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NGHIEN CUU CHETAO BETONG HAT 
SUT DUNG TRONG CONG TRINH BIE'N 

Tdng Ton Kien 
Pham Hiifu Hanh 

ABSTRACT 

Compare with the normal concrete, 
the high performance of fine aggre
gate concrete has many advantages 
such as: the structure of fine aggre
gate is homogeneous, high density, 
high workability, can be formed by 

pour or pump through pipes but not 
segregation, not separations; can 

be used in various shape, thin shape 
and wall. 

In this article, we has researched and 
made fine aggregate concrete from 

aggregate D^^^=5mm, Portland 
cement, normal gold sand. The con

crete mixture has high flowability, 
good self compacted,... The concrete 

has high compressive strength 
(=100MPa), very low with Chlorite 
permeability, resistant embedded 
steel rod equivalent the concrete 

using sulfate resistant cement. 
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S
o vdi be tdng thddng, be tdng hat 
mjn (BTHM) chat Idpng eao cd 
nhieu Uu diem ndi trdi nhU: Cd kha 
nang tao ra cau true hat nhd ddng 

nhat chat Idpng eao; dp dac chae eao; Tinh 
xuc bien eao; Tinh edng nghe cao, cd kha 
nang tao hinh cac ket cau bang phuang 
phap rdt, dap khudn, ep dun, van chuyen 
theo dudng dng; khdng bi phan tang, tach 
ndde; Cd kha nang thu dUpc nhdng vat 
lieu cd nhdng td hop tinh chat da dang; Cd 
kha nang thu 6iJac nhdng giai phap kien 
true ket cau vach va Idp mdng, cac ket cau 
hdn hpp td nhieu vat lieu khac nhau,... 

Trong bai bao nay, cac tac gia da 
Nghien cdu che tao dupc loai be tdng 
hat mjn Dmax = 5mm td cat vang thdng 
thddng cd dp ehay cao, kha nang t u len 
tdt... Loai be tdng nay ed cudng dp nen 
KlOOMPa, cd kha nang chdng tham ion Cl 
rat thap, ed kha nang chdng an mdn cdt 
thep tdong duong BTHM sddung xi mang 
podclang ben sunphat. 

1. Gidi thieu chung 

Nude ta vdi hon 3000km bd bien vdi 
rat nhieu quan dao cho nen viec xay dung 
cae cdng trinh bien la vd cung quan trpng 
ca ve kinh te, an ninh qudc gia. Hien nay, 
cac ket cau edng trinh bien da va dang bj 
pha hoai rat nhanh chdng dddi tac ddng 
eua mdi trUdng nude bien, [1 ]. 

Cae ket cau BT&BTCT trong cdng trinh 
bien thudng la ket cau khoi Idn, tiep xuc 
trde tiep vdi cac mdi trudng bien nen ddi 
hdi cd mdt loai be tdng chat lupng cao cd 
dp dac chae, dp ben eao trong mdi trudng 
xam thue bien. [5] Tuy nhien neu toan bd 
ket cau dung be tdng chat lupng eao se 
gay lang phi va gia thanh ket cau rat eao, 
hon nda vdi ket eau khdi Idn se gay dng 
suat nhiet, nut ket cau trong qua trinh 
thi cdng do trong be tdng chat lupng eao 
ham lupng xi mang sddung Idn. Nhu vay 
ehi nen sd dung be tdng chat Idpng cao 
d ket cau be mat nham bao ve, bao che, 
ngan each cae ket eau noi tiep xuc true 
tiep vdi nudc bien. Ben canh do be mat 
ket eau cdng trinh bien thudng cd mat dp 
cdt thep rat day dae, chieu day Idp ket cau 
bao ve lai rat mdng vl the ddi hdi loai hon 

hpp be tdng can ed dp linh ddng Idn, kich 
thude eac thanh phan vat lieu phai nhd va 
ddng deu. Vi vay: Viec nghien cdu che tao 
be tdng hat mjn sd dung trong cdng trinh 
bien d ndde ta la rat can thiet, [3]. 

