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Steel slag is a waste product of steel refineries. It is usually in the form of
particels and fine praticles, so it is easy to mix in concrete. It has also a high-
density, easily sinks in the concrete mixture, and pass through the gaps
between the steel bars. It is very good for application in Self - Compacting
Concrete (SCC). This research shows that the obtained compressive
strength of steel slag Self - Compacting Concrete are (29.3035.97) Mpa and
(30.35+37.37)Mpa with concrete M300 and M400 respectively. Elastic
modulus of steel slag SCC M300 and M400 are 33.38 MPa and 38.58 MPa
at the age of 28 days. The flexural tensile strength of samples of size Bx H
x L =150x300x 600 mm is 42.37 MPa and 46.9 MPa with the concrete
M300 and M400 respectively. Received surface abrasion of samples
contained from 0.34 and 0.30 g/cm3 with the steel slag SCC M300 and
M400. The above values of steel slag SCC are equivalent or even higher than
that of the conventional concrete. In addition, the workability of them is
also higher than that of conventional concrete. Hence, steel slag SCC is
completely applicable for concrete linings of underground constructions,
especially those with long service life such as traffic tunnels, requiring with
water and waterproof properties. It allows taking advantage of waste
products, improving the environment in steel factory in Vietnam in general
and of Ba Ria Vung Tau province in particular.
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chong gitr cong trinh ngdm
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Xithép la san phdm phéthdi & cdc nha may luyen thep Xithép terO'ng c6 dang
hat, mat nén dé dang trong qud trinh tron bé téng, cé ty trong 16m nén dé chim
xuéng dwdi, di qua cdc khoang hé gitra cot thép nén cé khd nang rdt tot Lrng
dung trong bé téng tw ddm (SCC). Két qud nghién ctru chi ra rang do bén nén
ctia bé tong xi thép tw dim thu duroc la (29,30+35,97) MPa va (30,35+37,37)
MPa twong tng véi mdc bé tong M300 va M400. M6 dun dan hoi véi bé tong
xi thép tw dam M300 va M400 la 33,38 MPa va 38,58 MPa & tudi 28 ngay. Po
bén kéo ubn ctia ddm bé tong xi thép tw ddm kich thuéc BxHxL = 150 x300x
600 mm la 42,37 MPa véi mau M300 va 46,9 MPa mdu M400. D4 mai mon bé
mdt mdu 0,34 va 0,30 g/cm3 véi mdu bé téng xi thép c6 mdc M300 va M400.
Cdc gid tri trén déu twong dwong va cao hon véi bé tong théng thuromg. Khd
ndng cong tdc ctia bé tong xi thép tw dam cting cao hon bé téng théng thwong.
Do dé bé téng xi thép tw ddm hoan toan cé khd ndng ting dung cho két cau
chéng gite cdc cong trinh ngdm, ddc biét la cdc cong trinh ngdm c6 tudi tho Iém
nhw cdc dwdong hdm giao théng, cdc céng trinh ngdm cé yéu cdu cdch nuwéc,
chdng thdm dé tdn dung cdc san phdm phé thdi, cdi thién méi trudong trong
cdc nha mdy luyén thép tai Viét Nam néi chung va ctia tinh Ba Ria - Viing Tau
néi riéng.

© 2022 Trwong Dai hoc Mo - Bia chat. T4t ca cic quyén dwoc bdo dam.

1. Mé& dau

nhiéu muc dich khac nhau. Hién nay & Viét Nam c6
hang chuc nha may luyén thép dang hoat dong va

Xi thép (Steel slag) la chat thai dwoc san sinh
ra trong qua trinh luyén thép tir cic tap chat khi
dwa vao 10 luyén thép. Trén thé gidi, cic nghién
clru da chi ra rang xi thép 1a chat thai khong gy
hai cho moi treomg va duoc tai ché st dung cho

*Tdc gid lién hé
E - mail: tuanminhhumg@yahoo.com
DOI: 10.46326/JMES.2022.63(1).08

hang chuc nha may khac dang trong giai doan xay
dung hodc lap dw an. San lwgng thép hang nam la
khoang hon 10 triéu tin va duw kién 1én khoang 20
triéu tdn/nam. Lwong xi thai ra tir cic nha may
thong thwong chiém tir 10+15% (T6 Nir Phwong
Nhi, 2012) khéi lwgng phdi thép ban dau. Nhw vay,
c6 thé thiy rang ham lwgng xi thép thai ra cling
chiém mét thi phin 13 rat 16m. ¢ Viét Nam, xi thép
van dwoc xem la chit thai rdn va cn phai dwoc xir
ly, thwong 12 bang cach chén 14p.
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bay la mot sy lang phi rat 1én va giy nhiéu
nguy co vé mdi tredng. Do dd, can thiét phai co cac
nghién ctru, tai ché xi thép thanh ngudn nguyén
véatliéu, gop phin giai quyét vin dé moi trueong va
mang lai hiéu qua kinh té cao. Okamura, (1986) da
phat minh ra bé téng tw ddm trong qua trinh
nghién ctru dé ting kha ning hoa long cta vira bé
tong. Theo nhom tac gia, viéc sir dung bé tong tw
dam c6 cic wu diém sau: cai thién dwoc dd bén va
dé tin ciy, do d6 chatlwgng bé tong dwoc ting 1én;
khéng can cong tac ddm dui, giam dwoc tiéng 6n,
cai thién dwgc moi trueong thi cong; giam thoi gian
thi cong két ciu nén tinh kinh té sé cao hon; do
vira bé tong c6 tinh linh dong cao nén qua trinh do
v0 chong c6 dinh két ciu bé tong it bi phan 1ép,
gidm tinh co ngot, it bi nit né sau khi d6 hon so
vGi bé tong thong thudng; st dung bé tong tw dam
c6 tinh linh dong cao két hop véi phu gia hoa déo
c6 kha nang tw thiAm nhép vao cac ké nitt khoi da
xung quanh dwong ham va cé kha nang tao nén
dwoc vung dat da dwoc gia c6 rong hon bé tong
thuong, ting bén cho khéi da va giam tai cho vo
chong c6 dinh phia bén trong dwong ham. Bé mat
clia két ciu bé tong tw ddm nhan hon vé chéng
thong thuwong (Hinh 1).

sSCC

i .
A 2

Hinh 1. Bé mdt ctia bé tong truyén théng S5 va bé
tong tw dam SCC (Hajime Okamura, Masahiro
Ouchi, 2003).

