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Bé tong 1a vat liéu c6 cuong dd chiu udn thip hon rit nhiéu so véi cwong dd chiu nén, nén nhiéu nghién
ciru trude diy da tim cach dwa vao hdn hop bé téng cac loai sgi thé nhw s¢i polyme, sgi cacbon, sgi thép...
v6i ham lwong thip (do anh hwéng kich thuéc cia cot liéu nén khong thé sir dung sei véi ham lwong cao)
dé cai thién kha ning chiu udn ciia bé tong. Bé tong tinh niing siéu cao (UHPC) sir dung mdt ham hrong
16m cac loai hat min (nhé hon 0,075 mm) nén cwong dd rit cao va khi thém vao lwong 16n s¢i thép c6 thé
ting cwong dd chiu udn va thay doi ban chit ciia bé tong tir mot vat li¢u gion sang vat liéu cé tinh déo dai
cao. Bai bio trinh bay két qua nghién ciru sir dung cac nguyén vat li¢u tai phia Nam dé ché tao UHPC cét
soi thép manh (s¢i thép dai 13 mm, dwong kinh 0,2 mm) dat cwomg dd chiu nén 1én dén 140 MPa, cuong

d% chiu uén 16n hon 30 MPa véi ham lwong soi thép dén 4% theo thé tich bé tong.

Tir khéa: bé tong bot hoat tinh, bé téng tinh néng siéu cao, cét sgi thép.

Chi sé phén logi 2.1

A STUDY ON THE EFFECTS OF MICRO STEEL
FIBER CONTENT ON CHARACTERISTICS OF
ULTRA-HIGH PERFORMANCE CONCRETE (UHPC)

Summary

Concrete is a material that has much lower flexural strength than
compressive strength; therefore, previous studies have tried to find the
ways to add some types of raw fibers with low contents (due to the effects of
aggregate size, they could not be used with high contents) into the concrete
mixture including polymer fibers, carbon fibers, steel fibers, and so on to
improve the bend strength of concrete. Ultra-high performance concrete
(UHPC) uses a large amount of fine particles (less than 0.075 mm), so it has
a very high compressive strength and can be added with a large amount of
micro steel fiber to improve the bending capacity and change the nature
of concrete from a brittle material into a tough and flexible material. In
this paper, the authors present the research results of using materials in the
Southern Vietnam to produce ultra-high performance steel fiber concrete
(UHPSFC) which can achieve the compressive strength up to 140 MPa, and
the flexural strength greater than 30 MPa by using micro steel fiber (which
has the length of 13 mm, and the diameter of 0.2 mm) with the content up to
4% according to the volume of concrete.

Keywords: activated powder concrete, steel fiber, ultra-high performance
concrete UHPC.
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pat van de

Bé tong tinh nang siéu cao cdt
so1 thép manh (bé tong UHPSFC)
dugc coi la thé hé thtr hai cua bé
tong cbt soi thép, 1a san pham
mang tinh budc ngoat cua sy phat
trién cong nghé xay dung, véi cac
dac tinh vugt trdi so voi bé tong
thuong nhu co ty 1€ N/CKD <
0,25, cuong do nén lon hon 150
MPa, cuong d6 udn dat 15+50
MPa, moédun dan hoi cao 50+60
GPa [1, 2], d6 tham thap va do
bén rat cao, ding cho cac cu kién
duc sin, dam cau ban mong dac
san, tAm vo mong, silo [3]..., hodc
dung dé sira chira cac két cdu da
bi hong, cac bé chira phé thai hat
nhan, cac ciu kién ndi str dung bé
tong tinh nang siéu cao [4, 5]...

Tac gia da nghién ctru ché tao
bé tong UHPSFC, véi thanh phan
bt min dugce st dung la bot quazrt
c6 duong kinh hat trung binh tir
50+75 um voi lugng thém vao tir



0+30%, dong thoi giam lugng cat 0,8 mm sao cho tong
thé tich tuyét ddi ctia bé tong van dam bao 1000 lit,
ham luong soi thép 1+4%, ham lugng xi mang > 950
kg/m? cap phdi bé tong, ham lugng silicafume tdi da 1a
25% theo khéi lugng xi mang.
Vat liéu va phuong phap nghién ciu

Vit liéu nghién ciru

- Xi mang: OPC50 cua Cong ty Ha Tién (bang 1).

