SU DUNG THANH COMPOSITE CcOT sl CAC-BON
DE TANG CUONG KHA NANG CHIU LUC CAT CUA DAM BE TONG COT THEP
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Tom tit: Bai bao nay trinh bay viéc sir dung céc thanh FRP cét spi cac-bon (CFRP) gia cuong cho dam
BTCT theo phwong phap NSM (near surface mounted), bang cach dat cac thanh CFRP trong cac rénh duoc
1q0 trueéc trén 1op bé tdng bdo vé trong ving chiu cdt lén. Tien trinh thi nghiém va cac dang phd hoai cia
dam thi nghiém d& duwoc phan tich va thao lugn. Két qua thi nghiém chi ra rang gia cwong bang cac thanh
CFRP theo phuong phap NSM cdi thién dang ké khd nang chiu cat va han ché dang ké su xudt hién cia veét

nist trén dam bé téng cot thép.

Tir khéa: Gia cwong chéng cit, phwong phap NSM, CFRP, dam BTCT gia cwong,

1. D3t vin dé

Déi voi cac két cau bé tong cot thép (BTCT), sau
mot thoi gian dua vao khai théc va sir dung, cac vét nut
Xuat hién voi bé rong va mat do 1on hon gi6i han cho
phép dan dén cbt thép bi an lam cho két cau bi suy
giam vé kha ning chiu luc. VAt lidu composite cbt soi
cac-bon, véi wu diém 1a nhe, cuong d6 chiu kéo cao,
md dun dan hdi 16n va kha ning chéng dn mon cao, la
loai vat liéu thich hop dé sira chita, va ting cuong kha
ning chiu hyc cho cac két ciu BTCT.

C6 nhiéu nghién ciru da dwoc thyc hién lién quan
dén van dé stra chita va gia cuong cho cac két cdu
BTCT bing cach sir dung vat liéu composite cét soi
thity tinh, hoic cac-bon. Céc nghién ctru nay cha yéu
tap trung vao viéc ting kha ning lam viéc cua két
cau dudi tac dung cua md men udn bing phwong
phép dan cac tim composite 1,2,3,4,7, 8,9. Tuy
nhién han ché cua phuong phap nay la cac tim
composite khi dan bén ngoai bé mit cua két cau s&
chiu tac dong truc tiép caa moi truong nhu 1 tia cuc
tim, nhiét d9, 46 4m do d6 c6 thé lam giam kha ning
lam viéc va tudi tho cua vat liéu gia cuong 7. Ngoai
ra, cac vét nirt xuat hién trong viing chiu luc cit 1on
van tiép tuc phét trién lam ting kha ning bi bong bat
cua vat liéu dan & dudi day két cdu, 1am giam hiéu
qua cta Viéc gia cuong 3.

Bai b4o nay dé cap dén viéc sir dung cac thanh
vt liéu composite duoc ciu tao tir soi cachon nham
tang cuong kha ning chiu lyc cit cua dam bé tong
cbt thép. Céc thanh vat liéu composites dugc dit vao
rénh trong phan bé téng bao vé, tai viing chiu luc cét
cua dam bé tdng cét thép do d6 co thé tranh dugc
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c4c tAc dong truc tiép tir moi trudong. Phuong phap
nay con dugc goi la NSM.

2. MAu thi nghiém - Hinh hoc va vat liéu

2.1. Kich tharéc hinh hoc ciia mdu thi nghiém

Cac dam duoc sir dung c6 kich thudc déng nhét
200 x 20 x 15 cm. Dam duoc dat 3 thanh ¢16 trong
vung chiu kéo, ngoai ra cac thanh ¢6 duoc sir dung
lam cét thép doc ciu tao va cbt thép dai v6i khoang
cach 1a 20 cm. Céc kich thudc hinh hoc va b tri cét
thép ctia dam duoc thé hién trong hinh 4

2.2. Vgt ligu

2.2 3. Bé tong

Bé tong duoc sir dung c6 mac 300. Mau bé tong
thi nghiém c6 dang hinh tru, duong kinh d=110mm,
chiéu cao h=2d=220mm. Céc tinh chét co hoc cua
bé tong duoc Xéac dinh 1a md dun dan hoi, cuong do
chiu nén va cuong d6 chiu kéo dugc xac dinh béng
phuong phap ép ché, theo tiéu chuin NFP 18 — 406
10

Cac tinh chat co hoc cia bé téng duoc dua ra
trong bang 2 dudi day.

2.2.2. Thép va thanh composite gia cuong

Thép dugc st dung 1a loai thép co go, cd cuong
d6 chiu kéo 480Mpa, mdé dun dan hdi la
210 000MPa.

