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Tém tat

Xi thép 1a san phadm phu, dudc tao ra trong qu4 trinh luyén thép. Theo théng ké ctia S& Tai nguyén-Moi trudng
(2017), tai Ba Ria Viing Tau c6 6 nha may thép dang hoat dong véi tdng cong suit 4,5 triéu tin/nim va lugng
xi thép phit sinh vao khoang 10% san lugng thép, phin 16n dang dudc luu trit va 1a nguyén nhan giy tic dong
xAu dén mdi trudng. Trong nghién ciu nay, cAp phdi hat ciia xi thép dugc didu chinh biang cach phdi tron véi
cat min tao thanh cip phdi xi thép-cat min (ty 1& xi thép/cat min 1a 80%/20%), sau d6 gia cb véi xi ming véi
ham lugng 4%, 6%, 8%. Céc thi nghiém xic dinh cudng do chiu nén, cudng do chiu ép ché va mé dun dan hoi
& tudi 7, 14, 28 va 56 ngay dudc thuc hién dé€ danh gid kha ning lam viéc clia vat liéu gia cd trong két chu 4o
dudng. Két qua cho thiy cic dic tinh ky thuat ctia cAp phdi xi thép-cat min gia ¢b xi ming dudc cii thién dang
ké nén c6 thé dung 1am 16p méng trén clia két cAu 4o dudng khi ham lugng xi ming gia cb tif 6-8%.

Tir khod: xi thép; cat min; gia ¢ xi ming; cudng dd chiu nén; cudng do chiu ép ché; mo dun dan hoi.

STUDY ON USING RECYCLE STEEL SLAG-FINE SAND TREATED WITH CEMENT FOR ROAD PAVE-
MENT SUBBASES

Abstract

Steel slag is a by-product of steel making. According to statistics released (2017) by the Department of Natural
Resources and Environment, Ba Ria — Vung Tau province has 6 operating steel factories with a total capacity
of 4.5 million tons /year and the amount of steel slag that was produced about 10%, has been landfilling
and causing negative effects against the environment. In this study, the grain size distribution of steel slag is
corrected by mixing with fine sand to make steel slag-fine sand aggregate (the ratio of mixing is 80% steel
slag and 20% fine sand), then it was treated with portland cement. The characteristics of this aggregate such as
compressive strength, splitting tensile strength and elastic modulus in 7, 14, 28 and 56 days age are determined
for evaluation using the cement treated steel slag-fine sand aggregate in pavement. The results show that the
technical specifications of cement treated steel slag-fine sand aggregate are improved efficiency, it can be used
for road base when treated by 6-8% cement.

Keywords: steel slag; fine sand; cement treated; compressive strength; splitting tensile strength and elastic
modulus.
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1. Gidi thiéu
Hién nay, xi thép dudc xem la vat lidu tdi ché st dung trong nhiéu linh vuc khac nhau nhu xay
dung dudng, lam cbt liéu cho bé tong, trong nong nghiép [1]. C4c nghién cifu vé xi thép & trong nudc
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[2-6] va ngoai nudc [7-11] dang dan khang dinh kha ning tng dung clia xi thép trong nganh xay
dung néi chung va trong xay dung dudng néi riéng. Trong mot nghién ciu vé viéc dung xi thép thay
thé cAp phdi d4 diim 1am 16p méng cho két cAu 4o dudng da dugc dé cap & [12], két qui cho thiy xi
thép c6 céc chi tidu co ly tuong dong véi cip phdi da dim loai IT nén chi c¢6 thé dung lam 16p méng
duéi. Khi dung xi thép gia cb xi ming véi ti 1& tit 4-10% [13], cudng do chiu nén va module dan hoi
dugc cai thién dang ké, tuy nhién cudng do ép ché & 14 ngay tudi clia tit ca cic ty 1é xi ming déu nhod
hon 0,35 MPa nén van khong dugc dung lam 16p méng trén ctia két ciu 4o dudng theo [14].