Bdng 1: tinh chat co Iy ciia xi mang Ha Tién OPC50

Tinh chit Ponvi | Kétqua | Phuong phép thir
Thoi gian ninh két:
- Bit dau Phut 140 TCVN 6017-95
- Két thuc 195
Ty dién theo PP Blaine cm?/g 3,897 TCVN 4030-2003
Lugng sot trén sang 0,08 % 1,5 TCVN 4030-2003
Tinh 6n dinh thé tich mm 1,0 TCVN 6017-95
Luong nudc tiéu chuén % 26,6 TCVN 6017-95
Ty trong g/em? 3,10 TCVN 4030-2003
Cuong d6 chiunén: - R 3 29,7

R 28 N/mm? 552 TCVN 6017-95

- Cat nghién: cat nghién min tir quartz sach, ham
lugng SiO, > 99%, ngudn goc tir Khanh Hoa, kich
thudce hat 16n nhat 12 0,075 mm.

- Cat: 12 cat sach, c¢6 ngudn gdc tir Khanh Hoa, kich
thude hat 16n nhat 1a 0,8 mm.

- Soi thép: loai Radmix, c6 kha ning chdng dn mon,
v6i chiéu dai (1340,5) mm, duong kinh (0,2:£0,008)
mm, gi6i han chay 1a 2400 MPa, khdi luong riéng 7,8
g/cm?, phit hop tiéu chudn ASTM A820 (hinh 1).

Hinh 1: sgi thép thing ma dong dwong kinh 0,2 mm, chiéu dai 13 mm

cua Hang Berker

- Silicafume: sur dung cia Hang BASF, ham luong
Si0, > 95%, loai nén chat dé tranh 6 nhiém moi truong.

- Phy gia siéu déo Glenium® ACE 388 SureTec la mot
phu gia siéu déo géc polycarboxylic ether (PCE) cai tién.
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Phwong phap nghién ciru

Tinh toan thiét ké cip phdi theo phuwong phap thé
tich tuyét d6i két hop thuc nghiém.

Két qua nghién ciu va thao luan

Anh huong cua ham lwong xi mang dén sw phat
trién cwong dg nén ciia bé tong UHPSFC

Cép phbi bé tong (bang 2) véi ham luong xi ming
dao dong tir 950 kg dén 1100 kg, phu gia siéu déo tir
2,5+3% so voi khdi lwong xi ming, ham lugng sgi thép
tir 0+4% theo thé tich tuyét dbi cua bé téng.

Bdng 2: cdp phdi bé tong

Ham
legng | . ., CN, SF, .

STT i Ky hiéu | X, kg ke C kg ke SD,lit | N,kg | ST |NICKD | ¢ v,
thép

1| 0% | CPL | 950 | 285| 795 | 190 | 2375 | 1824 | 0 | 0l6 | 24262 | 9994

2| 0% | CP2 | 1000 {250 | 665 |250 | 25 | 200 | 0 | 016 | 2390 | 99,1

30 0% | CP3 | 1100 | 275 | 468 |275| 275 | 220 | 0 | 0l6 | 23655 | 9996
4 1 1% | 1%CP3 | 1100 | 275 | 440 | 275 275 | 220 | 78 | 0o | 24155 | 9990
5| 2% | 2%CP3 | 1100 | 275 | 4l6 275 | 275 | 220 | 156 | 016 | 2469.5 | 9999
6 | 3% |3%CP3| 1100 | 275 | 388 | 275 | 27,5 | 220 | 234 | 016 | 25195 | 9994
T | &% | 4%CP3 | 1100 | 220 | 417 275 | 21,5 | 220 | 312| 016 | 25715 | 9996

Trong do: X la xi mang (kg); CN la cdt nghién (kg); C la cdt 0,8 mm
(kg); SF la silicafume (kg); SD la siéu déo (lit); N la nuoc (kg); ST la
soi thép (kg); CKD la chat két dinh = X + SF; g, la trong luong riéng
ciia bé tong (kg/m’); V. la thé tich tuyét doi cuia bé tong
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Hinh 2: dnh hudng cia ham lwong xi mang dén sw phdt trién
cuong do cua bé tong



