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Abstract. The CFRP (Carbon Fiber Reinforced Polymer) sheet is a new material with many
outstanding advantages and it is especially suitable for strengthening reinforced concrete
structures. That material was firstly applied in developed countries in 1980s, but it is
relatively new in Vietnam. In this study, an experimental study was performed to estimate
compressive strength of the concrete cylinder confined by CFRP sheet of Toray firm, Japan,
with various levels of CFRP sheets. Results show that the strengthening effect of CFRP sheet
in this study is generally suitable to the models proposed by previous researchers. The
strengthening effect of CFRP sheet much depends on the construction quality of CFRP sheet;
it requires that the builder must have experience and strictly follows the instruction of CFRP
distributor. From the test results, this study recommends to apply suitable models to estimate
compressive strength of concrete confined by CFRP sheet of Toray firm (Japan) and other
products as well.
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T6m tiat. Tam CFRP (Carbon Fiber Reinforced Polymer) 1a mét loai vat liéu méi ¢6 nhiéu
nhiéu vu diém ndi troi va nod dac biét thich hop cho viée gia cuong két cau bé tong cdt thép.
Loai vat liéu ndy bat dau duoc Gng dung & cac nudc phét trién vao khoang nim 1980, nhung
n6 con twong ddi méi ¢ Viét Nam. Trong nghién ciru ndy, mot nghién ciru thuc nghiém da
duogc thyc hién dé danh gia cuong d6 chiu nén ciaa mau bé téng hinh try tron khi dugc kiém
ché nd ngang bang tim CFRP, cua hang Toray, Nhat Ban, & cac mirc do gia cudng khac nhau.
Két qua cho thay, hiéu qua gia cuong cua tim CFRP trong nghién ciru nay 13 co ban phi hop
VGi cac md hinh di dugce dé xuat boi nhitng nghién ctru trude do trén thé gidi. Hiéu qua gia
cuong cta tim CFRP phu thudc rat 16n vao chat luong thi cong tim CFRP; n6 doi hoi ngudi
thi cong phai c6 kinh nghiém va tuan thu dung huéng dan caa nha phan phdi vat liéu CFRP.
Tur nhitng két qua thi nghiém, nghién ctru nay dé xuat sir dung cac mé hinh phil hop dé danh
gid cudng do chiu nén cua bé tong khi duoc kiém ché né ngang bang tim CFRP cua hang
Toray, Nhat Ban, cling nhu cta cac hang khac.

Tir khoa: CFRP, cudng do chiu nén, bé tong duoc kiém ché ng ngang.

© 2021 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

9 Teim CFRP (Carbon Fiber Reinforced Polymer) la moét loai vat Iiéu M&i, chua duoc st dung
pho bien trong xay dung cong trinh & Viét Nam. Vat liéu méi nay bat dau dugc ung dung trong
xay dungq vao khoang nam 1980, & céc, nug’yc phat trién, nhuw My, Anh, Phap, Nhat, bac va
Canada. O Viét Nam, vat liéu méi nay bat dau dugc (ng dung trong xay dung vao khoang nam
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2010. Mot s6 nha san xuat vat ligu CFRP Ién va dang cung cap cho thi truong Viét Nam c6 thé
dén nhu cac hang Toray, Tyfo, Maedakosen, Mitsubishi, QuakeWrap, Horse.

Vit liéu CFRP c6 nhiéu wu diém ndi troi va nd dac biét thich hop cho viée gia cuong
két cau bé tong cbt thép. Cac wu diém chinh cua vat liéu CFRP c6 thé ké dén nhu cudng do rat
cao (bang tir 10 dén 20 1an so véi ¢t thép thuong) nén hiéu qua gia cudng rat 16n; dé dang thi
cong va thoi gian thi cong rat nhanh nén khdng ton thoi gian cho doi; kich thudc rat nhé gon
nén khéng lam thay déi hinh dang kién tric ban dau caa cong trinh dugc gia cuong. Vat lidu
CFRP c6 thé dugc dung dé gia cudng cho céc cau kién bé tdng cét thép chiu udn (dam, san,...),
chiu cat (dam, vai ké, cong xon,...) va chiu nén (cot, try, thap,...).

