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Tém tit

Phuong phap gia cudng két ciu bé tong cbt thép (BTCT) sif dung vit liéu composite cdt sdi carbon (CFRP) ting
suit truéc da dugc ap dung rong rai trong nhiéu nim qua. Phuong phap nay cho phép vat liéu composite phat
huy t6i da kha ning 1am viéc ctia n6 trong viéc ning cao cudng dd, gidm do vong, han ché va giam bé rong vét
ntit. Bén canh d6, viéc tao ting suét trudc trong vt liéu composite ciing c6 tic dung cai thién sy dinh bam gitta
vat liéu composite va bé mit bé tong. Nghién ctiu nay dé xuit mo hinh thuc nghiém gia cudng stic khang udn
cho dam BTCT st dung tim CFRP iing sut trudc xét t6i anh hudng cia luc kéo trudc trong viéc ning cao siic
khang udn cho dim. TS hop gdm bbén dam dudc ché tao, trong d6 mdt dam khong dudc gia cudng déng vai tro
1a dim ddi ching, mot dim c6 gia cuong CFRP khong tao dng suét trude va hai dam gia cuong CFRP c6 tao
ting sut truéc. Két qua thuc nghiém cho thiy stic khang udn ctia dAm gia cudng theo phucng phip nay ting
hon 2 1an so véi dAm khong gia cudng va ting gan 1,2 1an so véi dim gia cudng khong tao ting sut trudc trong
thm CFRP.

Tir khod: gia cudng; stic khang udn; tim CFRP iing suét trudc; vat liéu composite; dam BTCT.

AN EXPERIMENTAL STUDY ON THE FLEXURAL STRENGTHENING OF REINFORCED CONCRETE
BEAMS USING PRESTRESSED CFRP PLATES

Abstract

Strengthening techniques using prestressed carbon fiber reinforced polymer (CFRP) in reinforced concrete (RC)
members have widely been used for many years. This technique allows composite materials to utilize their ca-
pacity more efficiently, and thus improves strengths, decreases deformations and crack openings in strengthened
members. On the other hand, the prestressing technique also improves the bond strength between composite
materials and strengthening members. This study aims to investigate the flexural strength of RC beams strength-
ened with prestressed CFRP plates through flexural loading tests. A total of four beam specimens are fabricated,
in which the first one is not strengthened (i.e., the reference beam), the second one is strengthened by non-
prestressed CFRP plates, and the other ones are strengthened with prestressed CFRP plates. The results show
that the flexural strength of the strengthened beam with prestressed CFRP increases by two times compared
with the reference beam and 1,2 times compared with the one strengthened by non-prestressed CFRP plates.

Keywords: strengthening; flexural strength; prestressed CFRP plates; composite material; RC beam.
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1. Giéi thiéu

Phuong phép st dung vat liéu composite dang sdi gbc polyme (fiber reinforced polymer, viét tat
1a FRP) d€ gia cudng va stia chita két ciu bé tong cbt thép (BTCT) da dudc ing dung rong rai trén thé
gi6i tir hon hai thap ky qua [1-5].Vat liéu composite gbc polyme vé6i nhiing dic tinh co ly nhu cudng
dd cao, trong luong nhe, khong bi dn mon, khong c¢6 tif tinh, chiu maéi tot da td ra 1a mot loai vat lidu
rit tiém ning trong viéc gia cudng két cdu. Nhiing két qua nghién cifu da dudc cong b chi rd ring
phuong phap nay gép phin niang cao kha niing chiu ubn, chiu cit, kha ning chiu méi ciing nhu hiéu
qua khai thic ctia két chu [6-9]. Vat liéu composite gbc polyme c6 thé bao gdm sgi carbon (CFRP),
soi thily tinh (GFRP) hay soi aramid (AFRP), trong s6 nay thi vat liéu composite sdi carbon do c6 céc
dic tinh t6t hon nén dudc st dung rat phd bién 1am vat liéu gia cudng két ciu [10]. Tuy nhién mot s6
nghién ciu da chi ra phuong phap st dung sdi composite nly c6 mot han ché 1a khong phat huy hét
kha ning lam viéc cla vat liéu composite [11-13]. Triantafillow [14] da chi ra ring khi st dung vat
liéu composite dé gia cudng két ciu, ung suét trong cbt thép doc dat dén gi6i han chdy thi ting suit
trong vt liéu composite méi dat 20% cudng dd gidi han ctia n6, diéu nay lam cho vit liéu composite
khong phét huy t6i da kha ning lam viéc clia n6 trong viéc nang cao cudng do va gidm bién dang va
vét nit. Tt d6, nhiéu nghién ctiu da chi ra ring gia cudng két ciu sit dung vat liéu composite sé phat
huy hiéu qua hon nhiéu néu né dudc tao ing suit true trong vat liéu composite [15-17].

