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Té6m tit:

Nghién cttu nay danh gia cuong do chiu nén cta bé tong sau khi chiu nhiét do cao va
duoc gia cudng bang tim CFRP. Téng cong 11 mau bé tong hinh try (150 x 300 mm)
dugce thi nghiém, bao gdm mau khong gia cudong va mau gia cuong voi mot va ba 16p
CFRP. Két qua cho thdy nhiét d6 cao 1am giam cuong d¢ chiu nén khoang 10,2%. Tuy
nhién, viéc gia cuong bang CFRP gitp cai thién dang ké, véi cuong do tang tir 21.1
MPa 1én 42 MPa (116p) va dat 121,5 MPa (3 16p). Hiéu qué nay chi yéu do co ché kiém
ché né hong, gitip han ché phét trién vét nit. So sanh véi cac mod hinh hién c6 (ACI
440.2R-17, Wu & Wei, Pham & Hadji) cho thay xu huéng pht hop, trong d6 moé hinh
Wu & Wei cho két qua gan thuc nghiém nhat. Mot s6 sai khac xuat hién & mau nhiéu
16p do &nh hudng cta chat lugng thi cong. Két qua khang dinh hiéu qua cia CFRP
trong gia cuong bé tong sau chay.

Tt khoéa: Bé tong, nhiét dg, CFRP, gia cuong, mé hinh tinh toan.

ASSESSMENT OF THE COMPRESSIVE STRENGTH OF CONCRETE AFTER EXPOSURE
TO ELEVATED TEMPERATURES STRENGTHENED WITH FRP SHEETS

Abstract:

This study evaluates the compressive strength of concrete exposed to elevated
temperatures and strengthened with CFRP sheets. A total of 11 cylindrical specimens
(150 x 300 mm) were tested, including unstrengthened and CFRP-confined samples
with one and three layers. Results show that high temperature reduced compressive
strength by about 10.2%. However, CFRP strengthening significantly improved
performance, increasing strength from 21.1 MPa to 42 MPa (one layer) and up to 121.5
MPa (three layers). This improvement is mainly attributed to the confinement effect,
which restrains lateral expansion and delays crack propagation. Comparison with
existing models (ACI 440.2R-17, Wu & Wei, and Pham & Hadi) indicates that all
models capture the general trend, while the Wu & Wei model provides the closest
prediction. Some discrepancies were observed for multiple CFRP layers due to
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construction quality. The findings confirm the effectiveness of CFRP in strengthening
tire-damaged concrete.

Keywords: Concrete, temperature, CFRF, strengthening, model.
Gi6i thiéu

Trong nhiing ndm gan day, viéc nang cao kha ning chiu luc va d¢ bén lau cta
két cau bé tong cot thép (BTCT) da trd thanh mdi quan tdm 16n trong ca nghién ctu
va thyc tién. Nhiéu nghién ctu da chi ra rang viéc bao confinement bé tong c6 thé cai
thién dang ké cuong do chiu nén va do déo thong qua viéc han ché bién dang ngang,
tir d6 tao trang thai iing sudt ba truc va lam chdm qua trinh pha hoai.

Su phét trién cta vat liéu polymer c6t soi (FRP) da mang lai mot gidi phap hiéu
qua trong gia cuong két cdu bé tong. Nho cac ddc tinh uu viét nhu cuong do kéo cao,
khdi lugng nhe, kha ndng chéng &n mon t6t va dé thi cong, FRP ngay cang duoc st
dung rong rai thay thé cho cac phuong phap gia cuong truyén théng bang thép. Cac
nghién ctru thuc nghiém va Iy thuyét cho thdy FRP c6 thé cai thién dang ké kha ning
chiu nén ctua bé tong.

Tuy nhién, phan 16n cac nghién ctru hién nay chi dugc thuc hién trong diéu
kién phong thi nghiém tiéu chudn, trong khi tmg xtt cia bé tong duoc gia cudng bang
FRP trong cac diéu kién khic nghiét, ddc biét la sau khi chiu nhiét d6 cao, van chua
duoc nghién ctru ddy du. Nhiét do cao c6 thé lam suy gidm déang ké tinh chat co hoc
cta bé tong thong qua cac co ché€ nhu ntt nhiét, bong troc va suy giam lién két, dan
dén gidm cuong do va ting tinh gion.

