BAI BAO KHOA HOC

_ DUPOAN MO BUN PAN HOI CUA BE TONG TU LEN
SU DUNG TO HQP PHU GIA KHOANG TRO TRAU VA XI LO CAO

Nguyén Quang Phu'

Tém tit: Khi thay thé chdt két dinh bang 15% tro trdau va 30% xi 16 cao hoat tinh, két hop hrong ding
phu gia siéu déo hop 1y sé ché tao dwoc bé tong tw lén ¢é cuong dé nén dat mdc tir 30 dén 60MPa, bé
t6ng tir 1én co tinh cong tdc tot, cueong dg nén cao, phiv hop cho thi cong cdc cong trinh Thiy loi. Tir két
qud thi nghiém cueong dg nén, dw dodn mé dun dan hoi cia bé tong, cong thirc thue nghiém dam bdo do

tin cdy cho dy doan mé dun dan héi cia cac mac bé tong tw len thiét ké.
Twr khoa: Bé tong tu lén; Xi 10 cao hoat tinh; Tro trau; Phu gia siéu déo; Cuong do nén; M6 dun dan héi.

1. PAT VAN PE

Bé tong ty lén (BTTL) 1a loai bé tong khi thi
cong khong can cong niang dam chat, hdn hop
bé tong c6 do linh dong cao, kha nang lén chat
tot s& lam tang do dac chic cua cac két cdu bé
tong va bé tong cdt thép, gitp giai quyét duoc
cac gidi phdp thi cong ma bé tong thuong
khong thé dap ang dugc. Tuy nhién, BTTL st
dung phu gia khoang hoat tinh két hop tro trdu
va xi 10 cao hoat tinh vAn chua dugc ché tao
phd bién va sir dung mot cach da dang vdi céac
loai vat liéu khac nhau, do dé can phai phat
trién loai bé tong nay dé dap Gmg yéu ciu cho
cac cong trinh ndéi chung va céc cong trinh
Thuy loi c6 két cdu phirc tap, thanh mong, day
c6t thép 1a didu can thiét.

Bé tong la loai vat li€u gion, cAu truc cling
nhu dic tinh k¥ thuat ctua bé tong s dung can
duoc nghién ctru, phan tich va du doan mét cach
chinh xéac. Tir két qua thi nghiém cuong do nén,
c6 thé du dodn dugec mo dun dan hdi cla bé
tong, qua d6 sir dung cac sd lidu nay trong phan
tich ng suét bién dang cua cac két cau ké tong
va bé tong cdt thép; thong qua d6 gitip cho viée
bo tri va st dung vat liéu trong cac két cu cua
cong trinh mdt cach hiéu qua va phu hop véi
kha nang chiu lyc, dadm bao tinh 6n dinh cho cac
cong trinh xay dung.

'B6 mén Vit liéu xay dung, Khoa Cong trinh - DH Thuy loi

2. VAT LIEU SU DUNG 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 sé chi
tidu co 1y cua xi mang nhu: Khéi lugng riéng 3.15
g/em’, lwong nudce tiéu chuan 29.4%, giéi han bén
nén tudi 28 ngay dat 49.6 N/mm?; xi ming dat yéu
cau k¥ thuat theo TCVN 2682:2009.

2.2. Phu gia khoang hoat tinh

+ Tro trdu: duoc phan tich va thi nghiém mot
s6 tinh chét co 1y nhu sau: Khéi lugng riéng 2.24
g/em’, khdi luong thé tich xbp 0.48 g/ecm?, luong
mat khi nung 1.95%, kinh thuéc hat trung binh
7.89 um, chi sb hoat tinh véi xi mang 115%; tro
trau dat yéu cau ky thuat theo TCVN 8827:2011.

+ Xi 10 cao hoat tinh: Xi duogc lay tir nha may
gang thép Hoa Phat va dugc dua vé phong nghién
ctru vat liéu dé thi nghiém. Tinh chat co Iy cia xi
10 cao hoat tinh nhu sau: Khéi lugng ri€ng 2.88
g/em’, khdi luong thé tich xbp 0.82 g/em?, luong
mét khi nung 1.52%, chi s hoat tinh cuong do
sau 28 ngay dat 109%; xi 10 cao hoat tinh dat yéu
cau k¥ thuat theo TCVN 11586:2016.

