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Design of high-strength concrete mix using steel slag as coarse aggregate
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TGM TAT

B tdng cuing da cao ca curang da chiu nén tir BO-80MPa, vurgt trai
so vai be tang thiang. Bai bao nay trinh bay mat sd ket qué cho
thdy kha ndng ing dung cia xi thep lam cdt lidu len trong bé tang
cwirng d cao (BTCDCXT). Céac chi tigu co Iy cia BTEDCXT dugc khéo
sét trong nghién ciu bao gfm: cudng dd chiu nén & cac ngay tudi
khac nhau (tr 3-365 ngay), ma-dun dan hdi va he s Poisson va da
mai mon cha bé tong. K&t qua cho thay khi tang ham lrgng silica
fume tir 6-12% thi cuirng dd chiu nén tang, khi ham legng silica fume
|&n hon 12% thi cuang da chiu nén giam. BTCDCXT cing co ma-dun
dan hai va do mai man duge céi thign dang ké.

Tir khéa: Be tong cuang d cao, xi thép, da mai man, cuang da nén,
ma-dun dan hdi, hé sd Poisson.

ABSTRACT

High-strength concrete has compressive strength between B0 and
80 MPa higher than normal concrete. This study presents some
results that show us steel slag can use as coarse aggregate in
high-strength concrete (BTCDCXT). The physical and mechanical
properties of BTCOCXT investigated in the study include
compressive strength at different ages (from 3-365 days). elastic
modulus and Poisson coefficient, and abrasion of concrete. The
results show that when increasing the silica fume content from B-
12%, the compressive strength increases, when the silica fume
content is greater than 2%, the compressive strength decreases.
BTCDCXT also has significantly improved elasticity and wear
modulus.

Keywards: High strength concrete, steel slag, abrasion resistance,
compressive strength, modulus of elasticity, Poisson's ratio.
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1. GIGI THIEU

Xi thép 1a sdn phdm sau khi tai ché& tir nguén xi thai clia cac
nha may luyén thép bang céng nghé 16 dién hé quang dién. Da
¢4 nhiéu nghién ctiu & nudc ngoai tng dung xi thép lam c6t liéu
I6n cho bé tong [1-6]. M. Maslehuddin va cac cong su [7] da cho
thdy cudng d6 nén clia bé tong cot lidu xi thép 16n hon bé téng
d6i chiing co ty 1é cot liéu 16n tuong duong. loanna Papayianni
va cdng su [8] cling da& c6 nghién cltu cdng bé rang cac tinh chat
co ly va hoa hoc clia xi thép phu hgp dé lam cét liéu cho bé téng.
Jigar P.Patel [9] cho rang cac tinh chat co hoc clia bé tong xi thép
gan nhu tuong tu véGi bé téng truyén théng khi xi thép thay thé
khodng 50%-75%. Bén canh viéc ing dung cho bé tong thudng,
xi thép con dugc nghién ctu tng dung cho bé téng cuong do
cao [10-12]. Cac nghién cdu trong nudc cling khdng dinh xi thép
hoan toan c6 thé dung lam cét liéu I6n trong bé tong xi mang
[13-16]. D& cai thién cac tinh chat cha co ly cta bé téng, nghién
cltu nay da lya chon lai thanh phéan vat liéu dé tao ra BTCDCXT.
Theo hudng dan cta TCVN 10306:2014 [17], ngoai cac thanh
phan chinh cla bé tong nhu cét liéu I6n (xi thép), cot liéu nho
(cat), chat két dinh (xi mang) va nudc thi silica fume (SF) va phu
gia siéu déo (PG) la hai thanh phan dugc bé sung vao cap phéi.
Cac noi dung nghién ctu dugc dé cap trong bai bao bao gom:

(a) Cudng d6 chiu nén; moi quan hé gilra cudng d6 chiu nén
va thoi gian, anh huéng ctia ham lugng SF dén cudng d6 chiu
nén;

(b) Quan hé gilta ing suat va bién dang ngang, bién dang
doc truc, mé-dun dan hoi va hé sé Poisson;

() 6 mai mon, quan hé gilra d6 mai mon va cudng d6 chiu nén.

