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NGHIEN CUU GIAI PHAP GIA CUONG DAM BE TONG COT THEP
BANG TAM VAT LIEU COMPOSITE SQI CARBON (PHAN 1)

AN INVESTIGATION INTO REINFORCED CONCRETE BEAM WITH CARBON
FIBER REINFORCED POLYMER COMPOSITES LAYER (PART 1)

Nguyén Tin Diing Nguyén Vin Mgi Hoang Phwong Hoa
Céng ty C6 phan Pau tw Truwong Pai hoc Xay dung Truong Pai hoc Bach Khoa,
Xdy dung & Khai thdc Ha Noi DPai hoc Pa Ncing
Céng trinh 537
TOM TAT

Bai bao nghién ctru mot gidi phap gia cwdng strc khang céat clia cac dam cau khi st
dung céc tAm vat liéu composite soi carbon (CFRP). Dé ting hiéu qua cla viéc gia cwdng sirc
khéng cét cia ddm bang cach dan cac tdm vat liéu composite (FRP) chung ta phai xac dinh
dwoc hwéng pha huy (vét nit) cha két chu dam. Thong thuéng, vét nirt do nguyén nhan lyc cét
thwong xuét hién gan gbi va co huong nghiéng 45° so véi phwong doc clia dam. T d6 cac tAm
gia cwdng FRP dwoc st dung c6 2 dang chinh d6 la: hwéng 45° (tdm gia cuong bé tri thdng
dieng) va 90° (tm gia cwdng xién thwong 45°) so voi hwdng vét nit clia ddm. M6 hinh tinh
toan ly thuyét sé duwoc ap dung dé tinh toan tang cwdng slrc khang cét. Két qua tinh toan trén
céng trinh thuc té da chirng minh dwoc rang két cAu dam tang dwoc khad nang chiu lwc dén
40% so v6i két cAu trudc khi dung gidi phap dan tdm gia cwong FRP.

ABSTRACT

This paper provides details of an investigation into the strengthening efficiency of
carbon fiber reinforced polymer composites layer (CFRP) in rehabilitating the nominal shear
strength of a concrete bridge beams. The shear strength provided by the fiber reinforced
polymer (FRP) wrap can be evaluated from the forces resulting from the tensile stress in the
FRP wrap, which depends on the fiber and crack orientation (a) angle with reference to the
longitudinal axis of a concrete beam. For analysis simplification, the inclination of the crack is
assumed to be 45°. The fibers oriented at 45° (vertical strip) to the crack or at 90° (inclined strip)
will be introduced in this paper. Available analytical models and design guidelines are used to
predict the response and capacity of such field representative bridge beams. The calculation
results validate the efficiency of the FRP strengthening and demonstrate the feasibility of
rehabilitation for the model of intended response.

1. Pit van dé

Str dung cong nghé dan tim chat déo soi cacbon dé sira chita va ting cuong kha
ning chiu luc cta két cdu da dugc nghién ctru va tmg dung ¢ nhiéu nudc tién tién nhu My,
Canada, Chau Au, Nhat [2, 3, 4, 5, 6 va 7]. Phuong phép nay tan dung duoc nhirng uu diém
ctia vat liéu CFRP (tAm vat liéu soi carbon viét tit 1a CFRP, tAm vat liéu soi thuy tinh viét
tit 1a GFRP.. .) nhu: cuong do chiu kéo cao, mo dun dan hdi cao, trong luong nhe, c6 tinh
chéng an mon cao. Vat liéu CFRP co stc dé khang rat tot di v6i cac chit xam thuc va 6
nhiém co trong cac két cdu. Bén canh wu diém vé vat lidu, phuong phap sira chita, gia c¢b
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cong trinh bang cach sir dung vat litu CFRP con co tién loi trong thi cong: thi cong nhanh
chéng don gian, khong can nhiéu thiét bi may méc va it ton nhan cong, giit nguyén hinh
dang két cdu cii khong can phai dap pha két cau, thi cong khong can st dung coffa, cong
trinh sau khi duoc stra chita va ting cuong cd tinh my thuat cao, khong can bao dudng
chéng 1i trong qua trinh khai thac. Két hop wu diém vé vat liéu va nhimg tién loi trong thi
cong nén phuong phap dan tim soi carbon dang trd thanh nhiing giai phap tot dé stra chira
va ting cudng két ciu bé tong cdt thép. Trong hinh 1 gi6i thiéu mot s6 dang gia cuong nhip
cau khi str dung cong nghé dan tim vat liéu composite. Tuy nhién, ddy la phuong phap sira
chita, ting cudng két ciu hién dai nhung con khd méi mé & Viét Nam.