Néi chung, bé tong tw ddm da dworc phat trién
theo ba hwéng chi yéu 1a: (1) bé tong tw ddm kiéu
bot (thwong 1a xi mang véi bot da) véi lwong bot
c6 trong 1 m3 vira bé tong khong qua 16% vé thé
tich; (2) bé tong tw dam kiéu déo véi viéc st dung
cac chat phu gia siéu déo tang tinh linh déng cta
cac hat vita trong hon hop bé tong d€ dam bao dé
thi cdng, khéi lwgng phu gia siéu déo trong loai bé
tong nay thuong tir 300+500 kg/m3; (3) bé tong
tw ddm két hop ctia hai loai trén.

Vét liéu cho bé tong tw dam theo thuc té
thwong st dung cac loai xi mang hat min, b6t da

v0i, cac phu gia siéu déo. Xi mang thwong dung la
xi mang Puzolan giau betonit hodc cacloai xi mang
tod nhiét. Cacloai c6t liéu stir dung thuong la cat tw
nhién co kich thwéc 0+4 mm véi mo dun 2,80 va
cudi soi c6 kich thwéc tw nhién 4+18 mm. D€ ting
tinh déo ctia bé tong tw ddm c6 thé sir dung thém
polymer dé ting do sut ctia hon hop vita bé tong
hodc c6 thé st dung thém tro bay, mudi silic dé
tang hoat tinh hoa déo va do linh dong cta vira bé
téng. So sanh thanh phan bé tong thuwong va bé
tong tw ddm dwoc mo ta nhw trong cac Hinh 2, 3.

Bé tong ty dim

h{ W | Powder S G

JWC‘S G

Hinh 2. So sdnh thanh phdn hén hop bé téng
thuwdng va bé tong tw dam.
Air - khdng khi; W - nwéc; Powder - bt dd; C - cot
liu thd; S - cdt; G - cudi soi.
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T 1é trong th tich vita
Hinh 3. So sdnh hén hop trén ciia bé téng tw dam
vdi cdc logi bé tong khdc (Hajime Okamura,
Masahiro Ouchi, 2003).

DE ché tao bé tong c6 kha nang tw dam cao,
theo nhom nghién ciru can thyc hién theo so d6
nhw Hinh 4 trén co sé& han ché cét liéu thd, ting
tinh linh dong cua vira bé tong.

Patel (2008) va H. Qasrawwi (2018) da cong
b6 két qua nghién ctru cc dic tinh hon hop bé
tong tw ddm véi cac tham so thiét ké cap phoi khac
nhau. Cac két qua nghién ctru chi ra rang thanh
phéan cip phéi c6 thém tro bay va ty 1é t6i wu cho
cotliéuléon la da 16 mm chiém 60% khéi lwong va
d4 12,5 mm chiém 40% khoi lwong. T. Suagamata
vannk. (1999) da céng bé két qua nghién ctru cac
dic tinh hon hop bé tong tw dAm v&i tham s6 do
lru dong vira. Nghién ctru v&i ndi dung chinh la
thay doi ty 1& cap phoi (7 cAp phéi), tir d6 danh gia
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Han ché ham hrong cét liéu the Khoang 50 % thé tich déng ran bé téng
Lwrgng vita hé thich hop
Gidi han ham luong cit || 40% thé tich cia vira
Tang cao dac tinh linh déng
Tang viéc sit dung chit tang déo
Giam ty 18 N'X
Tang vira phai d3c tinh déo

Hinh 4. Cdc phwong phdp ché'tao bé téng cé tinh tw ddm cao.

do6 lwu dong cha bé téng tw dam théng qua chi s6
do chay xoe cta bé tong. Cac tac gia H. Motz, J.
Geiseler (2001) va S. Ozeki (1997) da tién hanh
nghién ctru thiét ké thanh phan cip phdi bé tong
tw ddm &ng dung cho cac coéng trinh dan dung va
cong nghiép. Két qua nghién ctru chi ra rang, viéc
thay d6i thanh phén cip phoi lam cho d6 lwu hoa
cta bé tong thay doi. Mot cach twong doi do chay
x0e cla bé tong c6 dnh hwdng dén cwong do bé
tong, dd chay xoe cang 16m thi cwong do bé tong co
xu hwdng giam lai. Tir két qua trén c6 thé so bd
chon cac hang muc thi cong phtu hop do lvu dong
twong img. Tuy nhién, qua tim hiéu thiy rang cling
rat it cAc nghién ctru trén thé gi¢i vé danh gia kha
nang ng dung xi thép vao ché tao bé tong tw ddm
chdng gitr cong trinh ngdm dé tin dung nguon xi
thép phé thai & cic nha may can thép.

Da c6 nghién ctiru vé bé tong xi thép & Viét
Nam. Nguyén Vin Chanh (2009) da tién hanh
nghién ctru cwong do chiu nén cua bé tong xi thép
thay thé hoan toan da dam va tang xi thép 1én
10%, 15%, 20%, 25%, 30%. T6 Nit Phwong Nhi
(2012) da nghién ctu cic yéu t6 anh hwdng dén
dd bén cua hon hop bé tong xi thép tng dung
trong xay duwng, cu thé 1a lam bé téng trong xay
dung cong trinh dwong giao thong. Nhom tac gia
da nghién ctu anh hwdng cta xi thép dén cac
thong s6 sau: do luu dong ctia hdn hop bé tong;
khdi lwong thé tich va do hat nwédc cia bé tong; sw
phat trién ctia cwong do ctia bé tong; md dun dan
h6i clia bé tong; cwedrng d6 chiu kéo ciia bé tong;

tinh thim ctia bé tong; A mai mon cta bé téng.
Két qua nghién ctru cho thay c6 thé xir dung xi
thép lam c6t liéu dé ché tao bé téng c6 cuwdong do
30 MPa, 40 MPa lam két ciu mat dwong giao
thong. Cac tac gid Nguyén Qudc Hién (2010); Mien
Tran Van (2014) cling da nghién ctru tai ché xi 1o
ttr nha may luyén thép dé str dung lam vétliéu cho
cac lop mong dwong giao thong.

