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NGHIEN CUU KET HOP TRO BAY VA TRO BAY VONG ANG
THAY THE COT LIEU CHO BE TONG HAT NHO

Tém tit: Bé tong hat nhd 1 loai bé 16ng c6
st dung c6t ligu c6 ¢8 hat nhé hon 9,5mm.
Bai bdo trinh bay sy thay thé mot phén cét
ligu Ion cia bé téng hat nhd béng tro ddy va
c6t ligu min trong bé téng hat nhé béng tro
bay Ving Ang. Tro bay coi c6t ligu min trong
bé téng hat nhd dugc s& dung ty 18 lya chon
¢6 dinh la 20% so vdi tng khéi lugng o6t
ligu. Ty 1§ thay thé tro ddy cho hén hop cot
ligu I6n trong bé téng hat nhé 1a 20%, 30%,
40%, 50% con lai & cét nghién. Cudng do
chiu nén, cudng d6 chiu ép ché cing nhu
do tham ion Clorua dugc thit nghigém véi cac
hén hop trén. Két qué cho thdy rdng c6 thé
thay thé dén 50% tro ddy dé lam c6t liéu
trong bé téng thi cudng dg chiu nén cla bé
t6ng dat >35MPa & tubi 28 ngay. Bai bdo da
dé xuét gidi phap bé téng hat nhé s dung
k&t hop tro bay va tro ddy Ving Ang thay thé
mét phdn c6t ligu khé ndng dua lai hidu qué
vé ky thudt ciing nhu méi trudng.
T khoa: Bé téng hat nhdytro ddy, tro bay, 1y
1¢ thay thé, cudng dé, méi trudng.
Abstract: Fine-Gained Concrete using the
aggregate has nominal maximum size below
9,5mm. This paper presents an experimental
research on the partial replacement
aggregate of fine-gained concrete by Vung
Ang bottom ash and fly ash. Fly ash as
filler of Fine-Gained Concrete uses a fixed
ratio of 20 percent in weight of aggregate.
The replacement ratio of bottom ash for
aggregate in Fine-Gained Concrete were
20%, 30%, 40%, 50%, and the other was
manufactured sand. Compressive strength,
splitting tensile strength and chloride
penetration were tested with the mixture
mentioned above. The result stated that the
aggregate replacement ratio up to 50% by
bottom ash in fine-gained concrete had the
compressive strength above 35MFPa at the
age of 28 days. The research recommends
the combination of the usage of Vung Ang
bottom ash and fly ash to partially replace
the aggregate, which benefits not only
i fally but also envir Hy

. Keywords: Fine-gained Concrete, bottom
ash, fly ash, replacement ratio, strength,
environmental.
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NGUYEN THANH SANG
LE THU TRANG
Trudng Dai hoc Giao thdng van tai