Trong boi canh d6, nghién ctru nay tap trung dénh giad cuong do chiu nén ctia bé
tong sau khi chiu nhiét do cao va dugc gia cuong bang tim FRP, nham gép phan dé
xudt giai phap hiéu qua cho viéc phuc hoéi va nang cao kha ndng chiu lyc cua két cau.

Chuong trinh thi nghiém
V4t liéu ché tao miu

Tam vai carbon 1a mot loai vat liéu composite tién tién thu¢c nhom polymer c6t
soi (FRP), dugc cdu tao tir cac soi carbon cuong do cao dét thanh dang vai va két hop
v6i nhua polymer (thuong la epoxy) trong qua trinh thi cong. Nho déc tinh ndi bat
nhu cudng do kéo rat 16n, khoi lugng nhe, kha ndng chong &n mon va do bén lau cao,
tam vai carbon ngay cang dugc ting dung rong rai trong linh vuc ky thuat xay dung.
Vat liéu nay dic biét hiéu qua trong viéc gia cudng va phuc hdi két cau bé tong, chang
han nhu tdng cudng kha ning chiu lyc cho dam, cot hodc céi thién do déo cua cu kién
thong qua co ché& bao confinement. Ngoai ra, tdim vai carbon con c¢6 uu diém thi cong
linh hoat, c6 thé dan hodc quan lén bé mit cau kién ma khong lam thay ddi dang ké
kich thuéc hinh hoc, gitip ddm bao ca yéu cau ky thuat va thim m§ cho cong trinh.
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Hinh 1. Tam vai carbon

Trong nghién ctu nay, tdim vai carbon dugc st dung 1a loai UT70-30G (Hinh 1), c6
thong s6 ky thuat nhu sau: trong luong riéng = 1800 kg/m’, do day = 0,167 mm, cudng
do chiu kéo = 4936,9 MPa, d6 gian dai khi ntt = 2% va Module dan hoi = 245 GPa.

Trong nghién ctru nay, epoxy bao hoa dugc st dung lam chat két dinh dé dan
tam vai soi carbon 1én bé mat bé tong. Loai epoxy CE5300-B duoc lya chon nho kha
nang bam dinh cao va dam bao lién két hiéu qua gitta bé tong va vat liéu CFRP. Vat
liéu nay c6 do bén co hoc t6t, kha nang khang 4m va hoa chat, gép phan nang cao do
bén va tinh 6n dinh cta hé gia cuong. Ngoai ra, v6i dd nhét pht hop va kha ning
dong rin & nhiét 36 moi truong, CE5300-B thuén loi cho thi cong thuc té.

Thiét ké cdp phoi

Quy trinh thiét k& cdp phdi bé tong dugc thyc hién nhdm dat cap bén B20 (mac
250). Cuong do chiu nén thiét k€ duoc xac dinh la 15,7 MPa d6i v6i mau lap phuong,
tuong duong khoang 12,6 MPa ddi véi mau hinh tru. Dya trén yéu cau nay, cap phoi
bé tong duoc tinh todn va lua chon phtt hop véi cac vat liéu st dung trong nghién ctu.
Thanh phan cip phoi chi tiét duoc trinh bay trong Bang 1.

Bang 1. Cap phdi bé tong

Xi méng (kg/m”) Cat (kg/m’) ba (kg/m’) Nuoc (lit)
273,5 532 1022,4 173,5

Téng cong 11 mau bé tong hinh tru c6 kich thudc duong kinh x chiéu cao (150
x 300 mm) da dugc ché tao. Cac mau duge bao dudng trong diéu kién tiéu chuén, bao
gdm nhiét do phong va do 4m > 95% (ngdm trong nudc) trong thoi gian 28 ngay. Sau
d6, cdc mau nay duoc bao dudng trong diéu kién moi truong binh thuong cho dén khi
tién hanh gia cuong.
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Quy trinh gia cuong miu sau khi nung

Sau khi két thic qua trinh nung, cdc mau bé tong duoc dua ra moi truong xung
quanh dé lam ngudi ty nhién, nhdm mo phéng diéu kién thuc t& ctia két cau sau hoa
hoan. Qua trinh nung dugc thuc hién bﬁmg cach cho mau tiép xuc truc ti€p voi lta
trong thoi gian 1,5 gio & diéu kién nhiét d6 tu nhién.