Theo ly thuyét thi khi bi kiém ché su né ngang, kha ning chiu nén cua bé téng s& ting 1én
theo mirc do ting su kiém ché ng ngang cua vt liéu gia cuong. Vit liéu CFRP ¢6 cuong do
chiu kéo rét cao, lai d& dang thi cong nén rat thich hop dé gia cuong cho két cau bé tong cét
thép, trong d6 co viée gia cudng cho cau kién chiu nén nham han ché sy ng ngang cua caa bé
t6ng cau kién chiu nén. P c¢6 nhiéu nghién ciu trong va ngoai nudc vé vat liéu CFRP, nham
ng dung vat liéu méi nay trong viéc gia cuong két cau bé tong cot thép [1-9]. Cac nghién ctu
danh gia cuong do chiu nén ciia mau bé tdng hinh try tron khi dugc han ché nd ngang bang tam
CFRP ciing da duoc thyc hién nhiéu trén thé gidi, voi nhiéu ching loai CFRP cua cac hang
khéc nhau [10-16]. Tuy nhién, cac nghién ctru tuong tu, dac biét 1a cac nghién ctru stir dung vat
licu CFRP cua hang Toray, Nhat Ban (mot hang san xuat vat liéu CFRP 16n va dugc su dung
nhiéu ¢ Viét Nam) chua dugc thuc hién ¢ Viét Nam. Hién nay, vat liéu CFRP van chua duoc
san xuit trong nudc ma phai nhap khau tir cac nudce phét trién. Bé chi dong hon nita trong viéc
ng dung vat liéu mai nay trong xay dung, bai bao nay sé trinh bay mét nghién ctru thuc nghiém
dé danh gia cuong d6 chiu nén ciia mau bé téng hinh try tron khi duoc han ché nd ngang bang
tam CFRP cua hang Toray, Nhat Ban. Nghién ciru nay cho thay, hiéu qua gia cudng cua tam
CFRP trong nghién ciru nay 1a co ban phd hop véi cac md hinh da dugc dé xuat bai nhiing
nghién ciru trude d6 trén thé gisi. Tur nhitng két qua do, nghién ctru nay dé& xuat sir dung cac
m6 hinh phi hop dé danh gia cuong d6 chiu nén ciia bé tong khi duoc kiém ché ng ngang bang
tam CFRP cuaa hing Toray, Nhat Ban, ciing nhu cta cac hang khac.

Bai bao dugc hy vong s la tai liéu hitu ich cho cac ki su thiét ké, ciing nhu cac nha nghién
ctru trong viéc ung dung vat liéu CFRP trong viéc gia cuong két cau bé tong cot thép.

2. VAT LIEU VA CHUONG TRINH THi NGHIEM

2.1. Vat liéu sir dung

Vit lidu sir dung cho thi nghiém nay bao gom nhitng vat liéu dé ché tao nhitng mau bé tong
hinh tru tron va céc vat liéu dé ché tao nhitng tim CFRP. Vit liéu dé ché tao tao nhitng mau bé
tong hinh tru tron, kich thudc (dxh) = (150x300)mm, c6 cuong do chiu nén trong khoang tur
30MPa dén 50MPa la nhiing vat liéu thong thudng nén khong dugc thé hién chi tiét ¢ day. Vat
liu dé ché tao nhitng tim CFRP bao gém vai soi carbon cuong do cao va keo epoxy di kém.
Hién nay, Viét Nam chua san xuit duoc vat liéu CFRP, ma phai nhap khau tir cac nuéc phat
trién. C6 nhiéu hang phan phdi san pham CFRP, nhu Toray, Tyfo, Maedakosen, Mitsubishi,
QuakeWrap, Horse. Theo tai liéu cong b cua cac hang nay thi vai soi carbon cudng d6 cao
thuong c6 04 loai c6 chiéu day khac nhau nhu sau: 0,111mm (200g/m?); 0,167mm
(300g/m?); 0,222mm (400g /m?); 0,333mm (600g/m?). Trong nghién ctu nay, tac gia st
dung vat liéu cua hing Toray (Nhat Ban), duoc tai tro bai Cong ty Co phan cong ‘ngh¢ tién tién
Nhat — Viét (JVTek, la mot don vi chuyén nhap khau va phan phéi cac san pham cong nghé
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ma&i cua Nhé:lt Ban). Dac diém k¥ thuat cua vai soi carbon cuong do cao va keo epoxy di kém,
theo cbng bo cua hang Toray, duoc trinh bay trong bang 1&2 dudi day.
Bang 1. Dic diém ky thuat cua vai soi carbon cuong do cao, cia hing Toray (Nhat Ban).