2. VAT LIEU VA THIET KE THi NGHIEM

2.1. Vat liéu thi nghiém

2.1.1. Cét liéu nhé

C6t liéu nho (cat) gilrvai trd quan trong trong viéc ché tao bé
téng cudng do cao. Cap phdi hat va hinh dang cua cét liéu nhd
anh hudng dang ké dén lugng nudc yéu cau nhao trén va cudng
d6 chiu nén cla bé téng. C6t liéu nhod dung trong nghién ctu
nay dugc lay ti nhiéu nguén cat trén thi trudng, sau khi sang rlra
dugc phdi tron dé dap ung cac yéu cau ky thuat cla cat dung
ché tao bé tong cudng do cao theo tiéu chudn TCVN 10306:2014
(Hinh 1). Cac chi tiéu ky thuat cla cat dugc thé hién & Bdng 1 va
Bang 2.



Bdng 1. Cdc chi tiéu co ly cia cdt Bdng 3: Cdc chi tiéu co ly ctia xi thép

A e La Phuong phap .| Két A e s ) Két qua
Chi tiéu thi nghiém thi nghiém [18] Ponvi qua Chi tiéu thi nghiém Ponvi thi nghiém
Mé6-dun do I16n TCVN 7572-2:2006 2.90 Dmin-Dmax mm 5-10
Khéi lugng riéng TCVN 7572-4:2006 | g/cm® | 2.65 Khéi lugng riéng g/cm? 3.56
Khoi qut\.g thne tich & TCVN 7572-4:2006 g/cm® | 253 Kh?l lugng thé tich & trang thai g/cm? 332
trang thai kho kho
Khoi luong thé tich & TCUN 7572-4:2006 | g/cm® | 2.59 Khoi lugng thé tich Gtrang thai | s 3.40
trang thai béo hoa bao hoa
Do hat nuéc TCVN 7572-4:2006 % 23 Do hat nuéc % 2.2
Khéi lugng thé tich x8p | TCVN 7572-6:2006 | kg/m3 | 1691 Khéi lugng thé tich x8p kg/m3 1858
DO réng gilia cac hat TCVN 7572-6:2006 % 33.2 DO réng gilta cac hat % 44.0
Bdng 2. Thanh phan hat cia cdt D6 nén dap trong xi lanh % 13.91
Kich thudc mat sang (mm) Lugng sét tich Iy (%) Mac xi thép xac dinh theo gia
s oa i ia . MPa 80
5 0.0 tri d6 nén dap trong xi lanh
236 13.4 Hé s6 hoa mém 0.94
118 324 Ham lugng bui, bun, sét % 0.953
0.63 63.0 D6 hao mon Los Angeles % 21.36
0315 84.2 Ham lugng thoi det % 1.00
0.14 976 , 5
Tap chat hitu co Ngangﬂmau
<0.14 100.0 chuan
Bding 4. Thanh phdn hat cia xi thép
Kich thudc mat sang (mm) Lugng sot tich [y (%)
100 0.0
70 0.0
40 0
20 1.2
10 8.4
5 100.0