Noi dung cta phuong phap nay 1a tao ra mdt luc cang trudce trong vat liéu composite truée khi nd
dugc din vao bé mit bé tong ctia dim gia cudng bang keo epoxy. Sau khi 16p keo dong ciing thi vt
liéu composite cuing 1am viéc véi dam, luc cing trude sé truyén vio dam bé tdng va tao ra mot Ung
suit nén trudc tai thé dudi ctia dam tir d6 gitip cho dam gia cudng nang cao kha ning chiu luc, giam
do vong va vét nit. Ngoai ra, viéc tao ting suét trude cho vat liéu composite con c6 tic dung trong viéc
cai thién su dinh bam gitta vat liéu composite va bé mit bé tong. Ngay nay phuong phap gia cudng
két cAu st dung vat liéu composte ting suit trude duge dp dung rit rong rii trong nhiéu két cAu nhu
dam cau, san bé tong [18-20]. C6 3 cich thudng dudc st dung dé tao ra luc cing trude trong vat lidu
composite: (i) luc cang trude thu dugc bﬁng cach tao dd vong ngudc cho dam, (ii) luc cing truée sé
dugc truyén truc tiép vao vat liéu composite nhd cac hé khung truyén luc ngoai va (iii) luc cing trudc
dudgc tao béi kich. Trong cdc phucng phdp trén thi phuong phdp thit hai dudc st dung phd bién nhét.
R4t nhiéu cdc hé ciing trudc cho vt liéu composite phat trién béi cic nha nghién ciu di dudc cong
b6 nhu You et al. [11], Woo et al. [13], Xue et al. [17], Piyong Yu et al. [21]. Hién nay, nhiéu hang
san xuit da ché tao va thuong mai hoéa céac bo thiét bi ciing va neo cho tim CFRP ting suit trudc va
da dugc st dung rat nhiéu & cac nude trén thé gidi nhu Sika Stresshead [22], Sika Leoba [22], S&P
FRP systems [23]. Nho c4c bo thiét bi nay ma viéc ciing kéo tAm CFRP dudc tién hanh kha thuin lgi
va nhanh chéng trong viéc gia cudng cho cac hé két cdu néi chung nhu dam, san hay cot.

O nudc ta, thuc té trong nhiing nim gin ddy nhu ciu st dung cac loai vat liéu composite gdc
polyme trong gia cudng két ciu ngay mot ting I1én tuy nhién do mot s6 khé khin nhét dinh nén viéc
ap dung chua phd bién. Bén canh d6 cdc nghién ciiu vé 1y thuyét tinh todn va dic biét 12 thuc nghiém
vé loai vat liéu nay con rt han ché [24-27].

Trong bai bdo niy, mot chuong trinh thi nghiém gia cudng dam BTCT sit dung tim CFRP ting
sut trude dugc dé xuit. Bén canh d6, mot hé thdng khung cing bang thép cling dugc phat trién dé
cing kéo vét lidu composite va kiém sodt luc cing trong qua trinh ciing kéo. Anh hudng ciia ting luc
trude doi v6i hidu qua clia phuong phap gia cudng ciing dudc danh gia thong qua thi nghiém udn. Két
qua nghién ctiu chi 6 dudc su 1am viéc ctia dim gia cudng bang vat liéu FRP néi chung va FRP ting
sult trudc néi riéng, gép phan ting tinh ting dung loai vat liéu composite gbc polyme vdi nhiéu hinh
thiic khac nhau trong thuc tién.
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2. Mo hinh thi nghiém
2.1. Vit liéu thi nghiém