2. Vat lieu sii dung va phi/tfng phap 

nghien cufu 

2.1. Xi mdng 

Ket qua nghien cdu cac tfnh chat co ly 
eua ximang PC40 Yen Binh (PC40YB) va xi 
mang PC40 ben sunphat (PC40BS), [3], [4] 
nhu sau: (bang 1) 

2.2. Cot lieu 

Ket qua nghien edu eac tinh chat 
CP ban va ket qua phdi hpp thanh phan 
hat cua cdt lieu cat vang Sdng Ld thdng 
thddng vdi Dmax=5mm nham dat dp rong 
nhd nhat nhu sau: (bang 2) 

2.3. Phu gia min vd sieu min 

Oe tai sd dung 3 loai phu gia mjn, sieu 
mjn la Tro bay nhiet dien Pha Lai, bdt cat 
quae nghien mjn va silieafume. (bang 3) 

2.4. Phu gia sieu deo 

Ket qua khao sat lupng dung PGSD 
SP51 hop ly trong hdn hop BTHM nhu sau, 
[2],[3]: (bang 4) 

3. Ket qua nghien cufu 

3.1. Khao sdt thdnh phdn bgt cua 
BTHM 

Oe thiet ke thanh phan hat cho BTHM, 
Oe tai sd dung phupng phap thuc nghiem 
khao sat lupng dung PGM bdt cat quae 
va PGSM silieafume nham dam bao hdn 
hpp be tdng ed kha nang td len ddng thdi 
cddng dp nen cua be tdng >60Mpa. Ket 
qua nhu sau, [6]: 

Qua ket qua tren ta thay lUpng dung 
PGM=40%, PGSM=10%thi hdn hpp BTHM 
vda ed dp chay tdt vda dam bao cddng dp 
yeu cau. 

* Thiet ke sP bd thanh phan vat lieu 
cho betdng hat mjn 

Dua theo nguyen tac the tich tuyet 
ddi, Ta xac djnh dupc thanh phan vat lieu 
trong 1m^ (lOOOlit) hon hpp be tdng hat 
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Bang 1 

Thanh phan hat eua xi mang 

Ham lupng % Cd hat ed kich thddc hat < D 

Xi mang PC40YB 

Xi mang PC40BS 

Dudng kinh hat, (|am) 

Kich thude trung binh, (|.im) 

Dddng kinh hat, (|jm) 

Kich thude trung binh, (^m) 

10 

3,258 

25 

8,868 

50 

18,41 

18,41 

6,269 12,90 23,27 

75 

34,06 

40,08 

90 

53,74 

59,06 

23,27 

Bang 2 

Kdt qua phdi hpp hai clip hat cdt 

Ty le CLT/CL, (%) 

0 
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100 

leu d=0,63-2,5mm (CLT) va f=( 

KLTT len chat, (t/m=') 

1,67 
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Bang 3 

Kich thu'd'c trung binh, (i^m) 

Khoi lup'ng rieng, (g/cm^ 

Khoi lupng the t ich, (kg/m^) 

Dien tich be mat rieng, (cm /ml) 

0,141 

2,2 

250 

429.900 

Diffftreniial Volume Kich thudc trung binh, (\xm) 

Khdi lupng rieng, (g/cm 

Khoi luang the tich, (kg/m^) 

Dien tich be mat rieng, (cm^/ml) 

28,47 

2,45 

950 

8619 

V
ol
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1%
) 

DifteientHil vwume 

Cat (Qi,az1} - K«n DHXD S02 

0 4 06 1 2 4 6 10 20 40 60 10< 
Parade Diameter Iptni 

200 400 1000 20OO 

Kich thudc trung binh, (um) 

Khoi lugng rieng, (g/cm^) 

Khdi luang the tich, (kg/m^) 

Dien tich bg mat rieng, (cm^/ml) 

13,19 

2,70 

-

12.954 

min nhdsau: (bang 5) 

3.2. Nghien cdu sU anh hudng cua 
thanh phdn vat lieu den tinh chdt cua hon 
hap be tong vd be tong hat min 

* Lap quy hoac bae mdt hai mdc tdi 

du: 

Sd dung phan mem Maple 7.0, kiem 
tra tinh cd nghla cua eac he sd va sU tuong 

hpp cua md hinh ta t im dupe phUPng 
trinh hdi quy nhu sau: Y = 94,88 - 2,525X, -i-
0,975Xj-l-0,375X,X^(*) 

Td ket qua tren ta thay ty le N/X= 0,32 
va C/CKD= 1,6 cho ket qua cddng dp nen 
cao nhat, ta se dung hai ty le nay lam tam 
ke hoach cho quy hoach bae hai khi nghien 
cdu anh hddng cua cac nhan to den tinh 
chat be tdng hat min. 

