiém cuong d6 nén, dic cac to mau thi
nghi¢m hinh 1ap phuong co6 kich thude (15 x 15 x
15) cm, mau duc thi nghiém dugc ché tao va bao
dudng theo TCVN 3105:1993.

Két qua thi nghiém cuong d6 nén ¢ 3, 7, 28 va
90 ngay tudi ddi véi cac mac bé tong thiét ké nhu
trong do thi hinh 2.

Nhdn xét: Tir két qua thi nghiém cudng d6 nén
ctia cac cAp phdi bé tong tu 1én thiét ké nhan thiy:
tit ca cac cap phdi bé tong déu co cudng do nén
vuot mac thiét ké ¢ tudi 28 ngay. Tuy nhién, khi bé

tong pha phu gia khoang Tro trdu va xi 10 cao
lam giam thanh phan khodng vat ciia xi ming
Poolang thi cudng d6 nén & 28 ngay tudi cia tat
ca cac cép phéi tang cham so voi mac thiét ké tir
14.3% dén 17.0%; con & tudi 90 ngay thi cuong
d6 ting cao hon, ting tir 24.3% dén 29.3% cua
tit ca cac mac thiét ké. Piéu nay duoc 1y giai 1a
sau 28 ngdy tudi thi phan Gng thuy phéan thuy hoa
ctia cac thanh phan khoang vat xi mang Pooling
dugc triét dé, thanh phan Ca(OH), duoc tao ra
nhiéu hon, 1am cho phan mg puzolanic ciia PGK
tdt hon, tao ra cac tinh thé rin chic va tang do
dic chic cua ciu truc bé tong, lam ting cudng do
bé tong.

Tir két qua thi nghiém cuong do nén theo thoi
gian ciia cac cap phdi bé tong, ta lap dugc cac cong
thirc thuc nghiém biéu thi sy phat trién cuong do
nén cua bé tong theo thoi gian nhu trong bang 12,
tir d6 co thé du doan cuong dé nén cua cac mac bé
téng & cac ngay tudi khac nhau véi cac hé sé do tin
cay 16n hon 0.95
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Hinh 2. Biéu do sw phdt trién cuong dé nén cia cdc mdc bé tong theo thoi gian

Bang 12. Cac cong thirc thue nghiém duw doin cwong do nén cia bé tong

STT Maic bé tong Cong thire du doan Hé s6 d tin cay
1 M30 Rn=6.9719 In(t) + 9.3175 R*= 0.9520
2 M40 Rn=19.3063 In(t) + 12.145 R” = 0.9466
3 M50 Rn=11.316 In(t) + 15.879 R’ = 0.9591
4 M60 Rn = 14.305 In(t) + 14.328 R*= 0.9560
4. KET LUAN D6t trdu san xuat phu gia khoang tro triu s& tan

Bé tong sir dung hon hgp phu gia khoang Tro
trau va xi 10 cao cho cudng d6 nén va tinh cong
tac tot. Bé tong tu 1en thiét ké dat cac yéu cau ky
thuat dé thi cong cac hang muc cong trinh ¢ hinh
dang phtrc tap hay két céu c6 cdt thép day dic. Pac
biét, bé tong st dung phu gia khang tro triu va xi
10 cao giup tang cuong do cua bé tong, bé tong cod
méc chong thim cao, qua dé ting kha ning chdng
mai mon va chéng xam thuc cho bé tong, rat hiéu
qua vdi cac cong trinh Thuy loi.
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dung duoc phu pham néng nghiép, tan dung va xir
Iy xi 10 cao 1am phu gia khoang trong san xuét bé
tong déu mang lai hi¢u qua vé mit kinh t& va bao
v€ moi truong.

Khi thiét ké thanh phan bé tong tu 1én sir dung
PGK hoat tinh, nhat thiét phai st dung céc loai
phu gia siéu déo mot cach hop 1y dé ting tinh
cong tac cta hon hgp bé tong, qua dé giam luong
nuoc tron, tang do dac chic cua bé tong, tang
cudng do va tinh bén cho bé tong.
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Abstract:
USING OF MINERAL ADDITIVES OF GRANULATED BLAST FURNACE SLAG
AND RICE HUSK ASH COMBINED WITH SUPERPLASTICIZER TO DESIGN THE
SELF COMPACTED CONCRETE APPLICATIONS IN IRRIGATION WORKS

Using the Rice Husk Ash, Granulated Blast Furnace Slag, and Superplasticizer to design the self
compacted concrete component with good workability, high compressive strength, suitable for the
irrigation constructions. When replacing the binder with 15% Rice Husk Ash and 30% Granulated Blast
Furnace Slag, combined using of reasonable superplasticizer, the self compacted concrete will be
manufactured with compressive strength from 30 to 60MPa. The designed self compacted concrete to
meet the technical requirements for irrigation constructions.

Keywords: Self Compacted Concrete - SCC; Granulated Blast Furnace Slag - GBFS; Rice Husk Ash -
RHA; Superplasticizer.

Ngay nhdn bai: 04/10/2019
Ngay chdp nhdn dang: 19/11/2019

22 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 67 (12/2019)