Hoh | Mauct 2.1.3.Chdt két dinh

2.1.2. Cét liéu tho aXimang o

C6t liéu thé la thanh phan chiém thé tich 16n nhat trong bé tong, Trong phqarn vi ngl,ue,n cuu cua de tai, su dur‘19 xi mang PCB40
tinh chat cla cét liéu thd anh hudng rét Ién dén cudng d6 va cac lNSEE; cacchi tieu fo_l}/ cua ximang dl{qc trinh bay trong Bang 5.
tinh chat khac cda bé tong cudng d6 cao. Trong nghién clu nay, c6t Bdng 5. Cdc chitiéu coly ciia xi mdng

liéu tho truyén thong la da dam dugc thay thé bang xi thép (Hinh 2), Chi tiéu thi nghiém Phuong phap thi nghiém Ké’f
1a sdn pham sau khi dugc nghién, khir ti tinh tir nha may tai ché xi . S— qua
thép clia cong ty Trach nhiém htu han Vat Liéu Xanh. Céc chi tiéu Cudng do chiu nén 28 TCVN 6016:2011 [19] 455
3 ngay (MPa)
Khéi lugng riéng (g/cm?) TCVN 4030:2003 [20] 3.09
Dé min Blaine (cm?/q) TCVN 4030:2003 [20] 3900
(LOZ;’"g nuGc tiéu chuan TCVN 6017:2015 [21] 325
Thai gian dong két TCVN 6017:2015 [21]
(phut)
+ Bat dau 115
+ Két thuc 200

Hinh 2. Mau xi thép b. Silica fume
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Silica fume (SF) la vat liéu pozzulan rat min (Hinh 3), dudng kinh
¢ hat trung binh <1.5um, nhé hon kich thudc cda hat xi mang
khoang 100 lan. Thanh phan chinh cla silica fume cha yéu la SiO2 vo
dinh hinh. Céc tinh chat co ly cda silica fume dugc trinh bay trong
Bang 6.

Hinh 3. Mau silica fume

Bdng 6. Chi tiéu ca'ly cua silica fume

Sia L ‘e 2 Yéu cau theo tiéu

Chi tiéu thi nghiém Két qua chuin ASTM C1240-12
Ham lugng SiO:z (%) 924 Khong nhé hon 85
D6 dm (%) 0.5 Khéng 16n hon 3
Lugng mat khi nung (%) 3.2 Khéng 16n hon 6

A 3 (o)

Lugng 6t sang 45 m (%) Khéng I6n hon
- 16n nhat

Sy i s 74 10
- sai khac so véi gia tri 31 5
trung binh )
Bé mat riéng, m?/g 11.6 Khéng nhé hon 15

2.1.4. Phu gia siéu déo

Phu gia siéu déo dugc st dung nham muc dich giam lugng nudc
st dung dé tao ra cudng dé nén cao hon. Trong nghién cliu nay st
dung phu gia ADVA® Cast 5388V, mét loai phu gia giam nudc tam
cao géc¢ Polymer.

2.2, Thiét ké thi nghiém

2.2.1. Thiét ké cdp phdi bé téng cudong dé cao

Thanh phan cdp phéi ctia BTCDCXT dugc lua chon theo tiéu
chudn TCVN 10306:2014. Bay loai cadp phdi dugc dé cap trong
nghién ctru nay déu sir dung phu gia siéu déo véi ty |é pha tron la
1000mI/100kg xi mang; Ty |é phan tram vé khéi lugng cua silica
fume trong cac cdp phoi M0, M1, M2, M3, M4, M5, M6 so v&i khoi
lugng xi mang lan lugt la 0%, 6%, 8%, 10%, 12%, 14%, 16%. Ty lé
nudc trén chat két kinh (t8ng khéi lugng ctia xi mang va silica fume)
trong cac cap phdi déu bang 0.30. Vat liéu ché tao BTCDCXT dugc
trinh bay 6 Bang 7.

