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Nghién cuu cong nghé bé téng siéu tinh nang
(UHPC) ung dung dé thiét ké ché tao dam cau
tiet dien chir U, nhip 30m, phan dét cang sau

Ultra High Performance Concrete (UHPC) technology to manufacture bridge girders with L-
section, 30m span, post-tensioned segmentation
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M TAT:

Nghién ctu cang nghg vé bé tang siéu tinh nang (UHPC) img dung
cho ket céu ha tang xay dung chung, dic bigt [ ha tang giao thang
(cAu duang ba) la mat linh vuc nghién ciru nhan duge nhigu sy
quan tam trén thé giai ciing nhw & Viet Nam. Vai nhiéu tinh néng
vugt trgi hon so vai bé tang cét thép thuang, UHPC cho phép che
tao cac dam cdu vai chiéu day mang, khdi lveng nhe, mic da
khang &n man cao, cung tudi tho cao, thai gian thi cang ngén va ca
chi phi b&o tri rat nha. Bai trinh bay nhitng nghién ciru sir dung
UHPC ché tao dam céu phan ddt tigt dign chir U, du dng luc céng
sall,

Tir khéa: Be tdng siéu tinh ning - UHPC, phan ddt dam tiét dien
chit U; dy ng lyc céng sautrang théi giti han cutng do; trang

dd chiu nén; cutng da chiu udn; cuang da chiu kéo; modul dan hai.

ABSTRACT:

Research on Ultra High Performance Concrete (UHPC) technology
applied to construction infrastructure in general, especially
traffic infrastructure (road bridges) is a research area of
interest to the world as well as in Vietnam. With many superior
features compared to conventional reinforced concrete, UHPC
allows the production of fishing girders with thin dimensions, light
weight, high corrosion resistance and long service life, short
construction time and very small maintenance fee. This paper
presents studies on using UHPC to fabricate U-section segmented
bridge girders, post-tensioning.

Keywords: lltra High Performance Concrete - UHPC, U-section
beam segmentation; post-tensioning; ultimate limit  state;
serviceability limit state; micro steel fiber; flow; compressive
strength; flexural strength; tensile strength; modulus.

1.PAT VAN DE

Mic du da dugc Ung dung tai cac nudc phat trién trong
khoang gan 30 nam nay, nhung UHPC déi véi Viét Nam van la mot
céng nghé con mdéi véi trién vong ing dung cao vi ¢4 nhiéu tinh
nang vugt troi hon so véi bé téng thong thuong. Cac nghién cdu
cling nhu céc cong trinh da dugc thi cong tai Viét Nam da kiém
chiing su hiéu qua ctia UHPC khi ¢6 cudng d6 chiu nén tir 120 +
190 MPa, cudng d6 chiu kéo 6 + 14 Mpa, cudng d6 chiu uén 15 +
40 MPa va cac tiéu chi khac. Diéu nay c6 dugc la nha su phéi tron
mot hédn hgp UHPC véi cac ti 1é vat liéu thanh phan hgp ly tao ra su
t6i da vé dé ddc chac téi da ciing sy phan tan 3D cla c6t soi thép
trong cau truc.

Hién tai & Viét Nam chu yéu san xuat UHPC va ché tao dam
Double T véi kich thudc con han ché. Diéu nay thé hién & chiéu dai
dam, dan dén hiéu qué ctia UHPC trong tng dung giao théng chua
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dugc khai thac t6i da. DE cai thién, cé rat nhiéu phuang an thiét ké
khac nhu dam mang hinh hop kin hay cac dam tiét dién chit I, chr
T, chit U. Trong bai viét nay nhom tac gia trinh bay vé phuong an
st dung cong nghé UHPC ché tao dam chi U nhip dai 30m, phan
dét du ting luc céng sau.

Hinh 1. M6 phdng hinh dang phan dét dam tiét dién chirU



2. TAILIEU, TIEU CHUAN AP DUNG

-TCVN 1651:2018, thép c6t bé tong.

- 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 tong.

- TCVN 8827:2020, phu gia khodng hoat tinh cao dung cho bé
téng va via - 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 diing cho bé téng
va vira.

- TCVN 11823-3:2017, thiét ké cau dudng bo.

- TCVN 12392:2018, sgi cho bé téng.

- TCCS 02:2017/IBST, bé tong tinh ndng siéu cao UHPC - Huéng
dan thiét ké két cau.

- NF P18-470:2017, concrete - ultra-high performance fibre-
reinforced 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-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.

- K-UHPC:2014, design guidelines for UHPC.

