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TOM TAT: Cau Thiang Long sau nhiéu nim khai thac vé6i luu luong xe ngdy mot 16n din t6i ban mat
thép ctia ciu khong dam bao diéu kién vé do cimg va do vong theo gidi han cho phép. Sau cac hoi thao
khoa hoc cting cac nghién ctru thir nghiém danh gia cho thay giai phap “str dung cong nghé bé tong siéu
tinh nang (UHPC) lién két voi ban mat thép tryc hudng tao thanh ban mat cau nhe lién hop” da dugc lya
chon thiét ké dé sira chira mat cau Thang Long. Pé thi cong 16p phit UHPC thanh cong tai du &4n nay, can
pha1 xac dinh cac thong so cong nghé nhu: d6 chay xo¢, thoi gian dong két, tinh luu bién va co mém theo
didu kién thi cong thuc té tai hién truong (nhiét o va do am) Ngoai ra, con phai xac dinh céc tinh chit co
ly khac cia UHPC nhu: cuong d6 chiu nén, Gng suat bién dang khi chiu kéo, mé dun dan hoi va co kho.
Nghién ctru nay da xdc dinh dwoc cac thong s6 cong nghé dé thi cong 16p phu UHPC trong thoi gian tir
25/08/2020 dén 31/12/2020 dap (mg cac yéu cau ki thuat cia du an sira chira mit cau Thing Long.

TU KHOA: Cau Thing Long, du an stra chira mit cau Thiang Long, bé tong siéu tinh nang (UHPC); ban
mat cau nhe lié€n hop, bdo dudng nhiét am, d6 chay xo¢, co mém, co kho, cuong do chiu nén, cuong do
chiu kéo, mo-dun dan hoi.

ABSTRACTS: Thang Long bridge, after many years of operation with increasing traffic volume, leads to
the steel face plate of the bridge not ensuring the conditions of stiffness and deflection within the
allowable limit. After scientific conferences and experimental studies, it was shown that the solution using
Ultra High Performance Concrete (UHPC) technology associated with orthogonal steel decks to form
composite lightweight deck slabs design selection to repair Thang Long bridge deck. In order to
successfully apply UHPC coating in this project, it is necessary to determine the technological
parameters such as: flow, setting time, rheology and shrinkage according to actual construction
conditions at site ( temperature and humidity). In addition, other physical and mechanical properties of
UHPC must be determined such as compressive strength, tensile strength, elastic modulus and dry
shrinkage. This study has determined the technological parameters for the construction of UHPC coating
during the period from August 25, 2020 to December 31, 2020 to meet the technical requirements of the
Thang Long bridge deck repair project.

KEYWORDS: Thang Long bridge, Thang Long bridge deck repair project, lightweight conjugate bridge
deck, Ultra High Performance Concrete (UHPC),; moisture heat maintenance, flow, soft shrinkage, dry
shrinkage,; compressive strength, flexural strength, tensile strength, modulus.

1. PAT VAN PE

Cau Thing Long la cong trinh thé ki, mang
dam biéu twong hitu nghi cia 2 nude Viét Nam —
Lién X6. Cu duoc khoi cong xdy dung ngady 26
thang 11 nam 1974 va chinh thitc khanh thanh vao
ngay 9 thang 5 nam 1985.

Hinh 1. Hi¢n trang mit cau trwéc khi sira chira
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Cau Thing Long — vanh dai 3 1a mot trong
nhing tuyén duong huyét mach két néi Ha Noi véi
cac tinh phia Bic voi luu lugng giao thong 16m.
Sau hon 25 niam khai thac, cdu d3 dugc stra chita
16n vai lan, 1am lai 16p tham nhya bé mat nhung
khong dap tmg duoc yéu cau ky thuat. Theo khao
sat thang 2 nim 2020, luu lugng xe qua cau trén
47000 luogt/ngay véi tai trong truc vuot 2=3 1an so
voi thiét ké.

