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Tém tdt: Qua cac nghién cizu [5-10], xi thép tir Io dién ho quang khong phdi 1a chat thai nguy hai
theo Bg Tai nguyén va Moi truong quy dinh [1], nd la Chat thai thong thuong, dwoc qudn ly theo TCVN
6705:2009 [2]. Néu khdng c6 gidi phap tai su dung nguon xi thép nay thi viéc bao quan sé ton rat nhiéu
chi phi va lang phi quy ddat dé luu trir. Bai bao nay trinh bay van tat két qua nghién cizu giai phap su
dung xi thép tai ché tir cac nha may luyén thép khu vuc Ba Ria - Viing Tdu (BRVT), gia Co xi mang dé
lam méng dwong 6 t6. Cac chi tidu thir nghiém, danh gia nhw doi véi vat liéu cap phoi da dam gia co Xi
mang: Cuong dé chiu nén (Rn), cuwong dé ép ché (Rech) va mé dun dan hoi vat liéu (E). Pay la céc chi
tiéu co ban phuc vu cho cdng tac thiét ké, thi cong va nghiém thu Iép mong dwong 6 to sir dung vat liéu
gia co xi mang.

Tir khba: Xi thép, gia cé xi mdang, cuong dé chiu nén, curong d ép ché, mé dun dan hoi.

Chi sé phan logi: 2.4

Abstract: The study results from [5-10] show that steel slag is hot hazardous waste [1], it is normal
industrial solid waste in accordance with TCVN 6705:2009 [2]. The steel slag which cannot be reused
will increase the cost and storage areas. This paper presents an overview of research in using recycle
steel slag, a byproduct of steel manufacturing in Ba Ria Vung Tau province, in cement treated aggregate
material for road pavement subbases. The experimental testing of graded aggregate are applied for
cement treated steel slag such as compressive strength (Rn), splitting strength (Rech), modulus of
resilience (E). These are basic criteria for design, construction and acceptance of cement treated
aggregate bases for road pavement.

Keywords: Steel slag, cement treated, compressive strength, splitting strength, modulus of
resilience.

Classification number: 2.4
1. Gigi thiéu
] Xi thép dugc hinh thanh qhu’ la mot san
pham phu cua qua trinh san xuat thép trong 10

Nué6e dung dé tron hdn hop gia co la
ngudn nudc may sinh hoat, dat ydu cau cua
tiéu chuan nudc dung cho bé téng va vira xay

dién hd quang, chiém khoang 10% san luong
thép. Cong nghé 10 dién hd quang la cong
nghé duoc sir dung chu yéu & cac nha may
luyén thép khu vuc tinh Ba Ria -Viing Tau
(BRVT). San pham cap phdi xi thép (goi tit 1a
xi thép) trong bao céo la san phdam qua day
chuyén tai ché xi thép tai nha may san xuat vat
liéu xay dung cua Cong ty Trach nhiém hitu
han Vat liéu Xanh (huyén Tan Thanh, tinh
BRVT). Trong nghién ctru nay nhom téc gia
mong mudn cung cap cac két qua nghién ctu
bude dau khi sir dung xi thép gia cd xi ming
lam 16p moéng duong 0 to.

2. Vat liéu thir nghiém
2.1. Nwéc

dung TCXDVN 302-2004 [3].

2.2. Xi mang

Chat lién két dung loai xi mang Ha Tién
PCB40, c0 cac chi tiéu co 1y tong hop nhu
bang sau:

2.3. Xi thép

~ Xi thép c6 ngudn géc tir cac nha méy san

xuat thép ¢ khu vuc tinh BRVT, gan day da co
mot so nghién ciru de cép, trong so do co
nghién ctru dugc the hién qua tai liéu [5]. Cac
nghién ctru déu nhan cﬁnh, Xi tth o khu vuc
BRVT co cac tinh chat twong dong nhu cap
phoi da dam, l1a loai vat liéu dung lam 16p
mong duong 6 to pho bién hién nay.
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Trong xi thép c¢6 mot sé thanh phan
khoéng giéng thanh phan khoang c6 trong xi
mang. Qua két qua phan tich thanh phan hoa
hoc va tinh toan ty s6 M, (1a ty s giira tong
luong CaO va MgO so Véi tong luong SiO2
va Al,O3 c6 trong xi thép) thi M, = 1.33, nén
c6 thé nhan dinh xi thép ¢ day c6 tinh kiém.
Xi loai kiém néu duoc sir dung nhu mot loai
vat lidu hat 1am ¢t liéu thi thuong phai gia cb
bang chat lién két vo co nhur voi hodc xi mang.
Trong nghién ctu nay, chat lién két duoc st
dung la xi mang nhu trinh bay & muc 2.2

