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Ground granulated blast furnace slag (GGBFS) is the by-products from pig
iron plants which can cause a serious problem for land, soil, and water.
Thus, the study for reusing GGBFS is very nessesary. This paper presents
the utilisation of GGBFS for soft soil improvement by cement deep mixing
method. Portland cement was replaced by GGBES from 0 to 100% and a
total of 33 specimens were used to determine the unconfined compressive
strength and deformation modulus of treated soil. The experimental
results showed that replacement of GGBFS from 0 to 60% cement could
increase the unconfined compressive strength and deformation modulus
of treated soil. The optimum GGBFS content was found to be 30% of
cement content. In general, the utilisation of GGBES for soil improvement
could increase the properies of soft soil and soil treated with cement. The
result of this study will be basic for utilisation of GGBFS in ground
improvement by cement deep mixing method.
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Nghién ctru st dung xi 10 cao nghién min (GGBFS) trong cai tao
dat yéu bang phwong phap coc dit xi mang

Nguyén Thi Nu *, Bui Trwdng Son, Pham Vin Hai

Khoa Khoa hoc va Ky thudt Dia chdt, Trwong Pai hoc Mé-Pia chdt, Viét Nam

THONG TIN BAI BAO TOM TAT
gﬁ‘f trg\'h"lg 11/2019 GGBFS la sdn phdm phéthdi tir cdc nha mdy luyén gang trong o cao, gdy ra
han bai 19/11/ nhitng vén dé birc xiic trong xd héi vé 6 nhiém méi trwdng va dién tich dé
Stra xong 26/01/2020 thdi. Chinh vi vdy, nghién ctru tdi stv dung GGBFS vao cdc linh vwec khdc la hét
Chap nhan dang 28/02/2020  gitc can thiét. Trong bai bdo ndy, GGBFS duoc stk dung két hop véi xi mdng
Tir khéa: dé’ﬂcd‘i tao ddt sét yéu bdng phwong phdp coc ddt xi mang. GGBFS duorc thay
GGBFS théttr 0=100% xi mdng va thi nghiém xdc dinh cwong dj khdng nén mot truc
Cuom ’ 46 né hon nd hong, mé dun bién dang E50. Két quad dd chi ra, GGBFS thay thé 10 dén
X_u’ 08 At & 60% xi mdng, cwong dj nén mgt truc va mé dun bién dang E50 tdng va ham
1 mang. lwong GGBFS thay thé t6i wu la 30%. Ddy la co sé dé st dung GGBFS trong

viéc xir Iy nén ddt yéu bang phwong phdp coc ddt xi mdng.

© 2020 Trwong Dai hoc Mé-bia chat. T4t ca cac quyén dwoc bdo dam.
1. M& dau Theo thong ké hién nay c6 8 nha may luyén

Xi hat 10 cao la sdn phdm phu cia nha may
luyén gang trong 10 cao. Cong nghé san xuit gang
va thép theo quy trinh: quing sit, than cdc va voi
cuc duoc dwa vao trong 16 cao, nung va dudi qua
trinh héa 1y phitc tap tao thanh san phidm gang
néng chay, dong thoi trai qua qué trinh luyén thép
dé tao nén cac san pham thép. San phadm phu cta
qua trinh luyén gang thép la xi & dang néng chay,
nh¢ 1am lanh cuc nhanh bang nwéc ap luc cao sé
tao nén xi hat 10 cao. GGBFS la san phadm khi
nghién min xi hat 10 cao. Viéc str dung GGBFS gép
phén ritlén trong viéc gidm lwong xi mang qua dé
sé giup cho viéc gidm lwgng phat thai khi CO; va
gay 6 nhiém maéi trudong.

“Tdc gid lién hé
E-mail: nguyenthinu@humg.edu.vn
DOI: 10.46326/JMES.2020.61(1).10

gang 10 cao véi tong san lwong gang 1a 7,27 triéu
tdn/ nam, twong &ng véi tong lwong xi hat 16 cao
phat sinh hang nam twong &ng la 2,32 triéu tin/
nam. Theo du kién, dé€n ndm 2020, khi nhiéu nha
may luyén gang thép hoan thanh thi sé tao ra
lwong xi hat 10 cao hang nam rit 16n, khoang 4,8
triéu tin xi hat 1o cao (Lé Viét Hung va Vii Van
Linh, 2019). Pay 1a con sé khéng hé nhd thach
thirc véi moi trwong. Viéc tich dong cic san pham
xi hat 10 cao chwa dworc tiéu thu gy 6 nhiém moi
trwong dat, nwédc va khong khi, mat dién tich 16n
do thai.

