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Tém tit:

C6t lidu tao nén céu tric khung xuong va c6 anh huong 16n dén tinh chat cta bé tong néi chung. Xi thép
6 bé mit hat xu xi, két ciu to ong nén bé tong ddm lan (BTPL) sir dung cdt lidu nay khi dim 1én tao nén
ma sat 16n va kho chat hon so véi khi ding c6t liéu d4 dam truyén thdng. Bai bao trinh bay két qua nghién
ctru cudng do ciia BTDL st dung 0%, 50%, 100% cbt liéu 16n xi thép (CLLXT) trong xay dung két chu
40 dudng 6 t6. Két qua ban du cho thiy khi ham lwvong CLLXT cang nhiéu, cudng d6 ciia BTPL cang
giam. O tudi 28 ngay khi sir dung 50%, 100% cbt liéu 16n xi thép thay da dam, cuong do kéo udn giam
1an luot 13 5.5%, 8.7% so voi khi dung 100% cdt liéu da dam truyén thdng, v6i ham luong thay thé 50%
du diéu kién dé 1am mit duong BTBL tir cap IV trd xudng.

Tir khéa: Bé tong dam lan; Xi thép; Tro bay; Cuong d6 kéo udn; Két ciu mat dudng.

Abstract:

Aggregates form the skeleton structure of concrete and significantly affect its mechanical properties.
When aggregates are used in roller-compacted concrete (RCC), steel slag with a rough grain surface and
honeycomb structure produces higher friction between particles and more difficulty in achieving the
required compaction than traditional crushed stone aggregates. This study investigated the strength of
RCC using steel slag (SSA) to replace traditional aggregates with replaced volume contents of 0%, 50%,
and 100% in constructing road pavement structures. The results showed that the higher the volume
content of SSA used, the lower the strength of the RCC achieved. The flexural strength of RCC using
steel slag with replaced volume contents of 50% and 100% decreased by 5.5% and 8.7%, respectively,
compared to that of RCC using traditional crushed stone aggregate at the same curing time of 28 d. RCC
using steel slag with a replaced volume content of 50% was qualified to construct a road with category IV
and below.

Keywords: Roller compacted concrete; Steel slag; Fly ash; Flexural strength; Pavement structure.

1. Giéi thiéu xi mang trong nudc phat trién. St dung nguon
lyc sén c6 1a xi ming trong nudc c6 thé gidm
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vao vi¢c xay dung hé théng ha tﬁng déng bo,
chat luong véi chi phi xay dung hop 1.

BTDL la loai bé tong kho, khong sut, thanh
phan hat c6 tinh cap phdi lién tuc, duoc rai va
dam chat bang lu (chu yéu 13 lu rung hodc lu
16p), khi s dung 1am mit duong thi cong
nhanh, str dung duong sém hon so vdi bé tong
xi ming (BTXM) truyén théng. BTPL st
dung lugng nuodc it, lugng nudc nay ngoai
chirc nang gitp cho xi mang thuy hoa, con
giam ma sat cdt lidu gitp qua trinh dam chat
dé dang hon. Do d6 tinh chat bé mat cét liéu
c¢6 anh huong it nhiéu dén qua trinh lu 1én, do
chit cua bé tong tuoi va tinh chat ciia bé tong
dong clng.

Xi thép tai Ba Ria - Viing Tau 13 san pham
tao ra tir qué trinh luyén thép bang cong nghé
16 dién ho quang (EAF), day 1a san pham phu
clia qua trinh san xuét thép, cong nghé nay tao
ra khoang 150 — 200 kg xi thép tir mdi tan thép
long [1]. San luong xi thép trén thé gidi trong
nam 2015 udc tinh trong khoang 170 triéu dén
250 triéu tan [2]-[4], con tai Viét Nam, khoang
mot triéu tan xi EAF da duoc thu hdi trong
thoi gian trén [1], [5].

Trong thap ky qua, viéc sit dung xi EAF
thay thé c6t liéu ty nhién trong bé tong ngay
cang trd nén phd bién nhiam giam thiéu o
nhiém méi truong [1], [5]. Nghién ctru [4] va
[5] cho thidy khi st dung 20% tro bay cho
BTPL c6 chira cbt lidu xi EAF tao ra loai bé
tong tot c6 thé dung lam mat duong. Véi
BTXM thong thuong, Manso va cac cong su
[3] cho rang cudong do chiu nén cua bé tong xi

thép cao hon bé téng sir dung cbt liéu tu nhién.
Nghién ciru [6] cho két qua cac tinh chit co
hoc ctia bé tong dung xi thép gan nhu tuong tu
v6i bé tong truyén théng khi xi thép thay thé
khoang 50 - 75%. Trong [7] cho rang khi sir
dung 15 - 20% tro bay thay thé xi ming, cic
tinh chét ciia BTDL I3 ti uu nhat.