Hinh 2 cho thdy, cuong d6 nén cia bé tong ting
dan khi ting ham lugng xi mang trong cdp phdi ciia
bé tong. Cap phdi bé tong sir dung 950 kg xi mang dat
cuong d6 130 MPa ¢ 28 ngay tudi, cap phdi bé tong sir
dung 1000 kg xi mang dat cuong do 149,5 MPa (tang
14,9%), cap phdi bé tong sir dung 1100 kg xi ming dat
cuong d6 155,2 MPa (ting 19%). Nhu viy, cip phdi
bé tong su dung 1100 kg xi mang cho cuong do cao
nhét, do d6 dugc chon lam cép phéi nén dé nghién ctiru
anh cua soi thép manh dén tinh chit co 1y cua bé tong.
Céc cap phdi c6 ham luong xi mang nho hon 950 kg
xi ming do khong dat yéu cau thi cong 21+23 cm va
cuong do dudi 100 MPa nén s& khong duogc dé cap dén
trong nghién ctru nay.

Anh huong ciua ham lwong soi thép dén téc do
phat trién cuong dp nén cua bé tong UHPSFC theo
thoi gian

Két qua thir cuong do nén cua bé tong (hinh 3)
cho thiy, & 28 ngay tudi, bé tong nén (0% soi thép)
dat cuong do thép nhat 155,2 Mpa; vdi 4% soi thép,
bé tong dat cuong do cao nhat 1a 170,8 MPa (ting
10,1%); bé tong co6 1% soi thép dat cuong do 156,7
MPa, tang khong dang ké so v6i bé tong nén; véi 2%
soi thép, cuong do bé tong dat 165,6 MPa (tang 6,7%)
va 0 3% soi thép, bé tong dat 169,1 MPa (tang 8,9%).
Nhu véy, két qua cho thiy, sy c6 mit cua soi thép lam
tang cuong do chiu nén cua bé tong, cuong dd nay tang
ty 1¢ thuan voi ham luong soi trong bé tong.
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Hinh 3: anh hwong ciia ham lwong soi thép dén st phit trién
cwong do ctia cap phoi bé tong (CP3 - ham leong 1100 kg xi mang/m?
bé tong)
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Anh hwéng cia ham luong sgi thép dén toc dp
phit trién cwong dj uon ciia bé tong UHPSFC theo
thoi gian

Hinh 4 cho thdy, khi thém s¢i thép vao bé tong,
cudng d6 chiu ubn & 28 ngdy tudi ciia bé tong ting
24,6% (7,15 MPa) d6i voi bé tong c6 ham lugng soi
thép 1%, tang 65% (13,14 MPa) ddi v6i 2% soi thép,
tang 122% (24,46 MPa) d6i v6i ham luong 3% soi
thép va ting 180% (36,15 MPa) dbi vai 4% soi thép.
Két qua nay cho thay, ham lugng soi thép anh huéng
dang ké dén kha niang chiu udn cua bé tong va cb su
truyén tng suat tir bé tong nén sang soi thép.
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Hinh 4: dnh huong ciia ham heong soi thép dén toc do phat trién
cuong do chiu uon cua bé tong (CP3 - sur dung 1100 kg xi mang)

Anh hwéng ciia ham lwong soi thép dén sw
phit trién cwong dp chiu kéo truc tiép ciia bé tong
UHPSFC

Mau nghién ctru ¢6 hinh chir I (tiét dién to ¢ hai
dau) (hinh 5), dwoc ngoam chit hai dau to va gia tai
kéo boi ngam di dong ciia may kéo van nang.

Hinh 5: so do kéo truec tiép méu chit I bé téng UHPSFC

Theo két qua thé hién anh hudng cia soi thép dén
kha ning chiu kéo ciia bé tong (hinh 6) cho thay, kha
nang chiu kéo truc tiép ciia bé tong c6 ham luong soi



thép 1% tang 1én khong dang ké so v6i mau bé tong
nén (0% soi thép) - ting 11,2% (ting 0,55 MPa), mau
2% soi thép tang 33,5% (tang 1,65 MPa), mau 3% soi
thép tang 85,2% (tang 4,19 MPa) va mau 4% soi thép
tang 109% (ting 5,38 MPa) so v&i bé tong nén.
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Hinh 6: dnh huong ciia ham lirong soi thép dén kha ndang chiu kéo
cua bé tong (CP3 - su dung 1100 kg xi mang)

