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TOM TAT

Tam FRP ngay cang duwoc sir dung réng rai, dac biét trong viéc gia cé va siza chira cac cau kién
bé tong cot thép bi hw hong mét phan hodc bi hw hong hoan toan. Viée gia cwong lai cac cau kién
cdng trinh dé dam bao kha nang chiu luc ciing nhw dé tiép tuc sir dung 1a hét sizc can thiét. Hién
tam FRP ¢6 nhiéu thdng sé ky thudt khac nhau, quy trinh thi cdng khéac nhau, tém FRP si dung
trén nhiéu logi vat liéu khac nhau. Trong bai bao nay, cac tac gia da de xuat chung logi vt lidu tam
FRP, quy trinh @ gia co va sira chira cac dam BTCT bj Au hong hoan toan cho cac dam c6 sir dung
ham fLeong kinh tai ché dé thay thé cot liéu cat trong viéc ché tao cac dam BTCT nay va bj hu hong.
Két qua nghién cizu cho thay tam FRP N300 vdi keo epoxy E500 c6 thé phuc hoi dén 85% khd ning
chiu luc ciia dam trueéc khi bi hu héng hoan toan.

Tir khoa: FRP, dam, bé tong, keo epoxy, két cau.

ABSTRACT

FRP panels are becoming more commonly utilized, particularly for the reinforcement and repair of
partially or fully damaged reinforced concrete structures. It is essential to reinforce construction
structures to ensure their load-bearing capacity and continued usability. At present, FRP panels
show a variety of technical parameters and construction processes, and they are utilized across
numerous types of materials. This paper presents a suggestion for a type of FRP panel material,
detailing the process for reinforcing and repairing damaged reinforced concrete beams. The focus
is on beams that include recycled glass content as a substitute for sand aggregate in their manufac-
ture. Research results indicate that FRP N300 panels bonded with E500 epoxy glue can restore as
much as 85 of the load-bearing capacity of the beam prior to complete damage.

Keywords: FRP, beam, concrete, epoxy glue, structure.

1. GIGI THIEU cau kién, ching vira lién két véi két cau bi hu

Mot sé cong trinh dugc dat trong moi hong vira tang kha nqéng chiu luc va keo dai
truong khic nghiét hoic sau mot thoi gian st tt‘o" gian su dung. K& tir khi cac vat licu dang
dung d3 lam suy giam kha ning chiu lyc caa  tam nhu tam FRP (Fiber Rglnforced Polymer)
két cAu va dan dén hu hong hoan toan. ra doi, viéc s dung cac tam nay dan Ién be
mit ciia bé tong da lam cai thién dang ké tinh
trang hu hong cua cac két cau bé tong cét thép
cho cdng trinh.

C6 nhiéu phuong phap dé gia cb va sua
chira cac ciu kién bé tong cot thép bi hu hong
nay nhu phuong phap d6 bu thém mot hozc
nhiéu l6p bé tong c6 cuong do cao hon 1én cau Mot s6 két cau hu hong thuong gap trong
kién hu hong nham tang kich thuéc cho cong trinh nhu (Hinh 1):
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a) Bé tbng bi an mon

b) Bé téng bi pha hoai
Hinh 1. Mot sb két cau hu hong thuong gap

Mot s6 phuong phép gia cuong va stra
chira cac cau kién bé téng cot thép (Hinh 2):

a) phuong phap d6 bl thém bé tong

b)
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il a r;
phuong phap dan tim bé mat bé tong
Hinh 2. M6t s6 phuong phéap gia cuong va sira
chira cau kién bé téng

Téc gia [1] da nghién ciru vé gia cudng do
bu bé tong tang tiét dién dam bé téng cot thép
Vi mot sb phuong an phd bién nhu: d6 bl
tang tiét dién bé tong bang mot 16p bé téng bao
ngoai bon mit, d6 bu ting tiét dién bé tdng
bang mot 16p bé tdng bao ngoai mat day dam
va héng dam, mit trén dam xu 1i bang mot 16p
tang cudong mong chong dn mon cbt thép, cho
phép xtr If bé mit trén cua dam san duoc tét
hon, d6 bt thém mot 16p bé tong dudi ddy dam.
Téc gia dua ra két luan, trong khu vuc tiép
gidp bé tdng mai va bé tong cii viéc kiém tra
g suat tiép gitra hai Iop vat liéu 1a rat can
thiét dé danh gia dwoc hiéu qua cua viéc lién
két gitra bé tdng moi va bé tong cii qua do
danh gia kha ning lam viéc dong nhét giira cau
Kién cii va phan dugc gia cuong.