Trong nghién citu nay, tic gia dé& xult cai thién cip phdi xi thép bang cach phdi tron véi cat min,
cAp phoi xi thép — cat min sau d6 dugc gia cb xi ming véi ty 1é 4-8% dua theo két qua nghién ctiu [11]
va theo quyét dinh 2218 ctia Bo GTVT. Céc chi tiéu co ly dung dé danh gid vat liéu gia cd nay nhu
cudng do chiu nén (Rn), cudng dd ép ché (Rech), module dan hoi & tudi 7, 14, 28 va 56 ngay dudc
x4c dinh d& xem xét kha ning tng dung ctia cip phdi xi thép-cat min gia c¢b xi ming lam 16p méng
trén ctia két ciu do dudng.

2. Vit liéu tha nghiém
Céac nguyén liéu dudc ding dé 1am thuc nghiém bao gom:

2.1. Ximdng

Chét két dinh st dung xi ming Ha Tién PCB40 c6 cic dic trung ky thuat  Bang 1 phu hop véi
cdc yéu cau clia xi ming dung dé gia cb theo tiéu chuin TCVN 8858:2011 [15].

Bang 1. Cac chi tiéu cd ly cia xi mang PCB40

Chi tiéu thi nghiém Phuong phap thi nghiém Két qua

Cuong d6 chiu nén 28 ngay (Mpa) TCVN 6016:2011 [16] 42,5
Khéi lugng riéng (g/cm?) TCVN 4030:2003 [17] 3,09
D06 min Blaine (cm2/g) TCVN 4030:2003 [17] 3900
Ludng tiéu chuin (%) TCVN 6017:2015 [18] 32,5
Thoi gian dong két (phiit) TCVN 6017:2015 [18]

+ Bt diu 105
+ Két thic 215

2.2. Nudc
Nudc dung tron bé tong 12 nude sach dam bao yéu cau ky thuat theo TCVN 4506:2012 [19].

2.3. Xithép

Xi thép tif cac nha may luyén thép & Ba Ria Viing Tau dudc tai ché tai cong ty Trach nhiém hitu
han Vat liéu xanh c6 céc tinh chit co 1y va thanh phan hat thi nghiém theo [20] d4 dudc nghién citu &
[12] thé hién 6 Bang 2 va 3.
2.4. Cdt min

Cat min dugc st dung trong pham vi nghién ciic clia dé tai 12 loai cét tu nhién song Pong Nai c6
céc chi tiéu cd Iy va hoa hoc clia céat dugc thé hién 6 Bang 4 va 5.
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Bang 2. Cac chi tiéu cd ly cuia xi thép [12]