2.3. Cét ligu

+ Cat (c6t liéu min) ciing 14 mot phan rat quan
trong cta hdn hop bé tong, nd anh huong dén do
chay xoe va kha ning dién day ctia hdn hop BTTL
trong qué trinh thi cong. Trong thi nghiém st
dung cat tw nhién, cat liy tir cong trinh va dua vé
phong thi nghiém; két qua thi nghiém mét s6 tinh
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chit co 1y cua cat: Khéi luong riéng 2.67 g/em’,
khéi luong thé tich xp 1.66 g/cm®, m6 dun d6 16n
2.66; cat sir dung c6 thanh phan hat va cac chi tiéu
co ly phu hop TCVN 7570:2006.

+ Dd diam (ct liéu thd) l1ay ¢ cong trinh xdy
dung va duoc dua vé phong dé thi nghiém, da
dam c& hat (5-20) mm c6 thanh phan hat va tinh
chit co ly dat tiéu chuan TCVN 7570:2006; Két
qua thi nghiém mot s tinh chit co Iy ctia da: Khoi
lwong riéng 2.76 g/em’, khdi luong thé tich xbp
1.68 g/cm’, @6 hut nudc 0.52%.

2.4. Nud6e st dung dé tron va bao dudng bé
tong 1a nudc sinh hoat phu hop tiéu chuan TCVN
4506:2012.

2.5. Phu gia hoa hoc: Dé hdn hop bé tong co
tinh cong tac va kha nang 1én chat tt thi hdn hop
bé tong thiét ké khong dwgc phép xay ra hién

tuong phan tang va tach nudc. Thong thudng, khi
ché tao BTTL phai st dung phu gia ting tinh luu
bién, tuy nhién dé tai nghién ctru da str dung phu
gia siéu déo giam nudc bic cao AM-S50 gbc
Polycarboxylate (PC) dé thay thé, thong qua thi
nghiém dé xac dinh ty 1¢ pha trén hop ly, dam bao
tinh cong tac yéu cau cua hdn hop bé tong va mac
bé tong thiét ké.

3. KET QUA VA THAO LUAN

3.1. Thiét ké cAp phoi bé tong tu Ién

St dung t6 hop phu gia khoang gom: Tro trau
+ Xi 10 cao, dé tai tién hanh thiét ké cho cac mac
bé tong M30, M40, M50 va M60. Trong thiét ké
da sir dung thay thé xi ming Poocling bang 30%
GBFS va 15% RHA trong thanh phin bé tong,
thanh phan cac loai vat liéu cho 1m’ bé tong thiét
ké nhu trong bang 1.

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

Micbé | Ximing Tmlllr‘zug‘a kh";‘i —— Nuwée | Cit | Di dim i:;'f;i
tng | (kg) o |0 | e | e | G
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
Im® bé toéng, tién hanh phdi tron vat lidu
dung tiéu chuén va thi nghiém xac dinh mot
sb tinh chét ky thuat cua cac hdn hop bé tong
tu 1én nhu: do chay xde va kha nang ty Ién
cua hon hop bé tong. Sau d6, dic mau thi
nghiém cudng d6 nén va moé dun dan hoi cua
tat ca cdc mac bé tong thiét ké theo cac tiéu
chuan hi¢n hanh.

3.2. Két qua thi nghiém d9 chay xoe va kha
nang tu lén cia HHBT

Tién hanh tron vét liéu cac cdp phdi bé tong
thiét ké nhu bang 1, thi nghiém xac dinh do chay
xoe cua cac hdn hop bé tong theo tiéu chudn. Sir
dung khuén hinh L-box dé thi nghiém kha ning tu
1én (kha ning chay qua cbt thép) cua cac hdn hop
bé tong ty lén thiét ké. Két qua thi nghiém thé
hién nhu trong bang 2.

Biang 2. Két qua thi nghiém d9 chay xde va kha ning tw Ién ciac hdn hop bé tong

Mic bé tong M30 M40 M50 M60
Do chay xoe (cm) 81 79 73 70
H,/H, 0.98 0.96 0.91 0.88

Nhdn xét: Tir két qua thi nghiém d6 chay xoe &
bang 2 ciia cac hdn hop bé tong thiét ké nhan thiy,
cac cip phdi bé tong thiét ké déu thoa méan yéu ciu
tinh cong tdc cua bé tong tu Ilen theo TCVN

12209:2018, d6 chay xoe cuiia cac hén hop bé tong
déu nam trong pham vi cho phép tir 65 dén 85 cm. Do
ddng nhat ciia hdn hop bé tong rat tot, khong phan
ting, khong tach nudc tai mép ria ngoai ctia hdn hop.
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Theo TCVN 12209:2018 thi tit ca cac cip phdi
bé tong tu 1en thiét ké déu dat yéu cau vé kha nang
tw 1én chat (Ho/H, > 0.8), bé tong thoa man vé kha
nang chay qua cdt thép. Qua két qua & bang 2
nhan thiy, v6i cac mac bé tong thdp nhu M30 va
M40 thi vi¢c st dung phu gia khodng siéu min la
Tro trau két hop Xi 10 cao hoat tinh s& cho do lén
chat rat tét, Hy/H, gan bang 1, kha ning chay cua
hdn hop bé tong tét nhét.