Gia cudng bang tdm thép bén ngoai da
dugc nghién ciru thuc nghiém va dé xuat giai
phép ly thuyét dé du doan céc ché do phéa huy
déo/gion caa dam bé tong cdt thép duoc gia cb
bang tim thép. Két qua nghién ctu thuc
nghiém tai sau dam bé tong cbt thép gia cuong
bang tam thép va mot dam bé téng cét thép
khong gia cuong duoc ché tao va thir nghiém
dudi tai uén bén diém. Sau d6 mo hinh ly
thuyét moi duoc phaét trién dé dyu doan co ché
dut gdy cua dam duoc gia cudng bang tim
thép bén ngoai [2].

Gia cuong bing tim bén ngoai di co
nghién ctru thuc nghiém gia cuong stc khang
udn cho dam bé téng cét thép bang tim CFRP
ing suat truge, két qua nghién ciu cho thay
sic khang ubn cua dam gia cuong CFRP ¢
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g suét trudc ting hon 2 1an so véi dam doi
ching va stc khang udn cua dam gia cudng
tam CFRP khéng tao &ng suit trudc tang 1,2
lan so véi dam dbi chang.

Ngoai ra con c6 cac nghién ciu Vé sur
dung tam BFRP d¢ gia cuong. Nhu vay chung
to rang viéc gia cuong cdu kién bé tong cot
thép bang tim CFRP, BFRP rét hiéu qua [3-7].

Nghién ctu [8] di sir dung tim FRP gia
cuong cho chin mau san bé tong cot thép dé
phuc hdi kha ning chiu tai cia san bé téng cot
thép bi chay. Mot mau khong bi chay diing 1am
mau déi ching. Tam mau con lai duoc chia
lam hai nhom, thoi gian chay cia méi nhém
lan luot 1a 45 phat va 75 phat. Sau khi chay,
hai mau ciia mdi nhom dugc gia cuong bang
FRP, sau d6 mang cac mau di thi nghiém. Két
qua cho thay bé mat cac mau san sau khi thi
nghiém chay xuat hién vét nit chan chim.

Kinh tai ché duoc st dung thay thé cat
trong bé tong dé giam phu thudc vao tai
nguyén ty nhién. Tuy nhién, cac dam BTCT
chira kinh tai ché thuong c6 d6 xp cao hon,
dan dén nguy co nut va giam do bén khi chiu
tai, doi hoi cac phuong phap gia cuong hiéu
qua nhu st dung tim FRP. Nghién ctu nay da
st dung tam FRP N300 (Han Quéc) két hop
véi keo epoxy E500 dé gia c6 va stra chira cac
dam BTCT di bi hu hong hoan toan bang cach
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dan tim FRP 1én 3 mat caa dam BTCT, ma cac
dam bi hu hong nay c6 st dung cbt liéu kinh
tai ché thay thé cat trong cac dam.

2. NOI DUNG NGHIEN CUU
2.1. Vit liéu FRP (Fiber Reinforced Polymer)

Vit liéu FRP la mot loai vat liéu nhe cé
cuong do chiu kéo cao, dugc tao thanh tur soi
carbon hodc sgi thuy tinh, aramid véi vat li¢u
géc polyme, dugc minh hoa nhu sau (Hinh 3):

b
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Hinh 3. Thanh phan ciu tao vat liéu FRP [9]

2.2. Thiét ké gia cuwong cac dam BTCT bj
i hong bang tam FRP

Dam dugc thu nhan tir dé tai nghién cau
cua tac gia [10]. Tac gia da nghién cuu thyuc
nghiém &ng xu cua 7 dam bé tong cbt thép khi
sir dung vat liu kinh tai ché thay thé cat trong
bé tong Cac dam duoc thi nghiém nén uén
cho dén khi cac dam bi pha hoai.

Chi tiét thiét ké dan tim FRP trén cac dam
dugc trinh bay ¢ (Hinh 4).
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Hinh 4. Thiét ké gia cuong cac dam BTCT bi hu hong bang tim FRP
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2.3. Céc thong sé ky thugt cua vat liéu gia
cuong (theo khuyeén cdo cua nha san xuat va

mang tinh tham khdo trong nghién cuiu)

2.3.1. Thong sé kj thudt cua céc logi keo

Epoxy:
* Keo epoxy E500 (Hinh 5):
- Xuét xr: Han Quéc
- Gbc hoa hoc: Epoxy hai thanh phan

- Ngoai quan: Chat long khong mau (thanh
phan A), chat long mau nau (thanh phan B)

- Thoi gian thi cong: 60 £+ 10 phut
- Thoi gian khd mat: 14 £ 5 gio
- Thoi gian dong ctiing: 24 + 36 gio

- Ty Ié pha tron: thanh phan A: thanh phan
B = 1kg : 0,5kg

- Cudng do bam dinh: 8 N/mm?
" Cuong d6 chiu kéo: 35 N/mm?