Viéc nghién cuu Ung dung cong nghé
BTDL str dung xi thép trong xay dung duong
giao thdng can duoc nghién ctru, trién khai dé
c6 thé dung ngudn vat lidu sin co tai dia
phuong. Xi thép co thé thay thé mot phan cot
liéu d4 dim nham giam ap luc st dung ngudn
vat liéu tu nhién ngay cang can dan. Hién nay,
viéc nghién ciru cac tinh chat cia BTPL lam
mat duong, st dung bt lidu 16n xi thép chua
dugc danh gia day du, mic d6 anh hudng ham
lugng dung c6t lidu 16n xi thép dén cac tinh
chit cuia BTPL can dugc xem xét dé tim ra
giai phap sir dung phu hop nhat.

2. Vit liéu ché tao bé tong dim lin

2.1. Xi mang

Nghién ctru nay st dung loai xi mang Insee
PCB40 c6 cuong do chiu nén theo TCVN
6016:2011 tudi 28 ngay la 42.7 MPa; khoi
luong riéng cua xi ming: 3.10 g/cm?; luong
nuéc tiéu chuan: 31.8 %

2.2. Tro bay

Tro bay dung trong nghién ctru nay dugc lay tir
nha may Formusa, Nhon Trach c6 chi ti€u ly,
hoa trinh bay ¢ bang 1.

Bang 1. Két qua thi nghiém chi tiéu 1y, hoa ciia tro bay Formusa, Nhon Trach [7].

STT Tén cac chi tiéu Pon vi Phuong phip thir  Két qua thir nghiém
1 Ham lugng mat khi nung % 3.2
Ham lugng oxit silic (SiO2) 0
2 % ASTM C311 - 02 S1.1
3 Ham luong oxit nhém (Al20s) % 33.0
4 Ham lugng oxit sit (Fe,0s) % 5.1
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Tro bay tir nha may Formusa, Nhon Trach c6
cac chi tiéu chét lugng phu hop loai F trong
quy dinh cua ASTM C618.
2.3. Cot liéu cho bé tong dam lin
C6t lidu 16n

e P4 dam: Loai 5 x 20 mm (két hop 50% da

10 x 20 mm va 50% da 5 x 10 mm) c6 cac chi
tiéu dat yéu cau cua TCVN 7570:20086.

e Xi thép (XT): Sir dung xi thép 1dy tai Ba
Ria - Viing Tau duogc sang loc cac cO hat
khéng phu hop sao cho thanh phan hat twong
duong cbt lidu 16n d4 dam (5 x 20 mm).

C6t 1iéu nho: LA cat ty nhién (hat thd).

Céc chi tiéu co Iy va thanh phan hat cta cac
loai ¢6t lidu cho BTPL dugc trinh bay tai bang
2va3.

Bang 2. C4c chi tiéu co 1y cua cac loai cdt lidu cho bé tong dam lan.

Cat ty nhién

Chi tiéu Pon vi Pa5x20 mm Xi thép hat th
M6 dun do 16n (Ma) - - - 2.32
Khéi lwong riéng g/cm?® 2.795 3.343 2.651
Khéi luong thé tich xp glcm? 1.542 1.850 1.512
Ham lwgng chung bui, bun, sét % 0.82 1.58 1.05
Do hit nudc % 0.48 2.25 0.88
P06 mai mon LA % 12.8 14.6 -
Bang 3. Thanh phén hat vt liéu ché tao BTDL.
Co sang Luwong lot sang (%)
(mm) Pa10x20mm Da5x10mm  Xithép Cit tw nhién Tro bay
254 100.0 100.0 100.0 100.0 100.0
19.5 90.6 100.0 98.4 100.0 100.0
125 62.2 100.0 78.5 100.0 100.0
9.5 7.6 89.1 63.9 100.0 100.0
4.75 0.5 20.8 20.7 99.7 100.0
2.36 0.1 7.6 111 96.8 100.0
1.18 0.0 7.0 94 84.3 100.0
0.60 0.0 6.9 8.6 60.9 100.0
0.30 0.0 6.6 6.9 22.2 100.0
0.15 0.0 6.2 4.1 4.0 100.0
0.075 0.0 0.1 1.7 0.9 75.9
2.4. Nuée 3. Thanh phan cip phdi bé tong dam lin va