Sau d6, vat liéu gia cuong dugc chuan bj theo dtng yéu cadu. TAm vai soi carbon
(CFRP) dugc cét theo kich thudc thiét ké voi bé rong 300 mm, tuong tng v6i chiéu cao
cta mau. Keo epoxy duoc can va tron theo ty 1& do nha san xuét quy dinh, v6i thoi
gian dong két ban dau khoang 180-240 phut trong diéu kién nhiét do moi truong.
Chiéu dai chéng ndi ctia tim CFRP duoc Iya chon 1a 100 mm nhdm dam bao hiéu qua
lam viéc cua vat liéu (Truong, 2017).

Quy trinh dan CFRP dugc thyc hién theo cac budc tiéu chuin nhu thé hién
trong Hinh 2. Trudc tién, mot 16p keo 16t duge phu 1én bé mat bé tong dé tao 16p két
dinh trung gian. Sau khodng 30 phut, khi 16p keo dat trang thai dinh badm ban dau,
mot 16p keo thit hai dugc phtt déu 1én bé mit bang con lan. Tiép theo, tim CFRP duoc
dén 1én bé mit mau theo dung thiét k&, ddm bao tiép xuc t6t va khong xuat hién bot
khi. Mot 16p keo epoxy bé sung dugc phti 1én bé mit ngoai ctia tim CFRP nham ting
cuong lién két. Doi voi cac truong hgp gia cuong nhiéu 16p, quy trinh nay dugc lap lai
cho timng 16p.

Sau khi hoan tat qua trinh gia cuong, cac mau dugc dé dong ctimg trong khoang
24 ity dé ddm bao keo epoxy dong rén hoan toan. Cudi ciing, hai ddu mau duoc xt Iy
bé mit va tién hanh thi nghiém nén doc truc dén pha hoai dé xac dinh cuong do chiu

nén cua bé tong.

R

Hinh 2. Quy trinh gia cuéng mau sau khi nung
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Thi nghiém cuong do chju nén cda bé tong
Tham s6 nghién ctiu

Trong nghién cttu nay, cac mau thi nghiém duoc phan thanh bén nhém tuong
tmg v6i bon truong hop khdo sat nhdm danh gia anh huéng cta nhiét do cao dén
cudng do chiu nén ctia bé tong, dong thoi xem xét hiéu qua gia cuong bang tdm CFRP.
Cu thé, nhém Plain dugc st dung 1am mau ddi ching, khong chiu tic dong nhiét va
khong duoc gia cuong; nhom Fire bao gdm cac mau duoc nung ¢ nhiét do cao; nhom
Fire-1C gdm cac mau sau khi chiu nhiét dugc gia cuong béng mot 16p CFRP; va nhém
Fire-3C gdm cdc mau sau khi chiu nhiét duoc gia cutong bang ba 16p CFRP. Mdi nhém
bao gdm ba mau thi nghiém (trir nhém Fire-3C chi c6 hai mau), trong d6 cuong do
chiu nén dugc xéac dinh thong qua gié tri trung binh ctia ba (hai d6i voi Fire-3C) mau
tuong tmg nham dam bao do tin cay cta két qua. Bang 2 téng hop cac tham s& thi
nghiém trong nghién ctru nay.

Bang 2. Tong hop cac tham sé thi nghiém

. N . . Nung & nhiét Gia cuong tdm CFRP
Nhém mau | S6 lugng mau d6 cao 1C 3C
Plain 3 -
Fire 3 X - -
Fire-1C 3 x X
Fire-3C 2 X X X

