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Tém tit: Sir dung phu gia khodng tro trau thay thé 15% xi mang Poocling, két hop lwong ding
phu gia siéu déo hop Iy dé ché tao bé téng c6 cuong do nén dat mdc tir 30 dén 60 MPa, bé tong
c6 tinh cong tdc tot, cuong dé nén, mé dun dan héi va mdc chong tham cao, phit hop cho thi céng
cdc cong trinh Thiy loi. Thi nghiém xdc dinh cwong dg nén va mé dun dan héi ciia cdc mdc bé tong
thiét ké. Xdc dinh moi quan hé giita mé dun dan héi va cwong dé nén cia bé tong, cong thire thuc
nghiém gitip dy dodn dwoc mé dun dan hoi ciia bé tong théng qua cwong dé nén, giam thiéu diroc
cdc chi phi thi nghiém truec tiép mé dun dan hoi cia bé téng.

Tur khéa: M6 dun dan héi; cwong do nén; tro trdu;, phu gia siéu déo.

Summary: Using rice husk ash mineral admixture to replace the Porland cement binder by
15%, combined with a reasonable amount of superplasticizer to manufacture concrete with
compressive strength of 30 to 60 (MPa), The concrete is designed with good workability, high
compressive strength, high elastic modulus and high waterproof grade, meeting the technical
requirements for Hydraulic constructions. Experiment to determine the compressive strength
and elastic modulus of engineered concrete marks. Determining the relationship between the
elastic modulus and compressive strength of concrete, the experimental formula helps to predict
the elastic modulus through compressive strength, reducing the cost of testing the elastic
modulus of concrete.

Key words: Elastic modulus; Compressive strength; Rice Husk Ash (RHA); Superplasticizer.

1. PAT VAN DE

Céc cong trinh xay dung da phan duoc thiét ké
va thi cong boi cac két cau bé tong va bé tong
cdt thép, viée danh gia chét lugng bé tong trong
qué trinh thi cong va nghiém thu dé dua cong
trinh vao khai thac van hanh rat can thiét. Mot
sO chi tiéu k¥ thuét can phai thi nghiém nhanh
dé danh gia chit luong bé tong kip thoi va
nhanh chéong, do 1a cuong do chiu nén va mo
dun dan hoi cua bé tong. Hién nay, thi nghiém
xéac dinh mo6 dun dan hoi cua bé tong thong qua
thi nghiém trén cic miu tiéu chudn va thi
nghiém ph4 hity mau theo ASTM C469-02 va
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TCVN 5276:1993 [2, 6].

Theo céc tiéu chuan, viéc xac dinh md dun dan
hdi ctia bé tong van thong qua thi nghiém truc
tiép tai phong thi nghiém voi may moéc, trang
thiét bi phuc tap, dong thoi phai chuan bi miu
¢6 kich thudc theo tiéu chuan quy dinh. Tuy
nhién, nhidu khi két qua thi nghiém trén mau
tiéu chuén lai c6 d6 chinh xac chua duoc tuong
ddng v4i bé tong str dung tai cong trinh, do kich
thudc cac mau thi nghiém tuong ddi nho, thiét
bi thi nghiém ciing ¢ nhitng sai s6 nhat dinh.

bé thuc hién dugc céc thi nghiém, dé tai nghién
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ctru sir dung céc loai vat li€u dé thiét ké cac mac
bé tong tir M30 + M60 (MPa). Bé dam bao bé
tong thiét ké c6 cuong do va tinh bén cao, dic
biét 1a bé tong thiét ké co tinh chdng thim va
chdng xam thuc tdt, trong dé tai da thay thé mot
phan xi ming Poocling bang phu gia khoang
hoat tinh tro trau, két hop lwong dung phuy gia
siéu déo hop 1y, dam bao yéu cau cua bé tong
thi cong cho cac cong trinh Thuy loi.