Nudce st dung cho bé tong l1a nudc sach, dat
tiéu chuan TCVN 4506:2012.
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ké hoach thye nghiém

3.1. Thanh phan cip phdi BTPL

Thanh phéan c6t liéu cho BTPL dugc thiét ké
theo huéng din ACI325.10 [8] va cdp phdi
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tinh toan theo 1y thuyét thé tich dic tuyét déi. BTDL & bang 5. Sau d6 tién hanh duc miu,
Trinh tu thuc hién nhu sau: bao dudng va thi nghiém.

e Xac dinh tinh chat co 1y vat li€u va cuong Ki hiéu cac t6 hop mau nhu sau:

do bé tong yéu cau. e T6 hop 1 (BTDL dung cét ty nhién va c6

e X4c dinh khéi luong cua vat liéu thanh 0% CLLXT, 100% cbt libu da dam):
phan theo 1y thuyét thé tich dic tuyét d6i trén  CTN.OXT;
co so thanh phan phéi trén cac cbt liéu nam

N . ¢ T6 hop 2 (BTDL dung cat ty nhién va co
trong mién ti€u chuan (hinh 1).

100% CLLXT): CTN.100XT,;
e Tinh toan khbi luong cho mot mé tron
theo thanh phan cia BTPL tai bang 4 (véi
luong tro bay lay bang 20% chat két dinh tinh
toan), thanh phan cip phdi cia cac t6 hop
Bang 4. Thanh phan cip phdi bé tong dam lin.

¢ T6 hop 3 (BTPL dung’ cat ty nhién va co
50% CLLXT, 50% cb6t liéu 16n da dam):
CTN.50XT.

. . Xi Tr A hié Pa 2 Pa 1
Chp phéi BTDL VI 0 Cattun Alen as5x20 a5x10 Xi thép Nuée
miang  bay hat tho mm
CTN.OXT 298 75 872 555 555 0 153
CTN.100XT 298 75 958 0 0 1221 153
CTN.50XT 298 75 918 292 292 583 153
——ACI325.10 /7‘ 100
——ACI 325.10 90
—x—ASTM C33 / /
/ / 80
—x —ASTM C33 L/ /,7/
—o— Pudngphén tich thanh phan cbt lidu 1// y 70
BTPL-CTN.I0OXT . 12757
Puongphan tich thanh phan cot liéu ‘///
< BTBL- CTN.OXT o )4 / 74 60
é = = = duongphan tich thanh phan cot liéu / }3//9
£ BTBL- CTN.50XT e 1y o
< ,/’/7/ Y
§' 7 //’“' // m/ 40
(S I/, //
//,X 1 30
/7
/r‘é dl 5 20
A1
A + 10
ksl 0
0,0 01 1,0 10,0 100,0
C& hat dwge (tinh bing mm) theo logarit
Hinh 1. Thanh phan cap phdi cia BTDL.
Bang 5. Thanh phan cap phdi cua cac t6 hop BTPL.
Lwong lot sang (%)
Co sang - -
(mm) Tiéu chuan
CTN.OXT CTN.100XT CTN.50XT ACI 325.10 [8]
25.4 100.00 100.00 100.00 100
19.5 97.46 99.16 98.31 83-100
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Lwong lot sang (%)
o sang Tiéu chuin

(mm) CTN.OXT CTN.100XT CTN.50XT ACI 325.10 [8]
125 89.78 88.35 89.08 70-90

9.5 72.11 80.48 76.31 65-83
4.75 51.64 56.97 54.35 50-70
2.36 46.74 50.54 48.68 40-55
1.18 41.21 44.32 42.81 30-45
0.60 31.29 33.93 32.63 20-35
0.30 14.81 16.55 15.68 10-27
0.15 6.96 7.33 7.14 7-18
0.075 3.15 3.90 3.53 3-10

3.2. Ké hoach thye nghiém

Tinh toan thanh phan cidp phdéi BTPL c6
cuong d6 36MPa ¢ bang 4 cho mot mé tron,
sau khi tron mau do do cting Vebe cho ting to

hop. Mi cap phdi dac 27 mau (mdi chi tiéu
lay gi4 tri trung binh cia 3 miu thir cho mot
ngdy tudi). SO luong mau thi nghiém duoc
trinh bay ¢ bang 6.

Bang 6. S6 luong méu thi nghiém.