3. PHUONG PHAP THIET KE DAM

DE thiét ké dam UHPC & 2 trang thai gi6i han cudng do (ULS)
va trang thai gigi han st dung (SLS), NF-P18 cho phép st dung két
hgp méi quan hé tng suat - bién dang khi nén va khi kéo cua
UHPC.
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4.YEU CAUKY THUAT VA VAT LIEU THANH PHAN CUA UHPC

a) Yéu cau ky thuat ctia UHPC

- Ham lugng sgi thép st dung: =1,5 %.

- Khéi lugng thé tich hén hgp: 22450 kg/m?3.

- DO chay xoé hén hgp: 16+18 cm.

- Cudng d6 nén (R28): =150 MPa.

- Modul dan hoi =45 GPa.

- Cudng do chiu kéo R28 (vét nut dau tién): =8,0 MPa.

- Cudng do chiu kéo R28 (gia tri cuc dai): = 11,0 MPa.

- Bién dang co khé: <550 um/m.

b) Kich thudc mau thi nghiém

- D6 chay xoé hén hgp: cone Suttard.

- Cudng d6 chiu nén va Modul dan hoéi: mau tryu tron
D100xH200 mm.

- Cudng do chiu kéo: mau mai chéo khéng khia 50x100x500 mm.

- Cudng d6 chiu uén va bién dang co khé: mau lang tru
100x100x400 mm.

¢) Lua chon vat liéu thanh phan ché tao UHPC

- Chat két dinh: xi mang PC50 phu hgp véi TCVN 2682:20009.

- Phu gia khoang bé sung: Silica Fume phu hgp véi TCVN
8827:2020 va xi GGBS phu hop véi TCYN 11586:2016.

- C6t liéu: cat thach anh phu hgp véi TCVN 9036:2011, ACF
04:2020.

- Sgi thép 2D ma déng cudng dé cao phu hop véi TCYN
12392:2018.

- Phuy gia hoa hoc: phu gia déo géc PCE phu hgp véi TCVN
8826:2011 va ACF 04:2020.

- Nudc tron phu hgp véi TCVN 4506:2012.

5. CAC KET QUA NGHIEN CUU

5.1 Kiém tra chat lugng vat liéu dau vao

a) Xi mang PC50

Bdng 1. Cdc két qua kiém tra chdt lugng xi mdng

STT Noi dung Dan vi Két qua
1 Khéi lugng riéng g/cm® 3,09
2 Po déo tiéu chuan % 29,4
3 D6 6n dinh thé tich mm 1,1
4 D6 bén ubn, R28 MPa 13,6
5 D6 bén nén, R28 MPa 57,2
b) Phu gia khoang (Silica fume va GGBS)
Bdng 2. Cdc két qué kiém tra chdt lugng Silica fume
STT N6i dung Dan vi Két qua
1 Khai lugng riéng g/cm® 2,22
2 Dién tich bé mit riéng m’/g 23
3 Chi sé hoat tinh, R7 % 112
4 Chi s6 hoat tinh, R28 % 119
5 Mat khi nung (LOI) % 1,17
6 Ham lugng SiO, % 95,89
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Bdng 3. Cdc két qua kiém tra chdt lugng GGBS