. 1.BAT VAN DE

Nhiing nam gan day, bé téng hat nhé dang kha
phat trién & Viet Nam va dude (ing dung nhiéu
trong cac cong trinh xay dung céu, duding va cac
phan két cdu can dugc ting cudng sia chiia. Cac
nha khoa hoc & nudc ta da va dang tiép tuc nghién
ctiu phét trién hon nila vé cac loai bé téng hat
nhd, dic biét 1a tan dyng cac nguén phé thai cong
nghiép nhu tro bay, tro day nhiét dién va s dung
cat loai cat dun, cat nghién, cat nhiém man thay
thé cat séng dé ché tao bé tong hat nhd. Biéu nay
1a hét siic cén thiét, b& vi thuc trang ngudn phé
th&i ti cac nha may nhiét dién & nuéc ta nhu Viing
Ang, Vinh Tan, Ubng Bi... |a rdt 16n va can ¢6 giai
phép xii Iy dé gidm 6 nhidm moi trudng. Nhiéu két
§ qua nghién clu tii cac truding dai hoc nhu Dal hoc
Giao théng van tai, Dai hoc Thiy Igi, Bai hoc Bach
khoa, Pal hoc Xay dung, Vién vat liéu xay dung...
d4 cho thdy tro day, tro bay nhiét dién & nudc ta co
thé dép (ing céc yéu cdu dé Jam vat ligu dé ché tao
bé tong. S{r dung tro bay gilp cai thién tinh chat
¢ hoc dai han cila bé tong, téng cudng do déc
cho bé téng, gilp cai thién tinh chéng thdm nuée,
tham ion clo khi sl dung véi mét lugng thay thé
xi mang pht hop (15%- 30%). Cung véi do, trudc
tinh hinh khai théc cat ngay cang bifa bai, din dén
'inh trang ludng cat séng ngay cang giam, ddy gia
thanh cat 1&én cao. Mat khac, lugng tro day thai ra
tif cac nha may nhiét dién hang nam vao khoang
25 triéu t4n, dén ndm 2030 co thé ién 16i 40 trigu
tén. Lugng tro xi thai ra théng thuding bao gém c6
tro bay va tro day; trong do, tro day c6 c8 hat tuang
!ty cat chiém ty 1& khoang 20-25% khdi lugng tro
xi. Tinh riéng nha may Nhiét dién Ving Ang hién
nay mdt ngay thai ra khodng han 2500 tén tro day
va mot vén dé cap thiét dat ra 1 cAn mét dién tich
16n d& d8 lugng chét thai nay. Chinh vi vay, nhidu
nha khoa hoc trong nuéc da thyc hién cac dé tai
nghién cliu vé viéc s dung tro bay thay thé chat
Kkét dinh va tro day thay thé cat sdng dé ché tao bé
tdng xi mang, mang dén nhiing két qua ban ddu
kha 6t v& chat lugng bé tong.

B

Trong bai bao nay, d& xudt mét loai bé tong hat
nhd sit dung két hdp iro bay va tro day Viing Ang
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ay thé mét phén cot liéu. Bé tong hat nhé nay

