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Tém tit:

Bai bao trinh bay két qua nghién ciru thue nghiém sy 1am viéc ciia dim bé tong cot thép (BTCT) chiu udn bi nit
dwoe gia cuong bang vat liéu tAm sei cac bon (CFRP). 6 miu dim thi nghiém cé cung kich thwéc hinh hoc va ciu tao
bt thép di dwoc ché tao, trong d6 2 miu dim khéong dwoc gia cwdng, 2 miu dam khong bi mirt va 2 miu bi nirt trwée
dwoge gia cwong khang udn biang tAm s¢gi CFRP. Két qua thi nghiém thu dwoc vé co ché pha hoai, tai trong nitt... cho
thay hiéu qua ciia viéc sir dung tim s¢i CFRP trong gia cwdong khang uon két cAu dim BTCT bi nitt.

Tir khéa: dAm BTCT, gia cwdng, nirt, tim soi CFRP.
Chi 56 phin logi: 2.1
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Két ciu chiu luc béng BTCT la dang két cau dugc sir
dung phd bién trong cac cong trinh xdy dung. Theo thoi
gian lam viéc, két cAu BTCT chiu nhiéu tac dong khac nhau
nhu tac dong co hoc, tac ddng ctia moi truong (nhiét do, do
am...). Cac tac dong nay c6 thé giy ra cac hu hong trén két
cAu, hodc lam suy giam chat luong vat li€u bé tong... lam
giam kha nang chiu luc cta két cdu (hinh 1). Bén canh do,
trong qua trinh sir dung c6 thé c6 sy thay doi, gia ting tai
trong tac dung 1én két cau do thay ddi cong ning sir dung,
cac tac dong bat thuong khong dugc tinh dén trong giai
doan thiét ké.

Hinh 1. Hinh dnh hu héng trén két cau BTCT.

Dé dam bao kha niang 1am viéc cta khung két cau BTCT,
cong tac stra chita gia cuong dugc xem la mot giai phap hi¢u
qua, giup khic phuc cac két cdu bi hu hong hodc cac két cdu
c6 su thay dbi cong ning lam viée so véi thiét ké ban dau.
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Viéc gia cuong sira chira nham dam béao cho két cdu dap ting
t6t cac yéu cau vé cong nang sir dung cling nhu kha nang
chiu luc, co thé ap dung cho ca két cau cot lam viéc chiu
nén, két cdu dim, san 1am viéc chiu udn...

Viéc st dung tim soi composite cuong do cao (Fibre
Relnforced Polymer - FRP) trong cong tac gia cudng Kkét
cau cong trinh BTCT duoc ap dung phé bién & cac nudc tién
tién trén thé gidi. Cac két cau cong trinh duoc gia cuong co
thé 1a két cdu cot, dam, san... Trong sb cac loai composite
lam vat li¢u gia cudng, vat liéu composite géc soi cac bon
(ky hiéu CFRP), duoc sir dung rit phd bién nhit. Phuong
phap gia cudng bang vat liéu CFRP tan dung dugc nhiing
wu diém cua loai vat liéu nay nhu cuong do chiu kéo va mo
dun dan hdi cao, trong lugng nhe, khong bi an mon dudi
tac dong cuia moi truong... Bén canh uu diém vé dic tinh
co hoc, gia cudng bang vt liéu CFRP con cho thiy nhing
tién loi trong qua trinh thi cong gia cuong nhu nhanh chong,
don gian, khong cn nhiéu may moéc thiét bi, thoi gian thi
cong nhanh.

O nuéce ta hién nay, vat liéu CFRP da dugc su dung cho
viéc gia cudng mot s6 cong trinh cau va nha dan dung. Tuy
nhién, vi¢c ap dung con nhiéu han ché, chua dugc phé bién,
trong d6 nguyén nhan chinh Ia gia thanh cao va chua c6 tiéu
chuan k¥ thuat 4p dung cho cong tac thiét ké, thi cong gia
cuong két cau BTCT sir dung vét liéu CFRP. Viéc tinh toan
thiét ké dugc thuc hién theo mot s6 tai liéu va tiéu chuan
nudc ngoai nhu ACI 440.2R-08 [1], FIP-Bulletin No14 [2],
IST M04 [3].
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Abstract:

This paper presents an experimental study on the
flexural behavior of pre-cracked reinforced concrete
(RC) beams strengthened with externally bonded
carbon fiber reinforced polymer (CFRP) sheets. Six
identical specimens were cast. The concrete grade and
steel reinforcement ratio were kept constant for all
specimens. Two beams were not strengthened as control
specimens, and two un-cracked beams and two pre-
cracked beams were strengthened with CFRP composite
wraps. In the experimental findings, the failure mode,
the ultimate load, etc of tested specimens were presented.
The obtained results from this research clarified the
flexural behavior of cracked beams strengthened by
CFRP and the strengthening effectiveness for flexural
capacity of RC beam using this material.