Chi tiéu thi nghiém

S6 lwgng miu thi nghiém

CTN.OXT CTN.100XT CTN.50XT
Rn (7, 28, 56 ngay) 9 9 9
Ru (7, 28, 56 ngay) 9 9 9
Edn (28 ngay) 6 6 6
Mai mon (28 ngay) 3 3 3
Tong cong 27 27 27

Tong cong 03 t6 hop co tat ca 81 mau thir cac
loai dugc ché tao, bao dudng trong diéu kién
tiéu chuan theo TCVN 3105:2022 cho dén
ngay tudi thi nghiém va duogc thir nghiém tai
phong thi nghiém hop chuan (LAS-XD154).
Trong d6, st dung ASTM C1170-91 (Phu luc
A) dé thir d6 cang Vebe, TCVN 3118:2022 dé
xac dinh Ry TCVN 3119:2022 dé xéac dinh Ry
(miu 10 x 10 x 40 cm), TCVN 5726:2022 dé
x4c dinh Egn (mau 10 x 10 x 40 cm), TCVN
3114:2022 dé xac dinh d6 mai mon.

3.3. Phwong phap thuc nghiém

Thiét k& hdn hop BTDPL véi d6 cling Vebe tir
20 — 45s [9]. Voi thanh phan cép phdi nhu
trinh bay ¢ bang 4.
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4. Két qua nghién ctru va thao luin

Tir két qua nghién ciru vé& cudng do: Rn, Ry,
Edh, mai mon cia BTPL v& duge cac biéu d6
hinh 2, hinh 3, hinh 4, hinh 5.

4.1. Py cirng vebe va cwong do chiu nén

Khi sir dung cdt 1iéu 16n xi thép 1a 0%, 50%,
100%, d6 cimg vebe ctia BTPL lan luot 1a
25s, 38s, 67s. Nhu vay khi lugng xi thép cang
nhiéu, d6 cing Vebe gia tri cang 16n va khi
dung hoan toan la xi thép, d0 cung cua BTPL
khong dat yéu cau cho bé tong lam dudng (20-
45s). Két qua thi nghiém Rn duoc thé hién &
hinh 2.
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Hinh 2. R, cia BTDL theo thoi gian.

Két qua thuc nghiém ¢ hinh 2 cho thay khi
lam luong cbt liéu 16n xi thép cang nhiéu, Ry
ciia BTPL cang giam & cic ngay tudi. Rn cia
tudi 7 ngay so voi tudi 28 ngay khi ham luong
cot lidu 16n xi thép s dung 0%, 50%, 100%
lan lugt 1a 78.3%, 75.1%, 73.8%; COn Ry tudi
56 ngay ting so voi tudi 28 ngay tuong tng la:
18.7%, 13.6%, 12.4%.

Khi st dung 50%, 100% c6t liéu 16n xi
thép, & tudi 7 ngdy Rn giam so voi ding 100%
ot lidu da tu nhién lan luot: 7.7%, 17.9 %; ¢
tudi 28 ngay giam lan luot: 3.7%, 12.9 %; tudi
56 ngay giam lan lugt: 7.8%, 17.5 %.

4.2. Cudng dd chiu udn (Ru)

Két qua thi nghiém Ry dugc thé hién ¢ hinh 3.

7,0
6,5 1
6,0 -
55 1

—e— CTN.100XT
—m— CTN.OXT
—a— CTN.50XT

5,0
4,5 -

4,0
235

& 3,0

2,5 :
2,0 - ' ;

15
1,0

0,5

0,0

14 21

28 35 42 49 56

Thoi gian (ngay)
Hinh 3. Ry ctia BTDL theo thoi gian.

Gibéng nhu cuong d6 chiu nén, két qua thi
nghiém ciing cho thay khi lam luong cét liéu
16n xi thép cang nhiéu, Ry cia BTPL cang
giam & cac ngay tudi. Ry cia tudi 7 ngay so véi
tudi 28 ngay khi ham lugng cdt lidu 16n xi thép
sit dung 0%, 50%, 100% lan luot 1a 89.1%,

85.3%, 84.1%; Ry tudi 56 ngay ting so voi tudi
28 ngay tuong ung la: 25.5%, 24.4%, 13.5%

Khi dung 50%, 100% cbt liéu 16n xi thép, &
tudi 7 ngay Ry giam so véi st dung 100% cdt
lidu d4 dam ty nhién lan lugt: 9.5%, 13.8 %; &
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tudi 28 ngay giam lan luot: 5.5%, 8.7% va tudi
56 ngay giam lan luot: 6.3%, 17.4 %.

4.3. M6 dun dan hdi khi nén tinh (Ean) va dd
mai mon cia BTPL

Két qua Egn va d6 mai mon duogc thé hién &
hinh 4 va 5.
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Hinh 4. Edn cua BTDL.
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Tén t6 hep BTDL

Hinh 5. B6 mai mon ciia BTDL.