2.2.2. Phuong phdp thi nghiém

T4t ca cac mau bé tong dugc ché tao va bao dudng theo TCYN
3105-1993 [22]. Cac mau try cé kich thudc 150x300mm dugc dung
dé xac dinh cuding do chiu nén theo TCVN 3118-1993 [23] & cac tudi
ngay khac nhau (Hinh 4a). Mau M4 c6 kich thudc 150x300mm dugc
dung dé khao sat mé-dun dan héi va hé sé Poisson theo tiéu chuan
ASTM C469-14 [24] (Hinh 4b). Mau M4 c6 kich thudc
70.7x70.7x70.7mm ciing dugc dung dé xac dinh dé mai mon theo
TCVN 3114:1993 [25] (Hinh 5).

a.(m‘mg 6 chiu nén b. Mé-dun dan hoi
Hinh 4. Thi nghiém xac dinh cutng @ chiu nén va mé-dun dan héi
4 J

_Ca‘l' r_lapt& l:rnﬂ:

h
Min sau thi nghigin mai man

My thi nghigm mii min

Hinh 5. Thi nghiém xac dinh 9 mai mon

3. KET QUA VA THAO LUAN

3.1. Cuong do chiu nén

Cudng d6 chiu nén (f)) & tudi 3, 7, 14, 28, 56, 90, 180, 270, 365
ngay dugc khao sat véi cac mau MO, M1, M2, M3, M4, M5, M6 c6
thanh phan cap phéi trong Bang 7. K&t qué dugc téng hop & Hinh
10 va Bang 8 cho thay cudng doé chiu nén (f/) ctia BTCDCXT bi anh
hudng dang ké béi lugng dung SF va tudi thi nghiém.

Bdng 8. Cudng dé chiu nén cta & cdc tudi thi nghiém khdc nhau

Tudi Cuong do chiu nén (f;) (MPa)

(ng) | Mo M1 M2 M3 M4 M5 M6

3 346 | 476 50.9 54.1 55.7 51.6 483

7 36.0 | 51.1 55.9 63.7 65.4 56.2 54.3

28 494 | 61.8 68.6 733 77.2 71.5 69.1

56 60.7 | 79.2 85.9 88.9 94.8 87.1 83.1

90 649 | 85.2 92.3 945 | 1014 | 934 89.9

180 | 68.2 | 89.5 96.9 99.3 | 106.5 | 98.1 94.4

270 | 709 | 931 100.8 | 103.2 | 110.7 | 102.0 | 98.2

365 73.0 | 959 | 103.8 | 106.3 | 114.1 | 105.1 | 101.1

Bdng 7. Thanh phan vit liéu ché tao bé téng

Ky m;‘;g Cit | Xithép | Nusc | SF | PG
hiéu (kg) (kg) (kg) (Iit) (kg) | (ml)
MO 506 781.0 1205.0 150.0 0 5.1
M1 475.6 781.0 1205.0 150.0 304 5.1
M2 465.5 781.0 1205.0 150.0 40.5 5.1
M3 4554 781.0 1205.0 150.0 50.6 5.1
M4 4453 781.0 1205.0 150.0 60.7 5.1
M5 435.2 781.0 1205.0 150.0 70.8 5.1
M6 425.0 781.0 1205.0 150.0 81.0 5.1
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3.1.1. Quan hé giita cudng dd chiu nén va tudi thi nghiém cua
BTCDC

Hinh 6 cho thdy BTCDCXT ¢6 £ phat trién theo thai gian. G tudi
7 ngay tudi, cudng dé dat khoadng 80% so v6i cudng do & tudi 28




ngay, sau 28 ngay cudng do van ti€p tuc phét trién, téc d6 phat trién
& tudi 28-56 ngay tuong tu & tudi 7-28 ngay. Cudng d6 & tudi 56 va
365 ngay tang khodng 19% va 33% so vai tudi 28 ngay.

3.1.2. Anh huéng ctia ham luong silica fume dén cudng do chiu nén

Hinh 7 minh hoa su anh hudng cla cac yéu t6 ham lugng SF va
thai gian dén cudng doé chiu nén f. f c6 sy thay déi khi tang luong
dung SF tang tir 0%-16%.