M4 sb san Cudng do C»h | Mo dun dan bo da Trong luon Ty tron Dj dén dai
e kéo téi thiéu hdi kéo (r-nm)y / §m25 9 (y /m-3)g kéo cuc han
p (MPa) (GPa) g g (%)
UT70-20G | = 3400 230 0,111 200 1,8 < 2,0
UT70-30G | = 3400 230 0,167 300 1,8 <20
UT70-40G | = 3400 230 0,222 400 1,8 < 2.0
UT70-60G | > 3400 230 0,333 600 1,8 <20

Bang 2. Pic diém k¥ thuat cia keo epoxy di kém, ciia hang Toray (Nhat Ban).

b tinh Phuong phip thi Ma san pham
nghiém Primer AUP40S AURS0S
Muc dich st dung Keo l6t Keo tam
JIS K5600
Cuong d6 bam dinh (N/mm2) JIS A6909 >2,0 >2,0
JSCEE545
Cuong d6 chiu uén (N/mm2) JIS K7171 - > 40
Cuong do chiu kéo (N/mmz2) IS Kbl - > 30
JISK7113
Cuong d6 chiu cit (N/mm2) JIS K6850 - > 10
Ty trong JISK7112 1,20+ 0,1 1,17+ 0,1
Do nhét hdn hop (MPa.s) JIS K7117 1200 + 600 < 10000
Mau hén hop Mau vang Mau xanh

2.2. Dung cu va thiét bi sir dung

Dung cu va thiét bi sir dung cho thi nghiém nay bao gom: 1) Cén dién tir dé can luong keo
sir dyng; 2) Thau nhya va que dé pha tron keo; 3) Kéo dé cat vai soi carbon cudng do cao; 4)
May mai bé tdng cam tay; 5) Con lan dung dé tim keo cho déu; 6) May nén xac dinh cuong do
chiu nén caa mau bé tong.

Chung ta thay, cac cac dung cu va thiét bi néu trén déu 1a thong thudng, riéng c6 may nén
mau bé tong la thiét bi chuyén dung. Trong nghién ctru nay, may nén xac dinh cuong d6 chiu
nén ciia mau bé tong la may ADR-2000 (kN) va may SANS-3000 (kN), ctia Phong thi nghiém
cong trinh, Truong Pai hoc Giao thong van tai (Vilas 047). Nghién ctu ndy phai sir dung dén
hai may nén mau la bai vi luc nén pha hoai mau bé tong dugc han ché né ngang bang tam CFRP
trong thi nghiém nay c6 nhirg truong hop vuot qua 2000 KN.
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2.3. S6 lwgng miu thi nghiém

Trong nghién ctu ndy, tong cong 18 mau bé tdng hinh tru tron, kich thudc (dxh) =
(150x300)mm, dd dugc ché tao tir cing mot hdn hop bé tong va cing dugc bao dudng dén
cudng do thiét ké trong mot diéu kién giéng nhau. Sau dé, cac mau bé téng nay dugc gia cudng
kiém ché ng ngang bang tam CFRP va chia thanh bn nhém nhu sau:

Nhom 01: 03 maﬁu khong duoc gia cuong dé xac dinh cudng d6 chiu nén cua bé tong khi
khong duogc kieém ché né ngang;