/ ’. |

a)

Hinh 1. Gia cuong dam cau Bé téng cot thép

a) gia cuong sikc khang cdt va b) gia cuong sirc khdng uon

D6i v6i Viét Nam tai khu vuc Mién Trung chung ta di tién hanh thi cong gia
cuong cau O Song tinh Quang Ngi, két qua cong trinh sau khi gia cuong da ting cuong
kha nang chiu lyc tir 20-40% [1 va 8]. Hién nay, chung ta cling dang 4p dung bién phap
gia cudng bang cac tAm vat liéu composite soi carbon vao cdu Lam tinh Khanh Hoa va
st dung loai vat liéu composite dé thi cong cong trinh cang Cai Mép nhim chéng xam
thue ciia moi truong nhét 1a khi cong trinh ndm & khu vuc ¢6 nudc man. .. Trong khudn
khé phan 1 cua loat bai bao vé viéc sir dung tim vt liéu composite gia cudng cac cong
trinh xdy dung, ching t6i muén giéi thiéu mot phuong phap tinh toan gia cudng st
khang cit cua loai vat liéu nay ddi voi cac cong trinh xay dung.

2. Tinh toan gia cwdng sirc khang cit cho cong trinh bang FRP
2.1 M6 hinh tinh todn sirc khdng cit
Phuong trinh tong quat sirc khang cit cia mot két cdu cong trinh sau khi str dung
tam vat liéu FRP phai thoa man diéu ki¢n:
oV, 2V, 6]

trong do: ¢ 13 hé sb giam cuong do cua vt liéu hay con goi 1a hé sé st
khang cét: theo ACI 440.2R-02 thi ¢ = 0.85 va theo ACI 318-02 c6 thé ldy ¢ = 0.75.
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V, 1a strc khang cit ciia két cau co ké dén sy gia cuong ciia tim FRP va ¥, 1a
gi6i han strc khang cit cuia két cu.

Trong thuc té ciu tao, ngudi ta thudng gia cudng stre khang cit ciia dam theo 2
dang chinh (xem Hinh 2).

e B | DN
a) we sf b) l_sf>lb' C

Hinh 2. Cac dang gia cuong sirc khang cdt ciia dam tiét dién chir T

a) tiét dién ngang dam, b) gia cuong tam FRP dirng va c) gia cwong tam FRP xién
Khi d6 strc khang cét tong cong do: bé tong, cot thép va do tAm FRP sé la:
¢V, =V, +V, +yV,) 2)
trong do : V.V ,va V, tuan tu la: suc khang cit danh dinh cia bé tong, suc
khang cit cua cot thép dai va sirc }(héng cit ciia cac tim FRP gia cuong va w lé’hé sd
giam cuong do cua vat ’liéu cua tam FRP.‘Theo ACI 440.21}-02 thi w = 0.95 néu gia
cuong ca 4 mat quanh tieét dién ngang cua dam va w = 0.85 néu gia cuong 3 mat
Theo ACI 318-02 chung ta cé strc khang cat danh dinh ctia bé téng duoc tinh
bang cong thirc: V.=2A4.b,.d \/?C 3)

& day: 4 =1 d6i véi bé téng co ty trong thong thuong, b,, 12 bé rong bung dam
c6 hiéu liy bang chiéu rong nho nhat trong pham vi chiéu cao d, d 1a chiéu cao c6 hiéu
dugc 1iy bang cu ly duoc do thing gbc v6i véi truc trung hoa giita hop luc kéo va luc
nén do udn va £, 1a cudng d6 quy dinh caa bé tong & tudi 28 ngay.

Ste khang cit cua cdt thép dai duge biéu dién dudi dang:

A/, (sina, + cosa,)d

Vs (4)
N

trong do: A, 1a dién tich cbt thép chiu cat trong cu ly s, Jy 1a gi6é1 han chay
quy dinh cta cdt thép, a; 1a goc nghiéng cua cbt thép 1ay dbi véi truc doc va s 1a cu ly
ctia c6t thép dai.

Theo [3 va 4] stc khang cit danh dinh cua cac tim FRP dugc xac dinh bﬁng
A 1 (sina+cosa)df 5)

biéu thue: v, =
o

vol S5 va a da dugc gidi thiéu trong Hinh vé 2, drla chiéu cao c¢6 hiéu cua
tam gia cudng, Ay, 1a dién tich cit ngang ctia tim FRP va J 1a cuong do cua vat liéu
tam FRP. Trong cong thirc (5) cc tham sd Ap. va fr, dugc tinh nhu sau:
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Ay =n2.1,.w,) (6)
trong d6: n 1a s6 tam FRP gia cuong (thong thuong khi gia cuong luc cat nguoi
ta chi gia cuong mot doan gan gbi), trla chiéu day ctia mot tim gia cudng va wrla chiéu
rong clia mot tim gia cuong.
Je=¢€rEy (7)
v6i Erla mo dun dan hdi cta tim FRP va g, 13 bién dang c6 hiéu ctia tim FRP.
Tir cong thirc (5) theo ACI 440.2R-02 ta c6 diéu kién dé kiém tra khoang cach
gitra cac dai FRP duogc tinh theo cong thurc:
_Afvffe(sina+cosa) d,

S, = <s =w, +—— 8
f V/r f max f 4 ()

Theo tiéu chuin ACI 318-02 kiém tra diéu kién gidi han cia lyc cat bé’mg biéu thirc:
K+W.Vf=%—nss\/7;bwd )

2.2 Két qua dp dung

Dua trén nhimg phan tich 1y thuyét nhu da trinh bay & trén, tién hanh tinh toan
gia cuong cau O Song thudc tinh Quang Ngai.