2. VAT LIEU SU DUNG TRONG
NGHIEN CcUU

2.1. Xi ming: Dé tai str dung xi ming PC40 dé thiét
ké bé tong, két qua thi nghiém mot sb tinh chét coa xi
mang nhu: Khéi luong riéng dat 3.16 g/em®,
luong nudc tiéu chuan 13 29.5%; thoi gian bat
dau dong két 1a 121 phut, thoi gian két thic
dong két 1a 318 phut va gidi han bén nén tudi

28 ngay dat 48.8 N/mm?. Xi ming PC40 dat yéu
cau k¥ thuét theo TCVN 2682:2009.

2.2. Phu gia kho4ng hoat tinh: Tro triu duoc
thay thé mot phan xi mang trong thanh phan cta
cac méac bé tong thiét ké, két qua thi nghiém mot
s6 tinh chét cua tro trAu nhu sau: Khéi luong
riéng dat 2.26 glcm®; khéi luong thé tich xdp:
0.51 g/cm?; kinh thudc hat trung binh 12 8.05um
va chi s hoat tinh véi xi mang 13 118%. Tro
trdu co cac chi tiéu ky thuat théa man TCVN
8827:2011.

2.3. C6t ligu nho (Cat): Cét trong thi nghiém
st dung cat tu nhién, lay tir cong trinh va dua
vé phong thi nghiém, cét sir dung c6 thanh phan
hat va cac chi tiéu co ly phu hgp TCVN
7570:2006. Két qua thi nghiém tinh chét cia cat
dugc trinh bay trong bang 1.

Bang 1: Tinh chit ctia cat

STT Chi ti¢u thi nghiém Pon vi Két qua thi nghiém
1 Khéi lwong riéng glem?® 2.68
2 Khéi lwong thé tich xbp glcm?® 1.67
3 Do rong % 37.7
4 Ham lugng bui, bun, sét % 0.85
5 Mo dun d6 l16n - 2.67
6 Tap chét hitu co - Pat
7 Thanh phan hat - Dat

2.4. C6t liu 16n (P4 dim): Pa dim Granit
dung thi céng cong trinh thuc t& co ¢& hat (5-
20)mm, mot sd tinh chét ctia da dam duoc trinh

bay & bang 2. Pa dam c6 céc tinh chét co 1y va
thanh phéan hat dat tiéu chuan ding cho bé tong
theo TCVN 7570:2006.

Bang 2: Tinh chit cia da dim

STT | Chi tiéu thi nghiém Pon vi Két qua thi nghi¢m
1 Khéi luong riéng glcm?® 2.73
2 Khéi lugng thé tich xbp glcm?® 1.69
3 Ham luong bui, bun, sét % 0.08
4 Ham luong thoi det % 3.5
5 Do hat nuée % 0.48
6 Thanh phan hat - Dat
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2.5. Nwée: Nude st dung dé tron va bao dudng
bé tong 1a nude sinh hoat phu hop tiéu chuan
TCVN 4506: 2012.

2.6. Phu gia hoa hoc: Dé tai sir dung phu gia
khoang siéu min 1 tro trdu dé thay thé mot phan
xi mang trong thiét ké cac mac bé tong, vi vay str
dung phu gia siéu déo giam nudc bic cao gbc
Polycarboxylate (PC) véi luong dung hop 1y dé
duy tri do sut ciia cac hon hop bé tong, thong qua
thi nghiém dé xé4c dinh ty 1¢ pha trén hop 1y, dam
bao tinh cong tac yéu cau ciia hdn hop bé tong va
cuong do bé tong thiét ké.

| KHOAHOC CONG NGHE |
3. THIET KE BE TONG VA KET QUA THI
NGHIEM

3.1. Thiét ké thanh phén bé tong

Str dung cac loai vat li€u da thi nghi€ém & trén
dé thiét k& thanh phan bé tong mac: M30, M40,
M50, M60 (MPa). Bé tang tinh bén cho bé tong
st dung trong cac cong trinh Thuy loi, trong
thiét ké da sir dung 15% phu gia khoang hoat
tinh tro trau (RHA) thay thé xi ming Poocling,
két hop voi lugng dung phu gia siéu déo hop 1y.
Thanh phéan céc loai vat liéu cho 1m® bé tong
thiét ké nhu trong bang 3.