Nhom 02: 05 miu dugc gia cuong kiém ché no ngang bang tam CFRP, loai 20G (day
0,111mm) cua hang Toray, Nhat Ban. Trong d6 c6 02 mau duoc gia cuong 1 16p; 02 mau dugc
gia cuong 2 I6p va 01 mau duoc gia cuong 3 16p;

Nhom 03: 05 mau duoc gia cuong kiém ché né ngang bang tam CFRP, loai 30G (day
0,167mm) cua hang Toray, Nhat Ban. Trong d6 c6 02 mau duge gia cuong 1 16p; 02 mau dugc
gia cuong 2 16p va 01 mau duogc gia cuong 3 16p;

Nhom 04: 05 miu duoc gia cuong kiém ché no ngang bang tam CFRP, loai 60G (day
0,333mm) cua hang Toray, Nhat Ban. Trong d6 c6 02 mau duoc gia cuong 1 16p; 02 mau dugc
gia cuong 2 16p va 01 mau dugc gia cuong 3 16p;

2.4. Trinh tu qua trinh ché tao miu thi nghi¢ém

Tham khao tai licu “Gidi thiéu vé cong nghé CFRP cua hang Toray, Nht Ban” cua Cong
ty Co phan cong ngh¢ tién ticn Nhat-Vigt [10] ve cach thi cong tam CFRP, nghién ctiu nay thuc
hién cheé tao cac mau thi nghiém theo cac budc nhu sau:

Budc 1: Ché tao 18 mau bé tong hinh tru tron, kich thudc (dxh) = (150x300)mm tir ciing
mot hon hop bé tdng va bao dudng chiing dén cuong do thiet ké trong cung mot diéu kién nhu
nhau;

Budc 2: Duing méay mai cam tay dé mai bé mat mau bé tong theo hudng dan [17];

Budc 3: Chuan bj sin sang cac vat liéu va dung cu dé thi cong cac 16p CFRP gia cuong
cho cac mau bé tong trén; cat soi theo thiét ké, can dong va pha tron keo epoxy theo huéng dan
[10]. Chu 'y, thoi gian bat dau dong cting cua keo epoxy sau khi pha tron 1a khoang 180 phut (&
nhiét do 25°C), vi vay viéc thi cong phai duoc thuc hién trong vong 180 phut tu ltc pha tron
keo epoxy. Ngoai ra, dé dam bao cho cac tim CFRP phéat huy het kha nang chiu luc cua ching
thi viéc cat vai s¢i carbon cuong do cao phai dam bao sao cho mol ndi chdng cua c4c tam CFRP
khi gia cuong mau phai 16n hon chiéu dai mol ndi Chong y&u cau cia ching. bay la mbi noi
chong theo chiéu ngang (theo chu vi) cua mau. Theo khuyen cao cua nha san Suat [17] thi Chleu
dai méi ndi chong y&u cau cua cac tim CFRP 1a 150mm. Dé thién vé an toan, chiéu dai méi ndi
chdng cuia cac tim CFRP trong nghién ctru nay dugc lay bang 200mm;

Budc 4: Dung con lin tim keo létqdéu 1én bé mat nhitng mau bé téng duoc gia cuong theo
hudng dan [17]. Lop keo 16t nay s€ tham thau sau vao bé téng va c6 tdc dung nhu moét 16p neo
chac chan gitra bé tong va tam CFRP;

Bude 5: Doi cho l6p keo 16t bgit dau dinh bam (khoang 30 dén 60 phit), dung con lan quét
mot 16p keo tam deu 1én bé mat mau theo hudng dan [17];

Budc 6: Dan 16p soi carbon cudng do cao thir nhat theo thiét ké;
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Budc 7: Dung con lin quét tiép mot 16p keo tim déu 1&n bé mat mau theo hudng dan [17].
Lap lai Budc 6 & 7 néu ¢ nhiéu 16p soi carbon cuong do cao dugce gia cuong;

Budc 8: Poi cho keo epoxy dong cirng hoan toan (khoang 72 gio) thi mang cac mau di
duoc chuan bi di capping mau va lam thi nghiém nén doc truc pha hoai mau dé xac dinh cuong
d6 chiu nén cua cac mau. Hinh 1 duéi day thé hién 18 miu bé tong di dwoc chuan bi trude khi
thuc hién thi nghiém nén doc truc pha hoai mau.