V6i mau MO khéng st dung SF, tang lugng dung xi mang, két
hgp véi phu gia siéu déo lam giam ty 1& nuéc/chat két dinh (N/CKD)
xuéng con 0.3 so véi bé tong thudng dung cot liéu xi thép
(N/CKD=0.57) va f; tang khoang 38.7% [26]. Tuy nhién mau MO cé
cuong do chiu nén & tuGi 28 ngay f, ,gn,=49.4MPa<55MPa nén dap
Ung yéu cau vé cudng dé clia bé tong cudng do cao theo TCVN
10306 :2014.

Khi st dung thém SF= 6%, mau M1 c6 cudng doé chiu nén & tudi
28 ngay (f; 2g54) dugc cai thién dang ké so véi mau MO (Mau M1 cé
fe28ng=61.8MPa>55MPa I6n khodng 24.9% so v&i mau MO). Khi
ham lugng SF trong cac mau thi nghiém (M1, M2, M3, M4) tang ti
6-12% thi f 554, cling tang khodng 25%. Diéu nay chiing té SF khi
dugc thém vao thanh phan cla bé téng da lap day cac 16 rdng ma
xi mang khong lot vao dugc, dong thai véi kich thude nhd hon nhiéu
so véi hat xi mang, SF bao xung quanh cac hat xi mang, lam cac hat
xi mang khéng thé von tu véi nhau, nén da cai thién dugc f;.

Khi lugng dung SF I16n hon 12%, f ;g4 cia mau M5 (SF=14%)
gidm khoang 7% va f; ,g,,, Clla mau M6 (SF=16%) giam khoang 10%
50 vGi mau M4 (SF=12%). Nhu vay lugng dung SF t&i uu 1a 12%.
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Hinh 7. Cacyéu t6 anh hudng dén cuong do chiu nén

3.2. Quan hé giita iing suat va bién dang

Cac gia tri trong Bang 10 1a két qua thu dugc khi thi nghiém mé-
dun dan héi va hé s6 Poisson & tudi 28 ngay clia mau M4. Trong d6,
ung suat pha hoai f!, bién dang ngang cuc han
£1a¢ Va bién dang doc truc cuc han g,,; duoc xac dinh tai thai diém
mau bj pha hoai. Hé s6 Poisson (v.), mé-dun dan héi (E,) tinh toan
theo hudng dan ctia chudn ASTM C469-14 [24]. D6 bén nén T, dugc
xac dinh 1a phan dién tich bén dudi dudng cong bién dang doc truc.

Nhan thdy d6 déc (biéu thi do cling cta vat liéu) ciia dudng cong
bién dang doc truc thap hon so véi dudng cong bién dang ngang
(0,<®}) (Hinh 8), nghia la gia tri tuyét déi ctia bién dang ngang (c6
gia tri am) nho hon bién dang doc truc (c6 gia tri duong), va moi
quan hé gilra ting suat va bién dang doc truc quan sat dugc la tuyén
tinh cho dén khi mau gan bi pha hoai, trong khi dé, quan hé gilra
Ung suat va bién dang ngang tuyén tinh khi tiing suat nho han mot
phan hai ing suat dinh. Gan thoi diém mau bi pha hoai, bién dang
ngang tang nhanh va xap xi bang bién dang doc truc tai thdi diém
mau bi pha hoai. Sau khi mau bi pha hoai, duéng cong bién dang
doc truc d6c han nhiéu so véi bé tong thudng dung cét liéu xi thép,
nghia la BTCDCXT bi pha hoai ddt ngét so véi bé tong thudng dung
c6t lieu xi thép [26]. Diéu nay cling cho thay BTCDCXT c6 do gion Ién
hon BTXT.