Thoi gian gan diy, Hoang Phwong Hoa va
Nguyén Thanh Lip (2011) da tién hanh cac
nghién ciru ki hon vé nhitng tinh chat co ly cia
SCC, ap dung bao dam do tin ciy va nang cao hiéu
qua kinh té khi str dung bé tong tw ddm. Két qua
nghién ctru clia nhém tac gia c6 lién quan mat thiét
dén van dé vé tiém nang dé san xuit SCC str dung
cotliéu tai dia phwong va cac diéu kién moi truong
trong khu vuwrc. Cot liéu c6 san tai dia phwong nhu
cacloai da c6 nguén goc macma phun trao va tham
nhap. Cat dwoc khai thac tir cic song c6 dic diém
14n nhiéu bun sét. Khi hiu ctia ving dwoc dic
trwng bdi nhiét d6 va dé Am cao, anh hwdng cta
moi tredrng man,... Cling lién quan dén cac nghién
clru vé bé tong tw dam, tac gia Hoang Phé Uyén
(2008) da nghién ctru hoan thién cdng nghé va thi
cong bé tong tw lén trong xay dwng cong trinh thuy
loi. Treong Pinh Quan (2012) ciing da tién hanh
nghién ctru cong nghé thi cong bé tdng cwong dod
cao theo phwong phap tw chén cho cac cong trinh
thiy loi - thiy dién. Vii Quoc Vwong (2011) da tién
hanh nghién ctru tinh chat ctia bé tong tw lén cat
nghién va dic tinh co 1y ctia van khuén.
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Mot nhéom nghién ctru khac gobm (Tran Hiru
Bang, 2011; Lwong Thanh Chwong, 2012; Cao
Cuwong, 2012) da tién hanh nghién ctu st dung xi
thép lam phu gia khoang va tin dung xi thép dé
thay thé vét liéu tw nhién trong ché tao bé tong tw
dam dong thoi phdi hop véi hdn hop phu gia
khoang xi 10 cao - tro triu va phu gia siéu déo dé
ché tao bé tong tw dam, cwdong do cao. Tuy nhién,
qua tim hiéu thdy rang cho dén nay chwa c6 mot
cong trinh nghién ctru nao dé cip dén vin dé trng
dung xi thép trong ché tao bé tong tw dam trong
chdng gitr cong trinh ngdm & Viét Nam. Cac nghién
ctru vé cong nghé thi cong cong trinh ngadm c6 thé
ké dén nhw Nguyén Thé Phung (1997; 1998);
Nguyén Xuan Trong (2012).

Khac véi khi str dung trong cac cong trinh trén
bé mat, bé tong dung trong vé chong cac cong
trinh ngdm nam bén duéi mat dat, ngoai viéc phai
dam bao kha nang chiu tai cao con phai chiu cac
tac dung cia méi tredng nuwdre ngam, tinh &n mon,
moi trweong vi khi hiu xung quanh vé chéng. Piéu
kién thi cong vo chong chit hep, diéu kién bao
duwdng cling khac véi trén bé mét. Tai Viét Nam
ngay nay, cong nghé vatliéu tién bo, bé tong cwong
do cao, bé tong tw cAm rng, bé tong thong minh,...
da dworc ap dung trong xay dwng dan dung va céng
nghiép. Tuy nhién, viéc tim kiém giai phap cai
thién tinh chit bé téng céng trinh ngdm, tim kiém
vat liéu méi, gidm tac dong cia phé phadm cong
nghiép, nong nghiép dén méi trweong dic biét la
san pham xi thép & cac nha may can thép thi con
rat han ché. Biéu nay doi hoi trong thuec té linh vuc
xdy dwng cong trinh ngdm can thiét phai c6 cac
nghién ctry, thir nghiém ng dung loai vat liéu nay
dé ché tao cac két cdu chong gitr cong trinh ngdm
nham tin dung xi thép thai ra tir cAc nha may,
tranh tac dong xau dén moi trwong va tang dwoc
kha nang chiu lwc ctia két ciu céng trinh ngam.

2. Chi tiéu co ly va thi nghiém vit liéu bé tong
xi thép tw dam

2.1. Xi thép

Xi thép dung lam cé6t liéu cho bé téng xi mang,
bé tong nhya va lam cip phdi thi cong cac cong
trinh. Trong pham vi bai bao nay, cac chi tiéu co' ly
cua xi thép dwoc nghién ctiru phuc vu cho muc dich
lam c6t liéu cip phdi cho bé tong xi mang cho cong
trinh ngdm. Thanh phan hat st dung trong nghién

ctru ddm bao dap wng theo tiéu chuin TCVN 7572
- 06. Mau xi thép sau khi dwoc 14y tir bai chita vé
dwoc siy kho dén khéi lwong khong doi va dé
ngudi dén nhiét do phong thi nghiém. Sau d6 mau
dwoc 1y dén khéi lwong cin thiét theo phuwong
phép chia tw. Khéi lwong mau thi nghiém phu
thudc vao dwong kinh 1én nhat danh nghia Dimax
clia mau. P8i véi mau xi thép, chon khéi lwong
mAu thi nghiém t6i thi€u 1a 10 kg. Khéi lwong
riéng, khéi lwgng thé tich ctia xi thép dwoclay phu
hop v6i tiéu chuin 4p dung trong nghién ctiu
(TCVN 7572 - 4:2006). Két qua xac dinh thanh
phan hat c6t liéu 1om dwoc mo ta trong Bang 1 va
Hinh 5.

Bdng 1. Két qua thi nghiém thanh phdn hat c6t

liéu lon.
Kich |Khoilwong| Phantram | Phan tram
thuécld | tichlliy | khdilwong | khéilwong
sang, | trénsang, | tich Iy trén |lot sang tich
(mm) (g) sang, (%) | liy, (%)
20,0 0 0,00 100,00
15,0 210 3,85 96,15
10,0 3184 58,57 41,43
5 5308 97,64 2,36
<5 5436 100,00 0,00
Bicii do thanl Pl Tt
s - Ving quy pham
) hat cot lisp len

Duong biu dign thinh
phan cot ligu lon

Lusgmg tieh 1y bt sang (%)

10 153 20

Enromig kinh 10 samg (mm)

Hinh 5. Lwong tich luy lot sang hat xi thép.

