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SAN XUAT BE TONG UNG DUNG CHO CAC CONG TRINH THUY LOI
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Tém tit: Trong nghién ciru sir dung cot liéu xi thép va cot soi thity tinh khdng kiém, két hop tro bay
va phu gia siéu déo giam nudc dé che tao bé téng cot sgi c6 cuong do nén ti M40 dén M50. Bé tong
cot soi thiét ké co tinh cong tdc tot, cueong do nén, cwong dé kéo uon va mac chong tham cao, ddp
vng duwoc cdc yéu cau ky thudt cho thi cong cdc cong trinh Thiy loi. Bé téng cot soi thiy tinh khdng
kiém lam ting khd nang chiu uén cua bé tong, lam giam hi¢n twong nit mat cua bé tong va khong
bi cn mon trong méi trieong nwée bién. Sir dung cot liéu xi thép thay thé cot liéu da dam trong san
xudt bé téng gop phan da dang héa cdc loai vit liéu xdy dung, tir d6 nghién ciru va vmg dung cdc
loagi vat liéu xay dung xanh than thién voi moi truong.

Tir khéa: Xi thép; bé téng cot soi; cot soi thiy tinh khang kiém; tro bay; phu gia siéu déo.

Summary: In the study, the steel slag aggregate and alkali-resistant glass fiber were used, combined
with fly ash and water-reducing superplasticizers to produce fiber-reinforced concrete with
compressive strength from M40 to M50. Fiber-reinforced concrete is designed with good workability,
high compressive strength, high spelit tensile strength and high waterproofing grade, meeting the
technical requirements for construction of irrigation works. Alkali-resistant glass fiber reinforced
concrete increases the flexural strength of concrete, reduces surface cracking of concrete and does not
corrode in seawater environment.Using steel slag aggregate to replace crushed stone aggregate in
concrete production contributes to diversifying construction materials, thereby researching and
applying environmentally friendly green construction materials.

Keywords: Steel slag; fiber-reinforced concrete; alkali-resistant glass fiber; fly ash;
superplasticizer.
1. PAT VAN PE nhién dé san xuét bé tong (dd dam, séi) dang 1a

thach thtre khong nhé ma nganh xay dung phal
d6i dién do ngudn khai thac can kiét Vl nhu cau
xdy dung ngdy cang cao, nhung ngudn cung lai
han ché.

Pé san xudt bé tong (BT) va bé tong cdt thép
(BTCT) cho cac két cau cong trinh Xy dung,
Giao théng va Thiy loi dat duoc cac yéu cau ki
thuét va dam bao do bén thi viéc lwa chon céc loai

vat lidu xay dyng trong thiét ké thanh phan bé
tong la hét sirc can thiét. Vi mbi loai VLXD khac
nhau, s& cho chat lugng ctia bé tong thanh phim
khac nhau. Thanh phén vat liéu str dung dé san
xudt bé tong thong thudng gém chat két dinh (xi
méng va phu gia khoang), cdt lidu (cat va da),
nudc, phu gia hda hoc.... Trong do, van dé khan
hiém va thiéu hut ngudn cung cip cdt liéu thé tu

Ngay nhéan bai: 26/9/2024
Ngay thong qua phan bién: 10/10/2024

O nudc ta hién nay cong nghiép luyén gang thep
da va dang dugc phat trién mang tinh chu dong vé
ngudn thép san xuat trong nudc, dién hinh 14 cac
nha may san xut thép Formosa Ha Tinh, Thai
Nguyén, Nha may Thép Phu My,... hang nam s¢
thai ra mot luong xi thép rat 16n. Do luong xi thép
thai ra nhiéu, nén cong tac t6 chirc xir 1y ton kém
va can dién tich 16n dé chua xi, gdy nén hién
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twong 6 nhiém moéi trudng va ngudn nude ngim.
Vi vy can nghién ctru va xur Iy dé tmg dung
ngudn xi thép lam cbt lidu thay thé cbt lidu tu
nhién trong thiét ké va san xuit bé téng, nhim
mang lai hiéu qua vé kinh t&, giam thiéu 6 nhiém
mdi trudng.