Keywords: CFRP
strengthening.
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Trong bai bao ndy, cac tac gia trinh bay két qua nghién
ctru hi€u qua cua viée su dung vat liéu CFRP trong viéc gia
cuong két cdu dam BTCT d bi nit trude. Nghién ciru thuc
nghiém dugc thuc hién tai Phong Thi nghiém va Kiém dinh
cong trinh, Truong Pai hoc Xay dung.

Nghién ciiu thuc nghiém
Mbu thi nghi¢m va vit ligu ché tao

Trong nghién ctru nay, 6 mau dam BTCT gidng nhau,
kich thude tiét dién ngang bxh=80x 100 mm, chiéu dai 1100
mm duogc ché tao. Chi tiét kich thudc hinh hoc va céu tao
cdt thép cua cac mau dam duoc trinh bay & hinh 2. Ct thép
doc chiu lyc I8 gai thudc nhoém CII. Cét thép tron @4 va
@6 thudéc nhoém CI.
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Hinh 2. Cau tao clia cic mau dam thi nghiém

Cac miu dam thi nghiém duogc chia thanh 3 nhom nhu
sau (hinh 3):

-Nhém 1: 2 mau dam ddi chig khong duoc gia cudng,
ky hi¢u D1 va D2.

- Nhom 2: 2 miu dam khong bi nut duoc gia cudng
khang uon bang tam s¢i CFRP dugc ky hi¢u l1a D3 va D4.

- Nhom 3: 2 dam bi nit trude, duge gia cudong twong tu
nhu cac dam nhém 2, ky hiéu la D5 va D6.
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B- Dam gia cudng, khong nit D-3, D-4.
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C- Dam gia cudng, cb vét ndt trudc D-5, D-6.

Hinh 3. C4u tao 6 mau dam thi nghiém.

4 mau dam D3, D4, D5 va D6 déu dugc gia cuong khang
ubn bang tdm sgi CFRP c6 kich thude 1000x60%0,4 mm.
D6i v6i 2 mau dam D5 va D6 ¢6 vét nit trude, cac vét nit
nay dugc tao ra bang cach tac dung tai trong 1én ddm theo
so dd dam chju uén bon diém nhu minh hoa trén hinh 3.
Céc vét ntrt do m6 men udn s& xuét hién trong ving giita hai
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tai trong tap trung (ving chiu uén thuan tay). Tai trong s&
duoc tac dung cho dén khi bé rong vét nirt 16m nhat trén dam
dat gia tri 0,3 mm, la bé rong vét nut cho phép voi két ciu
BTCT lam viéc chiu ubn theo TCVN 5574:2012 [4].

Cép phdi vat liéu bé tong ché tao mau thi nghiém duoc
trinh bay trong bang 1. Gié tri cuong do chiu nén cia bé
tong dugc xac dinh bang gia tri cuong do nén trung binh
ctia 3 mau thi nghiém hinh try DxH=150x300 mm & tudi 28
ngdy. Cot thép @6 va D8 co gidi han chay xac dinh qua thi
nghiém kéo lan luot 1a 240 va 305 MPa.

Bang 1. Cap phdi vat liéu ché& tao bé tong.

Xi mang Cat vang Dadim Nuwée Cuwong do chiu
PCB40 (kg) (kg) 1x2 (kg) (lit) nén R,, (MPa)
305 630 1260 175 23,5

Vit liéu CFRP st dung gia cudng dam do hang TORAY
(Nhat Ban) san xuét. Cac thong s6 dic trung cua vat lidu
duoc trinh bay trong bang 2.

Bang 2. Cac dac trung cta vat liéu CFRP st dung gia cudng.