Béng 4: Céc chi tiéu cd Iy hda cda tro bay

trién vong gidm dugc gia thanh va dam bao mdi Viing Ang
trudng cho cac ting dung trong x&y dung cong Quy di
N " dinh
trinh x&y dyng. ;;; Q"VT‘:‘E'\;'," r\ng‘\: Quy dinh
5 P N 4c chi tié = iy
2. VAT LIEU SAN XUAT BE TONG HAT NHO Cag ohl iéu Vong RN (,CG-";, BS.EN 450
_— ng oai
2.1. Xi mdng 7 (Loai A)
Xi mang But Son PC40 c6 cac thanh phén khoang (M4t khinung, % | 6,27 (max, 8 (12) max, 6 (12)| 8 (Loai.B)
vat va chi tiéu cd ly dugc trinh bay trong Bang 1 11 {Loai G)
va Bang 2. Tdng cacoxit:  |82,40 mn,70 | min,70 | min, 65
A 5 . 2 Si0,+ ALO+
Ximéng nay dat theo tiéu chuan TCVN 6260:2009 Fo 0,
va ASTM C150. Ham ligng SO, %| 0,20 | max, 5 max, § max, 3
Béng 1: Thanh phén khoéng vét cla clinke Xi  [Kndilugngtren  |30,60] max, 40 | max,34 | max, 40
mang But Son PC40 sang 45 um, %
‘ cs —[ c,s ! CA ] CAF I Z%'.Z%:?;;"%T & (853 min, 75 min, 75 min, 70
l 51,74 ’ 242 | 8,16 | 10.85 ' Luong nudc yéu | 97,2 | max, 100 | max, 105 | max, 97
Béng 2: Chi tidu co Iy clia xi mdng But Son PC40  |cdu, %
o 4m, % s , 3 ,
Chi tiéu thi nghiém | Don vi|KEt qua| Phudng phép thit gf’ég‘;” _ :02361 n::»(osa m";?oa m";’.‘oaﬂ
Khéi Iugng riéng gl | 310 | TCVN on ! A ild L
B& mit riéng om?/g | 3562 | TCVN 4030:2003
Lugng s6t trén sang % 1,1 | TCVN4030:2003 | 2.3, Tro ddy Viing Ang
0,09mm <1 s
P n Tro day déng vai trd 14 c6t ligu trong bé téng hat
9 1l A n .
Lu@glnudc it Shuan % | 300 Ig‘l: 2017'1995 nhé, thay th& mét phan cét liéu. Trong thanh phén
;:f'dg':" déng két ot | 105 | O 01715 cia héin hgp tro déy thi tro ddy thudng chiém t
p 20-40% dGi vdi khdi lugng tro day tif nha may nhigt
K&t tnic 180 dién tlty thude vao céng nghe. Tro day Ving A
- - - ién tuy thudc vao cong nghé. Tro day Viing Ang
, N 6017:19 s X N A A .
gé 5"1 d|n6h thé tich mm 05 ngn 6016-19:: ¢6 thanh phan hat va cac chi tiéu co ly dudc trinh
3?‘9";‘ uén woa | -~ : bay & Bang 5 v& Béng 6. Thanh phén hat ciia tro
28 ngay 7.6 day dugc biéu 6.
D6 bén nén TCVN 6016:1995
3 ngay M 29,0 N a B s Vi 4
zsngg‘é/y Pa'r P Bdéng 5: Thanh phdn hat cia tro ddy Viing Ang
2.2. Tro bay Mat | 95|475(236 [1,18 | 06 | 03 0,15 o075
N . . sang
Tro bay la mét loai puzzolan nhan tao, khi tac dyng
o A i 3 ! ; : : 301 340
vdi san ph4m thly hoa cia xi mang sé giam dugc :gltung 0 |12.10)21,00/10.301 8,50 1 5.30 139,30} 3
nhigt thiy héa, ting 65 dac chic va gidm co ngét  |ieng
cho bé tﬁng. Duya trén cac thanh phan héa hoc tro bigt(%)
bay Viing Ang thuéc loal F theo ASTM C618. Tro Lygng | 0 [12,10(33,10] 43,40 | 57,90 57,20 96,50 | 99,80
bay trong thanh phén ca bé tong hat nhd vita st tich
ddng vai tro 1a bt min (filler) vira déng vai tro 12 |lay (%)
mét phdn chét két dinh thay thé xi mang. Tro bay Lugng (100 | 87,9 | 66,9 | 56,6 | 48,1 [ 42,8 | 35 | 01
Ving Ang ¢4 thanh phén hat va cc chltigu ca ly  |iot
héa dugc trinh bay & Bang 3 va Bang 4. sang
. Tha 4 N L (%)
Béng 3: Thanh phdn hat ciia tro bay Ving Ang M3 dun 2,942
Tro bay Ludng lt sang & céc kich thudc hat (um) 46 1dn
1] 10 [ a5 | 100 [ 1000
T 12 % lot sang|1,3% | 21,90% | 69.40% | 96,50% | 100%

o |
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Béng 6: Céc ch tiéu co Iy cda tro ddy Viing Ang

€ shg (mun)

STT Tén chi tidu Pan vi | Tro day Viing Ang
1 |Khéi luong rigng glem? 2,13
2 [Khéi Iuang thé tich kho glem® 1,79
3 |Khdi lugng thé tich bao hoa | giom® 1,95
nudc
4 |Pd hat nude % 13,54
5 |Kndi fugng thé tich [en chat | gicm? 1,182
ty nhign
6 |Kndi iuang thé tich lan chat | g/em? 1,109
hoan toan kho
7 |poém % 544
100 "-—W
P I rawg
g : | ~d-C31Max 4 m_
i © |=+-cimin ) T
£ 9 —e—mayma
© it
| /
s i
20
A
10 7|
° = iZ |
15Jasolo.eaf 18] s6][a7s]o.50]

Hinh 1. Thanh phén cap phdi hat tro dédy Ving
Ang theo ASTM C33

2.4. Cét nghién Phil Ly

C6t ligu chinh trong bé t6ng hat nhd Ia cat. Cat sl
dung trong nghién ctu nay & cat nghién Phd Ly
¢4 thanh phan hat va cac chi tiéu cd ly héa dug

trinh bay trong Bang 7 va Bang 8.