Bén canh d0, cac cong trinh xay dung, dac biét
la cong trinh Thuy lgi lam viéc trong moi
truong nude co nhiéu tac nhan gy xam thuc
loai bé tong thong thuong c6 nhugce diém vé kha
ning chiu kéo - uon, chiu xam thuc kém, dé
phat sinh cac vét nit trong qua trinh lam vi¢c
cua bé tong. Dé giai quyét van dé trén thi viéc
sir dung cdt soi thuy tinh khang kiém 1a mot giai
phép hiru ich va mang tinh hiéu qua cao, gitp
tang kha nang chiu kéo udn, giam co ngét cho
bé tong, dong thoi gitip bé tong bén trong moi
truong nude co cac tdc nhan gdy xam thuc da xi
miang. Trong qua trinh thiét ké va ché tao bé

tong cdt soi (BTCS) c¢6 két hop voi phu gia
khoang hoat tinh s€ lam gidm luong xi mang
trong bé tong va gidm hién tuong xam thuc da
xi mang Pooclang.

Trong nghién ctru st dung cbt soi thiy tinh
khang kiém (alkali-resistant glass fiber) va ct
lidu xi thép thay thé cbt liéu d4 dim, cung voi
mot s6 VLXD thong thuong khac dé thiét ké va
ché tao BTCS. Bé tong ché tao c6 cuong do kéo
ubn va mac chéng thdm cao, dam bao chit
lugng thi cong cac cong trinh Thuy loi.

2. VAT LIEU SUDUNG VA KET QUA THi
NGHIEM

2.1. Xi mang

D¢ tai str dung xi mang PC40 thiét ké BTCS; két
qué thi nghiém mét s6 chi tiéu co 1y cua xi mang
dat yéu cau k¥ thuat theo TCVN 2682:2020 nhu
trong bang 1.

Bang 1: Tinh chit co Iy ciia xi ming

TT | Chi tiéu thi nghi¢m Pon vi | Két qua thi nghiém

1 Khdi lwong riéng g/cm® 3.15
Do min (Luong sot trén sang 0,09) % 3.2

3 Luong nudc tiéu chuan % 29.15

, | Thoigian bat dau dong két phut 115
Thoi gian két thuc dong ket phut 315

5 | D¢ on dinh thé tich mm 2.2

;| Gidihan bén nén tudi 3 ngay N/mm? 36.8
Gidi han bén nén tudi 28 ngay N/mm? 49.6

2.2. Tro bay phan bé tong thiét ké. Két qua thi nghiém tinh

Phu gia khodng la tro bay duoc st dung trong
viéc thay thé mdt phan xi mang trong thanh

chét co 1y cua tro bay trong bang 2 dat yéu cau
theo TCVN 10302:2014.

Bang 2: Tinh chit ciia tro bay Pha Lai

TT Chi tiéu thi nghiém Pon vi K¢ét qua thi nghiém
1 | Poam % 0.28
2 Luong nudc yéu cau % 27.8
3 | Khdi luong thé tich xdp kg/m? 944
4 Ty trong g/m’ 2.24
5 | Ham lugng mét khi nung % 3,08
6 Ham luong SiO, % 50.98
7 Ham lugng Fe,04 % 10.34
8 Ham lugng Al,O4 % 31.27
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TT Chi tiéu thi nghiém Pon vi Két qua thi nghiém
9 Ham luong SO, % 0.15

2.3. C6t liéu min (cat)

Cat thi nghiém 1a cat ldy & cong trinh xdy
dung va dugc dua vé Phong nghién cuu vat
li€u dé thi nghi¢m. Cat thi nghi¢m la cat loai

vira, c6 thanh phan hat va céc chi tiéu co ly
phu hop TCVN 7570:2006. Két qua thi
nghiém tinh chat co 1y cua cat duoc trinh bay
trong bang 3.