Vit liéu bé tong c6 cudng dd nén dugc xac dinh trén 5 mau 1ap phuong tiéu chuin kich thuée
150x150%x150 mm sau 28 ngay k€ tif ngdy diic mau va cé cudng do chiu nén trung binh 1a 35 MPa.
C6t thép doc st dung thép thanh dudng kinh 14 mm cho cbt thép chiu kéo va 8 mm cho c6t thép chiu
nén. Gi6i han chdy va gidi han bén ctia cot thép 1an lugt 12 500 MPa va 720 MPa. TAm CFRP sit dung
d€ gia cudng cho dam st dung Sika Cabondur S1012, c6 kich thudc bé rong 12 100 mm va chiéu day
1,2 mm. Cudng do6 chiu kéo va mo dun dan hdi ctia tim CFRP lan lugt 1a 3400 MPa va 165 GPa, bién
dang cuc han ctia tim CFRP 13 1,8%. D€ dan tAim CFRP vao bé miit bé tong, keo sikadur-30 dugc sir
dung. Cudng dd chiu kéo va md dun dan hdi ctia keo sikadur-30 sau 7 ngay tuong ting 1a 3,5 MPa va
33,8 MPa.

2.2. Mo hinh thi nghiém

Téng cong c6 4 dam dugc ché tao, chidu dai va kich thudc mit cit ngang ctia dam thi nghiém
dugc mo td ¢ Hinh 1. Trong d6 mot dam khong dugc gia cuong, ki hiéu 1a BC, déng vai tro 13 dAm
kiém ching. Mot dim c6 gia cudng bing tim CFRP khong tao tng suit trudc (BRO) va hai dAm con
lai dugc gia cuong bing tim CFRP ting suét trudc véi luc cing trude trong tim CFRP 1a 60 kN va
80 kN, ky hiéu 1a BR60 va BR8O0, tuong tng vdi 60% va 80% kha ning chiu luc cia dam ddi chiing
(BC). Chi tiét cdc dam dudgc thé hién trong Bang 1.

P‘/Z P‘/Z
g
A 8100 63120 - D14 8x100 AJ 1130 4
Hinh 1. Kich thuéc dim thi nghiém
Bang 1. Chi tiét dim thi nghiém
Dam BC BRO BR60 BRSO
C6t thép doc 2214 2214 2214 2214
A (cm?) 3,08 3,08 3,08 3,08
CFRP 1 1 1
Ap (mm?) 100 x 1,2 100 x 1,2 100 x 1,2
Luc cang trude (kN) - 0 60 80

2.3. Qud trinh cdng kéo tdm CFRP

Trong nghién ciiu nay, mot hé thdng khung ngoai bang thép dung dé cing kéo va kiém soat luc
cing ctia tim CFRP dudc ché tao. Hé théng niy bao gom modt ngam cb dinh & mot dau dé cb dinh mot
dau thm CFRP. O phia diu con lai, tim CFRP dudc lién két ¢ dinh véi dau neo thi hai, & phia dau
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neo nay, neo c6 thé truct qua lai va lyc tng suit trudc sé& truyén vao tim CFRP & phia dau neo nay
(Hinh 2). TAm CFRP sau khi c6 dinh mot dau thi lyc dng suét trude sé duge truyén vao tim CFRP
nhd céc kich thiy luc dugc bd tri & diu neo thi hai. Khi luc kich dat dén gi4 tri yéu cau, tién hanh neo
c6 dinh tdm CFRP tai dau neo thi hai.

Neo di dong Tam CFRP Neo cd dinh

/ / /

Luc cang E ]
trude F H L
L

Bé cang

Hinh 2. M6 hinh thiét bi tao luc ting suit trudc trong tim CFRP

O budc tiép theo clia qua trinh gia cudng, tién
hanh cong tic didn dam va tim CFRP da cing kéo
theo trinh tu nhu sau: (i) sau khi xi ly bé miit ctia
dam BTCT, tién hanh trat mot 16p keo epoxy 1én
bé mit, dong thdi cling tién hanh trat 1 16p keo
epoxy 1én bé mit ctia tim CFRP da cing kéo; (ii)
di chuyén dam dit 1én trén tim CFRP, trong qua
trinh ha dam, duéi tic dung cta trong luong ban
than dam, 16p keo epoxy & bé mit tiép xiic clia
dam va tAm CFRP sé bi nén lai va trai déu trén
toan bd bé mit tiép xdc. Chiéu day trung binh ctia