STT Théng sb Gia tri

1 Chiédu day tAm t. 0,3 mm

2 Cuong do chiu kéo | 1778 MPa
3 M6 dun dan héi E, 96,9 GPa
4 Bién dang cuc han g 1,85%

Hinh 4 minh hoa cac mau thi nghiém sau khi di dugc
gia cuong bang tim CFRP. Str dung keo epoxy chuyén dung
dé dan tAm composite 1én bé miat bé tong. Thoi gian can
thiét dé 16p keo epoxy déng ran 1a 48h sau khi dan. Trong
cong tac gia cudng, viée chudn bi, lam phiang bé mit bé tong
(hinh 4A) dong vai trd quan trong, gitip dam bao do bén lién
két giita bé tong va tam CFRP.

B- Thi cdng dan tim CFRP.

A- Vé sinh, 1am phing bé mdt mau trude khi dan gia
cuong.

Hinh 4. Minh hoa thi céng gia cudng dam trong phong thi
nghiém.
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So do thi nghi¢m va bé tri dung cu do

Hinh 5 trinh bay so d0 thi nghiém cdc mau ddm BTCT. Cac
dam dugc thi nghiém theo so d6 dam don gian chiu tac dung
cla 2 tai trong tap trung co gia tri bang nhau va cach gdi tua
mot khoang 13 350 mm. Tai trong tap trung tac dung 1én dam
dugc tao ra bf“ing kich thuy Iyc va hé¢ bom dau, tap trung dau
kich thong qua hé phén téi tao thanh 2 lyc tap trung co6 gia tri
bang nhau va bang mot nira tai trong tap trung dau kich. Gia
tri clia tai trong tap trung dugc do bang dung cu do lyc dién tir
(Load-Cell). B4 tri 3 dung cu do chuyén vi dién tir LVDT-1,
LVDT-2 va LVDT-3 dé do chuyén vi clia dam tai cac géi tua va
tai tiét dién gitta dam. Gia tri d6 vong cta dam dugc xac dinh
tir s6 liéu do chuyén vi trén cac dung cu do theo cong thirc sau:

S =1=05%(fi + /3)

Trong do, f, T, f, lan luot 1a gid tri chuyén vi dugc xac dinh
qua céc dung cu do LVDT-1, LVDT-2 va LVDT-3. Céac dung
cu do luc va do chuyén vi duoc két ndi véi mot bo thu thap va
xir 1y s6 liéu (Data-Logger) cho phép ghi nhan ty dong va dong
thoi cac gia tri do.
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v
Khung gia tai
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Hinh 5. S¢ dé thi nghiém va bé tri dung cu do.
Phan tich va danh gia két qua

Quan hé giita tdi trong va dj vong ciia cdc mau thi nghiém

Biéu d6 quan hé tai trong va do vong cua 6 mau dam thi
nghiém duoc trinh bay ¢ hinh 6.
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Hinh 6. Biéu dd quan hé tai trong - do vong clia cdc mau thi nghiém.

Co t}lé nhén thdy, trong giai doan ban dau khi tai trong con
nho (thap hon 400 daN) thi quan hé gilra tai trong va do vong
ctia cac mau thi nghiém gan nhu khong c6 su chénh 1éch. Biéu
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nay cho thay tim soi CFRP chua tham gia lam viéc. Cac gia
tri tai trong dédc trung cho sy lam viéc cua cdc mau dam thi
nghiém dugc thé hién trong bang 3.

Bang 3. Cac gia tri tai trong dic trung cho sy lam viéc clia cic mau
dam thi nghiém.

Mau thi Tai trong gay Tai trong giy chiy cot Tai trong pha
nghi¢ém nit P (daN) thép P (daN) hoai P, (daN)
D1 240 820 1130
D2 280 870 1140
D3 260 1180 1870
D4 240 1150 1800
D5 - 1140 1700
D6 - 1100 1620

Két qua cho thdy, ing xtr cua ddm BTCT c6 gia cudng khi
khong bi niit va bi niit ciing twong ty nhu (mg xir cia dam
BTCT khong gia cudng. Su lam viéc cta cac miu dam thi
nghiém c6 thé chia thanh cac giai doan chinh nhu sau: giai
doan trude khi xuat hién vét nit (quan h¢ tai trong - 46 vong 1a
tuyén tinh); giai doan sau khi nirt va cdt thép chiu kéo bi chay
déo; giai doan sau khi cdt thép chiu kéo bi chay déo va sy lam
vi¢c cua bé tong vung nén.

