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Abstract. Retrofitting and rehabilitating the structure of reinforced concrete slab bridges are
subjects of numerous research studies. However, there has been limited research on repairing
these structures using Ultra-High-Performance Concrete (UHPC) materials. This article
presents the results of experimental research on the flexural behavior of three concrete slab
specimens: one with normal concrete (NC) serving as the control slab, and two specimens
with the same height as the control slabs but replacing the protective concrete layer of 30 mm
with a 30 mm UHPC layer, with or without steel anchors, in comparison to the normal
concrete slab. A four-point bending test was conducted. The experimental results show that
the specimen retrofitted with UHPC increases the ultimate deflection by 133% and the
ultimate moment by 31.4% compared to the control specimen. For the specimen without
anchors connecting to the normal concrete, delamination between the two layers of
UHPC/NC was observed during the test. This study has opened up new research orientations
and potential for improving the longevity of concrete slab bridges using UHPC.
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Tom tat. Stra chita va ting cudng két cau mat cau bé tong cét thép dang 1a d6i tugng cua
nhiéu nghién ctru, tuy nhién hién nay chua c6 nhiéu nghién ctiu vé sira chira két cau nay bang
vt liéu bé tong cuong do siéu cao (UHPC). Bai bao trinh bay két qua nghién ctu thuc nghiém
g xtr chiu ubn cua 03 mau ban: 01 mau ban bé téng cdt thép (BTCT), 02 mau cing chiéu
cao voi mau BTCT c6 thay thé 03 cm I6p bé téng bao vé bang 16p UHPC neo lién két hoic
khong véi ban bé tong hién hiwu. Két qua thi nghiém uon 04 diém cho thiy viéc tang cuong
UHPC ¢ I6p phu bé tong bé mat s& ting d6 véng ti han 18n 133%, md men udn pha hoai so
Voi mau ddi chimng Ién 31,4% dong thoi 1am thay dm dic diém phé hoai cua mau. Déi voi
mau khong co lién hét voi ban bé tong hién hitu, mau bi pha hoai véi mé men ubn nho hon
va xuat hién hién twong bong tach 02 16p nay. Nghién ctru nay dd mé ra mot huéng nghién
clru méi va tiém ning cho viéc cai thién va gia tang tudi tho ciia cau bé tong cdt thép st dung
UHPC.

Tir khoa: Bé tong siéu tinh nang (UHPC), md hinh udn 04 diém, tng xir chiu udn.

@ 2023 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

Két cAu mat cau Bé Tong Cot Thép (BTCT) thong thuong hién dang dwoc st dung phéd
bién & Viét Nam va trén thé gisi. Két cau nay 12 bo phan chiu tai trong truc tiép tir tai trong xe
va dong thoi chiu anh huang bei cac yéu tb mdi truong nhu do am, sy xam nhap ion clorua, .
qua thoi gian khai thac két cau BTCT sé Xuit hién xudng cip va hu hong. Céc bién phap sua
chita ban mit cau hién nay chu yéu 1a phuong phap bom keo epoxy hodc trdm/va cac vét nut,
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vé6i nhitng dang hu hong nghiém trong hon nhu bong v& bé tdng, dn mon cét thép bién phép
stra chita hay duoc sir dung 1a thay mai ban bé tong. Bién phap thay méi dan dén viéc can phai
cdm cau trong thoi gian dai nham phuc vu cdng tac thdo d& va dé lai bé tong méi. Cac bién
phép ting cudng cho mat cau bé tong cét thép hay p dung 1a phuong phép dan sgi composite
cuong d6 cao, dan ban thép dé ting cuong cho mat day, bé mat phia trén thong thuong sé can
phai do 01 16p BTCT lién két voi ban mat cau cii, viéc lam nay dan dén ting tinh tai va khong
c6 loi vé mat chiu luc. Do do, gial phép su dung vat liéu maoi dé stra chita va tang cuong nhim
nang cao tudi tho, dam bao kha ning chiu luc cua ban mat cau BTCT, giam thoi gian thi cong
la van dé c6 y nghia khoa hoc va thyc tién.