Hinh 1. Hinh anh cac mau bé tong da duoc chuan bi trude khi thuc hién thi nghiém nén.

2.5. Thi nghiém xac dinh cwong d§ chiu nén ciia bé tong

‘Tham khao tiéu phuén ASTM C39/C39M-20 [18], cac mau thi nghiém sau khi da dugc
chuan bi theo thiét ké, duwgc mang di lam thi nghiém xac dinh cuong do chiu nén cua bé téng
theo cac budc sau:

Budc 1: Pt ting mau vao vi tri thi nghi¢m. Chd y, mau phai dugc dat ding tm va vudng
goc ban nén mau;

Budc 2: Tién hanh tang lyc nén 1én mau cho toi khi mau b phé hoai do nén doc truc. Theo
tiéu chuan ASTM C39/C39M-20 [18], thi may thi nghiém phai dugc diéu chinh sao cho luc
nén tang dan trong khoang tur (3,5+ 5,0)KN/s;

Budc 3: Ghi lai c&c gia tri luc nén 16n nhat ma mdi mau chiu duoc, P,,q, (KN), va xac dinh
cudng do chiu nén caa mau bé tong, f. (MPa), theo cong thuc (1) dudi day. Trong d6, d (mm)
1a duong kinh cua mau bé tdng hinh try tron. Cuong dd chiu nén cia mau bé tong tuong (g
véi mdi mie gia cudng 1a gia tri trung binh cua cac két qua thi nghiém thu dugc tuong tng Voi
muc dg gia cuong do.

{ _ 4000P, O

nd 2

Hinh 2 duéi dy thé hién mot vai hinh anh sau khi cac mau thi nghiém da bi phé hoai do
nén doc truc. Hinh 2a 14 hinh anh téng thé cua 15 mau bé tong duoc kiém ché né ngang bang
tam CFRP sau khi bi nén pha hoai. Nhu c6 thé thay trong hinh 2b & 2c, chiing ta co hai kiéu
pha hoai mau: kiéu 1 thé hién trong hinh 2b 14 khi viéc thi cong tim CFRP dam bao chét lugng
va kiéu 2 thé hién trong hinh 2c 1a khi viéc thi cdng tim CFRP khong dam bao chat luong. Nhu
c6 thé thay rd trong hinh 2c thi tim vai soi carbon cudng d6 cao chua duoc tim keo epoxy day
du theo hudng dan, dan dén cac soi carbon cuong cao vo cling nhé nay khdng lam viéc cling
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nhau va bi x0i 1&n khi bi kéo dut. Viéc nay s& 1am giam déng ké tac dung kiém ché ng ngang
cua tam CFRP, nhu duoc thao luan trong Phan 3.

Hinh 2. Mét sé hinh anh mau thi nghiém sau khi bi pha hoai do nén.

3. KET QUA THi NGHIEM VA PANH GIA

Cuong do chiq néq cua bé tong xac dinh duogc tu nghién ctu nay sé duoc so sénr] VGi Cac
mo hinh da duoc dé xuat bai cac nghién ciru da duoc xuat ban trudge do trén the gidi dé so sénh
va danh gia.

‘ Thep ACI 440.2R-2017 [10], thi cuong do chiu nén cua mau bé tong hinh tru tron dugc
kiém ché nd ngang bang tam CFRP c¢6 thé dugc xac dinh theo cac cong thuc (2, 3, 4 & 5) sau
day:

f =f_ +y,33x,f (MPa) )
2E. .nt..

f = foSf (MPa) ©)

B (@)

g, =Cp &}, ()