Quy trinh thi nghiém xdc dinh cuong d¢ chiu nén

Thi nghiém xac dinh cuong do chiu nén cua bé tong dugc thuc hién theo tiéu
chudn ASTM C39/C39M-20 (Truong, 2017). Sau khi hoan tat qua trinh ché tao va gia
cuong, cac mau duoc tién hanh thi nghiém theo quy trinh sau (Hinh 3): Trudc tién,
mau bé tong duoc dit vao may nén va can chinh chinh xac sao cho truc cia mau trung
v6i tryc tai trong, dong thoi ddm bao bé mit tiép xtc vuong goéc véi ban nén nham
tranh sai 1éch trong qué trinh thi nghiém. Tiép theo, tai trong nén doc truc duoc gia
tang lién tuc cho dén khi mau bi pha hoai, v6i téc d6 gia tai khoang 0,5 MPa/s theo
tiéu chuan. Trong qua trinh thi nghiém, luc tac dung va bién dang cia mau dugc ghi
nhan lién tuc. Gia tri lyc nén 16n nhat ma mau chiu duoc, ky hiéu la P (kN), dugce st
dung dé xac dinh cuong do chiu nén cua bé tong. Cuong do chiu nén ctia bé tong, f'.
(MPa), dugc xac dinh theo cong thic:

4000P,
fé = me (MPa) 1)
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Hinh 3. Thi nghiém nén mau
Két qua thi nghiém

Dang phd hoai cia miu
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Hinh 4 thé hién hinh 4nh pha hoai ctia mau bé tong gia cuong tdim CFRP sau
khi chi tac dung cua luc nén doc truc. Nhin chung cdc mau bi pha hoai khi 16p CFRP

bén ngoai bi dat ngang, lam giam kha nang bao che cho bé tong dan t6i bé tong bi v
theo. Biéu nay cho thay tdm CFRP lam viéc hiéu qua, tao hiéu tng kiém ché nd ngang

tot, dan dén su gia ting dang ké cuong do ciia mau. Két qua nay cho thay chat lugng

thi cong dong vai tro quyét dinh dén hiéu qua gia cuong caa CFRP, ddc biét la trong

viéc ddm béo sy lam viéc dong thoi gitra vat liéu gia cuong va bé tong nén.

Hinh 4. Pha hoai cila mau dudi tac dung cuia tai trong nén
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Cuong do chju nén cuda bé tong

Béang 3 trinh bay gié tri cudng do chiu nén trung binh ctia cdc mau bé tong sau
365 ngay dudng ho. Két qua cho thdy, cuong do chiu nén da tang dang ké tir 12,6 MPa
(gia tri thiét k& ban dau) 1én 23,5 MPa, phan 4nh qué trinh phat trién cuong do theo
thoi gian cta vat liéu. Xu huéng nay ciing phit hop v6i cac két qua da dugc cong bd
trong nghién ctru cua Khan va cong su (Truong, 2017).

Bang 3. Cudng d6 chiu nén ctia mau

Mau Plain Fire Fire-1C Fire-3C
Cuong do chiu nén (MPa) 23,5 21,1 42 121,5

Su phat trién cuong do chju nén ctia bé tong theo thoi gian c6 thé duoc mo ta
thong qua cong thuc thuc nghiém do Bo Xay dung dé xuat (cong thuac (2)).

von o loglog (1)
fE(®) = fes log log (28) )

Hinh 5 minh hoa m6i quan hé gitta cuong d¢ chiu nén va thoi gian dudng ho,
trong d6 c6 thé nhan thdy gia tri cuong d6 ctia mau Plain c6 sy tuong déng t6t v6i
duong cong ly thuyét du doan tir cong thac nay. Diéu nay cho thdy tinh phit hop va
do tin cady cua mo hinh thuc nghiém trong viéc danh gia sy phat trién cuong do cua
bé tong theo thoi gian.

25
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Hinh 5. Cuéng d6 chiu nén cia mau theo thai gian

Trong khi d6, sau khi chiu tac dong cua nhiét do cao, cuong do chiu nén cua
mau gidm dang ké, chi con 21,1 MPa, tuong tng miic suy giam 10,2% so v6i mau chua

7
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nung. Hién tuong nay c6 thé duoc gidi thich béi sy suy thoai vi cdu trdc ctia bé tong
dudi tac dong nhiét, bao gdm sy hinh thanh vi khe niit, mat nude trong céc san phéim
thuy hoa va suy giam lién két gitra cot liéu va ho xi mang (Xu, 2025).

