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Researching the effect of hybrid fiber on some properties of UHPC
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TGM TAT:

UHPC la mat vat ligu tuong lai cia nganh Xay dung trong thé ky 21,
dé co thé ing dung ngay mat rong rai hon thi UHPC cén phai dat
durge higu qua lén vé ca kinh t& 1an ky thuat. Diéu nay bi chi phdi
bai nhiéu y&u td nhu gia thanh cia nguyén vat ligu ddu vao, dic
bigt 3 cdt spi thép cueng d cao. D& giap nang cao higu qua kinh
t€ ciia UHPC, co thé st dung sgi hén hop. Bai bao trinh bay két qua
nghién citu v& s &nh huéng coa ti 18 thanh phan hin hop soi (2
|oai sgi thép) dén tinh chat cia UHPC.

Tir khoa: UHPC; spi thép ma déng cuing do cao; sgi thép 2D, spi
thép 30; soi hén hop; bao duing nhigt &m; d chay xoe; cuang da
chiu nén; cudng da chiu kéo.

ABSTRACT:

UHPC is a future material of the construction industry in the 2(st
century. In order to be applied more and more widely in the
construction industry in Vietnam, UHPC needs to achieve great
efficiency in both economic and technical terms. This is influenced
by many factors such as the cost of input materials, especially
high-strength steel fiber reinforcement. To help improve the
economic efficiency of UHPC, mixed yarns can be used. This paper
presents research results on the influence of the ratio of fiber
mixture composition (2 types of steel fibers) on the properties of
[HPC.

Keywords: UHPC; high strength copper clad steel fiber; 2D steel
fiber; 8D steel fibe; fiber hybrid; heat maisture curing; flow;
compressive strength; tensile strength.

I. TONG QUAN

Nhing tién bd vé khoa hoc cong nghé vat liéu bé téng tai Viét
Nam trong hon mudi ndm gan day da dan dén su phat trién nhanh
chéng clia mét loai vat liéu téng hap gbc xi mang cé hiéu suat rat
cao, dé la bé tong siéu tinh nang (UHPC).
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Nh& c6 cac dac tinh co hoc va dd bén lau vuat troi hon nhiéu
so vdi bé tong thong thuong hay cac loai bé tdng khac nén UHPC
tréd thanh moét su lua chon hop ly dé€ sir dung trong xay dung ha
tang giao thong va dan dung - cong nghiép.

Ngoai su phan cap t6i uu thanh phan cla cac nguyén vat liéu
dang hat cuing ty & nudc/chat két dinh (N/CKD) thap, dé san xuat
dugc UHPC dat hiéu qua I6n vé ca kinh té€ 1an ky thuat thi rat can

e iva ham e

inh 1. Su phan tan sgi thép trong cau tric UHPC
Cot sgi st dung trong cong nghé ché tao UHPC tai Viét Nam
hién nay la sgi thép cudng d0 cao (22400 Mpa) véi nhiéu kich
thudc hay ti 1é hudng sgi khac nhau. Trong nghién ctu nay da s
dung dén 2 loai sgi thép la sgi thadng (2D) va sgi mdc neo 2 dau (3D)
V@i cac ti 1& ham lugng khac nhau dé ché tao UHPC.

1.CO SG NGHIEN CUU

1.Tai liéu tham khao ap dung

- TCVN 2682:2009, Xi mang Pooc lang - yéu cau ky thuat;

- TCVN 4506:2012: Nudc cho bé téng va viia - yéu cau ky thuat;

- TCVN 8826:2011, Phu gia hod hoc cho bé téng va vira;

- TCVN 8827:2020: Phu gia khodng hoat tinh cao dung cho bé
tong va via - Silica fume va tro trdu nghién min;

- TCVN 9036:2011, Nguyén liéu dé san xuat thuy tinh - cét -
yéu cau ky thuat;

- TCVN 11586:2016, Xi hat 16 cao nghién min dung cho bé
tong va viia;

- TCVN 12392-1:2018: Sgi cho bé téng - phan 1: sgi thép;

- ASTM C230/C230M-21, standard specification for flow table
for use in tests of hydraulic cement.