Trong nghién cau cua Wu & Wei, 2014 [11] thi cuong do chiu nén cua mau bé tong hinh
tru tron dugc kiem ché nd ngang bang tam CFRP cd thé dugc phong doan theo cong thuc (6)
nhu sau:

fo=f, [o, 75+2, 7(:—'j | ] (MPa) (6)

co

Theo nghién ctru cua Pham & Hadi, 2014 [12], thi cuong d6 chiu nén cua mau bé tong hinh
tru tron dugc kiem ché nd ngang bang tam CFRP cé thé dugc danh gia theo cac cong thac (7
& 8) dudi day.

f.=0,7f,+18f +5,7g+13 (MPa) (7)

t=nt, (mm) (8)
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Trong nghién cau caa Teng va cac cong s, 2009 [13] thi cuong do chiu nén ciia mau bé
t6ng hinh tru tron duoc kiém ché ng ngang bang tim CFRP c6 thé duoc phong doan theo cac
cong thire (9, 10, 11 & 12) nhu sau:

Khi pj, > 0,01 thi

fo=f,[1+3,5(p, —0,01)p, | (MPa) 9)
Khi p < 0,01 thi
f =1, (MPa) (10)
O 2Et 1)
SRTONTR
8fe
P, = (12)
e

co

Theo nghién cuu cua Yqussef ya cac cong su, 2007 [14], thi cuong do chiu nén cua mau
bé téng hinh tru tron dugc kiém ché nd ngang bang tam CFRP ¢6 thé dugc danh gia theo cong
thace (13) dudi day.

fo=f, [1+ 2, 25(:—'j } (MPa) (13)

co

Trong nghién cau cia Guralnick & Gunawan, 2006 [15] thi cuong do chiu nén ciia mau bé
téng hinh try tron duoc kiém ché nd ngang bang tim CFRP ¢6 thé duoc phong doan theo cong
thac (14) nhu sau:

co co

12
fo=f [o, 616+ff—'+1, 57 [:—wo,osj } (MPa) (14)

Trong céac cbng thac trén:

f-o 12 cudng @6 chiu nén ciia mau bé tdng hinh tru tron khong duoc kiém ché no ngang
(MPa);

f; 12 ap lyc kiém ché ngang Ién nhit caa tim CFRP (MPa);

¥, 1a hé s6 giam cudng do bo sung cho tim CFRP, ¢ day lay béang 0,95;

K4 12 hé s6 hinh dang mau, véi mau hinh try tron lay bang 1,0;

Ef 1a m6 dun dan hdi chiu kéo cua vai sgi carbon cudng d6 cao (MPa);

n 12 6 16p soi carbon cudng dé cao;

trla chiéu day ciia mot 16p soi carbon cudng do cao (mm);

d 1a duong kinh cua mau bé tong thi nghi¢m (mm);

€re la bién dang co hiéu cia tam CFRP khi pha hoai;

€. 12 bién dang kéo dut thiét ké ciia tim CFRP;

€/, 1a bién dang kéo dut cua tim CFRP;

Ke 12 ¢ s6 bién dang c6 higu cua tam CFRP, ¢ day lay bang 0,55;

Cg 1a hé s6 giam cuong do cua tam CFRP do moi truong, ¢ day lay bang 0,95;
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t 12 téng chiéu day cua cac 16p soi carbon cuong do cao gia cudng cho mau (mm);
€., |2 bién tuong tng véi £., cia miu bé tong khong dugc kiém ché ng ngang, ¢ day
lay bang 0,002.
Cac két qua thi nghiém tir nghién ctru nay va cac mé hinh da duoc dé xuat trén thé gisi ¢
trén duoc thé hién trong cac hinh 3, 4 & 5 dudi day.
110 - 104
—e—This study: 20G (0,111mm) 103
—e—ACI 440.2R (2017)
—a—Wu & Wei (2014)
Pham & Hadi (2014)
—o—Teng et al. (2009)
—a— Youssef et al. (2007)
—=— Guralnick et al. (2005)

©
o
1

Cuong d6 chiu nén cua bé tong (MPa)
g 3

N
o

30 T T )
0 1 2 3

Sb 16p CFRP, loai 20G, day 0,111mm duogc gia cudong (16p)
Hinh 3. Cudng do chiu nén cua bé tong bi kiém ché ng ngang bang tim CFRP day 0,111mm.