Tong hop cac chi tiéu co ly cta cot liéu 1on dé
ché tao bé tong xi thép thong thudng va bé téng xi
thép tw ddm dwoc tong hop nhw trong Bang 2.

2.2. Cat

Cat dung ché tao bé tong xi thép tw dam la cat
sach, ran va c6 d6 bén cao, ham lwong bui, buin sét,
chit hiru co va cac hop chit khac khong vueot qua
gioi han cho phép.
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Trong nghién ctru nay da st dung cat Tan
Chau (Long Xuyén) v&i cac tinh chit vat 1y cda cat
dwoc thi nghiém theo TCVN 7572 - 2:2006 dén
TCVN7572 - 8:2006. Két qua thi nghiém véi cat
Téan Chau dworc liét ké nhw trong Bang 3, lwong
tich luy lot sang cat nhw Hinh 6.

2.3. Xi mang

Xi mang dung trong nghién ctru dwgc str dung
la xi mang Holcim PC40 vé&i cac chi tiéu co'ly dwoc
mo ta nhw trong Bang 4.

Cac chi tiéu co ly xi mang phu hop véi TCVN
6260 - 1997 xi mang pocling hon hop. Yéu ciu ki
thuat theo TCVN 141:2008.
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Hinh 6. Lwong tich luy lot sang cdt Tan Chau.

Tro bay st dung trong nghién ctru la tro bay
Pha Lai, loai F, c6 ham lwong Ca0<5%, dap (rng cac

2.4. Tro bay yéu cau Ky thudt dwoc mo ta trong Bang 5.
Bdng 2. Téng hop chi tiéu co' Iy ctia c6t liéu Iom.

TT Chi tiéu co'ly Ponvi | Kétqua Tiéu chudn 4p dung
1 Thanh phén hat - - TCVN 7572-2006
2 Khoi lvong riéng g/cm3 3,53 TCVN 7572-4:2006
3 Khéi lwong thé tich kho g/cm3 3,37 TCVN 7572-4:2006
4 Khdi lwong thé tich bao hoa nuwéc g/cm3 3,41 TCVN 7572-4:2006
5 Khéi lwgng thé tich x6p kg/m3 1858 TCVN 7572-6:2006

Cac chi tiéu hoa hoc

- Ham lwgng Si02 % 13-19 ISO 2598-1:2007

6 - Ham lwong AlI203 % 6+9 1SO 11535:2007

- Ham lwgng FexOy % 34+39 1SO 11535:2007

- Ham lwgng Ca0O % 22+29 [SO 11535:2007

- Ham lwgng MgO % 4+13 1SO 11535:2007

Cuwong do va hé s6 hda mém

7 -bo nén dap % 9,17 TCVN 7572-11:2006
- Hé s6 h6a mém % 0,99 TCVN 7572-11:2006
- Cwong do MPa 133,33 TCVN 7572-11:2006
8 Ham lugng hat thoi det % 0,00 TCVN 7572-13:2006
9 D6 hao mon Los Angeles % 21,66 TCVN 7572-12:2006
10 Ham lwong bui bin % 0,05 TCVN 7572-8:2006

Bdng 3. Tinh chdt vdt ly ctia cdt Tdn Chdu.

Chi tiéu thi nghiém Phuong phap thi nghiém Két qua
Ham lwong bun, bui, sét TCVN 7572 - 8: 2006 0,68 %
Khéi lwong thé tich x6p TCVN 7572 - 6: 2006 1,472 g/cm3
Khéi lwong riéng TCVN 7572 - 4: 2006 2,639 g/cm3
Mo dun do 1é6m TCVN 7572 - 2: 2006 2,29
b6 hut nwédc TCVN 7572 - 4: 2006 2,95
Thanh phéan hat TCVN 7572 - 2: 2006 Xem biéu do

rat
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2.5. Bot da véi CaCO;

Mot thanh phan nita cling dwgc st dung trong
qua trinh ché tao bé tong xi thép trong nghién ctru
1a bot da voi CaCO; dé tang kha nang linh dong va
d6 bén cia bé tong xi thép. Cac tinh chit va yéu cau
cuia bot da voi CaCOs dwge mo ta trong Bang 6.

3. Thiét ké cap phdi bé tong xi thép
3.1. Thiét ké bé téng M300 va M400 théng

thwong

Cac phwong phap thiét ké thanh phan bé tong
dworc st dung rong rai hién nay la: phwong phap
do E clla Ban moéi trwong Anh (The British

Department of the Environment); Vién bé tong My
(The American Concrete Institute), phwong phap
cta Hoi dong bé tong Poocliang (The New Zealand
Porland Concrete Association); phwong phap
Bblomay - Ckramkaep (Nga). Cac phwong phap
trén déu la ly thuyét két hop véi “thwc nghiém”
dua trén co s& ly thuyét “thé tich tuyét déi”, co
nghia 1a tong thé tich tuyét doi ciua vat liéu trong 1
m3 bé tong thi bang 1000 lit. Chiing chi khac nhau
& chd lwra chon thanh phin va ty 1é cc cAp phdi hat
c6t liéu. Trong khudn khé nghién ciru nay nhom
tac gid lwa chon phwong phap Bolomay -
Ckramkaep (Nga), két qua tinh toan dwoc mo ta
nhuw trong Bang 7.

Bdng 4. Chi tiéu co ly xi mdng.