Trén thé gi¢i, GGBFS dworc str dung trong nhiéu
linh vwe. Trong linh vuce cai tao dat, GGBFS dwoc
stt dung két hop véi cac chit két dinh vo co.
GGBFS dwoc st dung dé cai tao dat lateritic
(Akimusuri, 1991) nham ting cudng do va kha
nang dam chat cia dit. Két qua nghién ctru nay
cting chi ra ham lwong GGBFS t6i wu dé cai tao dat
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laterit. GGBFS két hop v&i voi d€ cai tao dat lam
cwong do, gia tri CBR ctia dat cdi tao dworc cai thién
(Gupta va nnk.,, 1989; Padmaraj va nnk., 2017;
Mohil va nnk., 2019; Darwish va nnk.,, 2019). Cac
két qua nghién ctru cling déu chi ra ham lwong toi
wu cua GGBFS va voi dé cai tao dat. GGBFS ciing
dwoc két hop st dung véi chit két dinh vo co (xi
mang, voi) lam gidm tinh chat treong né cta dat
va cai thién cac tinh chit cia dit trwong nd
(Sekhar va nnk, 2017; Sharma va nnk, 2015;
Higgins va nnk., 1998; Celik va nnk., 2013).

Tai Viét Nam, viéc tai str dung cac loai xi gang
va xi thép da dwoc chinh phu thic ddy va nham
thay thé cac nguon vatliéu tw nhién (TCVN 11568:
2016; Bo xay dwng, 2017). GGBFS da dwgc dung la
phu gia hoat tinh cho san xuat xi mang, bé tong va
vita (Nguyén Van Chanh va Tran Vii Minh Nhat,
2014; Tang Van Lam, 2010, Lé Viét Hung va nnk.,
2016). Xi thép duoc st dung lam nén dwong giao
thong va xtt Iy nén dat yéu (Nguyén Truwong Tién,
2013).

Nhuw vy, c6 thé thiy trén thé gi¢i va Viét Nam,
GGBFS da duogc str dung trong nhiéu linh vuec, tuy
nhién tinh chit ky thuét cia GGBFS rit khac nhau
tuy thudc vao cong nghé luyén gang. Mat khéc,
viéc ing dung GGBFS vao trong viéc xt ly nén dat
yéu bang coc dit xi mang hau nhw chuwa dwoc
nghién ctru. Hon nira, coc dit xi mang la mot trong
nhirng giai phap x Iy nén dit yéu dang duoc trng

dung rong rai tai Viét Nam, nén kha nang st dung

GGBFS la rat 16n. Do vay, bai bdo trinh bay cac két
qua nghién ctru vé viéc sir dung GGBFS trong viéc
cai tao dit yéu bang phwong phap coc dit xi mang
thong qua thi nghiém trong phong. Twr két qua
nghién ctiu cé thé danh gia nhin dinh vé trién
vong thay thé xi mang ctia GGBFS trong linh vuc
xtr Iy nén dat yéu.

2. Vat liéu va phwong phap nghién ciru

2.1. Vit liéu st dung

b4t yéu dwoc 14y tai viing ven bién thudc Sdm
Somn, tinh Thanh Héa. P6 sdu phan bd tir mat dat
dén khoang 10 m. P4t yéu dwoc 14y mau nguyén
trang dé xac dinh thanh phan hat, cac chi tiéu vat
ly va co hoc cua dat (Bang 1). Qua két qua nghién
ctru cho thiy, dit yéu thudc dang bun sét, mau
xam, xam den.

GGBFS dwoc san xuit bdi tAp doan Hoa Phat
véi A0 min twong ng la S95. Xi mang st dung la
xi mang PC 40 But Son. Thanh phin héa hoc cua xi
mang But Son va GGBFS nhw Bang 2.

2.2. Phwong phdp nghién ctru

bit yéu duoc lay tir ho khoan va lay 100% 16i
khoan, bdo quan & trang thai tw nhién, vin chuyén
vé phong thi nghiém. it yéu dwoc tron xi mang
va GGBFS v&i cac ham lwgng khac nhau.

Bdng 1. Thanh phdn hat va cdc chi tiéu co ly cta ddt yéu.