Bang 3: Thanh phan vit liéu cho 1m? bé tong thiét ké

XM RHA Cat ba Nuéc PGSD
Mac BT (kg) (kg) (kg) (kg) (lit) (Iit)
M30 327.3 57.8 790 1055 188 4.81
M40 382.5 67.5 800 1003 182 5.63
M50 416.5 73.5 820 965 176 7.35
M60 442.0 78.0 865 930 161 7.80
Phéi tron vat liéu dang tiéu chuan va thi ciia cic HHBT
nghiém tinh cong tac cia cac hdn hop bé tong STT Méac BT P sut, Sn (cm)
(d0 sut, Sn). Sau d6, duc cac t6 mau thi 1 M30 14.5
nghiém tiéu chuin, bao dudng trong diéu 2 M40 13.5
ki¢én moi truong tiéu chuén, thi nghiém xac 3 M50 12.0
dinh cuong d6 nén ciia tit ca cac mac bé tong 4 M60 10.5

thiét ké theo 2 phuong phap: pha hay va
khong pha hiy. Tiép theo diic cac mau thi
nghiém kiém tra méac chéng thadm va mo dun
dan hoi cua cac mac bé tong thiét ké theo céac
TCVN.

3.2. Két qua thi nghiém dé sut ciia caic HHBT
Tron cac hdn hop bé tong voi thanh phan céc
loai vat liéu nhu trong bang 3Bang, thi
nghiém xac dinh d6 syt ctia cac hon hop bé
tong (HHBT) theo tiéu chuin TCVN
3106:2007. Két qua thi nghiém nhu trong
bang 4.

Bang 4: Két qua thi nghiém d¢ sut

Nhdn xét: T két qua thi nghiém do sut cua céc
HHBT & bang 4 nhan thay tit ca cic méac bé
téng dam bao tinh cong tac yéu cau thi cong dbi
véi cac cong trinh Thay loi theo TCVN
8218:2009 va TCVN 9139:2012. Trong qua
trinh lam thi nghiém, quan s&t HHBT sau khi
tron nhan thy dugc d6 dong nhit cua cac hdn
hop bé tong twoi rat tt, khong c6 hién tuong
phan tang va khong xuat hién tach nudc tai mép
ria ngoai cua HHBT sau khi trdn, cling nhu sau
khi 1am thi nghiém kiém tra d6 sut va diic cac
mau thi nghiém khac. Viéc sir dung phu gia siéu
déo giam nudc bac cao gbc Polycarboxylate
trong bé tong c6 pha phu gia khoang tro trau
(RHA) 1a rat can thiét dé duy tri do sut cua
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HHBT trong qua trinh thi nghiém va thi céng.

3.3. Két qua thi nghiém mac chdng thim cia
bé tong
Thi nghiém méc chéng thim W (atm) ctia cac
mac bé tong thiét ké theo TCVN 3116:2007.
Két qua thi nghiém nhu trong bang 5.
Bang 5: Két qua thi nghiém mac chong
tham ciia cac cAp phdi bé tong

. Mac chong tham,
STT Mac BT W (atm)
1 M30 W10
2 M40 W14
3 M50 W16
4 M60 W16

Nhdn xét: Tix két qua thi nghiém cuong ¢ bang 5
nhan thiy: tt ca cac mac bé tong thiét ké co mac
chdng thdm cao hon bé tong thong thudng khong
str dung phu gia khoang siéu min. Tuy nhién véi
bé tong mac cao hon (M40 +~ M60) thi sy c6 mét
ctia PGK siéu min tro trdu s& ting mac chéng
thim 1én duoc 2 dén 3 cp (mdi cap tuong ing

2at) so v6i cac mau bé tong thong thuong. Loai
bé tong nay c6 thé sir dung cho tat ca cac cong
trinh Thuy loi va cong trinh bién c¢6 yéu cau cao
vé cuong do chiu luc va yéu cu chéng tham,
mac chdng thim dat t6i W14 + W16.