Bé tong siéu tinh nang hodc tinh nang siéu cao (Ultra High Performance Concrete) hay con
goi la bé tong UHPC 12 loai vat liéu c6 mot sé tinh ning co hoc vuot troi so vai bé tong thong
thuong nhu 1a: cudng d6 chiu nén rat cao (tir 1220MPa — 200MPa), kha ning chiu kéo, khang
nat 16n (tir 8-12 MPa), kha ning chdng an mon cao do do dic chic cao dan téi hé s6 thAm nudc,
hé sb tham ion clorua thap, ....[1-3] Véi dic tinh nhu vay, bé tdng UHPC 1a mét trong nhiing
giai phép thay thé 16p bé tong bao vé bi xubng cp va hu hong. Bé tong UHPC di duoc &p dung
trong viéc sira chira va khoi phuc kha nang chiu luc cua ban mat cau BTCT ¢ mét s6 ¢ong trinh
trén thé gi¢i nhu cau Chillon ¢ Thuy Sy [4]. UHPC di ung dung ¢ Viét Nam trong viéc xay
dung cac cong trinh ciu méi: cau dan sinh,.. Viéc ung dung trong viéc sira chita cau hién tai
con rat han ché. Hién tai, loai vat ligu ndy méi 4p dung trong viéc stra chira mét cau ban thép
truc huéng cua cau Thing Long. Mot s6 nghién ciru & nudce ta chu yéu tap trung vao phan tich
ng xur chiu kéo cua bé tong UHPC nham phan tich duoc dudng cong mdi quan hé tng suat
bién dang cua vat liéu nay [1, 5], g xtr chiu cit [6] hay nghién ctru eng xir chiu uén cua dam
UHPC [7, 8]. Hién tai chua c6 nhiéu nghién ctru danh gia anh huong sy c6 mit cua lép UHPC
trén ban BTCT nham danh gia hiéu qua cua vat liéu méi nay tng dung trong viéc st chita ban
BTCT. Mot sé nghién ciu trén thé gidi cha yéu tap trung vao dénh gia su anh huong cua 16p
UHPC ¢ vung chiu kéo [9-12].

Muc tiéu cua nghién ctru nay 1a danh gia (ng xu chiu uén~ ctia mau ban BTCT duogc ting
cuong 16p UHPC ¢ vung chiu nén bang thyc nghiém. Cac mau dugc ting cudng s& dugc so
sénh véi mau BTCT doi ching.

2. VAT LIEU VA THU'C NGHIEM
2.1. Vit liéu

Bé téng siéu tinh niang (UHPC) st dung dé ché tao gdm cac cdt liéu thanh phan chinh voi
dac tinh ky thuat dugc nhu sau: Xi mang Portland PC40; Cat Quartz; Phu gia va tro bay; Soi
thép st dung trong bé tong Ia loai soi thép ma dong. Si thép c6 cudng do chiu kéo cao hon
2000 MPa va duong kinh bang 0,2 mm dai 12 mm. Ttn’ nghiém vat liéu da duoc tién hanh ¢ cac
nghién cuu trude day [1]. Cuong d6 chiu nén cia mau bé tong UHPC ¢ 28 ngay c6 cuong do
trung binh 130 MPa, cuong d6 chiu kéo trung binh 9 MPa. Bé tong thuong dugc sir dung trong
nghién ctru c6 cuong do chiu nén fc” = 35,8 MPa ¢ 28 ngay tuoi.

Cot thép thudng duoc sir dung co cac loai cot thép sau day: cot thép & viing chiu kéo c6 go
c6 duong kinh 12 mm; cot thép ¢ vung chiu nén ¢6 duong kinh 10 mm; cot thep dai str dung
Iég cot thép co d’u’(‘mg’kl'nh 6 mm ¢ khu vuc dau dam dé tranh viéc pha hay cuc bd ¢ khu vuc goi
cau. Chi tiét bo tri cot thép nhu trong Hinh 2.

2.2. Thiét 1ap m6 hinh thi nghiém khéi phuc kha ning chiu luc bang UHPC
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Dé danh gia dwoc anh huong caa lép UHPC trén ban BTCT, nghién cau sir dung cau hinh
két ciu ban mat cau gian thép cua cau Chuong Duong (Hinh 1). Ban mat cau phan xe chay day
140 mm duoc lién hop va ké trén 05 dam doc véi khoang cach gitra cac dam doc 1a 1530 mm.
Trong nghién ciu ndy chi xem xét truong hop bé tong UHPC nam & ving chiu nén cua ban
BTCT.