* Thanh phan cap phdi be tdng hat 
min theo quy hoach bae hai tam xoay hai 
nhan td: (bang 6) 

Sd dung phan mem Maple 7.0, kiem 
tra tinh ed nghia eua cac he so va sU tdong 
hpp cua md hinh ta t im 6MC cac phupng 
trinh hdi quy nhu sau: 

- PhUPng trinh hdi quy ve dp chay eua 
hon hpp be tdng hat mjn: 
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Bang 4 

N/X=0,32 %SD 
Op chay D cua hdn hp-p be tong hat min dng vdi cac ty le C/CKD, 

C/CKD=1,2 C/CKD=1,4 C/CKD=1,6 C/CKD=1,8 C/CKD=2,0 

cm) 

C/CKD=2,2 

X,(kg) 637 SD=1,0% 20,00 13,00 

Si, (kg) 64 SD=1,2% 24,00 20,00 16,00 13,00 10,00 

TB, (kg) 159 SD=1,4% 29,00 26,00 22,25 19,00 16,50 12,00 

BQ, (kg) 255 SD=1,6% 29,50 27,25 23,00 20,00 16,00 

CKD, (kg) 859 SD=1,8% 31,00 29,00 25,75 22,75 19,00 

Cat, (kg) 1031 SD=2,0% 30,00 27,00 23,50 21,00 
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• C/CKD=1.4 

* C / C K 0 = 1 - 6 

• C/CKD=1.8 

• C /CKD^2 

• C/CKD=2-2 

0 

• SD^I T-<, 

ASD=1 47o 

• SD=1.6% 

• SD=1.8% 

• SD^2% 

Bieu do quan he giCa dp chay cua hon hap be tong hat mm 
vdi lirong dung phu gia sieu deo khi ty le C/CKD khong doi. 

Bieu do quan he giOra do chay cua hon hpp be tong hat 
min vdi ty le C/CKD khi li/png diing phu gia sieu deo khong doi 

Bang 5 

Vat lieu thanh phan cho 1m^ hon hap be tong hat mjn 

Xi mang, (kg) 

564 

Silieafume, (kg) 

56 

Tro bay, (kg) 

141 

Bpt qu8c, (kg) 

226 

CKD, (kg) 

761 

Cat, (kg) 

1218 

Nu-ac, (lit) 

180 

PGSD, (lit) 

12,2 

Bang 6 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Bien ma 

X, 

1 

-1 

1 

-1 

1,414 

1,414 

0 

0 

0 

0 

0 

0 

0 

X; 

1 

1 

-1 

-1 

0 

0 

1,414 

1,414 

0 

0 

0 

0 

0 

N/X 

0,34 

0,30 

0,34 

0,30 

0,348 

0,292 

0,32 

0,32 

0,32 

0,32 

0,32 

0,32 

0,32 

C/CKD 

1,80 

1,80 

1,40 

1,40 

1,60 

1,60 

1,88 

1,32 

1,60 

1,60 

1,60 

1,60 

1,60 

Lupngdung vat lieu cho Im^BTHM, (kg) 

XM 

528 

539 

591 

605 

555 

573 

522 

613 

564 

564 

564 

564 

605 

Si 

53 

54 

59 

61 

56 

57 

52 

61 

56 

56 

56 

56 

61 

TB 

132 

135 

148 

151 

139 

143 

131 

153 

141 

141 

141 

141 

151 

BQ 

211 

216 

236 

242 

222 

229 

209 

245 

226 

226 

226 

226 

242 

CKD 

713 

728 

798 

817 

749 

774 

705 

827 

761 

761 

761 

761 

817 

C 

1283 

1310 

1117 

1144 

1199 

1238 

1325 

1092 

1218 

1218 

1218 

1218 

1144 

N 

179 

162 

201 

182 

193 

167 

167 

196 

180 

180 

180 

180 

182 

SD 

11.4 

11,6 

12,8 

13,1 

12,0 

12,4 

11,3 

13,2 

12,2 

12,2 

12,2 

12,2 

13,1 

Ketqua thi nghiem 

Dp chay, 
mm 

212,5 

100,0 

195,0 

235,0 

250,0 

182,5 

162,5 

215,0 

215,0 

205,0 

205,0 

207,5 

207,5 

Cudng dp 
udn, Ru7 

(Mpa) 

13,6 

14,8 

12,2 

13,7 

12,4 

13,5 

14,0 

12,4 

13,2 

12,6 

13,0 

13,9 

13,3 

Cudng dp 
nen, Rn7 

(Mpa) 