Thanh composite duoc st dung c6 duong kinh la
6mm, c¢d bé mit tron nhin, duoc ciu tao tir nhiing
soi cac-bon duge bo chit, két dinh véi nhau béi keo
époxy. Vat lieu composite st dung dwoc san xuit
boi cong ty Soficar — CH Phép. Céc tinh chét co hoc
cua vat liéu composite dugc xac dinh bang cac phép
do trong phong thi nghiém, trong nghién ciru nay tac
gia khong tién hanh cac phép do d6, ma st dung
nhitng két qua thi nghiém da cong bé trude do boi
Al-Mhamoud F 6
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Hinh 1 - So sanh umng xir ciia vat liéu composite
va thép khi chiu kéob

Két qua thi nghiém thi nghiém chi ra ring mo
dun dan hdi cta thanh vat liéu composite cdt soi cac-
bon nhé hon khoang 30% so véi thép, nhung co
cuong do chiu kéo gap 4 lan. Céc tinh chit co hoc
cua thép va composite dugc gidi thiéu trong bang 1.

Bdng 1 - Cac tinh chdt co hoc cua vit liéu thép

va composite

Vit licu Cuong do chiu | M6 dun dan hoi
(&
ae kéo (Mpa) (Gpa)
Thép 480 210
Composite 1875 145.9

2.2.3. Vit liu két dinh

2 loai vat liéu két dinh dugc st dung 1a epoxy
Eponal 380, va vira betec 110EDF, céc tinh chat co
hoc cta vat liéu dugc gidi thiéu trong bang 2:

Bang 2 - Céc tinh chdt co hoc ciia Bé tong
va vt liéu két dinh

Cuong | Cuong R
_— d6 chiu | do chju | MO dun
Vat liéu ! . dan hoi
nén kéo (Gpa)
(Mpa) | (Mpa)
Eponal 380 (7 ngay) 83 29.5 4.9
Betec 110 EDF (7 ngay) | 74.4 6.2 31.6
BO30 (28 ngay) 34.0 3.0 32.2

3. Phwong phap thi nghiém

3.1. Phwong phép gia cwong (NSM)

Dam bé tong duoc bao quan & nhiét d6 20°C va
d6 am 80%. Sau 21 ngay, diam s& duoc tao cac ranh
trén 16p bé tong bao v¢, cac ranh nay nghiéng mot
g6c 45°C so véi truc doc dam. Sau khi tao ranh, tién
hanh d6 mot I6p keo (hoic vira) mong cho phép dit
cac thanh composite, cac ranh nay s& duoc lip day
bang keo hoic I6p vita, sau khi dat thanh composite
nhu hinh 2. Dam sau khi gia cuong s& duoc bao
quan 1 tuan, trude khi tién hanh cac thi nghiém.

Pé ting d6 bam dinh cua thanh composite, tac
gia da xir Iy bé mat nhu trén hinh 3 bang cach quét 1
I6p keo dinh sau d6 1an qua cat, hat cat sé dinh bam
trén bé mit cua thanh, 1am ting d6 ma sat va kha
ning bam dinh cta thanh khi neo trong bé tong, diéu
nay da dwoc khang dinh trong nghién cau cua Al-
Mhamoud F 6.
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(a) - ban dau; (b), (c) va (d) - thanh dugc boc bgi

1, 2va 3 l6p cét.

Hinh 2 - X Iy neo thanh céc-bon vao dam bé téng

3.2. Phwong phép tién hanh

Dam thi nghiém dugc chia lam 3 nhém chinh:

Nhom (A): thi nghiém ubn 4 diém: dam ddi chung
(P1) khdng cd cbt dai tai viing chiu cit, dim ddi ching
¢6 cdt dai tai viing chiu cit (P2), dam gia cuong bang 4
thanh composite va khong sir dung cbt dai (P3);

Nhém (B): thi nghiém ubn 3 diém, gém c6 dam
dbi chung (P4) c6 cbt dai & vang chiu cit; dam
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Hinh 3 — X Iy bé mat thanh composite

khong str dung cdt dai tai ving chiu cit gia cuong
bang 3 thanh composite (P5) - st dung vat liéu keo
epoxy dé két dinh, va (P6) - st dung vat lidu vira
Betec 1am vat liéu két dinh;

Nhém (C): thi nghiém uén 3 diém, dam khong c6
cbt dai tai vang chiu cit duoc gia cuong bang 1
thanh composite trong ving chiu cit (P7), st dung
vt lidu keo epoxy dé két dinh.
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Dam duoc gia tai bang may 300 tan, va duoc dit
may do chuyén vi tai diém gitra dam cho phép do do

vong cua dim. Phan loai va so db dat tai duoc trinh

bay trong hinh 4:
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Hinh 4 — Kich thuréc hinh hoc va bé i thi nghiém trén cac nhém dam