3.4. Két qua thi nghiém cuwong dd nén ciia bé
tong bang phwong phap do xung siéu Am

Pé kiém tra cudng d6 nén (Rn) clia cac méac bé
tong thiét ké theo phuong phép do xung siéu am,
tién hanh dic cic t6 mau c6 kich thudc
(15x15x15)cm theo TCVN 3105:1993. Céc mau
bé tong dugc bao dudng trong diéu kién tiéu
chuan d&én ngay tudi thi nghiém. Tién hanh do
xung siéu am truyén xuyén qua mau dé xac dinh
cuong do nén ciia cac mau bé tong thiét ké ¢ 3,
7 va 28 ngay tudi; dua vao cac bang tra quan hé
gitta Rn va V trong TCVN 9357:2012, bang
phuong phap ndi suy tuyén tinh cac duong biéu
dién trong tiéu chuan, xac dinh dugc cuong do
nén tuong tmg cta bé tong cac mau thiét ké. Két
qua xac dinh cuong do nén cua bé tong theo
phuong phéap xung si€u am nhu trong bang 6.

Bang 6: Két qua Rn ciia bé tong (phwong phdp do xung siéu am)

Mac BT V, m/s Rs3, MPa V, m/s Rz, MPa V, m/s R2s, MPa
M30 3939 18.7 4236 294 4565 39.7
M40 4089 24.3 4494 38.5 4931 52.8
M50 4273 30.7 4644 43.2 5253 63.7
M60 4365 34.9 4760 48.5 5575 74.2

Tir céc két qua van toc xung siéu am (V) vagia | - G
tri cuong do nén (Rn) xac dinh dugc nhu trong
bang 5, du doan méi quan hé gitta Rn va V, két
qua du doan duoc thé hién ¢ cong thic (CT1). 2
Puong cong biéu dién quan hé d6 duoc thé hién
¢ hinh 1 dudi day.
Rn = 0.0338*V - 113.55;
V(m's)

R2 = 0.9984 (CT1)

Trong do: Rn: Cudng d6 nén (MPa); V: Van
tdc xung siéu am (m/s); R?: Hé sb do tin cay.

Hinh 1: Quan hé giita cuong do nen cua
bé tdng va vdn toc xung siéu am
3.5. Két qua thi nghiém cuwdng d nén ciia bé
tong bing phwong phap nén miu tryec tiép
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Dé kiém tra cuong do nén ciia cic méac bé tong
theo phuong phap pha huy mau, tién hanh nén
truc tiép cac mau thi nghiém tiéu chuén c6 kich
thude (15x15x15)cm dd duoc kiém tra cudng
d6 nén bang phuwong phap do xung siéu 4m
twong tng & muc trén. Thi nghiém nén mau
kiém tra cudong d6 nén cua cac méc bé tong thiét
ké 63,7 va 28 ngay tudi, két qua nhu trong bang
7 va @6 thi hinh 2.

Bang 7: Két qua thi nghiém Rn ciia bé tong

LGN CONG NGHE |
nén dat tir 50.8% dén 55.3% so v&i mac thiét ké &
tudi 28 ngay va & 7 ngay tudi cuong do nén dat tir
72,2% dén 87.3% mac thiét ké ¢ tudi 28 ngay.
Diéu nay duogc giai thich nhu sau: vi trong thanh
phan bé tong c6 phu gia khoang siéu min thi cac
thanh phan hoat tinh ctia PGK sé& phan tmg triét
dé v6i cac san pham thily phan thity hoa cia xi
mang Pooclang, lam tang d6 dac va tang cuong
d6 ctia d4 xi mang, dan dén tang cuong do cta bé
tong.