Theo bao cao danh gia cia lién danh Cong ty
TNHH Tu vin & Xay dung Pai hoc Giao thong

H: Nén_Mo2_1 lin
Tatal Deformation
Type: Total Defarmation
Unit: rrm

Tirne: 1

4/14/2020 6:58 PM

2.0558 Max
1.8278
1.5008
13718
1.1438
0.91578
0.68774
045973
023171
0.0036999 Min

Sau qua trinh thr nghiém vat liéu, két cdu mo
hinh ho, kiém dinh phuong 4an thi cong ca & trong
phong thi nghiém 1an hién truong va tiép thu khoa
hoc cong nghé - kinh nghiém qubc té, Bo giao
thong Van tai giao Tong cuc Puong bd Viét Nam
quyét dinh lya chon giai phap thiét ké: “Str dung
cong nghé bé tong siéu tinh nang UHPC lién két
v6i ban mit thép truc huéng thanh ban mit cau
nhe lién hop”.

Bé tong cuong do siéu cao UHPC (Ultra hlgh
performance concrete) la su phat trién cao cip
hon cua bé tong cbt soi truyén théng. UHPC la
vat lidu c6 tiém niang 16n trong ung dung cho
viéc stra chita ban mat cau thép truc hudng
(OSDs), viéc két hop chung dy kién s& tao thanh
mot két cdu duy nhét.

% Polymer Asphalrs: 40 mm

——Epoxy: 0.4 kg/m2

——UHPC overlay {120/7): 60 - 67 mm

50 {——Zing-rich paint for resistanee to alkali: 0,1 mm

—Deck plate: 14 mm

f——Stud: d=13 mm, L=50 mm and stell barss d=10 mm
Note: Stud 150x150 mm; stell bars S0xS0 mm

Hinh 2. Ciu tao cac 16p mit ciu Thing Long
cho thiét ke sira chira bang UHPC

Do cau c6 2 ting tach biét, ting 1 phan duong
bo va duong sdt van hoat dong binh thuong nén
viéc thi cong 16p phu UHPC phai dam béo céc tac
dﬁng do tau hod di chuyén qua khong anh huéng
dén chat luong lop phu. Ngoai ra UHPC cling phal
dap tmg dugc diu kién thi cong trén mit ciu:

Van tai va Cong ty CP Tu vin Xay dung Cong
trinh Giao thong 2:

- Ban mat cau khong dam bao diéu kién vé do
ctimg, d6 vdng 16n hon rit nhiéu so véi gioi han
cho phép.

- Bé tong Asphalt khong bam dinh t6t voi ban
mat thép, xuit hién rt nhidu vét nut doc & tat ca
céc nhip, bi x6 don vé 2 bén 1& dudng.

H: ST_Néo DT_1lin
Total Deformation
Type: Total Deformation
Unit: mm

Tirme: 1

A/17/2020 2:53 AM

3.0605 Max
27276

23947

20618

1.729

1.3961

1.0632

0.73034
0.38747
0.064592 Min

nhiét d6 30+35°C, d6 am 50+70%. Nham dam bao
cac yéu cAu trén, toan bd ciu duoc chia thanh
32 phéan doan, mdi phan doan duogc thi cong trong
khoang thoi gian tir 6+9 tiéng trong nha c6 mai che
chén kin 2 bén.

Dé co thé thi cong sira chira mat cau, UHPC
phai dam dugc cac yéu cdu sau: do chay xoé thir
bang nhét ké Suttart > 100 mm, bién dang co <
650 um/m, cuong do khang nén tai > 120 MPa,
cuong d6 khang kéo > 7 MPa, mo dun dan hoi >
45 GPa.

Hinh 3. M6 hinh nhé va lén thir nghiém lép
UHPC lién hop ban mit thép truc hwéng

2. PHUONG PHAP NGHIEN CU'U

Str dung vét liéu va thi cong dap ung cac tiéu
chuan sau:
- TCVN 2682:2020, Xi mdang Pooc lang.

- TCVN 8826:2011, Phu gia hod hoc cho bé tong.

- TCVN 8827:2020, Phu gia khodng hoat tinh
cao dung cho bé tong va vita — silica fume, tro trau
nghién min va meta cao lanh.
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- TCVN 11586:2016, Xi hat lo cao nghién min
dung cho bé tong va vira.

- TCVN 12392-1:2018, Soi cho bé tong cot soi
— phan 1: soi thép.

- Ap dung TCVN 13735:2023, Bé tong - bé
tong siéu tinh nang UHPC — yéu cau ky thudt va
phwong phap thir.