Bang 3: Tinh chit co Iy cia cat

TT | Chi tiéu thi nghiém Don vi Két qua thi nghiém
1 Khbi luong riéng g/cm’ 2.68
2 | Khoéi lugng thé tich xdp g/cm’ 1.65
3 | P hong % 38.4
4 Ham lugng bui, bun, sét % 0.85
5 M6 dun d6 16n - 2.86
6 Tap chét hiru co - Pat
7 Thanh phan hat - Dat

2.4. Cot liéu thd (da diam)

P4 dam thi nghiém dugc 1y tir cong trinh thi cong
thuc t€ va duge dua vé Phong nghién ctru vat ligu dé

thi nghiém. D4 dam phdi tron ¢ hat (5 + 20)mm cb
thanh phan hat va tinh chat co 1y dat ti€u chuan TCVN
7570:2006 dugc trinh bay tai bang 4.

Bing 4: Tinh chit co Iy ciia d4 dim

TT | Chi tiéu thi nghiém Don vi Két qua thi nghiém

1 Khdi lugng riéng g/cm’ 2.76

2 Khoi lugng thé tich xop g/cm’ 1.68

3 Ham lugng bui, bun, sét % 0.58

4 Ham lugng thoi det % 18.8

5 Ham lugng hat mém yéu % 1.15

6 D6 hut nude % 0.48

7 Thanh phan hat - Dat
2.5. Cot li¢u X’l thep T Chi tlie:l thi Pon vi Ket (lllufn thi
Xi thép duoc lay ¢ khu cong nghiép luyén gang - ng 1cm nghiem
thép Hoa Phat - Kinh Mo6n - Hai Duong va dua tich xop

A DL PO S ‘A \ 3 | B hat nudce % 2.66

vé Phong nghién cutru vat li¢u dé thi nghiém va

phan loai thanh phﬁn hat dat cd hat (5 - 20)mm
theo tiéu chudn TCVN 7570:2006. Céc chi tiéu
co 1y cua ¢t lidu xi thép nhu trong bang 5.

Bang 5: Tinh chit co Iy cia xi thép

TT Chi tlfe:l thi Pon vi Ket ql.lfl thi
nghiém ) nghiém
1 | Khéilugngriéng | g/em’ 3.26
2 | Khéi lugng thé | g/em’ 2.02
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Hinh 1: Hinh anh xi thép quét
tie kinh hién vi dién tir [20]

2.6. Nwée: Nude str dung dé tron va bao dudng
bé tong 1a nudc sinh hoat liy tai phong thi
nghiém, nudc phi hop tiéu chuin TCVN
4560:2022.

2.7. Phu gia héa hoc: Vi soi thuy tinh c6 dac
tinh 1 hat nudc hap phu bé mit 16n nén sé& lam
giam tinh cong tac ctia hon hop bé tong (HHBT)
xudng rat thip. Vi vay BTCS cén phai sir dung
phu gia si€éu déo (PGSD) gidm nudc bac cao
gbc Polycacboxylate (PC). Pé tai sit dung
PGSD giam nudce bac cao voi lugng dung thong
qua céc thi nghiém cu thé dé xac dinh ty 1¢ pha
tron hop 1y, dam bao tinh cong tac yéu cau cua
HHBT.

2.8. Cot soi thity tinh: Cdt soi thay tinh khang
kiém (AR - Glass Fiber) duogc st dung c6 chiéu
dai 50 mm, khdi lwong riéng 2,7g/cm?, cudng
do kéo dat 3500MPa va céc chi tiéu co ly dat
tiéu chudn ACI 440.3R-12.

3. THIET KE CAP PHOI BE TONG VA
KET QUA THI NGHIEM

3.1. Thiét ké cAp phoi BTCS

St dung phuong phap thiét ké thanh phan
BTCS theo tiéu chuan ACI 211-4R:1993. Trén
co sO cac loai vat liéu s dung dé ché tao bé
tong dd nghién ctru ¢ trén, dé tai da két hop cac
loai vat lidu v6i cbt soi thity tinh khang kiém
(AR - Glass Flber) va phu gia siéu déo the hé
moi dé thiét ké bé tong cot soi v6i yéu cau cua
mau d6i chimg (mdu bé tong khong co cot S01)
¢ cuong d6 nén & tudi 28 ngay dat M40; hdn
hop bé tong c6 do linh dong cao, dam bao hdn
hop khong phan tang, khong tach nudc va co do
nhét phit hop gitip phén tan soi tot trong HHBT,
tao sy dong nhat va phat huy hiéu qua cta cdt
sgi1 trong bé tong.