Anh hwéng ciia ham lwong sgi thép dén dé déo
dai cua bé tong

Theo tiéu chuan ASTM C1-018, dua vio biéu do
Irc udn (kN) - 46 vong (mm) xéc dinh luc uén gay nirt
dau tién (P) va vé du’O‘ng tiép tuyén v6i OA (ving dan
hoi cua bé tong), tir diém P ha duong thang vudng goc
va cét véi truc hoanh tai diém B, khoang cach O’B 1a &
va dién tich vang O’AB = A, twong tu ta ¢6 di¢n tich
(BACD) tai d0 vong 36 la A, dién tich tir d vOng 3’6
dén 5,56 (DCEF) la A,, di¢n tich tir 46 vong 5,55 dén
10,56 la A, (xem hinh 7).
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Hinh 7: biéu do danh gid chi s6 déo dai
theo tiéu chuan ASTM CI1-018

Qua do, c6 thé tinh cac chi s6 déo dai nhu sau: L=
(A, FA) /A (D)L = (A FAFA)A @2) ] =(A
TAFATA)/A Q).

10,5 4
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Mau dam bé tong kich thudc 10x10x40 cm duge
duc tir cac cAp phdi bé tong voi ham lugng soi thép 0%
(CP3-0), 1% (1% CP3), 2% (2% CP3), 3% (3% CP3),
dudng ho 4m trong 28 ngay va thir udn véi so dd udn 4
diém (hinh 8) theo tiéu chuan ASTM C1-018, khoang
cach 2 gbi cd dinh 1 300 mm, toc d6 tang tai 1a (0,05-
0,1) mm/phut.

Hinh 8: so do uon dam 4 diém theo ASTM CI1-018

Phuong phap danh gid 4o déo dai cua bé tong dya
theo tiéu chudn ASTM C1-018 véi cach tinh & hinh 7
nhu sau:
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Hinh 9: biéu do danh huwong ciia ham lwong soi thép dén moi quan hé
ung suat - do vong ciia bé tong voi cac ham luong soi 0%, 1%, 2%, 3%

Theo két qua udn dam thé hién ¢ hinh 9 ta thiy, biéu
d6 udn dam 1% CP3, 2% CP3, 3% CP3 c6 phan thoai
hon rat nhiéu (khong d6 doc thang ding nhu dam bé
tong co 0% soi thép). Khi tai trong udn vuot qua kha
ning chiu lyc ciia dim bé tong, than dam bat ddu xuét
hién vét nirt va lan rong tir tir (hinh 10), dim khong bi
pha hity ngay ma van lam viéce, duoc thé hién ¢ biéu d6
d6 ddc tir tir ké tir khi tai trong vuot qua kha niang chiu
luc ctia dam cho dén khi dam bj phé hily hoan toan.



Hinh 10: vét nirt bét dau hinh thanh va mé réng tir tir sang vimg lan cdn

Kha ning chiu uén ciia dam bé tong ting khi ting
ham luong soi thép, mau dam c6 0% soi thép cé cuong
dd chiu udn thép nhét, mau dam c6 3% soi thép co
cuong do chiu udn cao nhéat. Vi mau dam c6 ham
lwong soi thép 0% & biéu d6 hinh 9 cho két qua nhu
sau: do vong 16n nhat 14 2,33 mm, ung sudt chiu uén
16n nhat gay pha hay 1a 9,95 MPa.

Theo chi din cuia ASTM C1-018, ta c6 so do tinh
toan chi s6 déo dai ctia cac dAm bé tong voi ham lugng
s¢i thép tir 1+3% nhu & hinh 11.

Unp e, Ung suit,
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Hinh 11: so do tinh chi so déo dai ciia dam bé tong
voi ham lwgng soi thép khdac nhau
(a) 1% sgi thép; (b) 2% soi thép, (c) 3% soi thép

Két qua uén mau dam c6 ham lugng soi thép 1%
cho thdy, d6 vdng 16n nhat khi bi pha hiy 1a 4,78 mm
Vért'rng suét phé hay 16n nhat P, = 16,67 MPa, ung
suat gdy nut dau tien P,_=9,97 MPa (P, = 59,8% P, ).
Dién tich tai vi tri d§ vong 13 1a A, = 133004817,9
mm?, tai vi tri d§ vong 36 1a A = 798028907,7 mm?
va tai vi tri do vong 5,56 la A:,,,5 = 490301§15,3 mm>.
Dua vao cong thire (1) va (2), tinh ra chi s6 déo dai I,
=7,1..=10,7.