Tir két qua trinh bay trén hinh 6 va trong bang 3 cho thiy,
tai trong gdy nit trén cic mau dam khong gia cuong (D1, D2)
va mau dam duoc gia cuong (D3 va D4) khong c6 su chénh
léch dang ké. Diéu nay duogc giai thich 1a khi tai trong tac dung
con nhé thi tim CFRP hau nhu chua 1am viéc. Sau khi cac dam
BTCT bj nit, sy lam viéc cua tdm vét liéu gia cuong dugc
the hién rd qua vi€e tai trong gy chay déo cbt thép trong cac
mau ddm duoc gia cuong tang dang ké so v6i gid tri tai trong
twong Ung trén cic mau dam ddi chimg. Sy tham gia chiu lyc
cua tim CFRP gia cuong lam giam tng suit kéo trong cbt thép
chiu kéo. Pdi véi tai trong cuc han gy pha hoai cic miu thi
nghiém két qua thi nghiém thu dugc cho thiy, véi miu dam
gia cudng khong bi nit D3, D4, tai trong cyc han tang 61,7%
so voi mau dam dbi chimg va véi miu dim gia cuong nhung
bi nut trude DS, D6, d6 tang nay la 46,3%. Bén canh do, dua
trén cc biéu do quan hé tai trong - do vong ciia cic mau thi
nghiém trén hinh 6 ¢6 thé nhan thay, véc gia cuong ddm BTCT
bi nut bang tim CFRP lam ting dang ké d6 cimg cua dam so
véi truong hop khong duge gia cuong.

Nhung két qua nay cho thay, trong truong hop dam BTCT
bi niit, viéc gia cudong bang tim soi CFRP 1a mot giai phap phu
hop, lam tang d¢ cimg cting nhu tang kha nang chiu Iyc cua
dam.

Co ché phd hoai cdc miu dim dwoc gia cwong

Hinh 7 cho thay sy pha hoai cta cic mau dam dugc gia
cuong, voi dam chua bi ntt va dam bi nut, co ché pha hoai déu
do nirt v& 16p bé tong bé mat gia cuong dan dén bong tim gia
cudong CFRP. Theo [1, 5], ddy la mdt trong nhiing co ché pha
hoai dién hinh cia két cau BTCT dugc gia cuong khang udn
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Hinh 7. Hinh anh phé hdy mau dam dugc gia cudng béng tAm CFRP.

bang vat liéu tim soi composite. Khac véi mau dam khong gia
cudng bi pha hoai déo (cbt thép chiu kéo bi chay déo va bé
tong ving nén bi ép v&), sw pha hoai ciia 4 dam BTCT dugc
gia cudng xay ra khi cot thép chiu kéo di bi chay déo nhung
bé tong ving nén chua bi ép v&. Tam CFRP lam viéc chiu kéo
sau khi c6t thép chiu kéo da bi chay déo han ché sy phat trién
clia vét nit trong két cdu dan dén lam cham sy phé hoai cua
bé tong vung nén. Két qua nay ciing cho thiy, dé tang hiéu qua
gia cuong can phai co bién phap loai bo 16p bé tong kem chét
luorng & ving bé mat lién két.

Dua trén céc két qua nghién ctru thu duge, cho phép rit ra
mot s0 két ludn sau:

- Gia cuong két cdu ddm BTCT bi nut bang vat liéu CFRP
la mot giai phap phu hop giup tang do cung va tang kha nang
chiu lyc ciia két ciu. Pong thoi, sy lam viée cta két cdu dam
BTCT bi nut sau khi gia cudng ciing tuan thu theo so d6 lam
viéc cua dim BTCT khong bi nit.

- Dang phé hoai dién hinh cta két cau ddm BTCT dugc gia
cudng khang udn trong nghién ctru nay 1a pha hoai 16p bé tong
ving bé mt lién két din dén bong, tach tdm vat liéu CFPR
khoi két cau bé tong Day la mot trong nhu'ng dang pha hoai
dién hinh cta céc két cdu duoc gia cuong bang vat lidu nay.

- Can c6 nhitng nghién ciru tiép theo lién quan dén do bén
vitng ldu dai cua giai phap gia cuong két ciu BTCT st dung
tAm soi composite, nhit 14 trong diéu kién khi hau néng 4m cua
Viét Nam.
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