STT Noi dung Pon vi Két qua
1 Khéi lugng riéng g/cm® 2,87
2 Chi s6 hoat tinh, R7 % 82
3 Chi s6 hoat tinh, R28 % 106
4 Mat khi nung (LOI) % 1,73 S o
¢) Cat thach anh Hinh 6. (6t si thép ma ddng cutng dd cao loai 2D
Bdng 4. Cdc két qua kiém tra chdt lugng cdt thach anh 5.3 Cac tinh chat cia UHPC
STT Noi dung Daon vi Két qua a) D6 chay xoe
1 Khéi lugng riéng g/cm? 2,65 Bdng 9. Cdc két qua kiém tra tinh c6ng tdc ctia hén hgp UHPC &
2 D6 &m % 0,7 cdc diéu kién khdc nhau
3 Khai lugng thé tich % 1510 STT N&i dung Bon vi Két qua
4 \Do héng % 42,7 1 Diéu kién LAS 18,3
5 Ham lugng CI % 0,006 a7 174
6 Ham lugng SiO, % 98,12 s an m :
d) Soi thép 2D , | Pieu kg‘ thic ™ 502 16,4
Bdng 5. Cdc két qua kiém tra chét luong soi thép Lan 3 17.1
STT Noi dung ban vi Két qua b) Bién dang co
1 Ti 1& huéng sgi - 65 Bdng 10. Cdc két qua kiém tra bién dang co ctia UHPC sau bdo
2 Ham lugng tap chat % 0,0 dugng nhiét 4m — - —
- ——— STT Néi dung Bonvi Két qua
3 Cudng d6 chiu kéo MPa 3200 -
— 1 Bién dang co mém 18,3
e) Phu gia déo - pum/m
Bdng 6. Cdc két qua kiém tra chdt luong phu gia déo 2 Bién dang co khd _ _‘_‘1 7.1
STT Noi dung Dan vi Két qua
1 Khéi lugng rién /cm? 1,06
ong riéng g - R
2 Do pH % 6,33
3 Ham lugng chat kho % 38,2
4 Ham lugng CI” % 0,03 - &
5 Mdic gidm nudéc % 40 ) e -
i ek ooy
Bdng 7. Cdc két qud kiém tra chdt lugng nudc trd i .
orgs.ecke qfl.a 1o TG et Ighg e .ron T Bdng 11. Cdc két quad kiém tra cudng dé chiu nén cua UHPC tai cdc
STT No6i dung Pon vi Két qua a6 tudi
1 Ham luong CI” mg/| <350 STT Noi dung Pon vi Két qua
2 Ham lugng SO. mg/| <600 R1 62,3
3_ __Hamlugng can mg/I Thd nghiém trong RS 166,7
: - 1 MPa
LAS R14 168,4
R28 168,6
R1 57,8
) R5 155,1
: Lan1
e“ R14 157,3
A by — R28 160,0
Hinh 5. Cat thach anh, Silica fume, phu gia déo st dung dé ché tao UHPC R
5.2 Thiét ké csp phéi UHPC _ ! 614
Bang 8. Cdip phéi st dung ché tao UHPC 150/11 , T Sécnte Lo RS . 152,8
STT Néi dung Pon vi Két qua XUAt R14 156,5
1 Téng chat két dinh kg/m? 1160 R28 157,3
2 Cat thach anh kg/m? 950 R1 55,3
3 Sgi thép kg/m? 210 ) R5 152,6
N — Lan 3
4 Ham lugng phu gia déo % 3,0 R14 156,1
5 N/CKD - 0,168 R28 156,4
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d) Cudng do6 chiu kéo
Bdng 12. Cdc két qua kiém tra cudng dé chiu kéo cia UHPC tai cdc
dé tudi

STT Ndi dung Bon vi Két qua
5 a R5 9,2/11,8
1| Tha “gtfsm trong ™ Rig MPa 8,7/12,1
R28 9,1/12,4
R5 8,6/11,3
Lan 1 R14 9,0/11,5
R28 8,6/12,1
Thuc té RS 8,4/11,7
2 san Lan 2 R14 MPa 9,3/12,5
Xuat R28 9,2/12,3
R5 8,9/11,6
Lan 3 R14 8,4/12,1
R28 8,6/12,4

Két qua thr nghiém ban dau trong phong LAS so véi thuc té
dam bao hé s6 du an toan 1a =10 %.

6. TINH TOAN
6.1 Trang thai giéi han cuéng do
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Hinh 9. Quan hé (ing sudt - bién dang khi chiu kéo

UHPC thé hién kha nang chiu kéo vuot qua cudng dé kéo khi
nut, cho téi khi sgi thép bi kéo ra tai bién dang 0.007;

Hé s6 stic khang c6 thé Idy 0.8 xét dén muc dé phan tan déng
déu cla sgi thép (fiber);

Stic khang cat: Vyg = Viped + Via + Vped

Trong doé:

Vied = (0,18./f ca.bw.d)/yo

Vi = (fua.bw/tanBu)/ yo

Bw=1/2 tan™ (2r/(0xu — Oy)) - Bo

Ch thich:

fea: Cung d6 chiu nén thiét ké cia UHPC (MPa);

fua: Cudng d6 chiu kéo thiét k& ctia UHPC (MPa);

bw: Bé day suon;

yYb: Hé sé chiét giam 1.3;

Bu : Géc gilta hudng doc truc va mat phéng ndt xién, géc nay
>30%

Ow, Oy : Ung suat nén trung binh theo hudng doc truc va
vudng géc véi truc doc (MPa);

Bo: Goc ma tai d6 vét nut xién, nghiéng 45° so vdi truc clia cau
kién va khéng tén tai luc doc trug;

Viped : CUGNG d6 chiu cat cia ciu kién dam;

Via:  Cudng d6 chiu cat clia sgi thép.

Vped : Thanh phan chiu kéo hiéu dung clia cép céng doc, song
song vdi luc cat =0;

6.2 Trang thai giGi han sitdung

a) Gidi han ung suat:

NF P18 710 [4] gilt nguyén gia tri giéi han ting suat clia bé tong
UHPFRC ( viét tat la UHPC) nhu bé tong Uing suat trudc truyén
théng theo Eurocode 2.

Bdng 13. Gi6i han ting sudt theo ting giai doan cu thé

Giai doan Ung suat nén Ung suat kéo

Ung suét tam thoi

trudc khi mat mat 0.6fq

0:4-\/f’ci

Ung suét sau khi hét

mat mat 0,4.fc 0,4./f

b) Mat mat ting suat:

M4t mat lau dai dua vao cac cong thic tinh kién nghj tir TCYN
11823:2017 hodc AASHTO (phan I6n dua vao thi nghiém);

NF P18-710 [4] gilr nguyén cach tinh mat mat (ing sudt cta bé
téng UHPC nhu bé téng ting suat trudc thong thudng.