- Ap dung TCVN 13736:2023, Bé téng - bé téng
siéu tinh nang UHPC — thi cong va nghiém thu.

3. LUA CHON VAT LIEU THANH PHAN

Viéc ché tao thanh cong UHPC phuy thudc vao
viée t6i wu hod ty 18 thanh phéan vat lidu trong hdn
hop cua nod. Pic biét trong d6 1a cat trang thach
anh — cat bién, nguén nguyén liéu san co tai Viét
Nam véi trit lugng 16n, ham lugng SiO; cao. Cung
v6i d6 1a cdt soi thép vi nd s& giup ting dic tinh
co hoc, ca vé cuong do khang nén lan cuong do
khang kéo. Pé c6 thé phan tan hiéu qua cdt soi
thép, UHPC phai c6 do chay xoé 16n nhung van
phai dam bao ty 1&¢ N/CKD ¢ muc thdp tdi thiéu.
Vén d& nay s& dugc giai quyét bang cach thém phu
gia siéu déo gdc PCE.

3.1. Xi mang

Xi mang dugc lya chon sir dung 1a loai PC50,
¢6 cac chi so0 ky thudt dap ing TCVN 2682:2020.

Bang 1. Chit lwong xi ming

3.3. Xi 10 cao nghién min (GGBS)

. GGBS dugc lya chon st dung dé tha}y thé mot
phan xi mang la loai S95, c¢6 cac chi s6 k¥ thuat
dap tmg TCVN 11586:2016.

Bang 3. Chit lwgng GGBS

STT Noi dung Pon vi Két qua
1 Khéi luong riéng g/em’ 2,86
2 | Poam % 0,7
3 | Chi s hoat tinh, R7 % 81
4 | Chi sb hoat tinh, R28 % 107
5 | Mat khi nung (LOI) % 1,7

3.4. Cat trang thach anh

Cat thach anh duoc lua c}lon st dung la loai
cat trang Fico, co cac chi sO k¥ thudt dap tung
TCVN 13735:2023.

Bang 4. Chit hrgng cat trang thach anh

STT Noi dung Pon vi Két qua
1 Khéi luong riéng g/em’ 3,10
2 | D6 bén udn, R28 MPa 14,1
3 | D6 bén nén, R3 MPa 38,4
4 | Do bén nén, R28 MPa 59,7

STT Noi dung Pon vi Két qua
1 Khdi lugng riéng g/em’3 2,65
2 Ham lugng tap chat % 0
3 | Poéam % 0,2
4 M6 dun d6 16n - 1,63
5 Ham luong SiO2 % 97,2
6 Ham luong Ion CI™ % <0,001
7 1,25 mm % 0,0

Luong sot )
8 sélng tich 0,63 mm % 9,4
9 g trén | 0315 mm % 56,0
sang
10 0,14 mm % 97,7

3.2. Silica fume

Sili‘ca fume dugc lya chon st dung dé thay, thé
mot phan xi mang 1a loai ban nén, c6 cac chi so k¥
thuat dap img TCVN 8827:2020.

Bang 2. Chit lwong Silica fume

3.5. S¢i thép

Cét soi thép duoc lua chon sir dung 1a soi thép
ma dong cudng do cao loai 2D, c¢b cac chi sb k¥
thuét dap tmg TCVN 12392-1:2018.

Biang 5. Két qua kiém tra chit lwong soi thép

STT Noi dung Pon vi Két qua
1 Ty 1€ hudng soi - 65
2 Ham luong tap chit Y% 0
3 Cuong d6 chiu kéo MPa 3200

STT Ndi dung Pon vi Két qua
1 | Khéi lugng riéng g/em? 2,21
2 | Khdi lugng thé tich kg/m? 620
3 | Poam % 1,2
4 | Mat khi nung (LOI) % 0,9
5 | Chi sb hoat tinh, R7 % 112
6 | Chi sb hoat tinh, R28 % 119
7 Ham lugng SiO2 % 94,2

3.6. Phu gia siéu déo

Phu gia siéu déo dugc lya chon st dung 1a loai
phu gia siéu déo giam nudc gbc PCE thé hé thu 4,
c6 cac chi sb k¥ thuat dap tmg TCVN 8826:2011.
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Bing 6. Két qua kiém tra chét luong
phu gia siéu déo