16p epoxy du\()c kiém sodt béng\céch diéu chinh Hinh 3. Thiét bi tao luc ing suit trudc
cao d6 cua dam dé dam béo chiéu day 16p epoxy trong tim CFRP

khoang 2 mm (Hinh 4). Tién hanh bao dudng dam

trong vong 72 git & nhiét dd 200C dé 16p keo epoxy dong cing va hinh thanh cudng do. Sau d6 tién
hanh x4 kich va cét tim CFRP, tim CFRP sé dugc cit 2 dau cach mdt doan 20 cm so véi dau dam. Luc
ting suét trudc tir tim CFRP sé truyén truc tiép vao dam. Trong qua trinh gia cudng, tinh trang dinh
bam giita tim CFRP va bé mit bé tong sau khi x4 kich va cat tim can dugc theo doi dy dii. Quan sat
truc quan cho théy tinh trang dinh bam 12 ddm bao, khong c6 hién tuong truct giita tim CFRP va bé
tong, bé mit 16p keo epoxy la dong déu, khong xuét hién nit hay béc tach gitta thm CFRP va dam bé
tong. Tai hai ddu tim CFRP, ndi ting suit cit giita tim CFRP va dam 1a 16n nhét, thuc t& quan sat van
khong xuit hién su boc tach hay co ngan. Do vay, viéc st dung keo epoxy da tao dinh bam t6t giita
tAm CFRP va bé tong.

T

—t— Dim Dam

Keo epoxy e Keo epoxy
" # F é/E

(a) Trat keo epoxy (b) Dan dam vé6i tim CFRP

Hinh 4. Qua trinh ddn tim CFRP vao dam bé tong
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2.4. Thi nghiém dam

Dam gia cudng dudc gia tai v6i so dd bdn diém udn dudi tac dung clia tai trong ting dan cho dén
khi pha hoai. Tai trong dugc gia tai 1én dAm nhd hé khung va cdm bién luc véi tdc do gia tai 1a 200
N/s. Trong qua trinh gia tai, cic cAm bién dién trd (strain gauges) dugc ddn trén bé mit ctia tim CFRP,
trong cdt thép doc va trén bé mit bé tong dé xac dinh sy thay ddi clia ing suit dudi tic dung clia tai
trong. SO dd vi tri cic cdm bién dién trd dudc thé hién & Hinh 5. Chuyén vi & tiét dién gitta dam dudc
do bdi cam bién do chuyén vi (LVDT) dit & giita nhip. Chi tiét thi nghiém dAm dudc md td & Hinh 6.

P2

‘ 850 350
D8 2-D8 '

N

s

Cam bién dién tre dan
" trén bé tong

300

Cam bién dién tré dan
trén c6t thép chiukéo

2-D14

Cam bién dién tré dan

A
F—QJ trén bé mat tim CFRP
100 ‘ 200 ‘ 200 | 200 ‘ 200 ‘ 300 ‘

(Kich thude: mm)

Hinh 5. S0 d6 bd tri cic cam bién dién trd trén dam

Hinh 6. Thi nghiém dam

3. Két qua va thao luan
3.1. Quan hé tdi trong va chuyén vi ciia dam

Hinh 7 thé hién quan hé giiia tai trong va chuyén vi ctia mau dim thi nghiém. Db thi chi ra ring
viéc gia cudng dam biang CFRP dem lai hiéu quéa ndi bat trong viéc cai thién sic khang ubn so véi
dam dbi chiing BC.