TT Chi tiéu thi nghiém bon vi tinh Gié tri trung binh
1 Khéi lugng riéng glem® 3,552
2 Khbi lugng thé tich & trang thai kho glem® 3,285
3 Khéi lugng thé tich & trang bio hoa glem® 3,361
4 Do hat nude % 2,275
5 Khbi lugng thé tich x6p kg/m> 1858,3
6 Do rong gitia cac hat % 48,28
7 Ham lugng bui, bun, sét % 0,953
8 Do hao mon khi va dap Los Angele % 21,36
9 Ham lugng thoi det % 1,00
10 KLTT kho khi DPNTC glem’ 2,458
11 Do am t6i vu khi PNTC % 3,474
12 Do truong nd thé tich % 0
13 Stc chiu tai CBR trong phong % 96,96
14 Mb dun dan hoi cta vat liéu MPa 248.,2
Bang 3. Bang phan tich thanh phan hat ctia xi thép
Kich thudc mat sang (mm) Ty 1& lot sang, % theo khbi luong
50 100,0
37,5 100,0
31,5 97,3
25 88,9
19 80,7
9,5 52,9
4,75 29,4
2,36 14,4
0,425 3,1
0,075 0,7
< 0,075 0,0
Bang 4. Chi tiéu co ly va hod hoc ctia cdt min dung d€ phdi tron véi xi thép
Thit ty Chi tiéu thi nghiém Pon vi tinh  Phuong phép thi nghiém Két qua
1 Khéi lugng riéng g/em® TCVN 7572-4:2006 [20] 2,67
2 Khéi luong thé tich g/em’ TCVN 7572-4:2006 [20] 2,5
3 Do x6p tu nhién % 46,20
4 Khbi lugng thé tich xp kg/m® TCVN 7572-6:2006 [20] 1345
5 Do hit nude % TCVN 7572-4:2006 [20] 2,58
6 Tap chéit hitu co so v6i mau chuin SO mau TCVN 7572-9:2006 [20]  Ngang mau chuin
7 Ham lugng bun sét % TCVN 7572-8:2006 [20] 2,08
8 Ham lugng silic hoa tan, Sc mol/l TCVN 7572-19:2006 [20] 62,86
9 Ham lugng ion C1™ % TCVN 7572-12:2006 [20] 0,007
10 Ham lugng SO; % TCVN 7572-16:2006 [20] 0,012
11 Ham lugng mica % TCVN 7572-20:2006 [20] 0,01
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Bang 5. Thanh phan hat ctia cat min [20]

Kich thudc mét sang (mm) Ludgng sot tich luy trén sang (%)
4,75 0,00
2,36 1,00
0,425 38,76
0,075 95,09
< 0,075 100,00

3. Thiét ké thi nghiém

Cat min dudc tron véi xi thép vdi ty 18 80% 1a xi thép va 20% la cat min thanh cip phbi xi thép-cat
min, sau d6 dudc gia cd xi ming véi ty 1& 4%; 6%; 8%. Mot t& hop gom c6 36 mau nhu Hinh 1 dudgc
ché tao tir cAp phdi gia cb trén, trong d6 c6 24 mau dic bang cbi Proctor cai tién (chiéu cao 11,7 cm;
duong kinh 15,2 ¢cm), d€ thi nghiém cudng dd chiu nén theo TCVN 8858:2011 [15] va cudng do
ép ché theo TCVN 8862:2011 [21] (Hinh 2 va 3); 12 méu dic bang cbi tiéu chuin (cé dudng kinh
10,16 cm, cao 11,7 cm), dé thi nghiém mo6 dun dan hdi theo TCVN 9843:2013 [22] (Hinh 4). P6i véi
mau diic bang cbi tiéu chuin dugc chia thanh 5 16p, mdi 16p dam 25 chay 4,5 kg; mau dic bang cdi
Proctor céi tién dugc chia thanh 5 16p, mdi 16p dim 56 chay 4,5 kg. Tét ca cac miu diic thi nghiém
dugc xac dinh cudng do chiu nén, cudng do ép ché va mo dun dan hoi.

Hinh 1. MAu thi nghiém xi thép gia cb tap két d€ tién Hinh 2. Thi nghiém cudng do chiu nén
hanh bao dudng

Hinh 3. Thi nghiém cudng do ép ché Hinh 4. Thi nghiém m6 dun dan hoi
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4. Két qua thi nghiém

Cudng do chiu nén (Rn); Cudng do chiu ép ché (Rech); M6 dun dan hoi (E) & tudi 7, 14, 28, 56
ngay dudgc thé hién & Bang 6.