TT Chi tiéu thi nghiém Ponvi Két qua Phwong phap
1 Khoi lwong riéng g/cm3 3,1 TCVN 4030:2003
2 Khoi lwong thé tich g/cm3 1,07 TCVN 4030:2003
3 Lwong nwéce tiéu chuin % 30,6 TCVN 6017:1995
4 Pd min (Con lai trén sang 0.08 mm) % 1,02 TCVN 4030:2003
Thoi gian bit dau dong két phut 121 _
> Thori gian két thic dong ket phit 179 TCVN 6017:1995
Cudng dd nén mau thir TCVN 6016:1995
6 3 ngay N/mm? 27,3
28 ngay N/mm? 48,5
Cudong uén mau thir TCVN 6016:1995
7 3 ngay N/mm? 6,51
28 ngay N/mm? 9,86
Bdng 5. Chi tiéu yéu cdu ctia tro bay.
TT Tén chi tiéu Ponvi| Kétqua Phuwong phap thir
Chi s6 hoat tinh crdng dd, phan trim so véi mau déiximg | % ASTM C311
1 7 ngay % 88,80 ASTM C109
28 ngay % 91,10
2 Lwong nwédc yéu ciy, % 95,00 ASTM C311
3 Do né trong Autoclave % 0,06 ACTM C151
4 6 min trén sang 45um % 28,00 M4y LS particle Size
Analyzer
5 MKN (LOI) % 3,44 ASTM C311
Am (Moisture) % 0,01
Si0» % 57,34 TCVN 7131:2002
6 Fe203 % 5,43
Al03 % 25,49
Ca0 % 2,17
SOs3 % 0,11 TCVN 6882:2001
7 Ham lwong kiém thai sau 28 ngay %
K>0 % 0,40
Naz0 % 0,02 Phuwong phap thir
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Bdng 6. Chi tiéu yéu cdu ctia bét dd véi CaCOs.

Chi tiéu Don vi Két qua Phwong phép thir
b6 sang % 93 Minolta Testing Machine
Do trang % 96 Minolta Testing Machine
D50 um 2,7+0,3 Mastersizer Testing Machine
D97 um 17 +0,2 Mastersizer Testing Machine
DO hip thu dau g/100g 23 Phan tich h6a hoc
Ham lwgng CaCO3 % =98 TCXD VN 312:2004
Ham lwong MgO % <04 TCXD VN 312:2005
Ham lwong Al;03 % <01 TCXD VN 312:2006
Ham lwong Fez03 % <0,02 TCXD VN 312:2007
Ham lwong SiO, % <01 TCXD VN 312:2008
Trong lwong riéng g/cm3 2,7
b6 clrng Moh 3
Bdng 7. Két qua tinh todn thanh phdn cdp phdi ctia bé téng xi thép théng thuong.
. “w. . N 1A A Thanh phan vat liéu cho bé tong (1 m3)
Thanh phan cap phdi bé tong X (ke) | C (kg) IXT (ke)| N (k) [PG (it
Do 4m thiét k€ W = 0%. Mark 50 MPa 500 | 630 | 1080 | 192 6
Hiéu chinh d§ 4m ctia Wq = 0,31 % va W, = 6,35%. Mark 30 MPa| 500 | 660 | 1105 | 170 6

3.2. Thiét ké cdp phéi bé tong xi thép tw ddm
M300 va M400

Bang céc tinh todn twong tw c6 thé thu dwoc
thanh phan cip phoi bé tong xi thép tw ddm nhw
trong Bang 8.

3.3. Chudn bi vit liéu ché tao bé téng

Véatliéu ché tao bé tong dwoc chuin bi ky cang
trwde khi tron. Cat, xi thép dwoc ki€ém tra do 4m
trwdc khi tron nham khéng ché lwong nwéc trong
qua trinh ché tao bé tong xi thép. Khéi lwong vat
liéu dwoc tinh toan cho 1 mé tron bé tong dwa trén
thanh phan cp phoi da duwoc thiét ké tir trude.
Qua trinh can va tron xi thép cling nhw cat va tro
bay trong qua trinh ché tao bé tong tw dam dwoc
mo ta trén cac Hinh 7+10.

3.4. Xdc dinh kha nding tw dam

D€ danh gia kha nang tw dam cta bé tong st
dung khuon hinh chit U (U - Channel box) dya trén
thiét ké ctia ngwoi Nhat. Khuén gom 2 hop chi
nhit néi vao nhau thanh hinh U, dwgc phin cach
bdi ctra chan c6 thé rit ra duwgc dé cho hon hop bé
tong tw dam chay tir hdp no sang hdp kia qua cira
6 cac thanh cot thép dat ngay trwdec clra.

Qua trinh thi nghiém dworc tién hanh nhw sau:
ban dau st dung gié 4m lau sach mit bén trong

ctia khudn hop hinh U. Sau d6 dé khuon thir (U -
Channel box) trén nén phing va tién hanh kiém
tra dé ddm bdo ctra chan dé dang mé. Budrc tiép
theo 1a d6 day hon hop bé tong tw dam vao mot
bén hop ctia khudn, dé khoang 1 phiit cho hon hop
tw dan phang (Hinh 11).

Tién hanh nhic ctra chin d€ hon hop bé tong
tw dam chay tw do qua khe cac thanh cét thép vao
phan khudn hop bén canh. Khi hdn hop bé tong
ngimg chay, do chiéu cao cia hon hop bé tong
chay sang. Hon hop bé tong tw dam dat yéu ciu vé
kha nang tw dam khi: chiéu cao dién day 1om hon
32 cm. Két qua thi nghiém kha ning tw dAm bang
khuén hinh U chi ra chiéu cao ciia hon hop bé tong
tw dam chay sang la 34 cm, chénh cao mét bé tong
tw dam cua hai phan khudn 1a 1,5 cm.

3.5. Piic mdu va bdo dwdng

Cong tac chuin bi khuén va dic mau dwoc
thuc hién véi cadc khuén mau hinh tru véi kich
thwée (150 x 300) mm cho thi nghiém xac dinh
mo dun dan hoi, cwong dd chiu nén (Hinh 12).
Khudn mau dam véi kich thwéce (150 x 150 x 600)
mm st dung ho thi nghiém xac dinh cwong d6 chiu
kéo khi uon cia bé tong (Hinh 13). Thi nghiém xac
dinh d6 mai mon cta bé tong trong phong thi
nghiém st dung mau lap phwong. Viéc bao duéng
mAu dwoc thuc hién twong tw nhu bé tong thong
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1.