3. Chi tiéu thi nghiém va phwong phap
tao mau

3.1. Céc chi tiéu thi nghiém

Céc chi tiéu cuia cp phéi xi thép gia cd xi
mang duoc thi nghiém, gom:

- Cuong d6 chiu nén (Ry);

- Cudng do ép ché (Recn);

- M6 dun dan hoi vat liéu (E).

MGi chi tiéu Rn, Recn, E déu thi nghiém ¢
C&c ngay tuoi 7, 14, 28, 56 ngay.

3.2. Phwong phap tao miu

MGi t6 hop mau gom c6 36 mau, trong dé
€6 24 mau duc bang coi Proctor cai tien (chicu
cao 11,7cm; duong kinh 15,2cm), dé thi
nghiém cuong d6 chiu nén va cudng do €p
ché; 12 mau dlc bang coi tiéu chuan (co
duong kinh 10.16cm, cao 11.7cm), de thi
nghiém mo dun dan hoi.

Bdng 1. C&c chi tiéu co Iy cia xi mang PCB40.

Chi tiéu thi nghiém Phwong phap thi nghiém Két qua

Cuong d¢ chiu nén 28 ngay (Mpa) TCVN 6016:2011 42.5
Khdi lugng riéng (g/cm3) TCVN 4030:2003 3.09
D6 min Blaine (cm2/g) TCVN 4030:2003 3900
Luong nude tiéu chuan (%) TCVN 6017:2015 325
Thoi gian dong két (phut) TCVN 6017:2015

+ Bat dau 105
+ Két thic 215

Hinh 1. Mdu xi thép gia cd tap két
deé tien hanh bdo duong.

Hinh 2. Thi nghiém cuong doé chiu nén.

Hinh 3. Thi nghiém cuong dé ép cheé.

Hinh 4. Thi nghiém mé dun dan hoi.
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4. Bang két qua thi nghiém xi thép gia c6 xi ming

TT Ty ('(%“\" Tudi (ngay) Rn (MPa) Rech (MPa) E (MPa)
1 4 7 4.48 0.066 456.32
2 4 14 4.76 0.069 507.99
3 4 28 6.42 0.090 710.63
4 4 56 6.41 0.117 741.30
5 6 7 4.96 0.067 598.42
6 6 14 5.55 0.083 595.55
7 6 28 6.60 0.152 908.74
8 6 56 7.69 0.165 945.93
9 8 7 5.29 0.078 808.72
10 8 14 6.13 0.124 825.40
11 8 28 11.17 0.350 1302.68
12 8 56 12.36 0.445 1408.16
13 10 7 5.63 0.110 843.94
14 10 14 7.26 0.134 1075.29
15 10 28 15.93 0.969 1584.79
16 10 56 16.93 1.108 1737.72
17 4 7 4.85 0.061 519.31
18 4 14 4.73 0.076 461.21
19 4 28 5.47 0.083 689.42
20 4 56 6.31 0.078 742.40
21 6 7 4.69 0.065 577.72
22 6 14 4.89 0.091 577.32
23 6 28 7.43 0.127 862.54
24 6 56 7.67 0.139 921.51
25 8 7 5.09 0.090 792.77
26 8 14 5.33 0.131 901.92
27 8 28 11.79 0.402 1260.91
28 8 56 11.94 0.443 1409.76
29 10 7 4.94 0.115 901.80
30 10 14 6.34 0.146 977.50
31 10 28 14.25 0.889 1605.77
32 10 56 16.98 1.079 1701.53
33 4 7 4.25 0.063 459.12
34 4 14 4.49 0.080 492.85
35 4 28 6.14 0.098 727.73
36 4 56 5.88 0.099 728.59
37 6 7 5.17 0.074 567.40
38 6 14 5.28 0.102 603.49
39 6 28 6.83 0.134 935.47