Cau O Soéng nam trén Qudc 16 s6 1 tai Km1038 + 813, cau duogc xdy dung trude
nam 1975. So do cau cé thé xem trong Hinh vé 3.

o 1200 1200 1200
<Jm  BIHANOI DITPHCM am(>

I =l =" | | | o o o o \ﬁ%mm‘m

’ ’ N jl

Hinh 3. Chinh dién cau O Séng Km1038+813 tinh Qudng Ngdi

Dé gia cuong stc khang cit cho cic dam da xudng cap, nguoi ta ding cac tim
Sika Carbodure S612, bé rong ciia dai CFRP bang 60mm, chiéu diy tim bang 1.4mm,
gia cudng theo dang chit U, cc tAm gia cudong nghiéng mot goc 45° so v6i phuong doc
ciia dam (Hinh v& 4).

L1
(=%

I Sy W
Hinh 4. Bé tri tam CFRP tang cwong sirc khdang cat dam cau O Séng
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Hinh v& 5 gi6i thiéu so dd khdi tinh toan kiém tra kha ning gia cuong sirc khang
cat bang cac tim CFRP ctia két ciu dam cau tiét dién chir T.

Nhap b’bw’hf’fc"fy’Eﬁp’gﬁpu’Vu

'

@ =0.75
dp=d - hy

v.=2f b,d

Mit cat phai A f,d (Sina, + Cosa,)
ting thém V=
s
Chon hé théng thm sO1
I - 2500
& =keg e 0.58
pe VU (nft.f'Ef)
kk, L
k,=-"2 <075 , _9 L dan chir U
468, 2 d,
7 % v = d,-2L, dan 2 canh
k=] === 24,
4000 1
v
AE,&, (sink+cosx d
s, = I fe( )<Sfmax:Wf i
v

Két thuc

Hinh 5. So d6 khoi tinh todn gia cwong sirc khdang cdt dam cau bang tam CFRP

Két qua tinh toan va hiéu qua cua viéc gia cudng strc khang cit ciia dam [8]
duogc trinh bay trong Bang 1.
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Bing 1. Két qua tinh todn gia cuong sirc khdng cdt cau O Séng

S6 liéu ban dau va két qua tinh toan Pon vi cau O Song
1. Kich thwée hinh hoc ciia dim
Bé rong canh dim mm 2.040
Bé rong ban canh mm 130
Bé day suon dim mm 190
Chiéu cao c6 hiéu ciia dim (d) mm 962
Chiéu cao ctia dim mm 1.100
2. Pic trung vit li¢u
Ty trong ctia bé tong kg/m’ 2.300
Cuong do6 chiu nén ctia bé tong MPa 30
Mo dun dan hdi cta bé téng MPa 25.979
Cbt thép dai (¢, khoang cach) mm $8a200
Gidi han chay cua cdt thép MPa 400
Mo dun dan hdi cta cbt thép MPa 200.000
M6 dun dan hoi cta tim soi MPa 165.000
Bién dang cuc hang ctia tam soi 0.017
Bé rong ting cudng cua tim soi mm 60
Chiéu day tdm soi CFRP mm 1.4
Chiéu cao cua tim sgi CFRP mm 832
Goc nghiéng ctia tAm soi do 45
Khoang cach giira cac tim soi mm 240
3. Két qua tinh toin
Stc khang cit trudce ting cudng KN 329,70
Stc khang cit sau ting cuong KN 467,6
Hiéu qua tang cudong % 41,83

3. Két luan va kién nghi

Két luan

e Viéc nghién ctru st dung cac tim FRP dé gia cudng cac cong trinh x4y dung da
dem lai hiéu qua kinh té nhat dinh nhu thi cong cai tao don gian, khong anh
huong dén hinh dang ban dau cta két cau.

e Tinh toan gia cuong sirc khang cat cta cau O Song trén Qudc 16 1 thude tinh
Quéang Ngii cho chung ta hiéu qua sau khi gia cuong sirc khang cit ciia dam

tang khoang 41.8% so vai1 trude khi tdng cuong.
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Kién nghi :
e Nghién ciru tiép tuc cac dang ciu tao tim CFRP gia cudng strc khang cét cho két
ciu cong trinh xay dung.

e Nghién ctru kha ning chdng moi ctia cong trinh sau khi gia cuong.
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