Bang 7: Céc chi tiéu vat Iy, hda hoc cia cat

nghién Pho Ly
STT, Tén chi tiéu Ban vi|Cét nghién Phi Ly
1 |Kh lugng riéng glem® 2,71
2 |Kh6i lugng thé tich kho glem® 2,663
3 [Khdi luong thé tich béo haa | glem® 2,674
nude
4 Bd hut nudc % 2,459
5 [Khai lugng thé tich [én chat | glem® 1,653
tu nhién
‘6 |Khdi luang thé tich ten chit | g/em? 1,604
hoan toan khé
7 {po&m % 0,91
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Béng 8: Thanh phén hat ciia cat nghién Phii L
xdc dinh theo ASTM C33

Mét sang 9,514,75(2,336 [ 1,18 | 0,6 | 0,3 |0,15 [0,075
Liigng s6t 0 {0,00|15,50|31,40|26,10{15,60| 7,50 | 3,80
riéng biét{%)
Lugng s6t 0 |0,00|15,50|46,90!73,00(88,60/96,10(99,90
tich Iy (%)
Lugng lot 100| 100 | 84,5 | 3,1 |27,00| 11,4 | 3,9 | 0,1
sang (%)

M6 dun do 3,201
I6n

N T T2 il
g rd
§ 20 [ =4=C33Max

[ -
g o [cnun

40 i
E E

20

10
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Hinh 2. Thanh phén c8p ph6i hat coa cét nghién
theo ASTM C33

2.5. Phy gia siéu déo

Phu gia siéu déo dung trong bai bao 1a phy gia
Dynamon BT2 clia hdng Mapei ¢6 tac dung phét
tridn cudng do bé tong sém, cal thign dugc kha
néng duy tri d6 syt. D& dat hiéu qua cao nhét, phy
gia nén dugc cho thém vao hén hgp sau khi tdt ca
cac thanh phan khac da duge cho vao may tron
va 80% nudc tron da duge dung. Liéu lugng thong
dung cla Dynamon BT2 tir 500 - 1200 ml/ 100kg
chét két dinh

c'Phu gia nay thda man Tiéu chudn TCVN 8826:

2011 hodc ASTM C494-04 thudc loai F.
3. THANH PHAN BE TONG HAT NHO
3.1. Thanh phan cdp phdi hat cia hén hdp cét
ligu st dung ché tao bé téng hat nhé
Hbn hgp cdt ligu st dung ché tao bé tdng hat nhé
bao gém: Cat nghién Phii Ly, tro dédy va tro bay
viing Ang. Thanh phan cdp phéi ctia hdn hgp cét
lidu dugc thiét ké theo Iy thuyét do dic i6n nhét.
Caquot cho thdy gia trj 46 réng 16i thidu cia hén
hap chi phy thudc vao kich thudc hat 16n nhét D va
kich thudc hat nhd nhét d theo quan hé:

d
Do = pn\/; = (0,307; 0,348)

p, = {0,7;0,8}; d = 0,075 mm; D = 4,75mm
Fuller va Thompson da phat trién mdt phudng trinh

STURE em
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gc sit dung rong rai dé mé ta do déc (6n nhét:

p=l —d— x100
D
n: Hé s& didu chinh 46 min cia dudng cong Fuller

(0,36 - 0,52)
Béng 9: Thanh phén hat cGa cdp phdi hén hop

Trong do:

X, N, CL 1&n lugt Ia khdi lugng xi méng, nudc va
c6t ligu.

PPy P, 18N lugt ta khéi lugng rigng clia x
mang, nudc va hén hgp c6t ligu.