Mat mat tuic thoi cia UHPC c6 thé tinh truc tiép néu biét mo
dun dan héi ctia bé tong.

¢) Khéng ché nut:

Tiéu chuan cta Phap NF P18-710, gidi han vé bé réng vét nut
ctia UHPC nhé hon Tmm so vai bé tdng truyén théng (Eurocode 2)
trong cuing diéu kién méi trudng tuong Ung.

D6i v6i UHPC khong du tng luc, cho phép nut & TTGH Su
dung, chiéu rong vét niit cho phép 0.3 mm (binh thuéng); 0.1 mm
(khdc nhiét); 0.05 mm (rat khac nhiét);

Ap dung TCVN 11823-5, tinh khoang cach t&i thiéu gilia c6t
thép chiu kéo trong trudng hgp co cét thép thudng.

6.3 Phan tich két cau

Phan tich theo phan ti hiru han. Sir dung cac phan mém phan
tich két cau RM, MIDAS, ABAQUS< ATENA... Gidi han vé d6 voéng
tuan theo TCVN 11823-2:2017:

Tai trong xe n6i chung:  L/800

Tai trong xe va/hodc ngudi di bo: L/1000

Tai trong xe phan hang: L/300

Tai trong xe va/hodc ngudi di bo phan hang: L/375

L: Chiéu dai nhip

S R O A IS =

'D\

Hinh 10. M6 phdng (ing sudt thé trén

A 5 R 4 TS A

=,

Hinh 11. Md phdng (ing sudt thé dudi

guinni i

T

T by v sl e
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Hinh 13. M3t c3t ngang clia dam

7.PIEU KIEN CHE TAO DAM UHPC

- Nhiét do hon hgp UHPC: <35 °C.

- Nhiét d6 méi truong: < 40 °C.

- D6 8m khéng khi: = 65 %.

- Dung sai dinh lugng nudc trén: £1 kg.

- Dung sai dinh lugng phu gia déo: 0,5 kg.

- Téng thai gian trén: 111 phat.

- Chiéu cao gau xa hén hgp UHPC: <50 cm.

- Chiéu day I16p UHPC bao vé cét thép: =2 cm.

- Bdo dudng nhiét dm: 80 °C trong 72 gid.

- St dung 6ng gen ma kém dé luén cap.

- Thi cédng ghép ndi caéc modul bang du ting luc cdng sau c6
bam dinh.

< & e P
Hinh 19. Ging cap du tng luc va st dung keo Epoxy két dinh cac phan dét
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Hinh 22. Céu Vang 4 nhip x30m da hoan thanh (chup ngay 27/9/2022)

KET LUAN

1.D4a nghién clu va ché tao dugc mot hé UHPC véi cudng chiu
nén 120 + 180 MPa va cudng d6 chiju kéo tu 7 + 14 MPa.

3. Kha nang chéng tham ciia UHPC rét tét, dugc xac dinh qua cac
thi nghiém riéng biét cho két qua trén 20 MPa. Qua d6 c6 thé khéng
dinh, UHPC dap Ung cac yéu cau thiét ké két cau va do bén lau, dac
biét Ia chéng, chiu &n mon trong méi trudng nudc phén va nudc bién.

4. Két cdu UHPC ¢6 d6 dac chac cao nén tang do bén lau cla
coéng trinh 1én t6i 100 + 150 nam va giam t6i da cac chi phi duy tu,
bao tri trong thai gian khai thac s dung.

5. Két cdu dam thanh manh nén tinh tai ban than nho (giam
khodng 70% so vdi tinh tai clia dam bé tong thudng), giam dugc
chi phi xay dung méng va két cau ma tru.

6. TU viéc thiét k&, ché tao dam tiét dién chr U dai 30m, phan
dé6t du dng luc cang sau nay sé tao tién dé phat trién ra cdc mau
dam khac va cé chiéu dai Ién hon (40m, 50m, 60m,...)

7. Thoi gian san xuat nhanh, do dugc modul hoa dan t6i cong
trinh sém dua vao van hanh st dung.

8. Hién nay cac nha may bé téng 16n déu c6 thé lam chd céng
nghé vat liéu, ché tao cau kién dam UHPC (bé téng ly tam Thu Duc
1, bé tong Thanh Hung, bé tdng Xuan Mai).

9. Tu van thiét ké da lam chu phuong phap tinh toan, tiéu
chuan ap dung, phan mém thiét k& da thiét ké va ché tao dam cho
65 cau trén 17 tinh thanh tai Viét Nam cho két qua tét.
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