TT Cac chi tiéu co' ly Ponvi | Gia tri trung binh
. «_ |Nhom hat cat (>0,05mm) 23,5
1 nggzphan Nhém hat bui (0,05 - 0,005mm) % 36,7
i Nhém hat sét, <0,005mm 39,8
2 |P06 4m tw nhién, w % 91,2
4 | Khéi lwgng thé tich tw nhién, g T/m3 1,379
5 |Khéi lwong thé tich kho, g. T/m3 0,72
6 |Khoilwong riéng, D T/m3 2,62
7 |Hésdrong, e - 2,633
8 |P0616rdng n % 72,5
9 |Gidi han chay, LL % 82,5
10 |Gidi han déo, PP % 43,6
11 |Chis6 déo, Ip % 38,9
12 Do sét, Is - 1,22

13 |pH value - 7,3

14 |Cwong do khang nén né hong, qu kG/cm? 0,053
15 |Hés6 nénlin, a; -, cm?/kG 0,123
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Bdng 2. Thanh phdn héa hoc ctia xi mdng PC40 va
GGBFS.

: Ham lwong %
TT| OXit ™ CBES [ Xi mang PC 40 Bt Son
1 | SiO; 36,88 19,74
2 |Al;03 12,29 5,18
3 F8203 0,15 3,11
4 | Ca0 38,45 63,14
5 | Mg0 7,52 1,61
6 |Na0O 0,21 0,15
7 | K20 0,76 0,70
8 | SO3 0,04 1,85
9 | TiO; 0,75 0,12
10| FeO 0,31 -
11 | MnO 1,23 -
12| LOI - 2,58
LOI-Ham lwgng mat khi nung.

Lwa chon ham lwgng xi mang 1a 150 kg/m3 va
thay thé xi mang b:?mg 0,10, 20, 30,40, 50, 60, 70,
80,90, 100% GGBFS.

MAu dit dwoc xac dinh do 4m va khéi lwong thé
tich tw nhién, két qua thanh phan hat va chi tiéu co
ly dworc trinh bay & Bang 1.

bat dwoc tron déu & do Am tw nhién va chia
thanh nhiéu phan dé trén véi cdc ham lwong xi
mang + GGBFS khac nhau. Theo thuec té san xuit,
héu hét cac dy an déu str dung phwong phép tron
wot vai ty 1€ nwdc/ xi mang la 1/1,25. Do vay,
trong nghién ctiru nay nhom tac gia da tién hanh st
dung phwong phap thi cong coc dit xi mang theo
phuong phap tron wét véi ty 1€ nwéc/ xi mang la
1/1,25.

O’ mdi phin dit, hdn hop dwoc tron déu trong
may tron trong vong 5 phutva cho vao khuén hinh
truc tron c6 chiéu cao bang 10 cm va dwong kinh
1a 5 cm. MAu duwgrc gia cong theo phwong phap
dam rung, dam bao khong bi rong gitta, khong c6
ti khi trong mAu sau khi duc.

MAu sau khi dic xong, d€ nguyén trong khuoén
va cho vao td dudng hd (nhiét do6 27°C, d6 dm
95%) trong vong 3 ngay, lay va thao khudn, dwa
vao ngim trong bé nwéc véi tong thoi gian bao
dwdng 1a 28 ngay. Mau dwoc gia cong va bao
dwong theo tiéu chuin Viét Nam TCVN
9403:2012.

MOi t6 hop miu & mbi ham lwong xi ming va
GGBFS 1a 3 mAu, tdng s lwong mau nghién ctu &
28 ngay tudila 33 mau (Bang 3). Dén 28 ngay tudi,
mAu duoc vot ra va dé rao nuwérc, xac dinh khdi
lwong thé tich va thi nghiém nén mét truc né hong
dé xac dinh cwong d6 khang nén né hong (q.) va
mo dun bién dang Es. Thi nghiém nén né hong véi
t6c d6 1 mm/ phut dén khi mau pha huy theo tiéu
chudn ASTM D2166. Lip méi quan hé gitra (ng
suitva bién dang ctia mau. Tir d6, xac dinh mo dun
bién dang Es va cwong do khang nén nd hong q.
ctia hon hop gia c6.

3. Két qua nghién ciru va thao luan
3.1. Cwong do khdng nén né héng cia hén
hop ddt gia cé

Két qua xac dinh cwong d6 khang nén né hong
cta cac hon hop dit gia cd dworc trinh bay & cac
Hinh 1, 2.