Tuy nhién, khi cdc mau sau nung dugc gia cuong bang tim CFRP, cuong do
chiu nén duoc cai thién 1o rét. Cu thé, véi mot 16p CFRP (mau Fire-1C), cudng d6 chiu
nén dat 42 MPa, tdng 99,1% so v6i mau khong gia cuong (mau Fire). Khi s6 16p CFRP
tang lén ba 16p (mau Fire-3C), cudng do chiu nén tiép tuc gia tding manh, gan gap ba
1an so v6i mau Fire-1C. K&t qua nay cho thay hiéu qua vugt troi cta giai phap gia
cuong bang CFRP, dong thoi khing dinh ring kha nang chiu nén ctia mau phu thudc
déang ké vao s6 1op vat liéu gia cuong bén ngoai, do co ché bao confinement ngay cang
duoc tang cuong khi s6 16p CFRP tang lén.

M6 hinh dénh gia cuong do chiu nén

Dé danh gia cuong do chiu nén cta bé tong dugc gia cuong bang tdim CFRP,
cac mo hinh du doédn da duoc dé xuét trong cac nghién ctru trude day trén thé gici
duoc st dung lam co sd so sanh va d6i chiéu. Viéc dp dung cadc mo hinh nay khong
chi gitip kiém chimg do chinh xéac ctia két qua thuc nghiém, ma con cho phép danh
gid muc do phtt hop va kha nang ttng dung cta timg mo hinh trong viéc du doan tng
xt chiu nén cta bé tong gia cuong CFRP.

ACT440.2R-17 (ACI, 2017)

Theo ACI 440.2R-17 (ACI, 2017)thi cuong d6 chiu nén () cia mau bé tong
hinh try tron dugc kiém ché né ngang bang tim CFRP c6 thé dugc xac dinh theo cac
cong thuc sau day:

fee =1 + 3'3¢fkaﬂ (3a)
2Emntre
Y <t
= L% (3b)
&, = keCeSfu < 0,004 (3¢)

Trong d6, nla s6 16p gia cudng, Pa hé s6 giam cuong do (= 0,95), £.1a cuong do
bé tong ban dau, &, 1a ddc trung hinh hoc cia mau (= 1,0), #1a bé day ctia tdm carbon (=
0,167 mm), E;la Module dan hoéi cta tdm carbon (= 245 GPa), £, 1a cuong do chiu kéo
cta tdm carbon (= 4936,9 MPa), ¢, 1a bién dang httu dung ctia tdm carbon, &, 1a bién
dang cuc dai ctia tdm carbon (= £,/ Er= 0.02), k.1a hé s6 gidam bién dang cta tdim carbon
(=059), C. ké dén anh huong cua moi truong (= 0,95), d 1a duong kinh mau.

Mo hinh cua Wu & Wei (Wu, 2014)
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Trong nghién cttu cia Wu & Wei (Wu, 2014) thi cuong do chiu nén () cu
mau bé tong hinh try tron duoc kiém ché nd ngang bang tim CFRP c6 thé dugc phéng
doan theo cong thac (Wu, 2014) nhu sau:

0,75 + 2,7 (ﬁ>o'gl (4)

fec = Je fc,

MO0 hinh cua Pham & Hadi (Pham, 2014)

Theo nghién cttu cta (Pham, 2014) thi cuong do chiu nén (£,,) ciia mau bé tong
hinh try tron dugc kiém ché& nd ngang bang tdm CFRP c6 thé duoc danh gia theo céac
cong thac dudi day.

nt
fc’C=O,7fC’+1,8fl+5,77f+13 (5)

Pénh gia két qua

Bang 4 trinh bay két qua dy dodn cudong do chiu nén cua bé tong gia cudng
bang tdm CFRP theo cac tiéu chudn va md hinh khac nhau, trong khi Hinh 6 thé hién
su so sanh gitra gié tri du doén va két qua thuc nghiém. Két qua phén tich cho thay xu
hudng bién thién cuong do chiu nén ctia cic mau bé tdng boc CFRP trong nghién ctru
nay nhin chung phit hop v6i cac moé hinh du bao da duoc cong bé trude do, tiéu biéu
nhu ACI 440.2R-17 (ACI, 2017), Wu & Wei (Wu, 2014) va Pham & Hadi (Pham, 2014).
Di3c biét, ddi v6i cac mau chiu nhiét va duoc gia cudong mot 16p CFRP (Fire-1C), két
qua thuc nghiém c6 su tuong dong kha tot véi cac gia tri du doan tir cdc mo hinh.