Kich thudc cia ban BTCT duoc ché tao nhu sau: chiéu dai 1800 mm:; chiéu rong 360 mm;
chiéu cao 140 mm. Déi voi ban dbi ching, chiéu cao d6 bé tong 1a 140mm. Trong khi d6, hai
mau con lai chidu cao d6 bé tong thuong 1a 110 mm, sau d6 02 ngay sé tién hanh d6 16p bé tong
UHPC day 30 mm (Hinh 3, Hinh 4). Cac mu sau d6 s& duoc phua I6p phim tranh mét nuée va
tién hanh thi nghiém uén sau 28 ngay. Mau déi chung bing bé tong cét thép dugc ky hiéu la
mau NC, trong khi d6 mau c¢6 30 mm UHPC khéng ¢ neo va cd neo lién két voi BTCT dugc
ky hiéu lan lugt 13 UHPC-0-30 va UHPC-30.

Hinh 3. B& mit miu trude khi d6 bé tong UHPC. Hinh 4. Mau sau khi d6 bé tdng UHPC.
2.3. So' d6 thi nghiém

Mau bén dugc tién hanh thi nghiém uén 04 diém trong phong thi nghiém ciia Truong Pai
hoc giao thong van tai (Hinh 5.a). Khoang cach giita 02 goi la 1530 mm tuong tu nhu khau do
lam viéc cua ban BTCT ¢ mat cau Chuong Duong. Thi nghiém uon 04 diém voi khoang cach

Fm*mq UHPC
30 mm
A— 4 7
'I')!
NC 110 mm F
1530 mm A ¥
1800 mm !
|
A
b)

Hinh 5. Thi nghiém udn 04 diém.

Thi nghiém duoc thuc hién véi tée d6 gia tai 12 0,1 kN/s. Trong qué ;r‘mh lam thi nghriém,
do V(“)ng & Vi tri gitra nhip dugce do dac théng qua 01 LDVT. Ngoai ra, bién dang tuwong doi tai
mat cat gitta nhip theo chiéu cao dam chu cling duogc tién hanh do dac thong qua 04 14 dién tro
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dugc gén & céc vj tri nhu trén hinh 6.

Mit cit EE'D’D Mat cat CC’D’D
A A
I |
30 / UHPC | /
- ® ! UHPC
180 mm
@ l 40 mm
Bt iong =
S ==
110 mm thwimg T 40 mm 360 \ @
17111
@ [ m— )
J 30 mm 180 mm
a) b)
| |
A 2 . 2

Hinh 6. So dd b tri 14 dién tro tai mat cét gidta nhip: a) doc chiéu cao ban ;
b) mat trén cung cua ban.

3. KET QUA VA THAO LUAN

3.1. Dang phé hoai va d9 vong ¢ vi tri giira nhip caa ban BTCT.

~ Luc pha hoai va dang pha hoai cua 03 mau ban duoc tong hop ¢ Bang 1. Su phét trién cia
Vet nut twong tng vaGi gia tri tai trong tac dung Ién ban dugc mo ta trén Hinh 7.

e —
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Hinh 7.Dang pha hoai ctia mau va sy phét trién cua vétm;rt theo cAp tai trong: a) Mau déi ching;
b) Mau 30 cm UHPC khéng cé neo lién két ; ¢) Mau 30 cm UHPC c6 neo lién két.

Bang 1. Tong hop két qua thi nghiem.

Ky hiéu mau Gi6i han pha hay My, pha hay Dang pha hiy
Py (kKN) du(mm)
NC 148,35 15,65 37,83 Cit
UHPC-0-30 121,22 11,72 30,91 Cit
UHPC-30 195,06 36,47 49,74 uén

Trong do: Py: Luc phé hoal, du: d6 vong & gitra nhip ¢ trang thai pha hoai
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Mau NC Iam bang BTCT bi pha hoai khi luc t6i han Py = 148,35 KN, tuong ing véi md
men udn My, exp = = 37,83 kN.m va do vong t6i da 1a 15,65 mm. Mau bi pha hoai do cit (hinh 7),
vét niit pha hoai xuat hién dot ngot (pha hoai don), hinh dang xién ndi gitra gdi cau va diém dit
luc gia tai. Dang pha hoai nay 12 pht hop khi mau ban thuong khong c6 cét thép dai (Hinh 2).