STT Nbi dung Pon vi Két qua
1 Khéi lwong riéng - 1,09
2 | Ham luong chét kho % 38,7
3 Do pH % 6,26
4 Ham lugng tro % 1,76

Hinh 4. Lya chon dwoc cac loai vat liéu phu hop
1a khau then chot trong che tao UHPC

3.7. Cac loai phu gia bd sung khac

N6i vé tinh cong tic, phu gia luu bién
(P-BASF) s& duoc lwa chon sir dung nhdm dap tng
yéu cau thi cong 16p pha UHPC khi d6 déc ngang
mit cau 1a 2%. Loai phu gia nay n6 gitp UHPC
giam duoc do chay xoé tir 190+210 mm xudng con
120+150 mm.

Ngoai ra, phu gia on dinh (PCE-R) cling duogc
Iva chon nham kéo dai thoi gian ninh két cua hdn
hop UHPC 1én khoang 9+10 tiéng, gitp cho c6 thé
thi cong nhimng phan doan dai nhat ma khong bi
anh hudng boi tac dong tir hoat dong ciia may moc
thiét bi, tau hoa ¢ ting dudi.

4. KET QUA THU NGHIEM
4.1. Nguyén tic thiét ké, ché do bao dudng
nhiét am

Céc yéu cau co ban dugc dit ra trong qua trinh
thiét ké cap phéi nhu sau:

- Pam bao tinh cong tac: do chay xoé¢ (nh6t ké
Suttard) > 100mm.

- Pam bao vé& ham lugng cbt soi: > 2,5%.

- Pam bao vé nhiét ¢ hdn hop: < 35°C.

- Pam bao tinh co ngdt: d6 co < 650 pm/m.

- Pam bao vé ham luong cdt soi: > 2,5%.

- Pam bao yéu ciu vé cudng do: cudng do chiu
nén > 120 MPa va cuong d6 chiu kéo > 7 MPa.

- Pam bao vé tinh dan hdi: Mo-dun dan héi
> 45 GPa.

Hinh 5. Thyc hién phu mz‘mg film PVC c¢6 chira
cac hat silicagen 1én bé mat UHPC
Phuong phép bio dudng nhiét am dugc sir
dung dé bao dudng mau thir sau khi két thuc dong
két s& giup ty 1& va tbc do phan ung thuy hod
xi mang trong UHPC duoc nang cao:

- Bao dudng 4m ty nhién ban dau st dung
mang flim PVC c6 sin céc hat silicagen bén trong
bé mit, phu 1én bé mat UHPC ngay sau khi vira thi
cong can — rai cing cong tic phun nudc 4m lién
tuc cho dén khi UHPC du 1 ngay tudi.

- Tiép theo d6 1a bao dudng nhiét 4m (bdo hoa
am) & mic 80 = 5°C lién tuc trong thoi gian
72 tiéng. Tbe @6 tang va ha nhiét cta ché do nay
lan lwot 1a 10°C/h va 15°C/h.

- Sau khi nhiét d6 mau tro lai mie binh thuong
16p phia UHPC tiép tuc dugc bao dudng am tu
nhién dén khi UHPC du 7 ngay tudi.

4.2. Cic két qua thir nghi¢m
Céc két qua thir nghiém trong LAS duoc cho
trong cac bang sau:
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Hinh 6. Panh gia tac dung cia Silica fume, GGBS
dén d chay xoé hén hop UHPC
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5 4.3. Giai phap thi cong
E 232'2 yedd Ngoai ra, UHPC ciing ‘phéi dap tng duoc diéu
2 0 / kién thi cong trén mat cau: nhiét do khong khi
E. 19 r khong qua 40°C, d6 am khong khi khéng nhé hon
B s 60%. Nham dam bao yéu cau trén, toan bd mit cau
16 g du'qc chia thanh 32 phan doan véi céc kich thudc
14.5 _~ chiéu dai khac nhau (90m, 112m, 134 m), moi
13 phan doan dugc thi cong trong khoang thoi gian tir
115 6 = 10 tiéng, trong nha c6 mai che chin kin 2 bén
10 s 1 2 s a2 o s i ;5 dé tranh mua nang tryc tiépvvél khi phun nudc,
Ham Imong phu gia siéu déo (%) khong bi gi6 thdéi cudn di. BE thoi gian thi cong