Tuy nhién dbi v6i ddm dudc gia cudng bang CFRP thi mifc do ting cia siic khang ubn 1a khong
16n so v6i dim gia cuong bang CFRP ting suét trudc. Su lam viéc ctia dim c6 thé dugc thé hién theo
ba giai doan bao gom dan hdi, chdy va pha hoai. Gid tri luc va chuyén vi trong tiing giai doan dudc
thé hién trong Bang 2.
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250
BR60 BR80

200 BR

150 4

BC

100 4

Tai trong (KN)

50

0 5 10 15 20 25
Chuyén vi (mm)

Hinh 7. Biéu d6 tai trong — chuyén vi ctia dAm thi nghiém

Bang 2. Tai trong va chuyén vi ctia dAm theo céc giai doan lam viéc

R Giai doan dan hdi Giai doan chay Giai doan pha hoai
Dam
Py (kN) Dy (mm) P, (kN) Dy (mm) P3 (kN) D3 (mm)
BC 12,3 0,68 103,5 10,82 109,06 12,16
BRO 15,2 0,81 150,0 11,77 175,57 16,12
BR60 46,3 1,35 198,78 13,57 217,72 16,94
BR80 50,65 1,38 200,51 13,03 221,63 17,28

Py, P, va P3 1an luct 12 tai trong gay niit, tai trong gy chay cbt thép va téi trong pha hoai cia dAm; Dy, D, va D
1an lugt 12 gia tri chuyén vi tuong dng vdi tai trong Py, P, va P;.

Dua vao két qua 6 Bang 2, mot s6 nhan xét chinh nhu sau:

Trong giai doan lam viéc dan hoi, Py 1a tai trong tuong ting v6i thoi diém bat diu xuat hién vét niit
trong dam. Pdi véi dam gia cudng bang CFRP, P; dat 15,2 kN, ting 24% so véi dam dbi chiing BC.
Trong khi d6, d6i v6i dim gia cudng bang CFRP ting suit trudc, gia tri Py ctia dim BR60 va BRSO
tang 1an lugt 12 3,76 va 4,12 1an so v6i dam dbi ching. Su ting 1én dang ké nay c6 thé dudc giai thich
1a do ting luc trude trong thm CFRP giy ra mot ing suit nén ban dau trong viing bé tong dam chiu
kéo va ting suét nay sé gitip giam do vong va 1am cham lai qué trinh hinh thanh vét nit trong dam
duéi tac dung cia tai trong.

Déi véi giai doan chay, luc chdy P, ctia dim gia cudng bang tim CFRP iing suét truéc BR60 va
BRSO ting lan lugt 1a 1,92 va 1,94 1an so v6i dam ddi ching. Trong khi d6, miic ting nay ddi véi dam
gia cudng bang tim CFRP 1a 1,45 1an.

o} giai doan phd hoai, tai trong cuc han ctia dim gia cuosng BR60 va BRSO 1an lugt 1a 271,7 kN
va 221,6 kN, tuong dng véi miic ting 24% va 26,2% so v6i dam gia cuong bang tim CFRP (BRO).
Trong khi d6, néu so sanh v6i dam ddi ching BC, miic do ting ctia dim gia cudng BR60 va BRSO 1an
lugt 12 99,6% va 103,2%.

Bén canh d6, su sai khéc gilta cic tai trong & cac giai doan lam viéc clia dAm gia cuong tim CFRP
ting suét trudc véi véi luc cing trude 60 kN va Iuc cing 80 kN 1a khong dang k&, ngoai trif tai trong
trong giai doan dan hdi c6 su sai khac 12 9,4%.
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3.2. Bién dang ciia tdm CFRP

Su thay d6i bién dang trong tim CFRP tai gitta nhip ctia dam gia cudng CFRP (BRO) va dam gia
cuong bing CFRP ting suit trudc véi luc cing 80 kN (BR80) dudc thé hién & Hinh 8. C6 thé thiy
rang d6i véi dim gia cudng bang CFRP ting suit trudc ghi nhan gid tri bién dang ban dau trong tim
CFRP do tac dung ctia luc ting suit trudc. Bén canh d6 bién dang 16n nhit trong tAm CFRP clia dAm
BRO va dam BRSO tai thdi di€ém pha hoai 1an lugt 1a 5100 wum/m va 9250 wm/m, tuong tng vdi 24,8%
va 44,6% gia tri bién dang cuc han ctia tim CFRP. Diéu nay cho thiy viéc cing truéc tim CFRP
g6p phan phat huy hiéu qua lam viéc ctia vat liéu composite hon nhiéu so vé6i khi khong dp dung
cang trudc.