3.3. Két qua thi nghiém cwong dd nén va md
dun dan hoi

Pé thi nghiém cuong do nén, dic cac to miu

thi nghiém hinh 18p phuong c6 kich thudc
(15x15x15) cm, mau duc thi nghiém duoc ché tao
va bao dudng theo TCVN 3105:1993. Thi nghiém
cuong do nén ¢ 3, 7, 28 va 90 ngay tudi d6i vai
cac mac bé tong thiét ké.

Thi nghiém mé dun dan hoi, tién hanh duc cac
t6 mau thi nghiém c6 kich thudc (10x10x30) cm,
mau duoc ché tao va bao dudng theo TCVN
3105:1993. Bao dudng mau trong diéu kién moi
truong tidu chuan sau 7 va 28 ngay tudi kiém tra
mod dun dan hoi.

Biang 3. Két qua thi nghiém cwdong do nén va mé dun dan hdi ciia cac mac bé tong thiét ké

STT | Mac bé Cuwong d nén, MPa Mé dun dan hoi, E. (GPa)
tong 3 ngay 7 ngay 28 ngay 90 ngay 7 ngay 28 ngay
1 M30 14.8 24.8 34.7 38.8 23.45 31.88
2 M40 19.5 32.5 46.6 51.2 30.86 37.85
3 M50 26.7 37.8 58.5 63.6 35.50 41.62
4 M60 28.5 41.2 68.6 74.6 37.66 43.85

Nhdn xét: Tl két qua thi nghiém cudng d6 nén
clia cac cip phdi bé tong tu 1én thiét ké nhan thay:
tit ca cac cap phdi bé tong déu c6 cuong do nén
vuot mac thiét ké & tudi 28 ngay. Tuy nhién, khi
bé tong pha phu gia khoang Tro trau va Xi 10 cao
hoat tinh lam giam thanh phan khoang vat cua xi
ming Poolang thi cudng do nén ¢ 28 ngay tudi
clia tit ca cac cép phéi tang cham so v&i mac thiét
ké tir 14.3% dén 17.0%; con ¢ tudi 90 ngay thi
cuong do ting cao hon, ting tir 24.3% dén 29.3%
clia tit ca cac méc thiét ké. Piéu nay duoc Iy giai
1a sau 28 ngay tudi thi phan ung thuy phan thuy
hoéa cia cac thanh phdn khoang vat xi ming
Pooclang dugc triét dé, thanh phan Ca(OH), duoc
tao ra nhiéu hon, lam cho phan trng puzolanic cia
PGK tdt hon, tao ra cac tinh thé ran chic va tang
d6 dic chic cua céu tric bé tong, 1am ting cudng
do bé tong.

Nhu két qua thi nghiém trong bang 3 thi mo
dun dan hoi cua bé tong ting khi cudong do nén bé
tong ting va ngdy tudi cua mau thi nghiém ting.
Dé x4c dinh chinh x4c md dun dan cta cac mac bé
tong khac nhau, can thiét phai thi nghiém kiém tra
song song giita cudng do nén va mé dun dan hoi
trong Ung cua nhidu t6 mau khic nhau ¢ nhiéu

ngdy tudi khac nhau, théng qua cac két qua thi
nghiém d6 du doan cong thirc tinh mo dun dan hoi
tor cuong dé nén ctia bé tong; sau do, kiém tra do
chinh xac cta cong thirc voi mot sé cong thirc
thuc nghiém da c6 ctia mot s6 nha khoa hoc trén
thé giéi da duoc cong bd.