- TCCS 02:2017/IBST, Bé tébng tinh nang siéu cao UHPC -
hudéng dan thiét ké két cau;

- NF P18-470:2016, Ultra High Performance Fibre Reinforced
Concrete - specifications, performance, production and conformity;



2.Cap phdi sit dung va cac théng tin khac Bdng 2. Két qua thi nghiém tinh chét co ly ciia 2 méu sgi thép
Bdng 1. Cdp phéi UHPC chung cho nghién ciu nay . . Két qua
UHPC- | Bon Néi dung Ponvi 90 | sei3D
Tén vat liéu Hybrid | vi Ti & huéng soi - 65 100
Xy LK 1 - - 1170 kg Ham lugng tap chat % 0 0
Chatkétdinh | Xi mdng + Silica fume + GGBS TT 12 soi sai kich thusc hinh hoc % 05 10
Cat thach anh | - 890 | kg Cuding d6 chiu kéo MPa 3200 2800
T6ng saithép | % thé tich so vai chat két dinh 5,0 %
Phu gia % thé tich so véi chat két dinh 8,4 %
N/CKD 0,163 -

Cac mau thi nghiém tinh chat co ly c6 kich thudc nhu sau:

- Cudng d6 chiu nén: mau tru d10xh20 cm;

- Cudng d6 chiu kéo: mau 5x10x50 cm;

Cac mau UHPC dugc bdo duéng & cung moét diéu kién: sau khi
dudc va lam phdng mat, mau dugc bao duéng am tu nhién; sau 24
gid tiép theo, mau tiép tuc duoc bdo dudng nhiét am tai 80 °C
trong thai gian 72 gid ti€p theo; mau tiép tuc dugc bdo duéng &m
tai diéu kién phong thi nghiém dén da 7 ngay tudi, roi dé tu nhién
dén 28 ngay dé thir két qua.

10
N 10 5
3 20
;
20 5
10
. e

10 10

< . -
Hinh 2. Minh hoa mau va cong tac tron, dic mau thi nghiém
Ki hiéu mau:
- AO0: Mau viia nén khéng st dung soi thép trong hén hgp
thanh phan;
- A1: Mau UHPC c6 st dung toan bd 5% sgi 2D trong hon hop
thanh phan;
- A2: Mau UHPC c6 st dung 4,5% soi 2D va 0,5% sgi 3D trong
hén hgp thanh phan;
- A3: Mau UHPC ¢6 st dung 4,0% sgi 2D va 1,0% sgi 3D trong
hén hgp thanh phan;
- A4: Mau UHPC c6 st dung 3,5% soi 2D va 1,5% sgi 3D trong
hén hgp thanh phan;
- A5: Mau UHPC c6 st dung toan bd 5% sgi 3D trong hon hop
thanh phan;

lIl. KET QUA NGHIEN CUU
1.Vat liéu st dung

¥

Hinh 3. Sgi thép 2D, sgi thép 3D va phu gia siéu déo diing trong nghién ctfu nay
Ngoai 2 sgi thép cudng do cao & bang trén, nghién cltu ngay
con st dung cac nguyén vat liéu thanh phan sau:
- Xi mdng PC40 dap ung TCVN 2682:2009;
- Silica fume dap ung TCVN 8827:2020;
- GGBS dap ung TCVN 11586:2016;
- Cat thach anh da qua sang tuyén dap tng TCVN 9036:2011;
- Phu gia siéu déo géc PCE dap ting TCVN 8826:2011;
- Nudc sach dap ting TCVN 4506:2012

Hinh 4. Xi mang, Silica fume, GGBS va cét thach anh st dung trong nghién ctu nay

2.Dd chay xoé clia cac mau hén hop UHPC - Hybrid

Bdng 3. Két qua thi nghiém dé chdy xoé ctia cdc mdu hén hop
UHPC - Hybrid

Ki hiéu mau Don vi DO chay xoe
A0 25,0
A1 21,4
A2 19,6
cm
A3 18,1
A4 17,7
A5 19,1
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3.Tinh chit co ly ctia cac mau UHPC - Hybrid
Bang 4. Két qua thi nghiém khdc ciia cdc méu UHPC - Hybrid

H‘m 5. Do chy xoé cla céc mau hén hgp UHPC - Hybrid thuc hién trén cone ASTM
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Hinh 6. Ung sudt - bién dang kéo ctia cdc mau A1
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Hinh 7. Ung suat - bién dang kéo cla cic mau A2
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Hinh 8. Ung sudt - bién dang kéo clia cic mau A3

Loai mau Két qua, MPa
STT Chi tiéu
Kihieu | Mau Gawi | U9
; : binh
Vién 1 3,96
———————————— Rkéo  f-------------1 3,96
vién 2 -
1 A0 -
To1 120,9
------ o Rnén -------------1 124,0
T62 1271
Vién 1 8,89
———————————— Rkéo  f[-------------1 9,12
Vién 2 9,35
2 A1 -
T6 1 1341
------ - Rnén -------------1 130,8
T02 1274
Vién 1 9,42
------------ R kéo B R I ¥ § |
Vién 2 9,39
3 A2 -
To1 127,8
------ -----1 Rnén Ttmmmooomooo1 126,7
T62 125,5
Vién 1 10,58
———————————— Rkéo  [-------------1 10,41
Vién 2 10,24
4 A3 -
To1 135,5
------ o Rnén -------------1 137,2
T62 138,9
Vién 1 10,05
———————————— Rkéo  f-------------1 10,38
Vién 2 10,70
5 A4 -
T6 1 128,0
------ - Rnén -------------1 130,3
T02 132,6
Vién 1 10,92
------------ R kéo s------------10 11,29
Vién 2 11,65
6 A5 -
To1 1324
------ S Rnén s------------10132,2
T62 131,9
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Hinh 9. Ung suét - bién dang kéo clia cdc mau A4




