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Tom tat:

Nghién clu vé cong nghé bé tong siéu tinh nang (UHPC) va (ng dung no trong
cdng trinh ha tang xay dung, dac biét la trong linh vuc ha tang giao thong cau dudng
b, dang thu hat su chd y toan cau, ciing nhu &Viét Nam. UHPC mang lai kha nang san
xudt dam cau vai chiéu day mong, khoi lugng nhe, kha nang chéng an mon cao, tudi
tho kéo dai, thai gian thi cong ngén va chi phi bao tri thap. Bai viét nay trinh bay cac
nghién ctu lién quan dén viéc st dung UHPC dé ché tao dam cau vdi tiét dién chir Pi
vdi chiéu dai nhip 20m, ciing nhu ap dung phuong phép Ung luc cang trudc.

Tir khéa: Bé tong siéu tinh ndng, trang thdi giGi han, cudng dg, ing sudt, bién dang.
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Abstract:

Exploring Ultra High Performance Concrete (UHPC) technology for its application in
general construction infrastructure, particularly in the realm of traffic infrastructure such as
road bridges, has become a globally recognized field of research, garnering attention not
only worldwide but also within Vietnam. Offering numerous advantages over traditional
reinforced concrete, UHPC enables the creation of bridge girders with slender dimensions,
lightweight properties, heightened corrosion resistance, and an extended lifespan, all while
minimizing construction duration and maintenance costs. This article delves into research
centered around the utilization of UHPC in the fabrication of Pi-section bridge girders.

Keywords: AUltra High Performance Concrete - UHPC, limit state, strength, stress,

deformation.

1.Pat van dé

UHPC & Viét Nam la mét cong nghé méi
Vvdi trién vong Uing dung cao vi c6 nhiéu
tinh nang vuot tréi hon so véi bé tong
thong thuong. Cac nghién cdu cling nhu
cac cong trinh da dugc thi cong tai Viét
Nam da chiing minh hiéu qua cua UHPC.

Hién tai & Viét Nam chu yéu san xuat
UHPC va ché tao dam Double T. Diéu nay
thé hién & chiéu dai dam, dan dén hiéu qua
clia UHPC trong Ung dung cho cau chua
duoc téi uu. DE cai thién, c6 nhiéu phuong
an thiét ké khac nhu dam mang hinh hop
kin hay cac dam tiét dién chir I, chG T, chir
U, ch{ Pi. Trong bai viét nay trinh bay vé
phuong an st dung céng nghé UHPC ché
tao dam chr Pi nhip 20m, tai trong HL93.

UHPC[11]

TAP CHi KHOA HOC & CONG NGHE - TRUGUNG BAI HOC XAY DUNG MIEN TAY

Journal of Science Technology & Engineering Mien Tay Construction University

et R

e

Hinh 2. Cdu Sungai Langat - Malaysia s(t
dung UHPC - nhip 105m [11]
2. Tai liéu, tiéu chuan ap dung

-TCVN 1651:2018, thép c6t bé tong.

-TCVN 2682:2009, xi mang Podéc lang -
yéu cau ky thuat.

-TCVN 4506:2012, nuéc cho bé tong va
viia - yéu cau ky thuat.

-TCVN 8826:2011, phu gia hoa hoc cho
bé tong.

- TCVN 8827:2020, phu gia khoang
hoat tinh cao dung cho bé téng va viia -
Silica Fume va tro trdu nghién min.

- TCVN 9036:2011, nguyén liéu dé san
xuat thuy tinh - cat - yéu cau ky thuat.

-TCVN 11586:2016, xi hat 10 cao nghién
min dung cho bé tong va vira.

- TCVN 12392:2018, sgi cho bé tong.
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-TCCS 02:2017/IBST, bé téng tinh nang
siéu cao UHPC - Hudng dan thiét ké két
cau.

- NF P18-470:2017, concrete — ultra-
high  performance
concrete — specifications, performance,
production and conformity.

- NF P18-710:2016, national addition
to Eurocode 2 — design of concrete
structures: specific rules for ultra-high
performance fibre-reinforced concrete.

-NF P18-451:2018, concrete - execution
of concrete structures - specific rules for
ultra-high performance fibre-reinforced
concrete.

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

- ASTM A416/A416M-16, standard
specification for low-relaxation, seven-

fibre-reinforced

Wire steel strand for prestressed concrete.
- ASTM (C469/C469M-14e1, standard
test method for static Modulus of
elasticity and Poisson’s ratio of concrete
in compression.
- ACF 04:2020, materials UHPC -
technicals specification.

- Designe Guideline for K- UHPC, KICT,

Korea, 2014”

-TCVN 11823:2017 Tiéu chuan thiét k&
cau (dung dé kiém tra cac diéu kién lam
viéq).