(phwong phdp nén méu)
Mac BT \Cu’(‘mg do 1\1én, MPa :
3 ngay 7 ngay 28 ngay
M30 16.6 26.2 36.9
M40 21.5 34.6 48.8
M50 27.5 39.5 59.3
M60 30.5 43.3 69.8

Addal

Nhdn xét: Tix két qua thi nghiém cuong ¢ bang 7
nhan thiy: tat ca cac mac bé tong thiét ké co
cudng do nén vuot mac thiét ké & tudi 28 ngay,
bé tong ché tao pht hop véi mot sé méc bé tong
thi cong cho cac cong trinh Thity loi. Bé tong thiét
ké co pha phu gia khoang siéu min tro trau (RHA)
thi sy phat trién cuong do ctia bé tong & tudi ngan
ngay ting nhanh, cu thé: & 3 ngay tudi cuong do

Hinh 2: Biéu do cwong dé nén ciia cdc mdc bé
tong thiét ke (phwong phdp nén mau)

So sanh két qua cudng do nén ciia cic mac bé
tong thiét ké theo 2 phuong phap: Nén mau
(PP1) va xung siéu &m (PP2) cho nhu trong
bang 8 dudi day.

Bing 8: So sanh két qua Rn ctia 2 phwong phap thi nghi¢m

) 3 ngay 7 ngay 28 ngay
I\éiirc Sai s6 Sai s6 Sai s6
PP1 | PP2 (9%) PP1 | PP2 (9%) PP1 | PP2 (%)
M30 16.6 | 18.7 12.65 26.2 29.4 12.21 36.9 39.7 7.59
M40 215 | 243 13.02 34.6 38.5 11.27 48.8 52.8 8.20
M50 275 | 30.7 11.64 39.5 43.2 9.37 59.3 63.7 7.42
M60 305 | 349 14.43 43.3 48.5 12.01 69.8 74.2 6.30

Tir két qua & bang 8 nhan thay su sai khac giita
2 phuong phap xac dinh cuong do nén cua bé
tong: Do chénh I¢ch ciia phuong phap xung siéu
am cho gia tri cuong do nén cao hon phuong
phap nén mau tryc tiép tir 11.64% dén 14.43%
& 3 ngay tudi, tuong tng tir 9.37% dén 12.21%
& 7 ngay tudi va tir 6.3% dén 8.2% & 28 ngay

tudi. Nhu vay o nhimng ngay tudi dai ngay (tir
28 ngay tudi trd di) thi sai s6 cia 2 phuong phap
thi nghiém cang giam. Diéu nay s& phu hop hon
voi thoi gian kéo dai cho viée kiém dinh chét
lwong bé tong bang phurong phap xung siéu 4m
sau khi hoan thién thi cong bé tong va dua cong
trinh vao khai thac.
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3.6. Két qua thi nghiém xac dinh mé dun dan
hdi ciia bé tong

Pé thi nghiém mo dun dan hdi, duc cac t6 mau
c6 kich thuéc (10x10x30)cm, mau dic thi
nghi¢m duogc ché tao va bao dudng theo TCVN
3105:1993. Bao dudng mau trong diéu kién moi
trudng tidu chuan sau 7 va 28 ngay tudi, kiém tra
mo dun dan hoi cua tat ca cac to mau. Két qua
thi nghiém mé dun dan hdi ctia cdc mau bé tong
thiét ké nhu trong bang 9.

Bang 9: Két qua thi nghiém mé dun dan hoi
ciia cac mac bé tong thiét ké

M dun dan hoi, Ec
Mac bé (GPa)

STT tong 7 ngay 28 ngay
1 M30 24.77 33.90
2 M40 32.85 39.64
3 M50 37.10 42.19
4 M60 39.58 44.62

Nhdn xét: Tir két qua thi nghiém trong bang 9,
thi m6 dun dan hoi ctia bé tong tang khi cuong
d6 nén bé tong ting va ngiy tudi ctia mau thi
nghiém ting. Dé xac dinh chinh x4c mo dun dan
hoi cta cac mac bé tong khac nhau, can thiét
phai thi nghiém kiém tra song song giita cuong
d6 nén va mo dun dan hoi twong (mg ctia nhiéu
t6 mau khac nhau & nhiéu ngay tudi khac nhau,
thong qua cac két qua thi nghiém d6 co thé dy
doan chinh xac cong thirc tinh mé dun dan hoi
tr cudong do nén cua bé tong.