Gan day, viéc du doan dac tinh co hoc cua bé
tong dua vao mot sb tinh chéat cua no rat duoc
quan tdm. Trong mot vai nghién ciru gan day, moi
su ¢d gang déu dua ra cac cong thirc thuc nghiém
du doan mo6 dun dan hdi cua bé tong ty 1én dya
trén mot sd dic diém cua hdn hop bé tong da biét
nhu: ham luong phu gia khoang, loai phu gia, ¢t
liéu, ty 1& nudc/chat két dinh.... Pé du doan mo
dun dan hoi cta bé tong ty 1én dwa vao cudng do
nén cua bé tong va nghién ctru anh hudng cua cac
loai phu gia khoang (Tro trdu va Xi 10 cao hoat
tinh) dén mo dun dan hdi thi cac mau thi nghiém
dugc dac, bao dudng, tién hanh kiém tra xac dinh
md dun dan hoi va cuong d6 nén sau 7 va 28 ngay
tudi nhu két qua o trén bang 3. Do tin cdy cua
cong thuc du doan da duoc kiém tra v6i cac sb
liéu thi nghi¢ém ddc 1ap va so sanh véi cac cong
thirc du doan di c6 cua mot sé nha khoa hoc trén
thé gii da duoc cong bd.
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Mot sb cong thuc thuc nghiém xac dinh mo
dun dan hoi (E.) ddc trung nhu Vién bé tong My
(ACI), Hi¢p hoi bé tong Canada (CSA), tiéu

+ Cong thurc cua Vién bé tong My (ACI)
ACI 318M-95: E.=4700./ 1",

ACI 363 & Martinez:

+ Cong thire cua Hiép hoi bé tong Canada (CSA)

CSA A23.3: E.=(3300,//". + 6900).(

+ Céng thire ciia Tiéu chudn chau Au (CEB):
CEB-FIP-90:

1.5
E.=(33204//". +6900). [2346j

E. = 10000(f + 8)***

chuan chau Au (CEB), hiép hoi bé tong Nauy
(NSA) va mdt s6 cong thirc cua cic nha nghién
ctru nhu sau:

+ Cong thire cua Hiép hoi bé tong Nauy (NSA) va tac gia Smeplas:

1.5
E, = 9500£,%3.[ e
2400

Trong do:
E.: M6 dun dan hoi (GPa)

f’¢: Cuong do nén cua bé tong (MPa)

(1)
e @

Wc 1.5
300) )
4)
(5)

we: Khéi luong don vi ciia bé tong (kg/m®)

Duya vao cuong dé nén cua bé tong ¢ bang 3 dé
du doan mé dun dan hoi, két qua cia moi quan hé
gita m6 dun dan hoi va cuong d§ nén cua cac

E.=4.051 1. %% | R*=0.9042

Trong d6:  E.: M6 dun dan hoi (GPa)
f’.: Cuong o nén (MPa)
R%: Hé s do tin cay

mau thi nghiém dugc thé hién & cong thirc 6.
Puong cong biéu dién quan hé d6 dugc thé hién ¢
hinh 1 duoi day:

(6)

Ghi chii: Theo TCVN thi cudng d6 nén cia bé tong ky hiéu 1a R,, tuy nhién theo tiéu chuan cua nuée
ngoai thi cuong d6 nén ciia bé tong ky hidu 1a f.. Do o, trong cac cong thirc 1 dén 6 van giit nguyén ky
hiéu cta nudc ngoai d€ bicu thi cac cong thirc thuc nghiém.

E. (GPa) Quan hé E. ~ ',
+
40
30 -
E, =4.051.£ 058
* R?=0.9042

20 -
10 -

0 : : : : : . If‘ fh@a)

0 10 20 30 40 50 60 70

Hinh 1. Quan hé gitta mé dun dan hoi va cuong
do nén cua bé tong ty len

90

* Ddanh gia dj tin cdy cua cong thirc thuc
nghiém du dodn:

Dé danh gia d6 tin cdy cua cong thuc thuc
nghiém tinh mé dun dan hdi theo cudng d6 nén cia
BTTL nghién ctru da du doan, dé tai st dung mot
s6 két qua nghién ciru doc 1ap cua cac nha nghién
ctru dé kiém tra sai s giita gia tri thi nghiém va két
qua tinh theo cac cong thirc thuc nghiém. Qua do
thdy cong thirc du doan (cdng thirc 6) ¢ sai sb co
thé chip nhan duoc va ciing nam trong pham vi sai
s6 cho phép cua cac cong thirc thuc nghiém da co,
dam bao do tin cdy cho du doan mé dun dan hodi
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ctia cac mac BTTL thiét ké. Két qua dénh gia sai s6
cia mot sb cong thuc thuc nghi€ém va cong thic

thiét 1ap tir két qua nghién ciru (cong thire 6) duoc
thé hién nhu bang 4 dudi day.