duoc rut ngén va chét luong UHPC duoc on dinh &

Hinh 7. Danh gia tic dung ctia phu gia déo mtic cao, dong thoi phan chia qua trinh tron thanh
dén d9 chiy xoé hn hgp UHPC 2 giai doan: tron kho UHPC (tron trudc tai nha

may) va tron uot UHPC (tai hién truong):

|5
L

5
>

; Khi nhiét d0 miu trd lai mac binh thuong
Y (twong dwong phong LAS), mau tiép tuc dugc bao
dudng 4m ty nhién dén khi UHPC du 7 ngay tudi.

(MFPa)

L7y
<

g Xuyén

o)
L

£ - Str dung bot kho UHPC tron san da co san soi
(E. » / thép dugc tron san trén may tron ting cudng cla
i l Chau Au va dong goi theo dinh luong tirmg mé tron
E tai nha may nham rat ngan thoi gian tron.

—_
¥ <
\

- Bot khoé duoc tron trude thoi diém thi cong

,-_,-J‘/ trong khoang thoi gian 2 + 3 ngay, dem lai hiéu
0 y - > L, N 4 A , 2 n an X
o 95 10 105 11 115 12 125 qua cao nhat vé chat lugng san pham (nhi¢t do hon
——Ml —E—M2 M3 Théi gian (riéng) hop bot < 60°C).

- Tron wdt UHPC véi thoi gian tron > 8 phut va
khong quéa 14 phut, diéu kién nhiét d6 moéi trudng
thi cong phai ndm trong khoang 5°C < t° < 40°C.

Hinh 8. Thoi gian ninh két ciia UHPC
khi sir dung PCE-R

Bang 7. Théng ké két qua thi nghiém cp phdi

L - - On dinh nhiét d6 méi trudng tai tram tron
UHPC & cac lan thir khac nhau

bang thiét bi phun nudc bui — swong am xung
Thirlan | Thirlan | Thirlan quanh cac tram tron, ddc biét la thanh co6i trdn

Noi dung 1 ’ 3
<35°C.
t° - moi trudng, °C 20+2 2742 31+2 , , A K
£ - Str dung da kho CO; dugc xep xung quanh
-moi ¢ 9 I , \ \ A A
RH-moi truong, 0£2 80+2 65£2 v6i muc dich lam lanh thanh c61 tron < 15°C.

Do chay xoe 1, mm 191 196 187 , . NN . ,
D; h"y % - Str dung Chiller — thiét bi lam lanh va nudc
0 chay xo¢ 2, mm ;A ~ cn 2 1 . A P
(sau thém P-BASF) 145 146 141 ga Iclay Sc;)élg nghi¢p d€ lIam lanh nudc tron luén 6n

- <
St B/dhu | 10:05 | 1020 | 10:00 = > 7
etting time A& vi a 3 SR
g Kithic | 11:30 12:00 1120 - De van chuyén hon th.UHP(‘J sau khi tron
- X dén vi tri thi cong mot cach kip thoi, hi€u qua ma
Ham luong soi, 2.62 2.57 2.56 % . A didg Khidn &1 thidn o
% : : : s0 luong cong nhan diéu khién toi thiéu, st dung
R4 148.3 154.3 151.4 5 xe xtc 1at v6i dung tich gau chira > 1m®. Va yéu
Cuong do chiu [ p_ 152.4 154.7 151.0 cau pht bat che kin 1én xe van chuyén hdn hop

nén, MPa

UHPC sau tron khi diéu kién thoi tiét khong thudn

Ros 152.6 156.9 152.7 ) o
lgi nhu troi nang hodc c6 mua nhé va vira.