Két qua 6 Bang 10 va Hinh 8 cling cho thdy mé-dun hoi E,. va do
bén T, phu thudc vao cudng do chiu nén £, nén co gia tri I6n hon

bé tong thudng dung cot liéu truyén théng khoang 40% [26]
o0

80

1 , /': i
)

- £
£ 60 7
- #
£ 50
: /
E 40 I
£ 30 /
k=

20

/

10

" - o
0 Bi¢n dang ngang - Bien dang dge tryc
0003 =0.002 =0.001 0.000 0.001 0.002 0.003

Hinh 8. Quan hé gitia (ing sudt va bién dang

3.3.D6 mai mon

Bang 9 va Hinh 9 trinh bay két qua d6 mai mon clia bé tong &
cactudi 3,7, 28, 56 ngay. D6 mai mon M,, cia mau M4 bi &nh hudng
bdi tudi ngay thi nghiém va cudng dé chiu nén. Khi tudi ngay thi
nghiém tang tur 3 ngay dén 56 ngay thi cudng doé chiu nén tang
khodng 70% va d6 mai mon giam khoadng 24%. So véi nghién clu
[27], mau M4 c6 kha nang ch6ng mai mon tuong tu vai loai bé téng
xi mang st dung c6t liéu nhé la da mat va cat min.

Bdng 9. Két qua thi nghiém dé mai mén

Tudi thi nghiém Cudng d6 chiu nén DO mai mon M,
(ngay) fZ, (MPa) (9/cm?)
3 88.30 0.395
7 96.68 0.349
28 123.97 0.318
56 151.01 0.299
160 0.42
15101
. o o 0.395 20 o
% 140 '\.__"\ S8 1 038 §
= 130 N 12397, E
‘f 120 N ~ | k6 =
2 1= . ’ g
) 7 4 034 3
g 1o K o B
o0 96.68 » b, S 1032 =
£ 100 S 0.299
E o | 8830__-- kgl .
L3 =0 = fc == Mn
80 0.28
3 7 28 56

Tudi thi nghi¢m (ngay)

Ghi chii: Két gt cirdmg do chin nén thu dirge Hir vide
nén médncé kich thede 7.07x7.07%7.07em

Hinh 9. D9 mai mon 6 tudi thi nghiém khac nhau
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Hinh 10 . Cudng do chiu nén cla cdc mau & cac tudi ngay thi nghiém khac nhau
Bdng 10. Két qud thi nghiém mé-dun dan héi va hé sé Poisson ciia BTCDCXT

) Taitrong pha | Ung sudt pha Bién dang Bién dang He s6 poisson Mé6-dun dan Do bén,
Ky hiéu mau hoai, kN hoai, MPa ngang, %o doc truc, %o ; hoi, GPa MPa.%o
’ VC
Pmax fr: lat Eaxi Ec Tc

M4 _1 1380.76 78.13 -1.437 1.705 0.232 55.53 98.19
M4_2 1344.51 76.08 -1.208 1.515 0.229 53.72 101.28
M4_3 1366.82 77.35 -0.581 1.549 0.286 54.92 112.60
Gid trj trung binh 1364.03 77.19 -1.075 1.590 0.249 54.72 104.02

Do léch chuan 18.28 1.03 0.443 0.101 0.032 0.92 7.59

4, KET LUAN

Dua vao cac két qua thuc nghiém dugc phan tich & trén c6 thé dua
ra mot s6 két luan nhu sau:

-Dé thiét ké bé tong cudng dé cao stidung ¢t liéu xi thép can bé sung
thém silica fume va phu gia siéu déo vao thanh phan vat liéu ché tao.

- BTCDCXT ¢6 cudng do phat trién theo thdi gian, cudng do & tudi
28 ngay va 365 ngay tang khoang 19% va 33% so véi tui 28 ngay.

- Ham lugng SF sir dung c6 anh hudng dén cudng dé chiu nén clia
BTCDCXT. Ham lugng SF=12% la t6i uu.

- D06 mai mon clia BTCDCXT giam khi cuong do chiu nén tang.

L&i cdm on: Nghién clu nay thudc dé tai ma s6 T2021-116TD dugc
tai trg béi Trudng Dai hoc Su Pham Ky thuat TP. HCM nam 2021.
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