Bdng 5. Théng s6 ky thudt ung sudt - bién dang khi kéo cta cdc
mau UHPC - Hybrid

Két qua thi nghiém Tile
Loai mau - " ¢
: A x Vétnit | Trung Gid tri Trung %
Thongs | g< tien | bish | Phahuj | binh
V| Ongsua, | 3% ] 3% 100.
3.96 3.96
) MPa } } 0
A0
V1 . 0.09 0.09
7777777 Bler:)dang, -1 009 |- 0.09 -
V2 oo . .
V1 X 5 7.90 8.89
------- U"ra;”at’ ---eeeeeed 772 (oo 992 | 846
V2 a 7.54 9.35
Al
Vi & 0.22 1.56
——————— B'e':,/da"g' o] 022 - 216 | -
V2 o 0.2 275
V1 g « 7.74 9.42
------- Unsl;uat, ---------1 823 [---------| 9.41 | 875 p— g _ :
V2 a 8.72 9.39 B . ’
A2 Hinh 11. Thi nghiém cudng d9 chiu nén, cudng d9 chiu kéo cdc mau UHPC — Hybrid
V1 . 0.26 221
------- Bendang, | " o5 || 2.6
v %o 0.64 ' 190 : ) IV. KET LUAN
i i e S dung bé sung sgi thép moc neo 2 dau (3D) vao thanh
V1 Ung sudt 9.27 10.58 phan hén hgp UHPC két hgp cung soi thdng (2D) van dém bao
- V L wa [T 8.94 [--------- 1041 | 85.9 dugc yéu cau vé tinh cong tac (d6 chay xoé) cho san xuét thi céng.
A3 2 8.61 10.24 e S dung hén hgp sgi (2D + 3D) lam tang cudng dé chiu nén
Vi Bién dan 0.44 2.70 la khong dang ké (< 5%) so véi viéc sit dung hoan toan sgi 2D hodc
------- %0 9 L] 033 [ 2.0 - sdi 3D.
V2 0.22 131 e S dung hén hgp sgi (2D + 3D) cho hiéu qua ky thuat tét vé
Vi ] ] 9.09 1005 cac gia tri ing suat, bién dang tai vét nut dau tién va tai gia tri pha
,,,,,,, Ungsudt, | 777 | huv, t3 §na d6 chiu kéo 1én 3 = 14% 5i viec st dung hoa
9.57 1038 | 92.2 y, tdng cudng do chiu kéo 1én 3 = 6 so V@i viéc st dung hoan
) MPa 10.04 10.70 toan sgi 2D.
L e Tilé hén hgp sgi t6i uu cho hiéu qua t6t nhat trong nghién
V1 | Biéndang, 070 0.62 368 232 ) ctiu nay la mau A4 khi c6 gid tri trung binh ing sudt va bién dang
V2 %o 054 ’ 0.96 : tai vét nut dau tién 1an luot 1a 9,57MPa va 0,62%o, 16n hon so vai
tat ca cac mau con con (Ung sudt tai vét nit dau tién cao hon tur 7
V1 Ung sust 8.31 10.92 + 24% va bién dang I6n hon 1,5 + 3,0 lan).
------- Mpa [ TI] 776 [ 1129 | 688
25 V2 7.2 1.65 TAI LIEU THAM KHAO
Vi . 0.5 3.57 - ASTM A820, Standard specification for steel fibers for fiber-reinforced concrete.
------- Blenodang, ] 025 b a4 . - ACF 04:2020, Materials UHPC - technicals specification.
2 %o 0.24 532 - K-UHPC:2014, design guidelines for UHPC.
- JSCE 2008, Recommendations for design and construction of high performance
<130 fiber reinforcement copmosites with multiple fine crack.
§12:0 {\}. = 34212%+0.8164- = : - NF P18 - 451: 2018, Concrete - execution of concrete structures - specific rules for
~11.0 1 R:=0¢ UHPRFC
£10.0 A - BS EN 206-1:2000, Concrete - specification, performance, production and
= 90 1 conformity;
i 8.0 1 - BS EN 14889-1:2006, Fibres for concrete - steel fibres. Definitions, specifications
= ;‘g ] and conformity;
- 5:0 - 150 13270:2013, Steel fibres for concrete - definitions and specifications;
4.0 - FHWA-HRT-14-084, Design and construction of field - cast UHPC connections.
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Hinh 10. Ung su4t - bién dang kéo clia cdc mau A5
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