4. Két qua va thao luin

4.1. Thi nghigm uén 4 d@iém (nhom A)

Két qua thi nghiém uén 4 diém duoc trinh bay
trén hinh 5 va 6, dim déi chung (P1) khdng c6 ct
dai bi pha huy do luc cét tai gia tri 80kN, twong
ing vai gia tri mé men tai diém gira dam 1a 25,5
kN.m. Trong khi d6 dam P2 va P3 bi pha huy do
md men udn, tai gia tri luc xap xi 140kN, twong
ng Vvéi gia tri md men tai diém gitra dam 1a xap

xi 42 kN.m. Két qua thi nghiém cho thay rang dam
c6 cdt dai va dam duogc gia cudong chdng cit bang
thanh composite chiu dugc lrc cit 16n hon 70% so
véi dam khdng c6 cét dai. Tuy nhién, do ca hai
dam P2 va P3 déu bj pha huy béi md men uén tai
diém gitra dim nén két qua ¢ trén chua cho phép
ching ta so sanh kha ning chiu lec cit cia dim
gia cuong bang vat liéu composite so véi dam c¢6
cét dai.

Hinh 5 — Sw phd hoai do luc cdt - thi nghiém uén 4 diém trén dam P1
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Hinh 6 - So sank dwong cong Md men — chuyén
Vi tai diém gia dam trong nhém A

Khi gia tai dén gia tri tng sudt cit chinh dat dén
cuong d6 chiu cit cia bé tdng, thi cac vét nit bat
dau xuét hién. Két qua thi nghiém cho thdy, cac vét
nit xuat hién trén doan dam chiju luc cit c6 thé phan
lam 3 doan twong tu nhu nghién ciu trude day cua
Casanova 5.

Déi voi thi nghiém uén 4 diém, ty 18 at/d (phan
chiu luc cit/chiéu cao ddm) 16n hon 2.5,

- Trong viing gan gdi twa (A), khong xuat hién
cac vét nirt

- Trong ving B, md men yéu, nhitng vét nut
nghiéng gdc 20-30°, do luc cit

at

Hinh 7 - Céc vung vét nit xudt hién trén dogn
dau dam [Casanova, 1995]

- Trong vuing C, cc vét nirt phat trién, nghiéng
tr 40-70°.

- Trong ving D, vét ntt do md men,

Tac gia nhan thay ring dim duoc gia cuong
bang thanh composite cho phép han ché dang ké su
xuit hién vét nut trong vung chiu lyc ct so véi dam
chi c6 cot dai (hinh 8 va 9). Piéu ndy c6 y nghia
quan trong trong thuc té, khi cac dim BTCT chju tai
trong tac dung, cac vét nit xuét hién lam diy nhanh
hién tuong dn mon cdt thép trong dim bé tdng, viée
gia cudng bang thanh vat liéu composite s& gop
phan han ché cac vét nut.

Hinh 8 - Vét niit trong viing chiu cdt trén hai dam P2 va P3

4.2. Dam chiu uén 3 diém

4.2.1. Uon 3 diém trén dam gia cwong bsi 3
thanh composites

Két qua thi nghiém udn 3 diém trén cac dam
thuoc nhém B duoc trinh bay trén hinh 9, dam ddi
ching c6 cbt dai (P4) bi pha huy do luc cét tai gia tri
luc 95,5 kN, twong &ng Vvéi gia tri md men udn tai
diém gitra dam la 21,4 kN.m. Trong khi d6 dam
duoc gia cudong chdng luc cit boi 3 thanh composite
P5 & P6 chwa bi pha hay boi luc cit, ma ching bi
pha huy do mé men udn, tai gia tri luc xip xi 136
kN, twong (ng véi gia tri m6 men tai diém giita dim
la xap xi 36 kN.m. Két qua thi nghiém cho thay rang
dim duoc gia cuong chéng cit bing thanh

Hinh 9 - So sank dirong cong M6 men — chuyén vi
tai diém giiza dam trong nhém B
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composite chiu duoc hyc cit 16n hon dang ké so voi
dam khong cot dai. Tuy nhién két qua thi nghiém
nhan dugc chua cho phép xac dinh dugc kha nang

chéng cat I6n nhat cia dam gia cuong bang vat lidu
composite, do chiing bi pha huy boi md men uén tai
gitra dam.

Hinh 10 — Vét nizt xudt hién trong vaing chiu luc cdt lon trén cac dam P4 va P5

Vé mat vét niat, chiing ta c6 thé nhan thiy ring
dam duoc gia cudng bang thanh composite cho phép
han ché dang ké su xuét hién vét nut trong viing chiu
lyc cat so voi dam chi co cét dai (hinh 10)

4.2.2. Uon 3 diém trén dam gia cwong bsi 1
thanh composite

Thi nghiém ubn 3 diém trén dam duoc gia cuong
boi 1 thanh composite dugc thé hién nhu trén hinh
11, Cac vét nut bit ddu xuét hién trong ving chiu
mo6 men va luc cit & muc gia tai 20 kN, lic nay gia
tri ung suét cét chinh d3 vuot qua cuong do chiu ct
cta bé téng. Nhitng vét nut nay tiép tuc phat trién va
hop nhét lai thanh 1 vét nat Ién hon, nghiéng mot
goc khoang 45 so truc doc dam, khi dén muc tai
trong 135 kN thi két cAu gia cudng bi bong bat, dong
thoi dam bi pha huy.