250 4500

4000

1000

3500
BRO BR80 &
=
R S 3000 — b0
g £ 250 s P=100 kN
=1 o s P=160 kN
E & 2000 o P=20 kN
& ] P=100 kN
R o0 —160 1
[ g 1500 <+ P=160 kN
= - =% . P=200KkN
g
M

500

° 1000 2000 2000 4000 5000 000 000 3000 3000 10000 0 20 40 60 80 100 120 140

Bién dang trong tim CFRP tai gitta nhip (um/m) Khoang cach tinh tir gdi (cm)

Hinh 8. Bién dang trong tim CFRP tai gitta nhip Hinh 9. Bién dang trong tim CFRP

Hinh 9 thé hién su thay ddi bién dang trong tim CFRP theo tliing cip tai trong tuong tng ctia dAm
gia cudng bing thm CFRP (BRO) va dim gia cudng bang tim CFRP ting suét truc véi luc cing 80
kN (BR80). C6 thé nhan thiy ring bién dang trong tim CFRP ting tuyén tinh trong pham vi tit gbi
dén vi tri c4ch gbi 80 cm; day chinh 1a vi tri cla tdi trong tip trung va trong pham vi gitia hai tai trong
tap trung thi bién dang trong tim CFRP la khong ddi. Khi so sanh bién dang trong tAm CFRP trong
cling mot cAp tai trong thi dim gia cudng biang tim CFRP tng suit trudc c gia tri nhé hon so véi
dam gia cudng bang tim CFRP. Khi cép tai trong cang ting thi su sai khic giita bién dang trong tim
CFRP lai cang 16n. Diéu nay cho thiy su lam viéc hiéu qué ctia tim CFRP ting suét trudc so vdi tim
CFRP khong c6 ting suit tru6c. Luc ting suét true trong tAim CFRP gép phan lam ting do cing, giam
do vong va vét nit trong dam gia cudng.

250

3.3. Bién dang ciia cot thép doc chiu kéo

Quan hé giita bién dang trong cbt thép doc 200 4
chiu kéo va tdi trong cia dam ddi ching va céc
dam gia cudng bing tim CFRP va tim CFRP ting
suét trudc dugc thé hién ¢ Hinh 10. Tir d6 thi c6
thé thiy ring trong giai doan dau ctia qua trinh gia
tai, tbc do ting bién dang trong cbt thép chiu kéo 50
ctia dim gia cudng bang tim CFRP ting suét trudc
cham hon so véi dﬁm gia cuong bang tim CFRP o
va dam d6i chiing, diéu nay c6 thé€ dudc giai thich Bién dang trong cét thép doc chiju kéo (jm/m)
1a do luc cing trudc trong tim CFRP tao ra viing
\ing suét nén trudc tai cot thép doc chiu kéo, ting

e
o
Q

Tai trong (kKN)

o
15}
o

«— Giéi han chay cot thép —BR80
—BR60

Tai trong géy nut bé tong ——BC

Hinh 10. Bién dang trong c6t thép doc chiu kéo
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suit nén nay sé cin bang va triét tiéu mot phan tng suit kéo trong cbt thép do tai trong giy ra trong
giai doan dau truyén Iuc. Ngoai ra, viéc tao ra ting sut nén trude trong ving cdt thép chiu kéo gop
phan lam cho tai trong giy chdy trong cbt thép chiu kéo ting 1én dang ké so v6i dim gia cudng bang
tAm CFRP va dam dbi ching, tai trong giy chay ctia dim BR60 va BRSO 1an lugt dat gid tri 198,78 kN
va 200,51 kN, ting tuong ving 24,5% va 25,2% so vSi dim gia cuong bang tim CFRP. Trong khi do,
néu so sanh véi dim ddi ching, tai trong giy chdy cia dAm gia cuding bang tim CFRP ting sut trudc
ting gan 2 1an. Miit khéc, bién dang 16n nhit trong cbt thép chiu kéo tai thdi di€m diAm ph4 hoai ctia
dam BR60 va BRSO dat gid tri 1an lugt 1 0,0082 va 0,0061, gid tri nay d6i véi dam BRO 1a 0,0102,
cho thiy tai thdi diém pha hoai cbt thép chiu kéo trong cdc dAm gia cudng da vudt qua gisi han chay
ctia cbt thép.