—e— This study: 30G (0,167mm)

130 1+ AcCI440.2R (2017)
—a—Wu & Wei (2014)
, 107
Pham & Hadi (2014)
110 108

—0O—Teng et al. (2009)
—a— Youssef et al. (2007)
—a— Guralnick et al. (2005)

90

70

Cuong d6 chiu nén cta bé tong (MPa)

30 T T "
0 1 2 3

S6 16p CFRP, loai 30G, day 0,167mm duogc gia cudong (16p)
Hinh 4. Cuong d6 chiu nén ciia bé tong khi bi kiém ché no ngang bang tim CFRP day 0,167mm.
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230 - —e— This study: 60G (0,333mm)

a1 | —e—ACI 440.2R (2017) 213
——Wu & Wei (2014)

190 Pham & Hadi (2014) 175
—0—Teng et al. (2009)

170 1 —=— Youssef et al. (2007) 155

150 - —a— Guralnick et al. (2005) 4

130

110

90

70

Cuong d6 chiu nén cta bé tong (MPa)

50 4

30 T T T 1
0 1 2 3

S6 16p CFRP, loai 60G, day 0,333mm duoc gia cuong (16p)
Hinh 5. Cudng do chiu nén cua bé tong khi bi kiém ché né ngang bang tim CFRP day 0,333mm.

Tir cac hinh 3, 4 & 5, ta thay cac két qua thi nghiém tir nghién ciru nay co ban la phi hop
V6i cac mo hinh danh gia da dugc dé xuat ciia cac nghién ctru trude do trén thé giéi. Tuy nhién,
nhiing két qua thi nghiém cta nghién ciru ndy @ng véi hai truong hop mau bé tong dugc gia
cuong bang 3 16p CFRP loai 30G (day 0,167mm) va loai 60G (day 0,333mm) cho két qua nho
hon nhiéu so Véi cac md hinh danh gia da duge dé xuat trude d6. Nguyén nhén c6 thé do viéc
thi cong gia cudng g véi hai truong hop nay khong dam bao chat lugng, dan dén hiéu qua
gia cudng thip hon két qua mong mudn. Nhu duoc nhin thay rd trong hinh 2¢ & trén, do vai sgi
carbon cudng do cao chua duoc tim keo epoxy day dii theo hudng dan, dan dén céc soi carbon
cuong do cao vo cung nho nay khéng lam viéc cung nhau va bi xu 1én khi bi kéo dut. Do do,
c6 thé néi rang hiéu qua gia cudong cua tim CFRP phu thugc rat I6n vao chat luong thi cong
tam CFRP; n6 doi hoi ngudi thi cong phai ¢ kinh nghiém va tuan thu dung huéng dan cia nha
phan phdi vat liéu CFRP.

Hiéu qua gia cuong bang tim CFRP, loai 20G (day 0,111mm) va loai 30G (day 0,167mm),
cua hdng Toray, Nhat Ban, 14 twong d6ng nhat véi mé hinh da duoc dé xuét boi Teng va cac
cong su (2009). Do d6, nghién ctru nay dé xuat stir dung mé hinh di duoc dé xuét bai Teng va
cac cong su (2009), hay cac cong thirc (9, 10, 11 & 12) dé danh gia cudng do chiu nén cia mau
bé tdng hinh tru tron dwoc kiém ché né ngang bang tim CFRP, loai 20G (day 0,111mm) va loai
30G (day 0,167mm), cua hang Toray, Nhat Ban.
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Hiéu qua gia cudng bang tim CFRP, loai 60G (day 0,333mm), caa hing Toray, Nhat Ban,
1a trong ddng nhat véi mo hinh da duoc dé xut bai Wu & Wei (2014). Do d6, nghién ctu nay
dé xuit str dung mé hinh di duoc dé xuat bai Wu & Wei (2014), hay cdng thic (6) dé danh gia
cuong do chiu nén ciia mau bé tdng hinh tru tron dwoc kiém ché nd ngang bang tim CFRP, loai
60G (day 0,333mm), ctia hdng Toray, Nhat Ban.