-

Hinh 11. D6 ddy hbn hop bé téng tw dam xi thép vao
mgt bén hop.

thudng, sau khi mau dé dwoc thao khuon thi cac
mAu dwoc tién hanh ngdm trong nwérc tai bé bao
dwdng cia phong thi nghiém Cong ty C6 phan Vién
co hoc trng dung.

4. Thi nghiém ki€m tra cac dic tinh co’ hoc
cua bé tong xi thép tw dam

DE tinh toan va kiém tra cwong do chiu nén
ctia bé téng tw dam, trong nghién ciru da st dung
tiéu chudn thi nghiém TCVN3118 - 1993 vé xac
dinh d6 bén cia mau bé tdong. Phwong phap nay
dung dé€ xac dinh cwomg dd nén mau bé tong hinh
tru theo cac tiéu chudn My (ASTM C192, ASTM C
617, ASTM (C39). Cong tac thi nghiém kiém tra
cuong do cia bé tong xi thép tw dam dwoc thuc
hién tai phong thi nghiém Kiém dinh tai Cong ty
C6 phan Vién co hoc trng dung, gidy chirng nhin

Hinh 12. Chudn bi khuén mdu hinh tru.

phong thi nghiém 1194 /GCN - BXD ma s6 phong
thi nghiém: LAS - XD 1857.

4.1. Céng tdc nén mau do do bén nén

Qua trinh nén ép tirng mau dugc thuc hién
trén may ép thiy luc Controls ctia Y. Van hanh
mady cho mit trén ctia miu nhe nhang tiép can véi
thét trén ciia mdy. Tiép dé tang tai lién tuc vdi van
toc khong ddi va bang 6+4 daN/cm?/s cho t6i khi
mAu bi pha hoai. Khéng duoc diéu chinh tdc do
trong thoi gian mau dang bién hinh nhanh ngay
trwdc khi v, Dung toc do gia tai nho doi véi cac
mAu bé tdng c6 cwdng do thap, tdc dd gia tai 16n
ddi véi cac mau bé tong cwong dd cao. Ghi lai luc
khi miu bi pha hoai va ghi lai cd dang pha hoai
mAu. Hinh 4nh mau bi pha huy dwgc mo td nhw
Hinh 14.
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Bdng 8. Két quda tinh todn thanh phdn cdp phdi ctia bé téng xi thép tw dam.

Vatliéu | Xi mang (kg) | Xi Thép (kg) | Cat (kg) | Bot tro bay (kg) | Bot da voi (kg) | Phu gia (%) |Nwdrc (lit)

M400 470 1033 825

53 117

1,20% 170

M300 415 1065 832

1 1,2% 170

Hinh 13. Piic mau véi khuén mdu tao ddm.

4.2. Panh gid cwong do chiu nén

Sau khi lam cac thi nghiém xac dinh d6 bén
mau, thu dwoc bang téng hop cac két qua thi
nghiém cwong do chiu nén nhw trong Bang 9.

Quan sat két qua trén Bang 9 thiy ring, bé
téng xi thép tw dam c6 cwong d6 ddm bao va hoan
toan dap (rng dwoc cac cong trinh ngam, cong
trinh thuy céng cip théng thuong (Mac trén M250
c6 Ry> 15 MPa) (TCVN5574 - 2012).

4.3. Xdc dinh mé dun dan hoi

M6 dun dan hoi ciia maiu bé tong xi thép tuw
dam dwoc xac dinh dwa theo tiéu chuidn TCVN
5276: 1993 quy dinh phwong phap thir cwong do
lang try, mo6 dun dan hoéi khi nén tinh cda bé tong
nang.

St dung may nén thuy lwc Controls va bién
dang ké dé xac dinh cwdong d6 chiunén ctia bé tong
theo TCVN 3118: 1993. So @6 may nén va bo ga
xac dinh md dun dan hoi dwogc mo ta trong Hinh
15.

Chon cac thang luc thich hop cia may dé khi
nén gia tri tai lém nhat dy kién sé st dung nim
trong khoang 20+80% tai trong t6i da cta thang
luec.

Xac dinh cwdng do lang tru (RLT). Bang cach
dung 3 vién mau, do kich thwdc tiét dién chiu nén
va gia tai pha hoai trng mau nhu thir cwong do
chiu nén cua bé tong theo TCVN 3118: 1993 (Pa
xac dinh trong muc 4.2).

D€ xac dinh moédun dan hoi (Eo) tién hanh dat
tirg mau vao trong may nén. Dit tai tao img xuit
ban dau bang khoang 0,5 daN/cm? 1én mAu. Ghi lai

53
) ~
i k
A

;-n

Hinh 14. Nén mdu trong phong thi nghiém.

gia tri dong ho do & ca 4 mit ding cla vién mAiu.
Tang tai lén mau véi tdc dd 624 daN/cm?/s cho toi
khi dat img suit thtr bang khoang 1/3 gia tri
cwong do lang tru xac dinh & muc xac dinh & muc
4.2. Gilr tai & rng xuat nay 60 gidy va doc gia tri
déng ho do & ca 4 mat trong khoang 30 gidy nira.
M6 dun dan hoi khi nén tinh ctia bé tong duoc xac
dinh tir cAc gia tri cia cAc mAu theo TCVN 3118:
1993. Sau khi thi nghiém va tinh toan thu dwoc
tong hop két qua thi nghiém mé dun dan hoi nhw
Bang 10.

So sdnh mé dun dan hoi cia bé tong xi thép
thuwong va bé tong xi thép tw dadm (Bang 10) thay
rang. md dun dan hoi bé tdng xi thép tw dam va bé
tong nang thong thwong B30-B45 (E, = 32,5x103
+ 37,5x103 MPa) (TCVN5574-2012) 1a xdp xi
nhau. Do d6, tinh dan hoi bé tong xi thép tw dam
hoan toan dap &ng dwoc cho cic vo chéng cac
cOng trinh ngdm théng thuong.

4.4. Danh gia cwong dj chiu kéo uén

DE xac dinh d6 bén chiu uén cta bé téng xi
thép tw ddm, st dung may thir uén Controls tai
phong thi nghiém. So d6 dat dam va thiét bi do
cwong do kéo uon dwgc mo ta nhw trong Hinh 16.