Bdng 3. Bdng téng hop sé luwong mau gia c6 coc ddt xi mdng + GGBFS.

TT 5)1 Eizﬁ Ty 1€ gia S (X)*| Ham lwong chat két dinh (kg/m?) T{(ii;‘;l ‘;C/ S";g“g
1| Mo 100%X 150 kg XM 1/1,25 3
2 | ML | 90%X+10%GGBFS 135 kg XM+15kg GGBFS 1/1,25 3
3| M2 | 80%X+20% GGBFS 120 ke XM+30ke GGBFS 1/1,25 3
4| M3 | 70%X+30% GGBFS 105 kg XM+45kg GGBFS 1/1,25 3
5 | M4 | 60%X+40% GGBFS 90 kg XM+60kg GGBFS 1/1,25 3
6 | M5 | 50%X+50% GGBFS 75 ke XM+75ke GGBFS 1/1,25 3
7 | M6 | 40%X+60% GGBFS 60 ke XM+90kg GGBFS 1/1,25 3
8 | M7 | 30%X+70% GGBFS 45 kg XM+105kg GGBFS 1/1,25 3
9 | M8 | 20%X+80% GGBFS 30kg XM+120kg GGBFS 1/1,25 3

10| M9 | 10%X+90% GGBFS 15 kg XM+135ke GGBFS 1/1,25 3

11| M10 100% GGBFS 0 ke XM+150kg GGBFS 1/1,25 3
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cuong d6 khang nén nd héng, N/mm?
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Hinh 2. Cuong dé khdng nén né héng trung binh ctia t6 hop mdu dat gia cé ddt xi mdng+ GGBFS véi cdc
ty Ié khdc nhau.
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Tirkét qua & Hinh 1, 2 cho thiy, GGBFS thay thé
10+60% xi mang, cwong do khang nén n& hong
tang tir 19 dén 200% (t6 hgp mau M1+ M6) so véi
dat gia c8 100% xi mang (t6 hgp mau M0). Cwong
d6 ctia hdn hop gia c6 16n nhit twong ing véi to
hop miu M3 (70% xi mang +30% GGBFS). Diéu
nay c6 thé gidi thich 1a khi gia c6 dit bang xi mang
va GGBFS, xay ra cac phan tng hoa ly gitra dat, xi
maing va GGBFS, tao nén cac san phdm gan két cac
hat dit lai véi nhau, tir @6 cwong d6 hon hop ting.

Thanh phin khodng vat chinh cla xi mang
pooc lang l1a CsS, C3S, C3A tac dung véi nwde trong
16 réng ctia dat tao nén cac san pham thiy héa C -
S - H, Ca(OH)2 hodc C3AHe. Sau d6, Ca(OH); sé tac
dung véi cAu tir cia GGBFS dé tao thém pha ran c6
tinh két dinh.

3Ca(OH)2+2Si0; v6 dinh hinh +H20—3CaO0.
25i02.H,0

3Ca(OH)2+2A1203 hoat tinh +6H20—3CaO0.
Al;03.H20

3Ca(OH)2+2Si0; v6 dinh hinh +H20—3CaO0.
25i02.H,0

Cac san phim nay lam ting ty 1& ran/ 16ng
trong hé va ting cwong dd cia hon hop dat gia cd
xi mang +GGBFS so véi gia cd bang xi mang (Pham
Manh Huy, 2016).

Tuy nhién, GGBFS thay thé 70+100% xi mang
(cAc t6 hop miu M7+M10) thi cwong dd gidm 6
dén 68% so v&i t6 hgp mau MO (100% xi mang).
Diéu nay cho thiy, chi khi st dung hon hop xi
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mang +GGBFS trong gi¢i han thich hop sé lam
ting cuwdng do ctia hdn hop dat gia ¢6 do mat do
san pham thiy hoéa ting, cai thién vung tiép giap
gitta da xi mang va hat dat, tir d6 ting cwong do
cua dat gia co (Lé Viét Hung va Vii Van Linh, 2019).
Khi vrot qua gi¢i han ndy, gia ¢6 bang xi ming
+GGBFS ciing c6 tac dung cai tao dat nhung khong
hiéu qua so véi cai tao dit bang xi mang. Mohil va
nnk,, (2019) da tién hanh xac dinh cwong do
khang nén n& héng ctia hén hop dit yéu véi
GGBFS tai d6 4m t6i wu va khoi lwong thé tich kho
16m nhét cho két qua ham lwong GGBFS téi wu dé
cai tao dat sét yéu 1a 6%. Khi ham lwgng GGBFS st
dung dén 12% thi cwong do nd hong cia dat gia
c6 giam. (Sharma va nnk., 2016) ciing chi ra ham
lwong t6i wu dé cai tao dit trweong nd dé cuong do
cua datdatlén nhatla 20% (tro bay + GGBFS)+1%
voi. (Padmaraj va nnk, 2017) dwa ra ham luong
GGBFS t6i wu dé dat dwoc cwong do 1on nhat la
10% khi cai tao dat yéu.