Ky hiéu (CP1) sir dung c6t liéu tho 1a da dim
va thay da dam bang cot lidu xi thép (CP2).
Thanh phan vat liéu cho cac cdp phdéi BTCS
thiét ké nhu trong bang 6.

Bang 6: Thanh phén vat liéu cho 1m?3 bé tong c6t soi

o onéi m):lll Trobay | Nwée | Cit | Cotsoi Cot licu tho PGSD
PP (kg)g (kg) (lit) (kg) | (kg) |Padim (kg)|Xithép (kg)| (lit)
CP1 360 90 180 800 | 6.57 1018 _ 5.4
CP2 360 90 180 855 | 6.57 _ 1268 5.4

Sau khi thiét ké thanh phan vat liéu cho 1m? bé
tong, tién hanh phéi tron vat li¢u dang tiéu
chuin hién hanh va thi nghiém xéac dinh d6 sut
(Sn, cm) cta cac HHBT. Sau d6 dic mau thi
nghiém cuong do nén (R,, MPa), cuong do kéo
khi ubn (Rx, MPa) va méac chong thim (W, at)
clia tit ca cac cap phdi BTCS thiét ké.

3.2. Két qua thi nghiém d¢ sut ciia ciac hén
hgp BTCS

Tién hanh tron vat lidu cac cép phéi da thiét ké
nhu bang 2.8, thi nghiém xac dinh dd sut cua
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cac hdn hop bé tong theo tiéu chuan, tién hanh
giit hon hop bé tong sau 30 phut dé kiém tra lai
do sut. Két qua kiém tra do sut ciia cac hdn hop
BTCS thé hién nhu trong bang 7.

Bang 7: Két qua thi nghiém dé sut

Cip phoi DY sut (cm)

Co6 PGSD | C6 PGSD, sau 30 phut
CP1 16,0 14,5
CP2 12,5 11,5

Nhén xét: Tir két qua thi nghiém d sut & bang
7, ¢6 thé thay cac hon hgp BTCS thiét ké c6 pha
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PGSD véi ham luong hop 1y thi tat ca cac cap
ph01 bé tong déu co do sut thoa man yéu cau
thiét ké, HHBT dam bao vé tinh cong tac cho
bé tong thi cong cac cong trinh Thuy 1gi va cong
trinh bién theo TCVN 8218:2009 va TCVN
9139:2012. Tuy nhién, hdn hop bé tong sir dung
cdt liéu xi thép (CP2) c6 do sut thap hon HHBT
str dung c6t lidu da dam tir 3-4cm, cap phdi st
dung da dam (CP1) c6 d6 sut rat cao khi pha
PGSD, diéu nay phu hop voi do hat nudc khac
nhau cua cac loai cbt liéu tho da st dung trong
thiét ké.

Bén canh d6, muc giam do sut cua cac hdn hop
bé tong theo thoi gian (sau 30 phut) van dam
bao vé tinh cong tac cua cic hon hop BTCS
thiét ké. Piéu nay 13 do trong thanh phan cta bé
tong c6 sir dung phu gia hoa déo thé hé madi g
Polycacboxylate sé& duy tri dugc do luu dong
ctia hdn hop bé tong trong qua trinh thi cong rét
tot. Vi vay, trong thiét ké thanh phﬁn BTCS,
nhét thiét phai sir dung PGSD giam nudc bac
cao dé ¢t soi co su phan tan tot va duy tri dugc
tinh cong tac trong qua trinh van chuyén va thi
cong.