Khéi lugng riéng 1y thuyét ciia hdn hgp cét ligu
dudc xac dinh nhu sau:

cét lidu ; , y
Py =(@x Py +bX Py texp,
Matsang [95[475[236[1,18] 0,6 [ 03 [0,15 |0,075 < N e
((mm) a, b, ¢ 14n lugt Ia phén tram cat nghién, tro bay va
l60CN-20TD- 10097,58|84,08[63,18|45,82| 35.4 [23,04[18,61| tro day c6 trong hdn hop cét ligu.
[20TB
50CN-30TD- [100[96,37|82,32|63,53(47,93/38,54/23,00|18,61 . . i ha
2078 Béng 10: Thanh phén cap phdi cla céc loai bé
[40CN-40T- [100(95,1680,56 (63,88 50,04 (41,68(22,96(18,61 téng hat nho Y
20TB g ]
30CN-50TD- [100(03,95| 78,8 {64,23(52,1544,82]22,92118,61 P | X1 |Trof’ 25| Cat |TroPhy|
o0TB Cpphsi  Nudo I(i:gu nghién|déy | gia | P
[Futler n=0.38 [100] 100 |76,66]58,91145,56]35,01]26.90]20.67) [5ocN20TP-207B| 135 | 395 |372|1860] 1116 |372]7,11
[50GN-30TD-20TB[ 135 | 395 [363|1817] 909 |545[7,1123
m ls0CcN-40TD-2078] 135 | 395 [3s5[1775] 710 [710[7,1128]
- [socN-507P-207B] 135 | 395 [346[1732] 520 [as6[7,11/208
g n
6 g 2 o - « 2 s
i £ 4, KET QUA NGHIEN CUU VA THAO LUAN
«
E » Nghién cltu dé tién hanh thit nghiém vé cudng do
2 chiu nén va cudng do chiu ép ché cia céc cip
» phdi bé tong hat nhé & cac ngay tudi va cho
qua dugc dua ra 8 Bang 11. Hinh 4 chl ra sy phét

Hinh 3. Thanh phén cép phdi hat cda hén hop cot
liéu cho bé téng hat nhé

3.2. Thanh phén cdp p'i hén hgp cét liéu cha
bé tong hat nhé ¢

Dya vao yéu cAu vé cudng do & tudi 28 ngay tir
30 - 55 Mpa, dya vao thyc nghiém lya chon ty I8
N/CKD = 0,34 (do sl dung cét lidu phé thai cong
nghiép), lugng xi mang = 395kg/m?, tro bay va tro
day dugc stf dung lam c6t lidu tir 40 - 70% theo
khdi lugng, trong dé tro bay chiém 20% khong déi,
s dung phu gia siéu déo véi ham lugng 1,8% theo
khéi lugng xi mang. Thanh phén cdp phdi duge
xac dinh theo nguyén tc thé tich tuyét déi theo
phuong trinh sau:
X + LA + a +V, =1000
Px Pey,
X N

=CL =(1000—(—+—+VM) X Py,

x  Pn

trién cudng dod & céc tudi khac nhau clia cac loai
bé tong.

Béng 11: Két qué cudng dé chiu nén va ép ché

ctia bé téng hat nhé

Ngay | Cudng d6 chiu nén, MPa | Cudng 49 ép ché, MPa
tudi

m m o o om 1] o] o

alald|le|a||le|e

SIEIE|E]6|515|5

zlz|lz2l2|lzlzg|2|2

S/ 6|c| 8|8 |g|alsy

B|8|g| 8|8 |8 %8

I3 ngay |31,78(27,49|23,35 16,90 | 2,38 | 1,88 |1,721,58

7 ngay |50,.27]42,06 32,28 265,96 3,20 | 2,79 |2,40 (2,19

[28 ngay [61,98]51,92]45,20[ 36,38 | 4.26 | 3,76 [3,36 2@{

i

q
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Hinh 4. Biéu d8 dénh gid két qué thdm ion Clo ciia bé téng hat nhé