Bang 4. Cudng do chiu nén ctia bé tong

Miu Nghién cu | ACI400.2R- | Wu & Wei, Pham &
hién tai 17,2017 2014 Hadi, 2014
Cue 46 Plain 23,5 - - -
HONE 9 Rire 21,1 - - -
chiu: nén Fo e 42 279 475 476
(MPa) : ’ ’ ’
Fire-3C 1215 416 101,0 872
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Hinh 6. So sanh két qua tir cac mé hinh véi két qua thi nghiém

Tuy nhién, & truong hgp gia cudng ba 16p CERP (Fire-3C), su sai 1éch gitra két
qua thyc nghiém va du bao trd nén 1o rét. Cu thé, cuong do chiu nén do dugc thap
hon déng ké so véi cac gia tri du doan. Sur khac biét nay c6 thé bt ngudn tir cac han
ché trong qua trinh thi cong gia cudng, ddc biét khi s6 16p CFRP ting lén, dan dén viéc
giam hiéu qua lam viéc dong thoi gitta bé tong va vat liéu boc. Diéu nay nhan manh
vai trd quan trong ctia chat luong thi cong, bao gdm quy trinh dan, ép va kiém so4t
lién két gitra céc 16p CFRP ciing nhu gitta CFRP va bé mt bé tong.

Nhin chung, méc dit caic mo6 hinh hién c6 c6 kha nang du doan xu huéng gia
taing cuong do chiu nén cua bé tong boc CFRP, van ton tai sai khac nhat dinh so véi
két qua thuc nghiém. Nguyén nhan c6 thé do su khéc biét vé dic tinh vat liéu CERP,
diéu kién thi nghiém va ky thuat thi cong gitta cac nghién ctru. Do d6, viéc lya chon
md hinh can dugc can nhic phit hop véi diéu kién ap dung cu thé. Trong s6 cac md
hinh dugc khdo sat, moé hinh cia Wu & Wei (Wu, 2014) cho két qua gan vai thuc
nghiém nhat va c6 thé duoc xem la lyra chon phit hgp cho muc dich thiét ké.
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Trong nghién cttu nay, 11 mau bé tong hinh tru (150 x 300 mm) da dugc ché
tao, nung & nhiét dd cao va gia cuong bang mot hodc ba 16p CFRP. Tir két qua thi
nghiém, c6 thé rat ra cac két luan chinh nhu sau:

(1) Gia cuong bang CFRP 1a gidi phap hiéu qua dé phuc héi va nang cao cuong
do chiu nén caa bé tong sau khi chiu nhiét d¢ cao. Cuong d¢ chiu nén tang dang ké
va phu thudc vao s6 16p CFRP.

(2) Co ché gia cuong cha yéu la hiéu ting kiém ché nd hong (confinement), gitp
han ché phat trién vi khe nat, déng thoi cai thién cd cuong do chiu nén va bién dang
cuc han. Céc dai lugng nay tang theo s6 16p CFRP.

(3) Tuy nhién, khi téng s6 16p CFRP, hiéu qua gia cudng c6 thé bi anh hudng bai
chat lugng thi cong, dan dén sai khac gitta két qua thuc nghiém va du doéan ly thuyét.

(4) So sanh v6i cac mo hinh hién c6 cho thay xu huéng két qua phut hop, trong
doé mo hinh ctia Wu & Wei cho d0 chinh xac cao nhat, mac di van ton tai sai khac do
anh hudng cta vat liéu, nhiét d¢ va diéu kién thi cong.
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    f  c ′ =   4000   P  m a x  𝜋   d 2 ( MPa )


    f  c ′  ( t ) =   f  c , 28 ′     l o g l o g    ( t )      l o g l o g    ( 28 )  


    f  c c ′ =   f  c ′ + 3 , 3   𝜓  f   k  a   f  l


    f  l =   2   E  f n   t  f   𝜀    f  e  d


    𝜀    f  e =   k  e   C  e   𝜀    f  u ≤ 0 , 004


    f  c c ′ =   f  c ′  [ 0 , 75 + 2 , 7    (     f  l    f  c ′ )  0 , 9 ]


    f  c c ′ = 0 , 7   f  c ′ + 1 , 8   f  l + 5 , 7   n   t  f  d + 13