3.3. Két qua thi nghiém cwong d6 nén
cua BTCS

Dé thi nghiém cuong do nén, dic cac té mau thi
nghiém hinh 13p phuong c6 kich thude
(15x15x15)cm, mau duc thi nghiém dugc ché
tao va bao dudng theo TCVN 3105:2022. Két
qua thi nghiém cuong d0 nén ¢ 7 va 28 ngay
tudi nhu trong bang 8 va biéu d6 hinh 2.

Bing 8: Két qua thi nghiém cwong d9 nén

Cép Cuong dd nén, MPa
phoi 7 ngay 28 ngay
CP1 30,4 43,8
CP2 38,7 55,2

|  KHOA HOC

CONG NGHE

60
<0
$0
30
20
10

"Rﬁ“

Cuong 49 nén. MPa

=CPl = CP2

Hinh 2: Biéu d6 so sanh cwong dé nén
cua cdac cap phoi BTCS

Nhdn xét: So véi bé tong st dung cbt lidu da
dam thi bé tong sir dung cdt lidu xi thép (CP2)
¢6 cuong do nen cao hon 27,3% & tudi 7 ngay
va 26,03% & tudi 28 ngay. Didu nay c6 thé glal
thich nhu sau: xi thép c6 tinh chat co hoc tot
hon da tu nhién, vi xi thép c6 thanh phan cau
tric tinh thé dac biét ma thanh phan chu yéu 1a
cic khoang chét twong tu thanh phan cua xi
mang; xi thép nang hon, ma sat tot hon, do bén
cao hon da dam ty nhién, do vay bé tong st
dung cdt lidu xi thép s& cho cuong do nén cao
hon.
3.4. Két qua thi nghiém cwong d9 kéo khi
uén ciia BTCS
Pé thi nghi¢m cuong do keéo khi udn, mau thi
nghiém c¢6 kich thuéc hinh lang tru
(10x10x40)cm. MAu duc thir nghiém dugc ché
tao va bao dudng theo TCVN 3105:2022. Bao
dudng miu trong didu kién moi truong tiéu
chuan va tién hanh kiém tra cuong d6 kéo khi
ubn cia cac t6 mau bé tong. Két qua thi nghiém
cuong do kéo khi uén ¢ 7 va 28 ngay tudi nhu
trong bang 9 va biéu d6 hinh 3.

Bang 9: Két qua thi nghiém cuong dd

kéo khi udn

Cép phii Cuong d kéo khi uon, MPa
7 ngay 28 ngay
CP1 5,8 7,6
CP2 7,9 10,2
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Hinh 3: Biéu dé so sdanh cwong dé kéo
khi uon cua cac cap phoi BTCS

Nhan xét: Tuong tu cudong do nén, BTCS su
dung cdt liéu xi thép (CP2) c6 cudng do kéo
khi ubn cao hon BTCS st dung cbt liéu da
dam khoang 35,48 + 43,21%, vi ban than xi
thép da co cuong d6 va do bén cao hon da
dam.

Ngoai ra, véi bé tong xi mang thong thuong
(khéng cé cot soi) thi cuong do kéo chi bang
khoang tir 1/15 dén 1/10 (tix 6,67 + 10)% cudng
d6 chiu nén, nhung khi trong thanh phén cua bé
tong c6 cot soi thuy tinh da lam ting cudong do
chiu kéo cua bé tong 1én tur (18,50 + 21,71)%
Rn.

3.5. Két qua thi nghiém mac chong thim ciia
BTCS

Cac mau bé tong thi nghiém mac chong thim
st dung dbi voi 02 loai cdt liéu tho: da dam, xi
thép thi nghiém theo TCVN 3116:2022. Mau
dugc bao dudng 28 ngay trong diéu kién tiéu
chudn, sau d6 tién hanh kiém tra mac chdng
thadm. Két qua thi nghiém xac dinh mac chéng
thim cta BTCS sau 28 ngay thé hién trong bang
10.