Qua két qué thi nghiém, ta théy cudng dé bé téng
clia cac cHp phdi phat trién tdng nhanh trong 3
ngay dau, phat tridn cham hon sau ngay tudi thu
7. Khi tang ham lugng tro day st dung, cuding dé
chiu nén va ép ché déu c6 xu huéng giém. Tro day
12 loai c6t ligu phé thai cong nghiép hat cé nhidu I8
rdng, hat nhidu nude, khéng, dat yéu clu dic chic
nhu cat nghién, do dé khi st dung lam cét liéu,

hén hop bé tdng dé& bi pha hdy hon. Tuy nhién,
cudng dd chiu nén cla bé téng hat nhd van dam
bao dat yu cdu >35MPa. D& c6 thé si dung dudc
ddi vdi két cdu bé tong dung bé téng ct ligu mot
phén |a tro ddy va tro bay thi nén sir dung it nh&t tir
7 ngay tudi, xu huéng cudng dd van tiép tuc ting
& tudi sau 28 ngay.

S000

g

§

g

g

Difa hrgug truyda qua (Conlombs)

GOCHZOTL0TE  SOCHIOTXLOTE 4O0CH4O0TI20TE  30CHSOTI20TE

Hinh 5. Két qué thf nghiém thdm ion Clo ctia céc bé téng hat nhd
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tong hat nhd dugc thiét k& dé ché tac két
cdu bé tong nén doé bén dudi cac tac nhan xam
thye 12 mdt chi tiéu quan trong dé danh gia chét
lugng cfing nhu kh3 nang lam viéc cla bé tong
hat nhé. Nghién cdu nay da tién hanh thit nghiém
dd bén chéng tham ion Clo trén céac cdp phdi hdn
hgp bé tdng hat nhd dé xu#t & trén. Kha ning
chdng th&m dugc th nghiém trén mau try cé kich
thudc 50x100 mm. Thi ngiém tuan theo tiéu chudn
ASTM C1202-97. K&t qua thi nghiém thdm ion Cilo
dugc trinh bay & Bang 12 va Hinh 5.

Béng 12: K&t qua thi nghiém thdm ion Clo

Cdp |60CN- [ 50CN- | 40CN- | 30CN- | Donvj
phdi | 20TD- | 30TD- | 40TD- | 50TH-
20TB | 20TB | 20TB | 20TB
Kétqua| 2221 | 2319 2375 2462 | Coulomb

Hinh 5 cho th&y, ham lugng xi mang va tro bay
khong ddi, khi ta ting khdi ludng tro day va déng
thdii gidm khéi lugng cat nghién thi do réng cla
thanh phén cép phdi bé tong cling thay ddi va ting
theo khdi lugng tro day. Do vay, do thdm ion clo
cla céc cdp phdi bé tang hat nhd déu dat mdc
trung binh va cé xu hudng tang 1&n khi tang lugng
tro day bdi tro day c6 cdu tric réng, x8p nén kha
néing chéng th&m khéng cao.

5. KET LUAN

Qua viéc danh gia vé ng’l cung cép vat liéu cho
thdy rdng & Viét Nam c6 d0 ngudn vat liéu c6 sén
pht hgp véi cac tiéu chudn trong nudc va nude
ngoai dé ché tao bé tong hat nhd c6 cudng dé va
kh& nang chdng thdm ion clo phit hgp dap (ing cho
nhiing céng trinh bé téng.

Khi thay thé dén ty I8 tro day trong hén hgp cét lidu
clia bé tong hat nhd 1a 50%, nhung van dam bao
cugng do chiu nén cha bé téng hat nhd >35MPa.
Khi stt dung bé tong hat nhé sif dung tro day va
tro bay cho k&t c4u xay dung thi c6 kha nang gidm
dugc cét ligu ty nhién nén dam bao dugc tinh bén
viing va méi trudng m
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