94,7 

97,7 

89,5 

92,0 

92,0 

93,5 

94,6 

90,3 

96,5 

94,9 

95,2 

96,7 

97,0 
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Bang 7 

Ket qua th nghiem thdnh phan cap phdi hpp ly cua ba ting hat mjn 

KH 

mau 

CP1 

CP2 

Ty le 

N/X 

0,312 

0,326 

C/CKD 

1,74 

1,74 

LUpng dung vat lieu cho 1 m^ BTHM, (kg) 

XM 

545 

541 

Si 

54 

54 

TB 

136 

135 

BQ 

218 

216 

C 

1279 

1270 

N 

170 

176 

SD 

11,8 

11,7 

Op 

ehay, 

(mm) 

15,5 

23,0 

Cddng dp 

udn, Ru? 

(Mpa) 

13,7 

13,2 

Cudng dp nen, 

Rn7 (Mpa) 

96,5 

95,7 

Bang 8 Thanh phan vat lieu cua cae loai mau be tdng ddi chdng 

Lugng dung cac vat lieu thanh phan cho 1 m be tdng hat mjn 
Cac cap phdi thi nghiem 

Ml M2 M3 M4 
Xi mang Yen Binh PC40YB 541 541 

Xi mang Ben sunphat PC40BS 541 541 
Silicafum 54 54 54 54 
Tro bay TB 135 135 135 135 
Bdt quae BQ 216 216 216 216 

Nucicc 176 176 176 176 
Phu gia sieu deo SD 11,7 11,7 11,7 11,7 

Cat 
(0,14-0,63mm) 394 

Dp chay loang cua cdn vu'a, (cm) 
(0,63-5mm) 

Dp chay loang cua cdn Abraham, (cm) 
Thai gian chay qua pheu V (s) 
Khdi lupng the tich, (Kg/m 

140.0 

- ^ 130.0 

i 120.0 

.£ 110.0 

;g 100 0 

E' 900 

3 s"" 
700 

m 

Ngay tttoi. (tigay) 

Cudng dp nen d tuoi, (Mpa) 

3 ngay 
7 ngay 
14 ngay 
21 ngay 
28 ngay 

56 ngay 

Cu'dng dp udn d tuoi 28 ngay, (Mpa) 
Dp mai mdn d trang thai bao hda nudc,(g/cm ) 
t ^ A n -T^ i m A n .-v t r T i n / i tK -T i i h i o r ^ L - K A I r-t /f^w-m'-\ Dp mai mdn d trang thai bao khd. (g/cm 
Cudng dp lang tru cua be tdng, (Mpa) 
Op chdng tham nudc 
Mddun dan hdi cua be tdng. (lO^Mpa) 

876 
1270 394 

23 23,5 
69 
19 

68 
20 

2332 2358 
76,8 73,2 
93,2 
99,8 

91,8 
97,2 

109,3 
110,4 

104,9 
108,3 

120,4 119,8 

23,5 21,6 
0,41 0,42 
0,19 
94,3 

0,21 
84,8 

16atm khdng tham^ 
5,51 I 4.85 

876 
21 

1270 

22 
68 68,5 
22 20 

2300 2320 

106,1 

20,8 

104,6 

20,1 
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Cac tinh chat eua be tdng hat mjn trong mdi trudng xam thUe bien 

Ket qua do ddng an mdn theo phUOng phap gia tdc, [8] 

Tho'i 
gian 
TN 

(ngay) 

0 

1 

56 

Cu'dng dp ddng dien 1 (mmA) 

M2-1 

1,2 

1,2 

4,6 

M2-2 

1,1 

1,2 

4,4 

M2-3 

1,1 

1,2 

4,7 

M4-1 

1,0 

1,1 

4,6 

M4-2 

1,1 

1,2 

4,5 

M4-3 

1,0 

1,0 

4,7 

Thai 
gian TN 
(ngay) 

60 

65 

70 

Cudng dp ddng dien 1 (mmA) 

M2-1 

4,7 

4,8 

4,8 

M2. 

2 

4,6 

4,8 

4,9 

M2. 

3 

4,7 

4,9 

5,0 

M4-

1 

M4. 