- LRFD cla AASHTO bridge design
Specification, Loading
information, 2007.

and General

- US Dep. of Transportation Federal
Highway Administration. Ultra — High
Performance Concrete: A State- of-the-Art
Report for the Bridge Community, 2013.

- JSCE (2008). Recommendations
for design and construction of High
Performance Fiber Reinforced Cement
Composites with Multiple Fine Cracks
(HPFRCC), Japan.

3. Phuong phap thiét ké dam

Thiét ké dam UHPC & 2 trang thai gidi
han cudng do (ULS) va trang thai gigi han
s dung (SLS), TCVN 13737:2023 [2], cho
phép st dung két hgp méi quan hé tng
suat — bién dang khi nén va khi kéo cla
UHPC.
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Hinh 3. Quan hé ung sudt - bién dang nén
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Design law at ULS

Design law at SLS

Hinh 4. Quan hé ung sudt - bién dang kéo
cua UHPC
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Hinh 9. Mdit cdt dam ngang thiét ké
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swain 4, Yéu cau ky thuat va thanh phan vat
>

liéu cia UHPC

a) Yéu cau ky Thuat ctia UHPC

Ham lugng sgi thép st dung: >2%.

Khéi lugng thé tich cia hdn hgp: 22450
kg/m’,

Do chay ctia hén hgp: >20 cm.

Cudng d6 nén (R28): =150 MPa.

Modulus dan héi: =50 GPa.

Cudng do6 chiu kéo R28 (gia tri cuc dai):
>10 MPa.

Bién dang co khé sau bao duéng nhiét
am: <100 um/m.

b) Lua chon Thanh phan Vat liéu ché
tao UHPC

Xi mang PC50, tuan thu theo Tiéu
Chuéan Viét Nam TCVN 2682:2009.

Phu gia Silica Fume, tuan thi theo Tiéu
Chuan Viét Nam TCVN 8827:2020 [3], va xi
GGBS, tuan tht theo TCVN 11586:2016 [4].

Cat thach anh, tuan tha theo Tiéu
Chuan Viét Nam TCVN 9036:2011 [5], cling
nhu theo ACF 04:2020 [6].

Sgi thép thang ma déng cudng doé cao,
tuan tha theo Tiéu Chuan Viét Nam TCVN
12392:2018 [71].

Phu gia siéu déo g6c PCE, tuan thi theo
Tiéu Chuan Viét Nam TCVN 8826:2011 [8]
va ACF 04:2020 [6].
5.KétquakiémtracactinhchatcaaUHPC
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a) PO chdy xoe §E T
Bdng 1. Tinh céng tdc cia hén hop UHPC S EPaEEE
STT Noi dung Bon | Ket : r/
vi qua o /J E
1 Diéu kién LAS 20,3 e o
Lan 1 21,4 SN+
Diéu kién N cm =
2 thuc t& Lan 2 21,4 N\ /
- Lan3 20’1 40 -35 -30 -25 20 -15 10 05 00 05 1.0 15 20
b) Bién d ang co Vertical strain, %o Horizontal strain, %s
Bdng 2. Dé co ciia UHPC
- Pon | K&t Hinh 10. Biéu d6 quan hé iing sudt - bién
STT Noi dung vi ua .
- 9 dang nén ctia mdu UHPC
1 Bién dang co mém 438 . o .
" d) Cuong do chiu kéo truc tiép
, | Biéndang cokhé sau Hm/m 80
bado dudng nhiét &m Bdng 4. Cdc két qud kiém tra cudng dé
c) Cudng do chiu nén chiu kéo ctia UHPC tai cdc dé tudi
Bdng 3. Cudng dé chiu nén ciia UHPC
theo thai gian STT Noi dung D‘zn Két qua
n Pon Két '
STT Noi dung vi qua RS 9,2/11,8
Thdr nghiém
R1 62,3 1 trong LAS R14 | MPa | 8,7/12,1
;| Thirnghiém R5 MPa 166,7 R28 9,1/12,4
trong LAS
g R14 168,4 RS 86/113
R28 168,6 5
Lan 1 gig 9,0/11,5
R1 57,8 L
| Rs 1551 R28 8,6/12,1
1 R14 157,3 Thuc R5 8,4/11,7
R28 160,0 2 | © B Rig | mpPa | 93125
san 2
R1 61,4 xuat R28 9,2/12,3
Thye | s | Rs 152,8
2 | tésan LZ” ] MPa 156'5 LR 8,9/11,6
xudt ' Lan 1 pig 8,4/12,1
R28 157,3 3
R 553 R28 8,6/12,4
Lan | RS 152,6 Két qua thd nghiém ban dau trong
3 - s LA
R14 156 phong LAS so véi thuc té dam bao hé sb
R28 156,4