3.4. Cdc dang phd hoai

Theo két qua thi nghiém thi hai dang pha hoai ctia dim thi nghiém 1a: (i) pha hoai ctia ving bé
tong chiu nén va (ii) su béc tach giita tim CFRP va bé tong. Dbi v6i dam dbi chiing BC, ting xi clia
dam thé hién dic trung cia dim BTCT dudi tdc dung ctia tai trong. Sau khi tai trong vuot qua gia tri
chdy déo ctia cbt thép, do cling ctia dam sé gidm nhanh va dAm bi phd hoai bdi su ép vd clia bé tong
viing chiu nén (Hinh 11(a)). Pdi v6i cdc dam gia cudng v6i tim CFRP va CFRP ting suét trudc, nho
su tham gia cling 1am viéc ctia tAim CFRP véi c6t thép chiu kéo, dudi tac dung clia tai trong, sé c6 su
phén bb luc t6t hon giita viing kéo va viing nén, do ciing ting 1én, do vong va vét niit giam. Két qua 1a
tai trong phd hoai sé ting 1én va dang pha hoai ctia cdc dAm gia cudng xay ra do su boc tach giita tAm
CFRP va bé tong (Hinh 11(b)). Bang 3 tong hop cic dang ph4 hoai ctia cdc dam thi nghiém.

(a) Bé tong vung nén bi ép vo (b) Béc tach gitta CFRP va bé tong

Hinh 11. Céc dang ph4 hoai ctia dam

Bang 3. Céc dang pha hoai ctia dim

Diam Luc cang trude (kN) Tai trong pha hoai (kN) Dang pha hoai

BC - 109,06 Bé tong bi ép vo
BRO - 175,57 Boéc taich CFRP va bé tong
BR60 60 217,72 Béc tach CFRP va bé tong
BR80 80 221,63 Boc tach CFRP va bé tong

116



Hung, H. M., va cs. / Tap chi Khoa hoc Cong nghé Xay dung
4. Két luan

Bai bédo di trinh bay két qua nghién ctiu thi nghiém gia cudng dim BTCT bing tim CFRP ting
suit trudc. Bén canh d6 nghién ctiu cling da dé xuit mot hé théng khung thép dé cing kéo tim CFRP
va kiém sodt luc cing trong qu4 trinh gia cuong. Tir két qua thi nghiém, c6 thé dua ra dugc mot s6 két
luan duéi day:

- Viéc st dung tim CFRP tng suit trudc d€ gia cudng dam BTCT mang lai hiéu qué cao trong
nang cao kha ning chiu udn ctia dim gia cudng. Do ciing, tai trong pha hoai ciing nhu ing Xt clia
dam gia cudng bing tim CFRP ting sut trudc ting 1én dang ké so v6i dam gia cudng bang tim CFRP
va dam dbi chiing.

- V6i viée st dung phuong phdp tng suat trudc, tai trong giy niit ting 3,76 va 4,12 lan tuong ting
v6i cip dng suit truée 60 kN va 80 kN so véi dam dbi ching.

- Tai trong pha hoai theo phuong phap nay ting hai 1an so véi dam ddi ching. Trong khi d6 néu so
véi dam gia cudng bang tim CFRP, phuong phép nay gitp cho tii trong ph4 hoai ting 1én gan 25%.

- Céc gia tri tai trong trong cdc giai doan 1am viéc ctia hai dam gia cudng dng suét trudc véi luc
kéo trudc 1a 60 kN va 80 kN c6 su sai khac khong dang k€, ngoai trif ti trong tuong tng vdi gidi han
dan hoi ctia bé tong c6 su sai khac 14 9,4%.

Ldi cam on

Bai bdo nay dudc tai tr¢ bdi Trudng Pai hoc Bach khoa - Pai hoc Pa Ning véi dé tai c6 ma sb
T2021-02-14: Nang cao hiéu qua chiu ubn ctia dim bé tong cbt thép gia c6 bang tim CFRP.
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