3.2. M6 dun bién dang E50 ctiia hén hop ddt
gia co

M6 dun bién dang Esy dwoc xac dinh tir d6 thi
dwong cong mdi quan hé gitra &ng suit va bién
dang trong thi nghiém nén mot truc né hong. Gia
tri Esp dwoc xac dinh bang hé s6 goc ciia dwong
théng tinh tir gbc toa do dén q./2. K&t qua nghién
ctru xac dinh mo6 dun bién dang Esp ctia hon hop
gia cO dugc trinh bay & Hinh 3, 4.

188
188 [189

M6 dun bién dang Es, Nfmm?
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Hinh 3. M6 dun bién dang Es, ctia t6 hop mdu ddt gia cé ddt xi mdng +GGBFS vdi cdc ty 1é khdc nhau.
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Két qua chira, cling giéng nhw cweong d6 khang 3.3. Méi quan hé giira cwong dé khdng nén né
nén n& hong, mé dun bién dang Es ting tir héng va mé dun bién dang Eso ctia hén hop gia
9+245% khi thay thé GGBFS bang 10+60% xi co
mang (cac t6 hgp mau tir M1 dén M6). M6 dun clia
hén hop gidm khi GGBFS thay thé xi ming dén
70%, va nhé nhit khi ham lwong xi thay thé 100%
xi mang, giam 41+78%.

Moi quan hé gitta mé dun bién dang va cwong
do khang nén né hong dwgc trinh bay & Hinh 5 va
cong thire (1).

200 188

o
th
=

101
100 89 35

55 59 61

th
<

32

M6 dun bién dang Eg,, N/mm?

24 19

12

glo gl e‘l;*.'x

&

Hinh 4. M6 dun bién dang Eso trung binh cua t6 hop mdu ddt gia c6 dat xi mdng +GGBFS véi cdc ty 1é khdc nhau.

200

E50=101.4qu - 22.26 00

180 R?* =0.963

160
140
120
100

80

M6 dun bi€n dang Ec,, N/mm?2

60

0.00 0.50 1.00 1.50 2.00 2.50

Cudrng dd khang nén nd héng, N/mm?2

Hinh 5. M6i quan hé giita mé dun bién dang va cuong dé khdng nén né hong ctia hén hop ddt gia cé xi
mdng +GGBFS.
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Esp=101,4q,-22,26 (D

Trong d6: Hé s6 twong quan R?=0,963; M6 dun
bién dang Esp bing 44,1+99,2 lan cwong dd khang
nén né hong q..

Moi quan hé gitta Esp va g, tuy thudc vao loai
dat va ty 1é nwéc/ xi ming khac nhau. Fang va
nnk, (2001) thiét 14p mdi quan hé v4i phwong
trinh Esp= 30-300 g, cho dit gia c6 bang xi mang
truyén théng PC. Vii Ngoc Binh (2018) chi ra mdi
quan hé gitra mé dun bién dang va chat két dinh
v co cai tao dat viing ddng bang song Clru Long 1a
50q. <Es50<184q,.

4. Kétluan

Qua két qua nghién ctru, rit ra mot s6 nhan xét
sau:

- Hon hop gia c6 dit yéu + xi ming va GGBFS
véi ham lwong GGBFS thay thé tir 10+60% cb
cwong d6 va mo dun bién dang 16n hon so véi hdn
hop gia c6 dat yéu + xi mang.

- Ham lwong t6i wu trong cai tao dit bun sét
y&u 13 30% GGBFS thay thé xi ming PC40. Két qua
cho thiy, cworng d6 va mé dun bién dang 1é6m hon
nhiéu so véi hdn hop gia 8 khac.

- Khi str dung GGBFS trong xtr ly nén dait yéu
bang xi mang kién nghi str dung trong khoang tir
30+60% ma van dam bao duwgc yéu cau ki thuat
giong nhw xi mang pooc lang truyén thong.
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