duantoan la = 10%
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P i ek T e i TINH TOAN KHA NANG CHIU UON
Méu thinghiém  Kién nghj cho thiét ké laum o nfataten b Ju 0 Ja %
Hinh 12. Quan hé (ing sudt - bién dang khi
chiu nén
2
—=— lowa State University (2003)
== Austrakan code 12 12
LA _—_o—_l_hf;c:qnm(ﬁr-ybnl_zﬂﬂ& 16 == Design
1
FiE : HEoE 3
go.n- l § énx— ,é
: 2 e
044 04
i
RS SapvAgge sagn sage Anps NS I TG MU RGN Suc khang cat:
‘Strain (in/in.) Strain (in/in))

i . B . _ TINH TOAN KHA NANG CHIU CAT
Mau thi nghl,em Kién ngh! cho thiét ké Gia tri thiét ké ciia luc it kha néing chiu cét

Hinh 13. Quan hé ting sudt - bién dang

khi kéo
VRdmax : IrC cét gi6i han cho cuéng d6 chiu nén cla dai bé téng chiu nén trong so' 64 gian;

Vig : tg ctia ba gia tri kha nang chiu cét gioi han Veg. + Vegs + Vi

Hé s6 stic khang lay 0.8 xét dén muc dé Via = Vias + Ve + Vias
phan tan dong déu cua soi thép (fiber); ot inép | Be tong | Soitnép

Stic khang uén:
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TiNH TOAN KHA NANG CHIU CAT
Vrd = Vra;s + Vrac + Vraf

vm:%z 0q(cOt GO + cotgasin

VRa,f = AfyORaf ot 0

Trong triromg hop UHPC loai T1* hoéic T2*

1A -
Oras ZWFE o,(w)dw  w=max(w,;0,3mm)

Trong treong hop UHPC loai T3*
I
O™ e Jo e

Ker

&"=MaX (2u; Fum)

Kha nang chiu cat gi&i han Vrg max

khéng c6 cét thép chiu cit Vagmax

=23%=p 7 22 tg0
Ve

Vrgs(cotgd +cotgo)

c6 ¢t thép chiu cit dat
(1+cotg’e)

Vigro 22,3222, 2 122 {
nghiéng mét géc a Te

1
+V lge]{ ]
- Vags + Vear

6.2. Trang thai gidi han sir dung
a) Théng s6 dau vao:

+ Bé tong:

- Bé tong cot soi thép cuong dé siéu
cao - UHPC.

- Cudng d6 chiu nén, f, =110 MPa.

- Cuong d6 chiu kéo tinh todn =7.5 MPa.

- Cudng doé chiu udn tinh todn = 35 MPa.

- M6 dun dan héi = 42.5 GPa.

+ Cap ung luc trudc:

- Loai cap Grade 1860(270k) theo ASTM
A416-02, dudng kinh cap T15.2

- Dién tich danh dinh As = 140.00
mm?/1 soi.

- Gidgi han chay, fpy:1 690 MPa.

- GiGi han bén, fpu:1 860 MPa.

- Luc kéo ban dau cho méi sgi cap:

O.8fpu =0.8%1860%140 = 208.32 KN

Chon luc kéo 19Tan/1 sgi

-Ty lé fpy/fpu=1 690/1860=0.908 >0.8.

- D6 chung Ung suat thap, & luc kéo
80%fpu, sau 1000 h khéng qua 2%.

- M6 dun dan hoi, E_ =1.95*10° MPa.

- Ma sat g6éc u=0,07.

- Ma sat do lac k=0 rad/m (Kéo thang)

b) Gigi han (ing suat:

Theo NF P18-710 [4], giTr nguyén gia tri
giGi han Ung suat ctia bé tong Ultra High
Performance Fiber Reinforced Concrete
(UHPFRC), viét tat Ia UHPC, giéng nhu gidi
han (ing suat clda bé téng truyén théng
theo Eurocode 2.

Bdng 5. Gidi han irng sudt theo ting giai
doan cu thé

Giai doan U'ng’suat Ung’suat
) nén kéo
Ung suat tam thai , ,
trudc khi mat mat 06.f 0,4,
Ung suat sau khi ; ,
hét mét mat 04f 0,4.f,

¢) Mat mat Ung suat:

Mat mat lau dai dua vao cac cong thic
tinh kién nghi t& TCVN 11823:2017 [1]
hoac AASHTO (dua vao thi nghiém);

NF P18-710 [9] gi(t nguyén cach tinh
mat mat ing suat ctia bé tébng UHPC nhu
bé tdbng Uing suat trudc théng thudng.