R4 9.2 8.6 10.1
Eéli)éh]\g[ gg chiv o 91 107 116 - Tai nh? méy sir dung méy tfon SKAKQ -
’ Ros 106 93 0.8 Pan mach dé trdn hon hgp bt khé UHPC va tai
Mo-dun &in cong truong st dung 2 tram tron Vé‘i’ 4 may tron
hdi, GPa Ras 51.6 52.7 523 lién hoan dong CO-NELE — Trung Quoc.
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- May rai — ddm — can lién hop duoc st dung
dé dam chit 16p phu UHPC, c6 thé 14p kin cac khe
giita ludi thép, dinh neo va ban mit thép ma bé mit
cling dugc hoan thién véi d6 déc ngang 2%. May
cling dugc cai dat san chiéu cao lam viéc dé 16p
phit UHPC c¢6 chiéu day t6i thiéu 1 60mm véi toe
d6 ctia may duoc duy tri 6n dinh & mac 11 + 2m/h.

- Thiét bi bao dudng nhiét 4m bao gém ndi hoi,
hé théng dan hoi va budng bao dudng. Véi chiéu
dai mot phan doan 1a rat 16n nén can s dung ndi
hoi di dong, va c6 s6 lugng 1a 5 cai.

Hinh 9. Nha thi cong 16p phii c6 mai che
va tram trn tai mit cau

5. CHAT LUQNG THI CONG

- Kiém tra nhiét d6 UHPC cua 32 phan doan
thi cong cho két qua twong ddi 6n dinh, ching t6
viéc sur dung Chiller lam mat nudc tron va cac giai
phéap lam lanh khéc di cung, dem lai hiéu qua cao,
dap g yéu cau k¥ thuat.

- Két qua kiém tra d6 chay xoé cta hdn hop
UHPC cua 32 phan doan thi cong déu dap tng yéu
cau ky thuét.

- Ca 32 phan doan d3 thi cong déu c6 két qua
kiém tra chét lwong 16p phu UHPC sau bao dudng
nhiét rat t6t — cuong do chiu nén tuong ddi 6n
dinh, vuot mirc yéu cau thiét ké tir 5 + 40%.

- Ca 32 phan doan thi cong déu co két qua
kiém tra cuong do chiu kéo twong dbi on dinh,
vugt mirc yéu cau thiét ké tir 20 + 80%.

Hinh 10. Bjt khé UHPC trén sin
va may rai - dam - can lién hop
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Hinh 11. Kiém soat d9 chay xoé ciia hdn hop
UHPC sau tron cua 32 phan doan
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Hinh 12. Kiém soat nhiét d9 ciia hén hop UHPC
sau tron cuiia 32 phan doan
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Hinh 13. Theo dbi chét lwgng hdn hop UHPC —
ham lwong s¢i thép ciia 32 phan doan
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Hinh 14. Kiém tra cwong do chiu nén
ciua UHPC - tai 4 ngay tuoi
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Hinh 15. Kiém tra cwong do chiu nén cia UHPC
— tai 28 ngay tuoi
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Hinh 16. Cwong d¢ chju nén cia UHPC —
tai 4 va 28 ngay tuoi
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Hinh 17. Kiém tra cwong do chiu kéo
ciia UHPC - tai 4 ngay tuoi
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Hinh 18. Kiém tra cwong dd chiu kéo ciia
UHPC - tai 28 ngay tudi
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Hinh 19. Cwong do chiu kéo ctia
UHPC - tai 4 va 28 ngay tuoi
6. KET LUAN

- Qua trinh thi cong da kiém soat duoc viéc lua
chon va 6n dinh chét lugng vat lidu tai Viét Nam
va thiét ké cap phdi dap ung tat ca cac yéu cau cua
thiét ké két cdu va diéu kién cong nghé thi cong, su
thay dbi cia thoi tiét moi trudong trong subt thoi
gian thi cong.

- D3 hoan thanh t6t voi chét lugng on dinh, ché
tao 2000 m* UHPC tuong duong 28.000 m?> mat
16p phu UHPC lién hop dé sira chita mat cau
Thang Long, Ha No6i, Viét Nam lién tuc trong
3 thang cudi ndm 2020.

- Théng xe tré lai ciu Thing Long tir ngdy
7 thang 1 nam 2021 t6i nay di qua gan 3 nam khai
théac véi tbe do xe 1a 80 km/h, lugt xe trén 50.000
lugt xe/ngay dém cho thay chét lugng 16p phu
UHPC lién hop 1a rit dang tin cdy, dap tng va
vuot yéu cau thiét ké va chi dan ky thuat.
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