40 6 56 6.84 0.155 953.94
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T Ty ('(%(M Tudi (ngay) RN (MPa) Rech (MPa) E (MPa)
a1 8 7 4.85 0.085 775.83
22 8 14 5.18 0.118 826.91
23 8 28 10.56 0.436 1394.79
24 8 56 12.00 0.489 1436.59
45 10 7 5.83 0.102 880.25
26 10 14 6.45 0.142 951,02
47 10 28 1517 0.822 1520.85
48 10 56 16.79 1.056 1742.71

5. Phan tich két qua thi nghiém xi thép
gia co xi miang

St dung phan mém Minitab 18, thiét ké
thi nghiém tong quat (General full factorial
design). S6 lan lap thi nghiém Ia ba. Phan tich
phuong sai ANOVA va phan tich hau dinh
phat hién sai khac theo chuan Tukey.

Céc bién dau vao cua thiét ké thuc
nghiém la hai bien:

- Ty 18 xi mang (X): C6 bén ty 18 12 4%;
6%; 8%; 10%.

- Tubi mau: C6 bén loai tudi 1a 7, 14, 28,
56 ngay

Cac ham phan tich: Cuong d6 chiu nén
(Rn); Cuong do chiu ép che (Rech); M6 dun
dan hoi (E). So két qua thi nghiém cho moi

Biéu dd phan du ctia Rn (MPa)

Biéu db xac suat thudng Tucng quan

Phan tram
g
Phan du

10 5 T W
Gié tr thich hop

00
Phan du

05

Biéu do Thi ty s6 liéu

Phan du
g

U1 s 1o 15 20 25 30 35 40 45
Thi tu khao sét

00
Phan du

04 08

Hinh 5. Biéu do phan tich diéu ki¢n &p dung
phuwong phdp thong ké.
Téng hop nhan t6 hdi quy: Ry voi X, T

loai cudng do hoic mé dun dan hoi l1a: 4 (ty 1¢
xi mang) x 4 (do tual) X3 (mau/ v 1¢ xi mang
x dé tudi) = 48 mdu. Tong sé két qua thi
nghiém 48 x 3 = 144,

5.1. Phan tich cwong do chju nén Rn

Hinh 5 12 biéu db phan tich diéu kién ap
dung phuong phép théng ké 1a biéu d6 phan
du, cho thay: Phan du tuan theo quy luat phan
bd chuan, cac gia tri ngau nhién khong theo
quy luat va phan bd déu hai bén qua duong
“0”. Nhu vay thoa man cac diéu kién &p dung
phuong phép thong ké thuc nghiém.

Bicu do Pareto ¢ hinh 6, duong thang
dung déu cat qua tat ca cac hang, thé hién 2
bién luong xi mang (X), tudi mau (T) va tich
cac bién déu c6 anh huong dén Rn ¢ ¥ nghia
thong ke.

Biéu do Pareto cac yéu t6 anh huéng
(gia tri dac trung la Rn (MPa), a = 0.05)

204
Yéuté Tén
A XM
B Tusi

AB

0 2 4 6 8 10
Yéu t6 anh hudng

Hinh 6. Biéu do Pareto cac yéu té anh hueng Rn

Théng tin nhan té

Nhan té Cép Gia tri
4 4,6,8, 10
T 4 7,14, 28, 56
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Phan tich phuong sai
Thanh phén DF Adj SS Adj MS F-Value P-Value

Mb hinh 15 681.919 45.461 246.97 0.000
Béc nhit 6 538.446 89.741 487.53 0.000
X 3 236.845 78.948 428.90 0.000
T 3 301.601 100.534 546.16 0.000
Tuong tic 2 bién | 2 143.473 15.941 86.60 0.000
X*T 9 143.473 15.941 86.60 0.000

Sai 6 32 5.890 0.184

Téng 47 687.809
Tém tit mod hinh
S R-sq R - sq(adj) R - sq(pred)
0.429037 99.14% 98.74% 98.07%

Két qua phan tich ANOVA cho thay: Cac
bién déu c6 hé sé P - Value << 0.05; hé sb xac
dinh diéu chinh R%; = 98.74%. Nhu vay két
qua thuc nghiém cac yéu té dau vao va tich
tuong tac clia chiing déu anh hudng dén Ry ¢6
¥ nghia théng ké & muc dé tin cay cao.