Ciing tir hinh 3, 4 & 5, ching ta thiy ring cac mé hinh di duoc dé xuét va két qua cua
nghién ctru ndy cho két qua sai léch nhau kha I6n. Nguy@n nhan cua didu nay c6 thé do loai vat
liéu CFRP cua cac nghién ciru trude d6 va nghién ciru nay 13 khac nhau. Do dé, c6 thé néi ring
mdi mé hinh da dugc dé xuit truée d6 chi phi hop véi mot loai vat liéu CFRP nhit dinh. Trong
cac md hinh di duoc dé xuit thi mo hinh dwgc dé xuat bai Wu & Wei (2014) cho céc két qua
trung binh va thién vé an toan nhat. Do vay, néu khdng cé cac két qua thi nghiém kiém chiing
thi nghién ctru nay dé xuat sir dung mo hinh da dugc dé xuat boi Wu & Wei (2014) hay cong
thire (6) dé danh gia cuong do chiu nén cua mau bé tdng hinh tru tron duoc kiém ché no ngang
bang tam CFRP bat ky.

4. KET LUAN
Duéi ddy 1a nhitng két luan duoc rat ra tir nghién ctru nay:

e Hiéu qua gia cuong ctia tim CFRP phy thudc rat 16n vao chat luong thi cong tim CFRP;
né doi héi ngudi thi cong phai co kinh nghiém va tuan thu dung huéng dan ciia nha phan
phéi vat liéu CFRP.

e Hiéu qua gia cuong ctia tim CFRP cua hing Toray, Nhat Ban duoc tim thay trong
nghién ctru ndy co ban phtt hop véi cac mo hinh da dugc dé xuat boi cac nghién ctru
trude do trén thé giol. Cuong do chiu nen cua bé tong tang dén khi mtrc d6 gia cuong
kiém ché no ngang bang tam CFRP tang dan. Vat liéu CFRP rat thich hop cho viéc gia
cuong cac cdu kién bé tong cdt thép chiu nén nham kiém ché sy nd ngang hay ting
cuong kha nang chiu nén cua chung

e D¢ xuit str dung m hinh da duge dé xuét boi Teng va cac cong su (2009) hay cac cong
thire (9, 10, 11 & 12) dé danh gia cudng do chiu nén chiu nén ciia mau bé tong hinh tru
tron duoc kiém ché né ngang bang tim CFRP, loai 20G (day 0,111mm) va loai 30G
(day 0, 167mm) cua hang Toray, Nhat Ban.

e Dé xuat str dung mo hinh d3 duoc dé xuat boi Wu & Wei (2014) hay cac cong thuc (6)
dé danh gia cuong do chiu nen chiu nén cua mau bé tong hinh try tron duge kiém ché
nd ngang bang tim CFRP, loai 60G (day 0,333mm), cta hing Toray, Nhat Ban.

e MJdi mb hinh da dugc dé xuat boi cac nghién ctru trude d6 trén thé giGi chi phu hop véi
mot loai vat lieu CFRP nhét dinh. Dé xuat sir dung mo hinh da dugc. dé xuit boi Wu &
Wei (2014) hay cong thure (6) dé danh gia cuong do chiu nén cua mau bé tong hinh tru
tron duoc kiém ché nd ngang bang tam CFRP bat ky khi khong c6 cac két qua thi nghiém
kiém chimng.

LOI CAM ON

Nghién ctru nay duoc tai trg boi Tr}r(‘mg Pai hoc Giao th(”)r}g Van tai (DHGTVT) trong dé tai
ma s0 T2021-CT-019 va Cong ty CO phan cong nghé tién tién Nhat-Viét (JVTek). Tac gia cling
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chan thanh cam on su giup d& ciia nhom sinh vién Tran Kim Long, Kim Pirc Anh, Nguyén Vin
Bang, Tran Van Quang va Bui Ptrc Diing - Lép Cau Buong bd 3-K58, Truong Pai hoc Giao
thong Van tai, trong qua trinh 1am nghién ctru thyc nghiém nay.
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