" Cuong d6 chiu nén: 65 N/mm?

a) Keo epoxy E500(A) b) Keo epoxy E500(B)

Hinh 5. Thung chtra keo epoxy E500
* Keo epoxy TCK 510P (Hinh 6)
- Xuét x&: Han Quéc
- Goc hoa hoc: Epoxy hai thanh phan

- Ngoai quan: Chat long mau trang (thanh
phan A), chit long mau nau (thanh phan B)

- Thoi gian thi cong: 60 £ 10 phut
- Thoi gian khd mat: 10 £ 2 gio

- Thoi gian dong cting: 24 + 36 gio
" Binh muc: 0,2 + 0,3 kg/m?

- Ty 1& pha tron: thanh phan A: thanh phan
B = 1kg : 0,5kg
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" Cudng do bam dinh: 93 kgf/cm?

a) Keo TCK 510P(A) b) Keo TCK 510P(B)
Hinh 6. Thung chara keo epoxy TCK 510P

* Keo epoxy TCK 1401 (Hinh 7)
- Xuét xtr: Han Quéc
- Goc hda hoc: Epoxy hai thanh phan

- Ngoai quan: Chat long mau tring (thanh
phan A), chat 1ong mau den (thanh phan B)

- Thoi gian thi cdng: 40 + 10 phat

- Thoi gian kho mat: 14 + 5 gio

- Thoi gian dong cung: 24 + 36 gio

- Ty Ié pha tron: thanh phan A: thanh phan
B =1kg: 1kg

* Cuong do bam dinh: 9,2 N/mm?

" Cuodng do chiu kéo: 39,2 N/mm?

" Cuong d6 chiu nén: 85,3 N/mm?

_1401 (3

ing Material !

1ig Material

a) Keo TCK 1401(A) b) Keo TCK 1401(B)
Hinh 7. Thung chira keo epoxy TCK 1401

* Keo epoxy TCK 510R (Hinh 8)
- Xuat xir: Han Quéc

- G6c hda hoc: Epoxy hai thanh phan
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- Ngoai quan: Chét long mau tring (thanh
phan A), chit long mau xanh (thanh phan B)

- Thoi gian thi cong: 60 £ 10 phat
- Thoi gian khd mat: 8 gio

- Thoi gian dong cang: 24 + 36 gio
" Pinh muc: 0,3 + 0,5 kg/m?

- Ty 1& pha tron: thanh phan A: thanh phan
B = 1kg : 0,5kg

- Cuong do bam dinh: 113 kgf/cm?
- Cudng do chiu kéo: 450 kgf/cm?
- Cudng do chiu nén: 859 kgf/cm?

-

a) Keo TCK 510R(A) b) Keo TCK 510R (B)
Hinh 8. Thung chira keo epoxy TCK 510R

2.3.2. Théng sé ky thudt cia tdm FRP
- Tén goi: TAm FRP N300 (Hinh 9)

- Xut x&: Han Quéc

" Trong luong: 300 g/m?

- b6 day tim: 0,167 mm

- Cudng do chiu kéo: 3.400 N/mm?

" M6 dun dan hoi kéo: 245.000 N/mm?
- Bong g6i: 50m x 0,5m

Hinh 9. TAm FRP N300
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2.3.3. Dung cu su dung cho gia cuong
(Hinh 10)

a) May mai b) May khoan

L.
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¢) May bom keo bang xy lanh

d) Kimbomkeo  €) Co lan keo

Hinh 10. Dung cu sir dung cho gia cuong

2.4. Quy trinh thi cdng gia cuong dam

DBdi voi dam chira kinh tai ché, budc vé
sinh bé mat can sir dung may mai véi dia kim
cuong dé tao d6 nham, dam bao keo epoxy
TCK 510P tham sau vao cau tric xdp cua bé
tong.

2.4.1. Vé sinh bé mat va xi ly vét nit

Dung may mai lam phang mit bé téng cua
cac dam va vé sinh bé mat bé tong dam that
sach bui ban bang may thoi khi, ding may
khoan cam tay, khoan 16 va lap cac kim bom
keo, dé bom keo epoxy E500 bang may bom
xy lanh vao céc vét nit cia cac dam bé tong
cbt thép cd st dung vat liéu kinh tai ché bi hu
hong, dé lién két hai mat bé tong lai voi nhau,
nhiam phuc hdi lai kha nang chiu tai cia dam.
Khi keo epoxy E500 da dong cing, tién hanh
th4o bo cac kim bom keo va thuc hién viéc tiép
theo (Hinh 11).
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b) Bom keo epoxy E500 xir ly vét nit cho dam
Hinh 11. Vé sinh bé mat va xir ly vét nit dam
2.4.2. Phu lop keo epoxy TCK 510P
Duing co 1in keo epoxy TCK 510P Ién bé
mat bé tbng cua cac dam dé tao lién két chac
chan cua cac 16p keo tiép theo va tim FRP vao
bé tdng ctia dam (Hinh 12).