Bang 6. Bang két qué thi nghiém xi thép+cat min gia c¢b xi ming

S6 thi tu Ty 16 XM Tudi Rn (MPa) Rech (MPa) E (MPa)
1 4 7 3,42 0,099 1220,96
2 4 14 4,70 0,165 1233,31
3 4 28 6,04 0,297 1308,51
4 4 56 6,41 0,336 1326,99
5 6 7 8,45 0,620 1516,45
6 6 14 9,82 0,766 1584,22
7 6 28 12,01 0,944 1749,25
8 6 56 12,72 0,827 1776,59
9 8 7 10,99 1,012 1589,75
10 8 14 12,26 1,181 1584,76
11 8 28 15,81 1,347 1775,43
12 8 56 17,40 1,669 1941,99
13 4 7 4,15 0,074 1221,57
14 4 14 4,23 0,158 1239,28
15 4 28 5,84 0,309 1303,36
16 4 56 6,33 0,315 1326,84
17 6 7 8,76 0,617 1533,78
18 6 14 10,15 0,649 1562,28
19 6 28 12,52 0,819 1605,17
20 6 56 11,35 0,890 1768,89
21 8 7 10,63 0,994 1571,36
22 8 14 11,80 1,217 1698,96
23 8 28 14,28 1,370 1890,35
24 8 56 16,40 1,718 1922,39
25 4 7 3,84 0,079 1212,85
26 4 14 4,58 0,172 1229,77
27 4 28 6,72 0,288 1307,06
28 4 56 7,06 0,324 1319,01
29 6 7 8,29 0,560 1549,82
30 6 14 9,46 0,724 1522,70
31 6 28 10,79 0,890 1776,57
32 6 56 12,11 0,954 1704,94
33 8 7 10,78 0,976 1630,28
34 8 14 12,74 1,110 1603,67
35 8 28 15,87 1,438 1920,70
36 8 56 16,62 1,609 194485
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4.1. Phdn tich cuong do chiu nén Rn
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Hinh 5. Biéu d6 anh hudng cac yéu t6 dén Rn

Hinh 5 thé hién su anh hudng ctia yéu t6 ham lugng xi ming va tudi mau thi nghiém dén cuong
dd chiu nén. Nhan thiy c4 2 yéu td déu dnh hudng nhiéu dén Rn.

- Do tudi dén cudng do chiu nén: & giai doan dau tir 7-14 ngay thi cudng dd nén phat trién cham,
tl 14-28 ngay thi mic do ting nhanh hon thé hién qua do dbc cda biéu dd cudng do nén theo ngay
tudi, tir 28-56 ngay thi Rn lai ting cham. Biéu d6 dnh hudng ngay tudi dén cudng do nén khong 1a
dang tuyén tinh ma 1a bac 2;

- Anh hudng ctia ty 18 xi ming: Khi ty 16 XM ting thi Rn ciing ting 1én, ty 1& ting nhiéu hon véi
ham lugng 4-6% thé hién bang do dbc clia cac doan dudng thang;

- Anh hudng tuong tic xtia XM*Tudi co ban nhu nhau dbi véi cac ngay tudi va ty 1& xi mang. Tuy
nhién & ngay tudi 28 va 56 ngay thi &nh hudng ro rét hon.

Hinh 6 12 biéu dd téng hop cudng do nén Rn theo lugng xi ming va ngay tudi. Tit ci cdc Rn &
tudi 14 ngay déu 16n hon 4,0 MPa nén theo quy dinh ctia [14] thi cAp phéi trén c6 thé 1am 16p méng
trén cho két cAu mit dudng. So véi xi thép gia cb xi ming véi ty 1& 6-8% (Hinh 7), xi thép-cit min gia
¢ xi ming c6 cudng do chiu nén ting dang ké, va 16n nhat & tudi 14 ngay (khoang 50%)
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gia cO xi mang gia co xi mdng [12]
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4.2. Phdn tich cuong do chiu ép ché Rech

Tuong tu nhu dbi véi cudng do chiu nén, Hinh 8 thé hién su 4nh hudng cta ty 1& xi ming va tudi
clia mau thi nghiém dén cudng do ép ché Rech. Nhan thiy c4 2 yéu t6 ty 1& xi ming va ngay tudi déu
anh hudng nhiéu dén Rech. Tuy nhién anh hudng ctia ty 1& xi ming 16n hon anh hudng ctia ngay tudi
dén Rech.
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Hinh 9. Biéu d6 tong hdp Rech cia xi thép+cat min Hinh 10. Biéu dd téng hop Rech ctia xi thép
gia cO Xi mang gia c0 xi méing [12]