Bi€u d6 cac yéu t6 anh hudng dén Rn (MPa)

XM Tugi
n

Cudng d6 nén trung binh Rn (MPa)

4 6 8 10 7 14 28 56

Hinh 7. Anh hwong céc yéu to X, T dén R.

Hinh 7 thé hién cac yéu t6 anh huong dén
Rn. Nhan thiy ca hai yéu t6 ty 1& xi ming va
ngay tudi déu anh huéng nhiéu dén R,. Anh
hudng cua ty 1€ xi mang: Khi ty ¢ XM tang tir
6% dén 10% thi cudng d6 nén ting 1én nhiéu
hon ty 1& tir 4% dén 6% thé hién bang do déc
cua cac doan duong thang. Anh huéng cua do
tudi dén cuong do chiu nén: O giai doan dau
tir 7 dén 14 ngay thi cudng d6 nén phét trién
cham, tir 14 dén 28 ngay thi muc d6 ting
nhanh hon thé hién qua d6 déc cua biéu dd
cuong do nén theo ngay tudi, tir 28 dén 56
ngay thi Ry lai ting cham. Biéu do anh hudng
ngay tudi dén cudng d6 nén khong la dang
tuyén tinh ma I1a bac 2 hoic ham logarit.

Hinh 8 thé hién anh hudng tuong tac cac
yéu t6 dén Rn. Nhan thay ¢ tudi 7 va 14 ngay
thi Rn tang 1én cham khi ham luong xi mang
tang. Tuy nhién & tudi 28 va 56 ngay khi ty 1¢
xi ming ting thi Ry ting 1én nhanh, thé hién
bang d6 dbc cac dudng thang.

-4 280
—A-- 560

17.5

15.0

12,5

10.0

75

Cudng d6 nén trung binh Rn (MPa)

5.0

4.0 6.0 8.0 10.0
XM

Hinh 8. Anh huwéng twong tac cac yéu té XxXT dén R.

Biéu do Rn (MPa)
Mic d6 tin cay 95%
20

*16.9

b-1.1733

Rn (MPa)
3
95333

Tudi 7 14 28 56 7 14 28 56

XM 4 6 8

Hinh 9. Biéu do tong hop Rn ciia
xi thép gia co xi mang.
Hinh 9 12 biéu d6 tong hop cudng do nén
Rn theo lwong xi mang va ngay tudi. Theo quy
dinh cua Quyét dinh 2218/QD-BGTVT [4],
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tit ca c4c Rn déu I6n hon 4.0MPa. Thiét Iap
phuong trinh hoi quy bac 2 quan hé gitra Ry,
va X, T nhu sau:
Rhn=6.84-1535X+0.1111T
+ 0.1115 X*X - 0.003742 T*T
+ 0.03602 X*T
Trong do:
Rn: Cuong do chiu nén, (Mpa);
X: Ty I xi mang gia ¢b (%), pham vi ap
dung tir 4% dén 10%;
T: Tudi cua mau gia ¢b (ngay), pham vi
ap dung tur 7 ngay dén 56 ngay.

1)

Hé so

S6 hang Hé sb Sai s6 chudn T-Value | P-Value
Constant 6.84 2.13 3.21 0.003
X -1.535 0.603 -2.54 0.015
T 0.1111 0.0540 2.06 0.046
X*X 0.1115 0.0421 2.65 0.011
T -0.003742 0.000698 -5.36 0.000
X*T 0.03602 0.00401 598 0.000

Tom tat mé hinh
S R-sq R - sq(adj) R - sq(pred)
1.16677 91.69% 90.70% 89.20%

Phuong trinh dam bao d¢ tin cay véi hé
s6 xac dinh diéu chinh R%z = 90.70%; Hé sb
P - Value cta c4c tham sb déu nho hon 0.05.