2 

M4-

3 

Tinh trang bd 
mat mlu 

Binh thudng 

M2-1 xuat hien gi 
nhe c6t thep 

M2-2, M2.3 xuS t 

hien gi nhe cot 
thep 

Ki hieu m§u 

M2-1 

M2-2 

M2-3 

Dien luang truygn qua (C) 

113 

135 

124 

Dp th^m ion Clo 

Rat thlip 

Rat th§p 

RSt th§p 

Ket qua do kha nang chdng tham ion clo, [7] 

D=208,0 + 21,0X, - 23,97Xj + 38,13X,Xj 
-0,94X,2-13,85X/ 

- Phdong trinh hdi quy cudng dp nen 
va cudng dp udn cua be tdng hat min 

R ,̂= 13,2- 0,53X, -I- 0,60X^ + 0,08X,X^ -1-
0,00004X,^4-0,13X/ 

R = 96,0 - 0,9SX + 2,12X + 0,13X,X -
n7 ' ' 1 ' 2 ' 1 2 

1,41X,^-1,56X/ 
* Xac djnh thanh phan hpp ly eua be 

tdng hat mjn 

Td eac phdong trinh hdi quy, de tai da 
tien hanh kiem tra cac tinh chat eua hdn 
hop be tdng va be tdng hat mjn nham t im 
thanh phan tdi du eua be tdng hat mjn tai 
hai cap phdi nhdsau: 

Cap phdi 1 (CP1) Khi eudng dp nen dat 
Idn nhat tai X, = -0,3697, Xj= 0,6968 hay ty 
le N/X = 0,312; C/CKD =1,74. 

Cap phdi 2 (CP2): Xet tai cap phdi ed 
eudng dp nen Idn nhat tai X j= 0,6968 (C/ 
CKD = 1,74) cdn X, = 0,3245 (la gia trj nhd 
nhat dam bao kha nang td len cua hon hop 
be tdng: D > 200): (bang 7) 

Qua ket qua thi nghiem tren, ta cd the 
chpn cap phdi 2 la cap phdi hpp ly vi nd 
hon hpp be tdng ed kha nang tu len tdt, 
eac tinh chat eua be tdng sau ran chae 
cOng khdng kem hpn nhieu so vdi be tdng 
cua cap phdi 1. 

3.3. Nghien cUu tinh chdt cua hon hop 
be tong vd be tong hat min sd dung trong 
cong trinh bien (bang 8) 

Thanh phan vat lieu eua cac loai mau 

betdng ddi chdng 

3.4. Sa do ddy truyen cong nghe sdn 

xuat be tong hat min 

4. Ket luan va kien nghj 

Ket lugn 

Tren eO sd cae ket qua nghien edu che 
tao thanh phan be tdng chat hat mjn sd 
dung trong cdng trinh bien de tai rut ra 
nhdng ket luan sau: 

. Cd the che tao ddpc BTHM mac 100 
dung trong edng trinh bien td: Xi mang 
podclang va cat vang thdng thddng, sd 
dung phu gia mjn va sieu mjn vdi ty le 
dam bao thanh phan hat hpp ly eua hdn 
hpp be tdng. Cac tinh chat cua loai BTHM 
nay tdong dUPng BTHM dung xi mang ben 
sunphat 

. Vdi cung mot ty le N/X, dp chay eua 
hdn hpp be tdng hat mjn ty le nghjeh vdi 
ty le C/CKD. Dieu nay phu hpp vdi quy luat 
eua hon hpp be tdng thdng thudng. 

. Be tdng hat mjn dung trong cdng 
trinh bien la loai be tdng chat lupng cao vi: 
hdn hpp be tdng hat mjn ed dp chay Idn (cd 
kha nang td len tdt), cddng dp =:100Mpa, 
ed tinh chdng tham tdt (kha nang chdng 
tham nudc: 16atm khdng tham, kha nang 
chdng tham ion clo la rat thap). Day la co 
sd thuan Ipi cho viec sddung be tdng chat 
Idpng eao trong xay ddng cac cdng trinh 
chju tac ddng xam thUe cua mdi trudng 
bien. 

Kien nghi 

Qua qua trinh nghien edu, de tai xin 
dua ra mi3t sd kien nghj nhu sau: 

. Dua tren cap phdi be tdng hat mjn 
tim dupe, can tien hanh nghien cdu them 
cae tinh chat cua be tdng trong mdi trudng 
an mdn thuc te cua mdi trudng nude bien. 

. Nghien edu anh hddng eua cac loai 
phu gia mjn khac nhau (tro xi nhiet dien, 
bpt da vdi,...) den tinh chat cua be tdng hat 
mjn chat lupng eao sd dung trong edng 
trinh bien. 

. Nghien edu hoan thien cac phuong 
phap thi nghiem ve hdn hpp be tdng hat 
min sd dung trong edng trinh bien. • 
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