Hinh 12. Lan phu I6p keo epoxy TCK 510P
I1én bé mat cac dam
2.4.3.Lam phang bé mat bang keo TCK 1401

Dung co lan keo epoxy TCK 1401 Ién bé
mit bé tdng cua cac dam dé va cac vét khuyét
tao phang bé mat bé tong cua dam, nham lién
két chac chan cua 16p keo epoxy TCK 510R
va tim FRP vao bé tong cua dam (Hinh 13).

e

- =

Hinh 13. Lan phu I6p keo epoxy TCK 1401
Ién bé mat cac dam

2.4.4. Phui 16p keo epoxy TCK 510R lan 1

Duing co lin keo epoxy TCK 510R 1én bé
mét bé tdng cua cac dam dé tao lién két chéc
chan cua tam FRP vao bé tong cua dam (Hinh
14).

|

Hinh 14. Lan phu I6p keo epoxy TCK 510R 1én
bé mat cac dam
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2.4.5. Dan tam FRP
Déan tim FRP vao bé mat bé tong cua céc
dam, dung co lin lin nhiéu lan [én tam FRP dé
tao lién két chic chin cua tAm FRP vao mat bé
téng cua dam (Hinh 15).

Hinh 15. Dan tim FRP 1&n bé mit cac dam

2.4.6. Phui 16p keo epoxy TCK 510R lan 2

Tiép tuc ding co lin keo epoxy TCK
510R Ién tAim FRP dé ting kha ning chiu luc
cuia tim FRP va cia dam (Hinh 16).

Hinh 16. Lan phu 16p keo epoxy TCK 510R
lan 2 1én bé mat cac dam

2.4.7. Hoan thién

Sau 24 gio khi cong tac gia cuong hoan
tat, tién hanh kiém tra cac khuyét tat nhu: su
Xuat hién bot khi gitra tim FRP va bé mit bé
téng, su tach 16p gitra tim FRP va bé mit bé
téng, nép gap cua tam FRP, do bo sét cua cac
canh dam, vét nat cua 16p keo epoxy ngoai
cung, ... nham kip thoi stra chita cac khuyét
néu c6 (Hinh 17).

Hinh 17. Cac dam dugc gia cuong hoan thién
3. KET QUA VA THAO LUAN
3.1. Két qud thi nghiém

Cac dam thi nghiém sir dung kinh tai ché
(kich thudc hat 0.5-2 mm, thay thé 20% cét)
¢6 cuong do nen giam 8% (28 MPa so véi 30
MPa cua dam dbi ching), dan dén nat sém
dudi tai trong udn. Piéu nay doi hoi quy trinh
gia curong FRP phai dam bao d6 bam dinh cao.

Bay dam BTCT (150x200x1200mm)
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chira 20% kinh tai ché thay thé cat duoc thir
nghiém nén udn theo TCVN 11823:2017. Céc
dam duoc tai dén khi pha hay hoan toan, sau
do6 gia cuong bang tim FRP N300 va kiém tra
lai kha nang chiu luc.

Dam duoc gia ¢ bang tim FRP trén bé
thi nghiém (Hinh 18a)

b) Thi nghiém dam [10]
Hinh 18. Két qua thi nghiém dam gia ¢ tim FRP
va dam dbi chang [10]

3.2. Thao lugn

Chuyén vi trong dam BTCT duoc gia
cuong bang tim FRP dat dén 85% kha ning
chiu lyc (195/225 kN) so v6i dam BTCT chua
bi hu hong (Hinh 19).

240
e P(kN)
210 .
195 2
180
165
150
135
120
105
90
75
60
a5
30
15

====D7[10]

W(mm)
4] 0s 1 15 2 25 2 a5 a4 a5

Hinh 19. So sanh quan hé tai trong va chuyén vi
dang trong cac dam
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Do kinh tai ché tao bé mat bé téng min
hon, do bam dinh cua keo epoxy E500 dat 8
N/mm2, du dé lién két FRP. Tuy nhién, d6 x6p
cao cua bé téng kinh tai ché 1am giam 5-10%
kha ning chiu luc so voi dim thong thuong.
C6 thé cai thién bang céch sir dung keo TCK
510R hoic tang s6 16p FRP.

4. KET LUAN

Nghién cau dé xuat quy trinh thi cong tim
FRP N300 két hop keo epoxy E500, phuc hdi
85% kha ning chiu lyc caa dam BTCT chua
kinh tai ché. Két qua nay mé ra tiém nang ng
dung cho céc cong trinh bén vimg. Hudng
nghién ctu tiép theo bao gdm danh gia d6 bén
dai han cia hé FRP trong méi truong khac
nghiét va ma rong tng dung cho cot, san.
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