Két qua thuc nghiém cho thay ¢ tudi 28 ngay,
khi str dung 50% va 100% c6t liéu 16n xi thép,
Edh cia BTPL giam so véi sir dung hoan toan
cbt lieu da dam tuy nhién lan luogt: 11.4% va
19.3%; con d6 mai mon nhiéu hon lan luot:
7.7%, 15.4 %.

4.4. Thao luan va danh gia

Khi st dung cdt liéu 16n xi thép cang nhiéu,
cuong d6 cuia BTPL ¢ tit ca cac ngay tudi déu
gidm so voi1 khi sir dung hoan toan la cdt lieu
da dam ty nhién. Sy giam cuong d¢ cua BTPL
¢6 chira xi thép hd quang dién (EAF) la do cac
hat da voi gay ra [5]. Pa voi (CaCO3) duoc
thém vao qué trinh luyén thép dé loai bo cac
tap chat. Cac tap chit nay duoc loai bo bang
cach két hop véi canxi oxit (CaO) sinh ra tir
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qua trinh nung d4 véi trong 1o dé tao thanh xi.
LSp bot mong & bén ngoai hat xi khong thé
duogc lam sach, theo [4] cho ring sy tho rap bé
mit cua két cdu xi EAF khong phat huy hiéu
qué trong bé tong ¢ ty 1& nudc-xi mang thap,
vi vdy, tao nén ving chuyén tiép x4u giita cot
litu EAF va ho xi ming. Ngoai ra, véi bé mit
xi tho rap, san sui tao ra ma sat 16n giira cac
hat ¢4t liéu 1am hon hop khé dam chit hon, két
céu kém chat khong nhitng anh hudng xau dén
tinh cobng tdc (d6 cung vebe), cuong dd cua
BTDL con lam giam kha ning chong mai mon
cuia mat duong bé tong.

O tudi 28 ngay, khi sir dung 50% cbt liu
16n xi thép Rn, Ry, Edh cia BTPDL giam so véi
khi dung 100% c6t liéu d4 tu nhién lan luot:
3.7%, 5.5%, 11.4%, d6 mai mon nhiéu hon
7.7%. Con khi dung hoan toan cot liéu 16n xi
thép (mic 100%), sy suy gidm céac chi tiéu
trén twong ung la: 12.9%, 8.7%, 19.3%, do
mai mon nhiéu hon 15.4%. Piéu nay cho thiy
& mirc thay thé 50% da dam bang cot lidu xi
thép, su giam cuong do va kha niang chéng
mai mon khong dang ké so voi khi sir dung
hoan toan cdt liéu da dam tu nhién. Dya vao
khuyén cido trong quyét dinh sb 4452/Qb-
BGTVT [9] va quy dinh trong tiéu chuan
TCCS 40:2022/TCDBBVN [10], véi ham lugng
cot liéu 16n xi thép thay thé da dam tir 0-50%
cho céc tinh chat ciia BTPL du diéu kién lam
mit duong bé tong tir cap IV tro xudng.

5. Két luan

Tu két qua nghién cuu, mot sb két luan dugc
rut ra nhu sau:

e Khi c6t lidu 16n 13 xi thép cang nhiéu, do
cing Vebe ciia BTPL cang 16n, néu ding
hoan toan cdt liéu 16n xi thép, do cing vebe
khéng dat yéu cau cta bé tong lam duong 6 t6.

¢BTDL str dung cbt lidu 16n xi thép ham
lwong cang nhiéu, sy phat trién cuong do Ry,
Ru ¢ tudi som (7 ngay) va tubi mudn (56 ngay)
tang cang cham. Sy c6 mat cua bt lidu xi thép
lam suy giam cuong dd (Rn, Ry, Edn) va giam



Nguyén Birc Trong

kha ning chdng mai mon ctia BTPL so v6i khi
st dung hoan toan Ia ¢dt liéu da dam tu nhién.

¢ Co thé sir dung dén 50% cdt liéu 16n xi
thép thay thé d4 dim dung dé ché tao BTPL
sir dung trong xay dung duong 6 t6, cac thong
s6 ky thuat cua t6 hop nay dap ung dugc yéu
cdu trong xay dung mit dudng bé tong tir cip
IV tré xubng.

Loi cam on

Nghién ctru nay duoc tai trg boi Truong Pai
hoc Giao thong van tai thdng qua dé tai ma s6
T2023-PHII_CT-004.
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