Bang 10: Két qua thi nghiém mac chdng thim

. . Méc chéng thim
STT Cap phoi
ap phoi W, at
1 CP1 12
2 CP2 14

Nhdn xét: Tat ca cac mau bé tong déu dat mac
chong tham yéu cau cua bé tong dung cho cac
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cong trinh Thuy lgi theo TCVN 8218:2009 va
TCVN 9139:2012. Mau BTCS sir dung cdt liéu
xi thép (CP2) dat W14, cao hon 1 cép so vdi
mau BTCS sir dung da dam. Diéu nay ciing phu
hop voi do dac chic va cuong do nén, cuong do
kéo khi ubn cua cac cip phdi BTCS tuong tmg.
Trong thiét ké, dé ting mac chong tham cho
BTCS thiét ké, can thiét phai diéu chinh ham
lwong phu gia siéu déo mét cach hop 1y nhat,
nham giam luong nudc tron bé tong, tang do dac
chic cia bé tong va 1am ting mac chéng thim
cho bé tong.

4. KET LUAN VA KIEN NGHI

Tu cac két qua thi nghiém vé cuong do nén,
cudng do kéo khi udn, mac chéng tham cua cac
cap phdi BTCS sir dung c6t lidu tho 1a da dam,
xi thép cho thay BTCS 1a mot loai bé tong sir
dung hi€u qua cho cac hang muc cong trinh
Thuy loi va cong trinh bién c6 yéu cau cao vé
mac chéng tham, BTCS dic biét co kha nang
khang nirt, giam co ngét tot hon vi c6 cudng
do chiu kéo khi udn tét hon nhiéu so véi bé
tong thong thuong, vi vay can tiép tuc nghién
cuu va ung dung céc loai BTCS vao thi cong
céc cong trinh Thiy loi va cong trinh bién.
Soi thity tinh ¢6 ngudn gdc 1a mot loai khoang
lam ting kha niang chiu kéo udn cua bé tong,
lam gidm hién tugng nut mdt cia bé tong va
khong bi an mon trong mdi trudng nudc bién,
bén trong moi truong kiém. Vi tinh ning chiu
kéo cao gip 2 dén 3 lan cdt thép va khong bi dn
mon, vi vay khi tmg dung cho cac cong trinh
Thuy loi lam viéc trong moi trudng nude cd cac
tdc nhan xam thyc manh nhu moéi truong nude
bién, moi truong nude thai cia cac khu cong
nghiép c6 thé sir dung két hop soi thuy tinh dé
thay thé cot thép thuong.

Cot lidu dung dé san xuat bé tong ngay cang
khan hiém do nhu cu xay dung ngay cang cao
ma ngudn cung Gmg lai dan can kiét, vi vdy can
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thiét phai nghién ctru cac loai cbt liéu tai ché,
tan dung cac loai phu phém cong nghi¢p lam cbt
li¢u thay thé cho cbt liéu ty nhién trong san xuét
bé tong, gop phan giam gia thanh bé tong va gop
phan bao vé moi trudng. Can nghién clu cac
quy trinh va tmg dung t&i da ngudn xi thép dé
thay thé d4 dam lam cét liéu cho bé tong, gitp
bién vat liéu thai thanh ngudn nguyén liéu co
gia tri, tiét kiém chi phi xur 1y chét thai va bao
v€ mai truong.

Trong thiét ké thanh phan bé tong cbt soi, dé
duy tri duoc tinh luu dong ctia hdn hgp bé tong
va tinh chat k¥ thuat cua bé tong ran chic thi
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nhat thiét phai st dung phu gia siéu déo giam

nudc bac cao hop ly. Lya chon cac loai VLXD
dam bao yéu cau ki thuat theo cac tiéu chuan
hién hanh. Dic biét 1a tan dung t6i da cac ngudn
phu phdm coéng nghiép va cac ngudn vat liéu tai
chd, gép phan giam gia thanh xay dung. Xi thép
¢6 d6 dic chic, cuong do va do bén cao hon da
dam ty nhién nén khi st dung lam cdt liéu 16n
thay thé cho ¢t liéu da dam gitp BTCS xi thép
c6 cuong do nén, cuong do kéo khi udn va mac
chéng thim cao hon. Bé tong cbt soi xi thép cd
d6 bén va kha ning chéng xam thyuc cao, phu
hop thi cong cac cong trinh Thuy loi.
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