Mat mat tuic thai cia UHPC c6 thé tinh
truc tiép khi biét moé dun dan héi cla bé
tong.

d) Kiém Soat Nut:

Theo Tiéu Chudn Phap NF P18-710

S6 08
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[9], giGi han vé bé rong cla vét nut cla
Ultra High Performance Concrete (UHPQ)
khong du ung luc, cho phép nit & thanh
tich gitta héng ngoai vaéi cac gia tri chiéu
rong vét nit nhat dinh: 0.3 mm (binh
thuong); 0.1 mm (khac nhiét); 0.05 mm
(rat khac nhiét).

6.3. Phan tich két cau

Phan tich dua trén phuong phap phan =
t0r hitu han, st dung phan mém MIDAS dé &
danh gia két cau. Cac gidi han vé do6 vong
tuan theo TCVN 11823-2:2017 [1] dugc ap
dung nhu sau:

- Tai trong tu xe chung: L/800.

- Tai trong tU xe va/hodc ngudi di bo: T 1
L/1000. Hinh 17. Biéu @ momen theo TTGH

- Tai trong tur xe & phan hang: L/300. ==

- Tai trong tu xe va/hodc ngudi di b6 &
phan hang: L/375.

Hinh 19. Biéu d6 dé véng do hoat tai HL-93

‘ I 7. Diéu kién ché tao dam UHPC
Hinh 15. Khai bdo vdt liéu thép Nhiét &6 hon hgp UHPC khéng vuot
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qua 35°C.

Nhiét d6 moi truong khong vugt qua
40 °C.

D6 am khong khi dat it nhat 65%.

Dung sai dinh lugng nudc tron: £1 kg.

Dungsaidinhlugngphugiadéo:+0,5kg.

Téng thai gian tron 1a 11£1 phut.

Chiéu cao clia gau xa hén hogp UHPC
khong vuot qua 50 cm.

Chiéu day cta Iép UHPC bao vé cot
thép it nhatla 2 cm.

Qua trinh bao duéng nhiét am la 80 °C
trong vong 72 gio.
8.Két luan

1. Pa nghién ctiu phuong phap thiét
ké& va cong nghé dé ché tao dugc hé dam
UHPC mat cat dang Pi véi cudng chiu nén
trung binh 150 MPa va cuong do chiu kéo
|6n nhat 10,5 MPa.

2. Két cau dam thanh manh nén tinh tai
ban than nhé gidm dugc chi phi xay dung
mong va két cau mé tru. Muc st dung vat

Tai liéu tham khao
1. TCVN 11823:2017, Thiét ké cau dudng

liéu nhu sau: UHPC 0.136 m3*/m? mat cau,
cap 14.9 kg/m? mat cau, cét thép 12.22
kg/m? mat cau.

3. T thiét ké, ché tao dam UHPC, tiét
dién chr Pi dai 20m la co s khoa hoc
phat trién cac mau dam Pi véi chiéu dai
han 20m.

4. Qua danh gia cho thay rang, viéc
Ung dung dam UHPC tiét dién chi Pi véi
chiéu dai nhip 20m cho céc céng trinh
cau & Viét Nam hién nay la rat kha thi vai
hai ly do nhu sau:

- Hién tai, cdc nha may bé tong |6n nhu
bé tong Thu Buc 1, bé tong Thanh Hung,
bé tong Xuan Mai da thanh céng trong
viéc ndm viing cdng nghé san xuat UHPC.

-Tu van thiét ké da dat dugc su ch dao
trong phuaong phap tinh toan, ap dung
tiéu chuan, st dung phan mém thiét ké va
da thanh céng trong viéc thiét ké va ché
tao dam tai Viét Nam, mang lai két qua st
dung dang tin cay.

bo.

2. TCVN 2737:2023, Tai trong va tac dong.
3. TCVN 8827:2020, Phu gia khodng hoat tinh cao dung cho bé téng va viia - Silica

Fume va tro trdu nghién min.

4. TCVN 11586:2016, Xi hat 16 cao nghién min dung cho bé téng va viia.
5. TCVN 9036:2011, Nguyén liéu dé san xuat thuy tinh - Cat - Yeu cau ky thuat.

6. ACF 04:2020, Materials UHPC - technic

als specification.

7. TCVN 12392-2:2018, Sai cho bé téng cét sai.

8. TCVN 8826:2011, Phu gia héa hoc cho

bé tong.

9. NF P18-710, Design of concrete structures: specific rules for ultra-high perfor-

mance fibre- reinforced concrete (UHPFRCQ).

10. AASHTO LRFD 2017, Bridge design specifications.
11. DURA® Technology Sdn Bhd - https://dura.com.my/
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