Chu4n bi miu thtr uén theo nhém mau. Méi
nhém mau gom 3 dam. Khi st dung cac ddm bé
tong cat tir két cAu néu khong c6 du 3 dam thi
dwoc phép 14y 2 ddm lam mot nhém mAu thi.

Viéc 14y mau hdn hop bé tong, diic, bAo dudng
khoan cat bé tong va chon kich thwéc thanh ddm
dé 1am mau thr phai dwoc tién hanh theo TCVN
3105:1993.
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Bdng 9. Két qud thi nghiém cwong do chiu nén.

91

Loai bé Tubi x Kich thuwéc Lwc nén max Cuong do Két qua
A \ Mau
tong | (ngay) D (mm) | H(mm) (kN) (MPa) (MPa)
M1 514 29,09
7 M2 150 300 516 29,20 29,30
S M3 523 29,60
e M1 603 34,12
éﬂ 14 M2 150 300 608 34,41 34,18
< M3 601 34,01
Eq.ﬁ M1 632 35,76
28 M2 150 300 636 35,99 35,97
M3 639 36,16
M1 538 30,44
7 M2 150 300 532 30,11 30,35
S M3 539 30,50
3 M1 602 34,07
=] 14 M2 150 300 609 34,46 34,22
< M3 603 34,12
= M1 654 37,01
28 M2 150 300 668 37,80 37,37
M3 659 37,29

Hinh 15. Thi nghiém xdc

N -

dinh médun dan hoi.

Hinh 16. Mdy uén ddm ctia hdng Controls.

Bdng 10. Két qud thi nghiém mé dun dan hoi.

Loai bé | Ngay tudi Miu Kich thwéc M6 dun Két qua
tong (Ngay) B (mm) H (mm) x103 (MPa) x103 (MPa)

oo © M1 33,52

2E® 28 M2 150 300 33,37 33,38
== M3 33,24
oo © M1 38,48

2ET 28 M2 150 300 38,76 38,58
== M3 38,50

Tiéu chuin dé xac dinh cwong do chiu udn cta
bé tong la vién mau dam kich thwéc 150 x 150 x
600 mm. Cac vién mau kich thwéc khac kich thuéc
vién chuin sau khi thir uén phai dwoc tinh ddi két

2 ki A \ A 7 - N 2 A ~

qua thtr vé cwong dd kéo khi udn cta vién chuan.

Do cac kich thwérc tiét dién chiu udn cia mau
chinh xac téi 1 mm. Kich thwéc moi chiéu cla tiét

dién dwoc tinh bang trung binh s§ hoc cta hai
dwong trung binh trén hai mat déi dién tao ra
chiéu dé. Chon thang lwc udn thich hop dé khi tht,
tai trong pha hoai nam trong khoang 20+80% tai
trong cuwc dai ciia may.

D6i véi mau thir udn, dit mau 1én may udn
sao cho hwéng tac dung cia lwc song song véi mat
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hé& ctia vién dam bé tong khi d6. Sai 1éch vi tri dat
lwc cac khoang cach gitra hai gbi twa va hai goi
truyén tai khong dwoc virot qua 0,5 mm. Truc doc
clia dam thép ngang, dAm thép phu phai cling nam
trén mot mat phang.

Gitta cac goi truyén lwc va mit trén ciia mau
cho phép dit cac tAm dém bang gb dan 3 16p day
4+1 mm, rong 15+2 mm, dai bang chiéu rong mau
thir d€ lwc tic dung dwoc truyén déu 1én mau thir.
U6n mau bang cach ting tai lién tuc 1én miu véi
toc do khong d6i va bang 0,6+0,4 daN/cm?/s cho
t&i khi gdy mau. Luc t6i da dat dwoc khi thir udn 1a
tai trong uén gy mau. Hinh anh qua trinh thi
nghiém va mau dam bi giy dwgc mé ta nhw Hinh
17. Tap hop két qua cuwdng dod chiu udn clia mau
dam bé tong xi thép tw ddm dwoc mo ta trong
Bang 11, bé tong xi thép thong thwong Bang 12.

Quan sat két qua thdy rang cwdomg do bé tdong
chiu udn ctia bé téng tw dam xi thép twong dwong
(thdm chi con cao hon) v&i ceong do bé tong xi
thép théng thwong & cung cuwong do thiét ké. Vi
vay, hoan toan c6 kha nang str dung dwoc trong
cac cong trinh ngdm thong thuong.

4.5. Pdnh gid kha ndang chiu mai mon

bEé danh gia kha nang chiu mai mon cta bé
tong xi thép tw dAm str dung may mai kiéu BKM -
2, BKM - 3 hodc Beme. Can mau thtt chinh x4c t&i
0,1 g. Trén cac mit mAu sé mai, tién hanh do cac
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cap canh song song tirng do6i clia mau lap phwong
hoic hai dwong kinh vudng géc nhau cia mau tru
roi tinh dién tich mat mau bi mai. Trén vanh mai
trai déu 20 g cat mai kho rodi dat mau vao khudn
sao cho mau c6 thé chuyén dong dwoc tw do theo
phwong thing ding. Tiép do, dé gdi twa cia don
b4y 1én tAm vién mAiu va dung cic qua cin gia tai
mAu cho du 4p luc 0,6 daN/cm2. Sau 30 m dwong
mai (&ng véi 28 vong quay may BKM hoac 22
vong quay may Beme) may tw dong dirng lai. Quét
bd phén cat mai c, trai déu trén vanh mai 20 g cat
mai mé&i va lai bat may cho dia quay, lam nhw vay
5 Ian thi dG mot chu ky véi tong s6 150 m dwong
mai. Sau mot chu ky, nhac mau ra, xoay mau di 90°
quanh truc thing ding roi lai mai miu véi chu ky
150 m dwong mai méi. Tién hanh nhw vy, du 4
chu ky (600 m dwdng mai). Citr sau mdi chu ky
xoay mau di 900 cuing chiéu véi lan trwéc. Sau d6
nh4c mau ra, lau sach r6i dem can chinh xac téi 0,1
g. Hinh dnh mAu bé tong xi thép sau khi bi mai mon
va qua trinh cin lai miu bé téng sau khi lam thi
nghiém xac dinh d6 mai mon dwgc mé ta nhw
trong cac Hinh 18 va 19. So sanh két qua thi
nghiém d6é mai mon dwoc mo ta trong Bang 13.