> 755

V6i mau dam c6 ham luong soi thép 2%, do vong
16n nhat khi bi pha huy 1a 5,07 mm va c6 tng suat pha
hay 16n nhat P, = 19,63 MPa, ing suat gdy nut dau
tien P, = 11,3 MPa (P, = 57,6% P, ). Di¢n tich tai
vi tri d§ vong 16 1a A = 186040948,8 mm’, tai vi tri
do vong 36 la A, = 1116245692,8 mm® va tai vi tri do
vong 5,56 la AS,5 =568018258,01 mm?. Dua vao cong
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thitc (1) va (2) tinh ra chi s0 déo dai 1a I, = 9,2 va I,
=11.

Véi mau dam c6 ham luong soi thép 3%, do vong
16n nhat khi bi pha huy 1a 4,3 mm, Gng suét pha huy
16n nhat P, = 25,78 MPa, ing suat gay niit dau tién
P, =153 MPa(P_=59,3% P, ). Dié¢n tich tai vi tri do
vong 16 1a A = 251312005,4 mm?, tai vi tri d§ vong
36 la A, = 2230208062 mm? va tai vi tri d0 vong 5,56
laA = 598011§21,4 mm?. Dya vao cong thire (1) va
(2), tinh ra chi s déo daila1;=9,9 val =123,

b
12.0 123
o 110
L I T L
-z 100 W e -7 107
e e
= 9.2 -~
280 - =
‘E ’ 7.0 L g —p 0%
= 6.0 -— = 1%
-
£ 2%
= 40
=, 3%
.
.IJ’ 1.0 10
0.0
13 15,5

Chi so déo dai

Hinh 12: dnh hiedng ciia ham heong soi thép dén tinh déo dai ciia bé tong

Dam bé tong vai 0% sgi thép co chi s6 déo dai thap
nhat (I, = [, , = 1) va d0 16n cua chi s6 deo dai tang dan
ty 1€ thuan véi ham lugng soi thép, & dam bé tong co
3% soi thép co chi s6 déo dai 16n nhat (hinh 12).

Két luan

Véi cac két qua nghién ciu nhu di néu ¢ trén, co
thé rat ra mot sd két luan nhu sau:

- Vi ngudn nguyén liéu ¢ phia Nam, budc dau da
nghién ctru va ché tao thanh cong UHPC st dung cdt
liéu min va sgi thép manh (dai 13 mm, duong kinh
0,2 mm, tron tron). Cuong d¢ nén: R .= 155,2 MPa,

CP3

R =156,7MPa, R =165,6 MPa,R,, ..,=169,1

1%CP3 2%CP3 %CP3

MPa, R,,, .= 170,8 MPa; cudng do ubn R ,, = 20,05
MPa, R, ,.=272MPa,R,, . =33,19 MPa,R,, .=
44,51 MPa, R, .= 56,2 MPa.

4%CP3

- Ham luong xi ming c6 anh huong dén cuong do
cia UHPC, véi ham lugng xi mang 1100 kg/m? c6 thé
ché tao dugc bé tong co cuong do 1én dén 155,2 MPa.

- Su c¢6 mit cua soi thép 1am ting dang ké cudng
d6 chiu udn cia bé tong, cAp phdi bé tong sir dung 4%
soi thép cudng d6 chiu udn ting gip 2,8 lan (dat 56,2



MPa) so v6i bé tong khong st dung soi thép (chi dat
20,05 MPa).

- Ham luong soi thép 4% cho cuong dd chiu kéo
clia bé tong dat gié tri tbi da 10,3 MPa.

- Soi thép lam tang kha nang chiu nén cua bé tong
1én dén 10%, dbi voi cap phdi st dung 4% soi thép dat
cuong do nén 1a 170,8 Mpa, trong khi cap phdi bé tong
nén (0% soi thép) chi dat 155,2 MPa.

- Soi thép c6 tac dung cai thién tinh déo dai cua bé
tong, do déo dai cua bé tong tang khi tang ham lugng
soi thép, dam bé tong nén (0% soi thép) c6 chi s6 déo
dai bang 1, dam bé tong véi 3% soi thép co chi s6 déo
dai cao nhat (I, = 12,3; 1, ;= 9.,9), thip nhat 1a dm bé
téng v6i 1% soi thép (I, =7; L, ;= 10,7) va trung binh
la dam voi 2% soi thép (I, = 9,2; I, = 11).
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