3.7. Két qua dw doan mé dun dan hdi cia bé
tong theo cuwong do nén

Hién nay, du doan dac tinh co hoc cua bé tong
dira vao mot s tinh chat cua né rat duoc quan
tam. Trong mot vai nghién ctu gan day, cac
cdng thuc thuc nghiém du doan mé dun dan hoi
ctia bé tong dua trén mot sé dic diém cua hon
hop bé tong da biét nhu: loai cbt lidu, ty 18
nude/chat két dinh, loai va ham luong chat két
dinh, ham luong va loai phu gia khoang ... Dé
du doan mé dun dan hoi cua bé tong (Ec) dira vao

cuong d6 nén cua bé tong (Rn) va nghién ciu anh
huéng caa phu gia khoang siéu min tro triu dén
md dun dan hdi, thi c&c mau thi nghiém duge dic
theo tiéu chuan, bao dudng va thi nghiém song
song xac dinh mé dun dan hoi va cuong do nén
sau 7 va 28 ngay tudi. Tur cac két qua thi nghiém
& bang 7 va bang 9, x4c dinh mdi quan hé giita
mé dun dan hdi va cudng do nén caa bé tong, két
qua du doan duoc thé hién & cong thuc (CT2).
Puong cong biéu dign quan hé dé dugc thé hién
& hinh 3 dudi day.

Ec=4.4125 Rn®%% R2=0.881 (CT2)

Trong d6:Ec: Mo dun dan hoi (GPa); Rn:
Cuodng d6 nén (MPa); R?: Hé s do tin cdy.

E(GPa)

Eo = A 4125Ry* M
R = 0851

Rn (MPa)

Hinh 3: Biéu d6 quan hé giita cueong dg nén
(Rn) va Mé dun dan hoi (Ec)

4. KET LUAN

D¢ tai sir phu gia khoang hoat tinh tro triu, két
hop cac loai vat liéu nhu xi mang, cat, da, phu
gia siéu déo... dé thiét ké thanh phan bé tong
maéc tir M30 dén M60. Véi cac loai vat liéu da
duogc sir dung trong nghién ctru déu thoa mén
céc tiéu chuan hién hanh, dam bao bé tong thiét
ké c6 tinh cong tic va cudng dd nén phu hop thi
cong cac cong trinh Thuy lgi theo TCVN
8218:2009 va TCVN 9139:2012.

Kiém tra cuong do cuia cac méc bé tong thiét ké
theo 2 phuong phap: phuong phap pha hiy (nén
mau) va phuong phap khong pha huy (do xung
siéu am), két qua sai s6 ctia 2 phuong phap nim
trong pham vi cho phép. Két qua cho thy ¢
nhitng ngay tudi dai ngay thi sai s6 cia 2
phuong phap thi nghiém cang giam, nhu vay rat
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phil hop cho thoi gian kiém dinh chat luong bé
tong bang phuong phap xung siéu 4m sau khi
hoan thién thi cong bé tong.

Do céc thi nghiém tryuc tiép cuong do nén va mo
dun dan hoi déu thuc hién trén cac mau tiéu
chuén, nén cac két qua thu duogc sé co nhiing sai
s6 nhét dinh. Vi vay can thiét phai ting s6 luong
t6 mau thi nghiém cac chi tiéu k§y thuat trén, bén
canh d6 can ¢6 cac s6 liéu thi nghiém bé tong hién
truong dé so sanh danh gid mot cach chinh xac
nhét vé cong thirc dy doén.

LGN CONG NGHE |
Dé dy doan mo dun dan hdi ciia bé tong sir dung
PGK hoat tinh va thiét lap mbi quan hé giita Ec
va Rn, can phai thi nghiém xéac dinh hai chi tiéu
k¥ thuat nay cua cac mac bé tong & cac ngay tudi
khac nhau. Khi du doén dugc mé dun dan hdi
thong qua cudong dd nén cua bé tong s€ giam
thiéu dugc cac chi phi thi nghiém truc tiép mo
dun dan hoi cua bé tong va gdp phan danh gia
chat lugng bé tong cong trinh sau khi hoan thién
mot cach chinh xéc, thuan loi, sém dua cong
trinh vao khai thac st dung.
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