Bang 4. Danh gia dg tin cay cua cong thirc du doan va cac cong thirec thwe nghiém da co

Dit liéu E. (GPa)/sai 56 (%)
Sfe E, CT du

(MPa) | (GPa) dodn CT() | CT) | CT() | €T | CT@3)
Iravani 66.00 | 42.00 45.71 38.18 34.22 32.97 41.39 34.74
1996 (+8.80) | (-9.09) | (-18.53) | (-21.50) | (-1.46) | (-17.30)
Khayat et 85.00 | 45.50 5291 43.33 36.29 34.07 44.63 36.84
al. 1995 (+16.30) | (-4.77) | (20.23) | (-25.12) | (-1.92) | (-19.04)
Giaacioet | 77.50 | 48.50 50.16 41.38 33.11 31.39 43.41 33.61
al.1992 (+3.40) | (-14.69) | (-31.73) | (-35.29) | (-10.50) | (-30.71)
Giaacioet | 87.00 | 46.50 53.63 43.84 40.68 38.09 44.94 41.28
al.1992 (+15.30) | (-5.72) | (-12.53) | (-18.09) | (-3.35) | (-11.22)
Giaacioet | 58.20 | 39.00 42.50 35.86 34.62 33.76 39.89 35.14
al.1992 (+9.00) | (-8.06) | (-11.24) | (-13.44) | (+2.29) | (-9.89)

* CT: Cong thurc

4. KET LUAN

Khi thiét ké thanh phan bé tong tu Ién sir dung
PGK hoat tinh, nhat thiét phai str dung cac loai phu
gia siéu déo mot cach hop 1y. Bé tong st dung hon
hop phu gia khoang Tro trdu va Xi 16 cao hoat tinh
cho cuong d6 nén va md dun dan hoi cao, tinh cong
tac tot. Bé tong tu lén thiét ké dat cac yéu cau ky
thuat dé thi cong cac hang muc cong trinh ¢ hinh
dang phirc tap hay két ciu c6 cdt thép day dic. Pac
biét, bé tong sir dung phu gia khang Tro trdu va Xi
10 cao giup tang cuong do cua bé tong, bé tong co
méc chéng thim cao, qua d6 tang kha niang chong
mai mon va chéng xam thuc cho bé tong, rat hiéu
qué vai cac cong trinh Thuy loi.

TAI LIEU THAM KHAO

Dé du dodn md dun dan hodi cua BTTL sur
dung PGK hoat tinh, cin phai thi nghiém xac
dinh cuong d6 nén va mé dun dan hdi cua cac
mac bé tong ¢ cac ngay tudi khac nhau, dic
biét 12 cac ngay tudi dai ngay (sau 28 ngay
tudi) dé danh gia chinh xac sy phat trién
cuong do cua bé tong theo thoi gian; sau do
danh gia d0 chinh x4c cua cdng thuc thuc
nghiém da dy doan. Bén canh d6, can thay doi
nhiéu ty 1& pha tron phu gia khoang khac
nhau, nham da dang cac loai BTTL thiét ké dé
c6 thé tng dung cho cac hang muc cong trinh
khac nhau trong xdy dung ndi chung va Thuy
loi nodi riéng.

TCVN 11586:2016. X hat Io cao nghién min diing cho bé téng va vita.

TCVN 12209:2018. Bé téng tir lén - Yéu cau ky thudt va phwong phdp thir.

TCVN 2682:2009. Xi méing Podc ling - Yéu cau ky thudt.

TCVN 3105:1993. Hon hop bé tong ning va bét ong ning - Lay mau, ché tao va bao dwdong mau thit.
TCVN 3118:2012. Bé tong nang - Phuwong phdp xdc dinh dinh cuong do nén.

TCVN 4506:2012. NutGe cho bé tong va vira - Yéu cau ky thudt.

TCVN 6016:2015. Xi mdng - phwong phdp thie xdc dinh d¢ bén.

TCVN 6017:2015. Xi méng - phwong phdp thir - xdc dinh thoi gian déng két va d¢ on dinh.
TCVN 7570:2006. Cot liéu cho bé téng va vita - Yéu cau ky thudt.
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Abstract:
PREDICTION OF ELASTIC MODULUS OF THE SELF COMPACTED
CONCRETE USING THE MINERAL ADDITIVES OF GRANULATED BLAST
FURNACE SLAG AND RICE HUSK ASH

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 self compacted concrete component with good workability,
high compressive strength, suitable for the irrigation constructions. From the results of compressive
strength, to predict the elastic modulus of concrete; the experimental formula ensures the reliability for
predicting the elastic modulus of self compacted concrete.

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