5.2. Phéan tich cwong d§ ép ché Rech

Tuong tu nhu dbi voi cudng d6 chiu nén,
cuong do ép ché cua xi thép gia cd xi ming
duoc thé hién & hinh 10.

Cac quy luat anh huéng cua cac yéu té va
anh huong tuong tac dén cudng do ép ché Recn
déu gidng voi ddi véi cudng do chiu nén Rn.

Két qua phan tich ANOVA cho thay: Céc
bién déu c6 hé sb P-value << 0.05; Hé sb xac
dinh diéu chinh R?4=99.34%. Nhu vay két
qua thuc nghiém cac yéu té dau vao va tich
tuong tac cua ching déu anh hudng dén Recn
c¢6 y nghia thong ké & mirc d6 tin cay cao.

Hinh 11 1a biéu d6 tong hop cuong do
Rech theo luong xi mang va ngay tudi. Ta thay
cuong do ép ché Reen & 14 ngay tudi cua tat ca
cac ty 1& xi mang déu nho hon 0.35MPa. Theo

quy dinh tai [4], thi cap phdi xi thép gia cb xi
mang khong lam dugc 16p méng trén cua cac
cap duong, chi c6 thé lam I6p moéng dudi.

XM Tudi

° ° ° ° °
9 & g & &

Cudng d6 nén trung binh Rn (MPa)

e

4 6 8 10 7 14 28 56

a. Anh hueng cac yéu to chinh,

XM * Tudi Tusi
—e— 70
--m- 140

-4 280
—A— 560

~

oS
>

o
o

Cudng d6 nén trung binh cta Rech (MPa)
°
&

XM

b. Anh hwong twong tdc.
Hinh 10 a, b. Biéu d6 dnh huong
CAC Yéu t6 dén Recn

Biéu dd Rech (MPa)
Mrc do tin cay 95%

10
= 0.8
[-%
E 2
< . L =
S
& 4 - 0.45
047 m Y ~ 5 mo® 5 035
2,82 8458 83 g 3
0208588 8853 8o dMazg il
=>ad 200 a*0N &
o B &M &
Tudi 7 14 28 56 7 14 28 56 7 14 28 56 7 14 28
XM 4 6 8 10

Hinh 11. Biéu d6 tong hop Rech Ciia
xi thép gia co xi mang
Thiét 1ap phuong trinh héi quy bac 2 quan
hé gitra Rech Va X, T nhu sau:
Rech=0.688- 0.2370 X- 0.00174 T
+0.01618X*X- 0.000219 T*T+ 0.003399 X
*T )
Trong do:
Recn: Cuong do ép ché, Mpa;
X: Ty 1¢ xi méng gia ¢6, %. Pham vi ap dung
tur 4% dén 10%;
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T: Tuoi cua mau gia ¢6 (ngay), pham vi &p
dung tir 7 ngay dén 56 ngay.

Heé s

i . X Sai s6 T- P-
§6 hang Hg so chuén Value | Value
CO”tSta” 0.688 0.196 351 | 0.001
X -0.2370 0.0555 | -4.27 | 0.000
T -0.00174 | 0.00497 | -0.35 | 0.728
X*X 0.01618 | 0.00387 | 4.18 | 0.000
T*T | -0.000219 | 0.000064 | -3.41 | 0.001
X*T | 0.003399 | 0.000369 | 9.21 | 0.000

TOm tat mo hinh

S R -sq R -sq(adj) | R - sq(pred)

0.107325 | 88.84% 87.51% 85.26%

Phuong trinh dam bao d¢ tin cay voi hé
s6 xac dinh diéu chinh R2,.=87.51%; H¢ s6 P
- Value cua cac tham sé déu nho hon 0.03,
riéng P - Value cua T biang 0.728 > 0.05 nhung
hé s6 P - Value cua T*T va X*T déu nho hon
0.05 nén khoéng loai bo T ra khoi phuwong trinh
hoi quy.