Biéu do tong hop cudng do nén Rech theo luong xi ming va ngay tudi § Hinh 9 cho thiy cudng do
ép ché & tudi 14 ngay ting véi ty 1 xi ming 4% nho hon 0,35 MPa nén chi dung dudc lam 16p méng
duéi theo quy dinh ctia [14]; Véi ty 1é xi ming 6-8%, thi gid tri nay déu 16n hén 0,35 Mpa, do d6 dap
ing yéu cau d6i véi vat liéu lam 16p mong trén theo quy dinh ctia [14], Yéu cau ky thuat vé thiét ké
miit dudng bé tong Asphalt cho duding cao téc & Trung Qudc quy dinh gia tri nay 1a 0,4-0,6 MPa [10].
So véi xi thép gia cb xi ming véi ty 1& 6-8% [13], cudng do ép ché ting dang ké, va 16n nhit & tudi 14
ngay (gan 90%).

4.3. Phdn tich mé dun dan héi E

Tuong tu nhu dbi véi cudng do chiu nén va cudng do chiu ép ché, su anh hudng ctia ty 1& xi ming
va tudi cia miu thi nghiém dén mo dun dan hdi cla xi thép+cat min gia cb xi ming dudc thé hién &
Hinh 11.
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Hinh 12. Biéu d6 tdng hop E clia xi thép+cat min Hinh 13. Biéu d6 téng hop E ctia xi thép
gia cb xi ming gia ¢b xi ming [12]

Biéu dd tdng hop mo dun dan hoi E theo lugng xi ming va ngay tudi & Hinh 12 cho thiy m6 dun
dan hdi ting véi cac ty 1é xi ming, cic ngay tudi déu 16n hon gidi han 600-800 MPa, nhu vay c6 thé dat
yéu cau vé mo6 dun dan hoi dbi vé6i 16p méng trén cho két cAu 4o dudng. Yéu cau ky thuat vé thiét ké
mit dudng bé tong Asphalt cho dudng cao toc & Trung Qudc quy dinh gid tri nay 1a 1300-1700 MPa
[10]. So véi xi thép gia cb xi ming véi ty 1& 4-8% (Hinh 13), mod dun dan hoi ting ding ké, va 16n
nhét & tudi 7 va 14 ngay (khoang 50-60%).

5. Két luan

Khi xi thép dudc phdi tron véi cat min véi ty 18 20% cat min va 80% xi thép tao thanh cip phdi
xi thép-cat min c6 cdc chi tiéu co ly dudc cai thién ddng ké. Dua vao cac két qua thuc nghiém va cic
phan tich dudc trinh bay & trén c6 thé dua ra mot sd két luan nhu sau:

- V6i ty 1é xi ming 4%, hon hop xi thép + cat min gia cb;

- Xi miing ¢6 thé dung 1am 16p méng dudi cho két ciu 4o dudng;

- Xi thép+cat min (ty 1& 80/20) gia cb xi ming c6 2 chi tiéu cudng dd nén va mod dun dan hoi thda
min diéu kién d€ 1am 16p méng trén ctia két cAu 40 dudng, riéng chi tiéu cudng do chiu ép ché thi chi
c6 hdn hop gia cb ty 1& xi ming tir 6-8% mdi théa man diéu kién d€ 1am 16p méng trén cla két cau
4o duong;
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- So véi xi thép gia cb xi ming véi ty 1& 6-8% [13], xi thép-cat min gia cb xi ming c6 cudng do

chiu nén ting khoang 50% (Hinh 7), cudng do ép ché ting khoang 90% (Hinh 10), module dan hoi
ting khodng 50-60% (Hinh 13), ting ddng k&, va 16n nhit & tudi 14 ngay.
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