M3au UHPC-0-30 mé phong viéc thyc té khi sira chita s& cao boc 16p bé tong bao vé cua
két cau sau d6 db lai 16p bé tdng UHPC c6 chiéu day 30 mm. Lién két gitra 02 vat liéu bé tong
chi thong qua dinh bam gitra 02 16p. Luc pha hoai ciia mau nay thap hon miu déi chiing dat
121,22 KN, tuwong ung véi md men udn My,exp = 30,91 kN va d6 vong cua ban chi dat 11,72
mm. Viéc pha hoai don, do cit kha dot ngot khi cé su tach 16p gitra bé tong UHPC va bé tong
thuong kém sau d6 1a sy pha ciia cia mau tuong tu nhu mau RE (Hinh 7)

M3au UHPC-30 twong tu nhu mdu UHPC-0-30 tuy nhién c6 bo sung thém cét thép lién két
(neo) gitra BTCT va bé tdng UHPC. Su lam viéc chung gitra 02 16p bé tong lam tang luc pha
hoai giGi han cuia mau 1én Py = 195,06 kN, twong (ng v&i md men uén My = 49,74 kN.m va do
vong t6i han dat 36,47 mm. (Hinh 8). Do su ¢6 mit cua I6p UHPC, két cau ban lién hop chuyen
tir pha hoai do cat (mau déi chuang) sang pha hoai do uén (Hinh 7) va phé hoai déo va két cau
khai thac téi uu hon giai doan chay cua cét thép thuong & viing chiu kéo. M6 men ubn pha hoai
tang 31,4%; do vong tdi han tang 133%.

L A
E ! i ! : : ! !
540 R R S
g ! 5 ! ! ! ! ! !
= ! ! ! ! ! ! ! !
830 1 T
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Hinh 8. Méi quan hé gitra md men uén va do véng cua dam & mit cit gitra nhip déi véi cac dam cé
cung chiéu cao.

3.2. Bién dang dam chi

Gia trj bién dang thu duoc ciia 04 cam bién gan ¢ mat cit gita nhip & mot s6 gia tri md
men udn dugc mo ta trén Hinh 9.
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Trong ca 03 trudng hop, Hinh 9 cho thay chiéu cao viing chiu nén giam khi mé men uén
tac dung Ién ban ting 1én. D6i véi 02 mau NC va mau UHPC-0-30, viéc pha hoai mau do cit
nén ving bé téng chiu nén chua dat bién dang téi da. Trong khi d6 d6i véi mau UHPC-30 pha
hoai do ubn bé téng dat toi bién dang 0,0033. Trong truong hop ca 03 mau, truc trung hoa &
mit cat giira nhip déu tap trung o ving bé tong thudng (Hinh 9). Tuy nhién, thuc té vét nit xuat
hién dén 16p bé tdng UHPC (Hinh 7), sau d6 c6 hién tugng bong 16p UHPC véi I6p BT thuong.
Nhu vay, viéc do bién dang & bé tong khdng con phi hop dé xac dinh chinh xac vi tri truc trung
hoa cua mit cit o trang thai pha hoai.

4. Két luan va kién nghi

Bai bao da trinh bay két qua nghién ctu thuc nghiém khéi phuc kha ning chiu luc cua bé
tong cdt thép thuong bang bé tdng siéu tinh ning (UHPC) bing viéc xem xét két qua thuc
nghiém trén cac mau ban cung kich thudc va chiéu cao. Két qua thuc nghiém cho thay hiéu qua
cua viéc thay thé 30 mm Iop bé tdng bao vé bang bé tong UHPC c¢d neo lién két & ving bé tong
chiu nén giup tang khoang 31,4% kha nang chiu luc va d¢ vong tang 133%. Ngoai ra, lop UHPC
con giup cho thay doi dic trung pha huy cua ban BTCT tir pha hoai don do cat sang phé hoai
déo do ubn. Tuy nhién, khi khong cé neo lién két giira [6p UHPC va ban BTCT s& xuét hién
hién twong tach 16p va giam kha niang chiu luc caa két cau sau khi thay thé. Nghién ctu dong
g6p thém 01 giai phap sira chira va ting cudng ban BTCT bang viéc sir dung mot vat liéu méi
vira ¢6 kha nang chdng thim, chéng xam thuc cao, vira tang cuong kha nang chiu lyc caa ban
BTCT.

Nghién cau tiép theo tap trung phan tich Gng xu thuc nghiém va md hinh két cau ban BTCT
dugc sua chira, tang cuong UHPC ¢ vung chiu nén va tam sgi FRP tang cuong ¢ vung chiu
kéo.
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