5.3. Phén tich md dun dan hoi E

Twong ty nhu d6i véi cudng do chiu nén
va cuong do ép ché, md dun dan hoi cua xi
thép gia ¢ xi mang duoc thé hién ¢ céc hinh
sau:

1000

M6 dun dan héi trung binh E (MPa)

4 6 8 10 7 14 28 56
a. Anh hueng cac yéu to chinh,

Interaction Plot for E (MPa)
Fitted Means
XM * Tuéi Tusi
1750 A —e— 70
/’ --m- 140
A -4 280
1500 Tt —A- 560

1250

1000

Mean of E (MPa)

750

500

40 6.0 8.0 10.0
XM

b. Anh hwéng twong tac.

Hinh 12 a, b. Biéu d6 anh huong cac yéu té dén E.

Céc quy luat anh huong cua cac yeu t6 va
anh huong tuong tac dén m6 dun dan héi E co
ban déu gidng véi dbi voi cuong d6 chiu nén
Rnva ép ché Rech.

Phan tich ANOVA cho thay: Céac bién
déu 6 h¢ s6 P - Value << 0.05; H¢ s6 xé4c dinh
diéu chinh R?z = 99.15%. Nhu vay két qua
thuc nghiém céc yéu té dau vao va tich twong
tac ciia chiing déu anh hudng dén E ¢ ¥ nghia
théng ké & mirc d6 tin cay cao.

Hinh 13 12 biéu d6 téng hop mé dun dan
hoi E theo luong xi ming va ngay tudi. Theo
quy dinh cua [4] md dun dan hdi & 14 ngay
tudi cua tat ca cac ty 1& xi mang déu 16n hon
400MPa. Nhu vay cap phdi xi thép gia cb xi
ming xét vé chi tiéu E co6 thé 1am 16p mong
trén cho két cAu mit duong 6 to.

Thiét lap phuong trinh hdi quy bac 2 quan
hé gitta E va X, T nhu sau:

E =

—44.8 + 6591 XM + 18.82T — 0.3432T *

T + 2.085X *T ©)
Tém tat mo hinh
S R -sq R-sqg(adj) R -sq(pred)
85.0050 95.30%  94.86% 94.28%
Phuong trinh dam bao d¢ tin cay véi hé
s6 xac dinh diéu chinh R%z = 94.86%; hé sb
P-Value cua cac tham s6 déu nhé hon 0.05.

Bi€u d6 m6 dun dan héi E (MPa)
Mirc d6 tin cay 95%
2000

172732

~
hd
=]
2
&

19.46
1418.17

1500

709.26
02.25
940.46
792.44
75.33

b 5

o g

Tusi 7 14 28 56 56 7

Hinh 13. Biéu do tong hop E cua
xi thép gia co xi mang.

6. Két luan

Tir céc két qua nghién ciu va thyc
nghi¢ém nhu da trinh bay, cé thé két luan mot
S0 nNdi dung nhu sau:

So véi cap phdi xi thép khong gia cb [5]
thi khi cap phdi xi thép gia cd xi mang co
cuong do nén, movdunqdan hoi vat liéu tang va
thdéa man tiéu chuan dé c6 thé st dung lam 16p
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mong trén. Riéng cuong do ép ché co tang
nhung khong du tiéu chuan dé c6 thé sur dung
lam I6p mong trén. Vay nén chi st dung xi
thép gia c6 xi mang 1am 16p méng dudi;

- C6 thé sir dung xi thép gia cb xi mang
lam céc I6p méng trong xay dung duong 6 to
phl hop nhu ddi véi cap phdi da dam loai I1;

- Khi str dung xi thép gia ¢ xi mang 1am
cac loai méng duong nhu noéi ¢ trén, tham
chiéu voi cac quy dinh cua [4], khuyén nghi ty
1& xi mang hop Iy tir 4% dén 6% theo khéi
luong hén hop;

- Khi str dung xi thép gia ¢6 xi mang lam
I6p méng trén cua duong 6 t6 thi can phai co
cac nghién ctru cai thién dé tang chi tiéu cuong
do6 ép ché theo quy dinh;

- Can ¢6 nhitng nghién ctru phan tich kinh
té, xac dinh cac thong sb lién quan phuc vu
cho viéc lap dinh mac, du toan khi sir dung xi
thép lam mong duong 6 61
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	LÀM LỚP MÓNG ĐƯỜNG Ô TÔ