Hinh 11 — Thi nghiém uén 3 diém trén dam P7

So sénh kha ning chiju lyc cit caa dam ddi ching
c6 cdt dai (P4) va dam duogc gia cudong bang 1 thanh
composite (P7), c6 thé thay rang ca hai déu bi pha
huy do lyc cit, tuy nhién dbi voi dim duoc gia
cuong bang vat liéu composite, thi kha ning chiu hrc
tang 1én khoang 1,5 1an so véi dam chi co cbt dai.
Két qua duoc trinh bay trén hinh 12:

Hinh 12 — So sénh dwong cong md men — chuyén
vi trén dam P4 va P7

5. Két luan

Két qua thi nghiém cho thiy:

Dudi téc dung cua tai trong khai thac, trén dam
bé tong cdt thép xut hién cac vét nut & trén ving
chiu udn va chiju lyc cét 16n. Khi tai trong da 16n cac
vét nit ngdy cang phat trién mo rong, dac biét trén
viing chiu lyc cat 16n ¢ xuat hién mot vét nat chinh
nghiéng mot goc 45° so vai truc doc dam, 1am ting
kha niang dat cot thép dai va lam dam bj pha hoai.
Trong truong hop ndy, gia cuong bing céc thanh
composite ¢t soi cac-bon theo phuong phap NSM
mang lai hi¢u qua cao.

D6i v6i thi nghiém ubn 4 diém, trong khi dam
d6i chung P1 (khong c6 cdt dai) bi pha huy d& dang
do luc cét thi ddm c6 cbt dai va dim duogc gia cudng
bang thanh composite khong bi pha hoai do luc cit,
chi bi pha hity do mé men uén giita dam tai gia tri
mb men ting hon 70% so v&i dam ddi chimg P1. Thi
nghiém ubn 4 diém tuy chua danh gid dugc kha
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ning chiu luc cit cua dim duoc gia cudng bang vat
liu composite so v&i dam ddi chig c6 cbt dai (P2),
tuy nhién két qua da cho thiy hiéu qua cia phuong
phap gia cuong NSM, khi cac thanh composite dugc
dit tai phan 16p bao vé cua bé tong da lam viéc nhu
cbt dai, tang cudng luc cit. Hon nita vé sy xuit hién
vét nit, ddm sir dung vat lidu composite giam déng
ké su xuét hién vét nit cling nhu bé rong vét nut so
v6i dam ddi chimg c6 va khong co cbt dai. Dbi véi
thi nghiém uén 3 diém, trong khi dam duogc gia
cuong bang 3 thanh composite chwa bi phd hoai do
lyc cat, thi dam gia cuong chdng cét bang 1 thanh
composite mang lai kha ning chiu lyc cit ting 1én

Pha hoai trén dam gia cuong bang 1 thanh
composite 1a do sy bong bat cua I6p vat liéu dinh két,
didu nay mét lan nita khang dinh tinh cuong d6 cao
cua vat liéu composite cot soi cac-bon va hiéu qua
cia phuong phap phu thudc nhidu vao su lam viéc
cua 16p dinh két va bién phép cai thién ma sét giita
thanh composite va bé tong trong phuong phdp NSM.

Céc két qua trén cling vai viéc vat liéu composite
gia cuong dugc bao boc trong 16p vt liéu két dinh
lam giam thiéu kha ning bi 130 hoéa do su tac dong
cta mi trudng, cho thiy hiéu qua cua viéc gia cuong
bang vat liéu composite theo phuong phap NSM
nham cai thién va nang cao kha ning chiju lyc cit cho

khoang 1,5 1an so vé6i dim d6i ching c6 cbt dai. két cAu bé tong cot thép tai viing chiu lyc cit lon.
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Summary
SHEAR STRENGTHENING CONCRETE BEAMS USING CFRP REBARS

This paper presents test results of reinforced concrete beams strengthened in flexure using carbon-FRP
(CFRP) rebars as NSM (near surface mounted) method that consists of placing CFRP rebars into grooves
pre-cut in the concrete cover at the tension region of the beams. The structural performance and modes of
failure of the tested beams are presented and discussed. Test results indicated that using NSMFRP rebar
significantly improves the shear strength and considerably reduces the appearance of fissures of reinforced
concrete beams.

Keywords: Shear strengthening, near surface mounted, CFRP, strengthening reinforcement concrete beams.
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