Két qua xac dinh do mai mon cho thiy, bé
tong xi thép tw dam c6 d6 chéng mai mon twong
dwong va cao hon bé tong thong thwong nén céd
thé st dung cho cic cong trinh ngdm théng
thuong.

Bdng 11. Téng hop két qud cuomg dé chiu kéo udn ctia mau ddm bé téng xi thép tw dam.

Mac bé Tudi Miu Kich thwéc (mm) Lwc nén Cuong do Két qua
tong (Ngay) B H L (kN) (daN/cm?) (daN/cm?)
M1 30,23 40,3
M300 28 M2 150 300 600 34,12 45,5 42,37
M3 30,98 41,3
M400 28 M1 150 300 600 34,64 46,2 46,9

Bdng 12. Két qud cwdng dé chiu kéo udén bé téng xi thép théng thwong.

, , Dién Khoilwong [ Khoilwong | D6 mai mon bé
A A Kich thuwéc, mm . s N . <
Bétong | Mau tichmai | ban dau sau mai mat
B H L (cm?) (8) (g) (g/cm?)

o © M1 | 70,6 | 704 | 70,4 | 49,70 924 907 0,35
2EX M2 [ 704 | 70,3 | 70,0 [ 49,49 909 889 0,34 0,34

== M3 | 703 | 704 | 70,2 | 4949 928 906 0,33

00 © M1 | 704 | 70,1 | 70,5 | 49,35 924 907 0,29
RET M2 | 70,5 | 70,0 | 70,1 | 49,35 909 889 0,29 0,30

== M3 | 704 | 70,0 | 70,4 | 49,28 928 906 0,31




Trdn Tudn Diép va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 63 (1), 81 - 94 93

Hinh 17. Ddm bé téng xi thép bi gdy.

Hinh 18. Anh mdu sau khi
mai mon.

Hinh 19. Can lai mdu sau
khi mai mon.

Bdng 13. So sdnh két qud do mai mon ctia mau bé téng xi thép tw ddm va bé téng dd dam.

, . Dién tich | Khéilwgng | Khéilwong | D6 mai mon
) x Kich thuérc N N s “ o
Loai Mau mai ban dau sau mai bé mat
B (mm) |H(mm) |L(mm)| (cm?) (8) (8) (g/cm?)
M5-1 70,6 70,5 | 70,7 49,91 924 907 0,34
Bett}?{‘g X M5-2 70,9 70,6 | 70,3 49,84 909 889 0,40 | 0,39
e
P M5-3 70,7 70,7 | 70,4 49,77 928 906 0,44
M7-1 70,4 70,6 | 70,3 49,49 831 810 0,42
Be g%ng da [ m72 70,4 70,5 70,5 49,63 831 807 0,48 | 0,46
am
M7-3 70,5 70,8 | 70,1 49,42 826 802 0,49

5.Két luian

Qua cac nghién ctru & trén c6 thé thiy rang, bé
tong xi thép tw ddm hoan toan cé thé dap tng
cwong do phuc vu cho két ciu chong gitr cong
trinh ngdm. V&i thanh phan bé tong xi thép tw ddm
c6 str dung cdt liéu xi thép & Pong Nam B (Viét
Nam) thay thé da 1 x 2 cm cho két qua chiu nén,
chiu udn, mé dun dan hoéi, d6 mai mon rat tét c
thé dap ing dwoc cac yéu ciu ky thuit cho cac
hang muc cong trinh ngdm c6 cip bé téng yéu ciu
M250 tré 1én.

Tai Ba Ria - Viing Tau, khi st dung xi thép
trong bé tong ham théng thwong cin tin dung
dwoc vat liéu phé thai tir cdc nha may san xuit
thép nham khic phuc dwoc van dé chon 13p va dé
doéng tai cac khu xtt ly chit thai tp trung tai Toc
Tién tinh Ba Ria Viing Tau, dap &ng nhu ciu phat
trién manh két ciu ha ting ky thuat dia phwong,
sw nghiép cong nghiép hoa, hién dai hoa néng
nghiép - noéng thon, gin két dwoc ha ting dia
phwong véi quéc gia, tao sy lién hoan thong suét
va chi phi van ti hgp ly theo chién lwgc phat trién
dia phwong.

Nghién ctru ciing chi ra ring, gia thanh céng
trinh bé tong xi thép tw dAm cé thé dugc canh
tranh hon do kha nang tin dung dwoc ngubn

nguyén liéu tai dia phwong, gia thanh ré, swho tror
tlr cAc doanh nghiép.

Tuy nhién, nghién ctru cling c6 han ché la mé&i
chi d@anh gia dwoc cac tham sé do bén, mé dun dan
h6i, d6 mai mon cta bé tong xi thép tw dam ma con
chwa dé cip dwoc dén do tham nwéc va kha nang
dn mon ctia bé tong xi thép tw ddm. Pay ciing 1a hai
thong s6 quan trong cua bé téng vo chéng céng
trinh ngam.

Thoi gian tdi, cin tién hanh cic nghién ciru
viéc str dung bot xi thép thay thé mot phin cat
trong c6t liéu bé tong tw ddm da dam lam cac 16p
vO chéng cong trinh ngadm. Xa hon can tiép tuc cac
nghién cru bo sung cling nhw phat trién cac
nghién ctru bé tong xi thép tw dAm lam vé chong
cam &ng vét nirt, bé téng thong minh trong xay
dung cic cong trinh ngam.
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Nhém tac gia xin chan thanh cdm on phong
thi nghiém Cong ty C6 phan Vién co hoc rng dung,
gidy chirng nhin 119/GCN - BXD, LAS - XD 1857 .
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Tran Tudn Diép - tién hanh dic miu va lam
cac thi nghiém trong phong thi nghiém, viét bai;
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Tran Tudn Minh - hiéu chinh, bién tip, chinh stra
lién hé gri bai b4o; Nguyén Duyén Phong - hiéu
chinh va kiém tra két qua thi nghiém.
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