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Hiéu chinh mé hinh bam dinh - truot
cla tAm soi cac-bon vai bé tong

Tran Van Phuc

Tém tit

Ung x{r bam dinh - truot gitra bé téng va tam
FRP quyét dinh dén hiéu qua gia cudng cua
tdm FRP, do d6 anh hudng manh dén (ng xir
va kha ning chiu luc cha ciu kién bé tdong cét
thép duoc gia cudng bang tAm FRP. Bai bao
nay dé xuat hiéu chinh mé hinh du doan (rng
xUr bdm dinh - trugt gitra tAm CFRP va bé tong
c6 xét dén anh hudng tuong tac gilra cac yéu
t6 nhu cudng dd bé tong, dé clirng cla tAm
CFRP, keo dan, ti s6 bé rong tam dan va mau
thi nghiém dua trén 45 mau thuc nghiém tir
cac nghién clru thuc nghiém da co. Két qua
kiém chirng trén 89 mau thuc nghiém cho thay
md hinh hiéu chinh dugc dé xuat du doan tot
két qua thuc nghiém va én dinh hon so véi cac
md hinh hién cé. M6 hinh hiéu chinh dé xuat
c6 thé duogc str dung hiéu qua cho cac nghién
ctru lién quan dén cau kién bé téng c6t thép
gia cuwong dung vat liéu FRP dan ngoai.

Tir khéa: mo hinh bam dinh hiéu chinh; lién két
CFRP - bé téng; phuong phap héi quy; ban
thuc nghiém; kiém chirng

Abstract

The bond-slip behavior between concrete
and FRP sheets determines the strengthening
efficiency of the FRP sheets and therefore
strongly influences the behavior and load-
bearing capacity of reinforced concrete
members strengthened externally with FRP
sheets. This paper proposes a modified
semi-empirical model to predict the bond-
slip behavior between CFRP sheets and
concrete, considering the interaction between
factors such as concrete strength, CFRP
sheet stiffness, adhesive, ratio of CFRP
sheet width to specimen width, based on 45
specimens from existing experimental studies.
Verification results of 89 specimens show
that the modified model provides accurate
predictions and is more stable than existing
models. The modified model can be effectively
used for research related to reinforced
concrete elements reinforced with externally
bonded FRP materials.

Key words: modified bond-slip model; CFRP
sheet-concrete connection; regression
method; semi-empirical method; verification
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Calibration of a Bond-Slip
Model for the CFRP - Concrete
Interface

1. Dat van dé

Ung xtr bam dinh - truot gitra bé tong va tam FRP quyét dinh dén hiéu qua gia
cudng clia tm FRP va vi vay anh hudng manh dén (rng xtr va kha nang chiu luc ctia
két cau bé tong gia cudng tam FRP [1], [2]. Cac m6 hinh bam dinh - truot gilra tAm
FRP va bé téng hién c6 chi yéu duoc xay dung dua trén phuong phap thuc nghiém
hodc ban thuc nghiém [3-13]. Trong s6 ndy, mdt s6 md hinh chi méi dé cap dén anh
huéng don diéu cha cudng dd bé téng dén (rng xr bdm dinh - trugt, chua xét dén
cac yéu td khac nhu do clrng cuia tdm va keo, va duoc xay dung dua trén mot s6
lugng mau han ché [4], [5], [8], [9], [13]. Bén canh d6, mot s6 md hinh qua phrc tap
vi chira nhiéu tham s6 kho xac dinh trong thi nghiém [12]. Ngoai ra, hau hét cac mé
hinh trén déu chua xét duoc anh hudng tuong tac gitra cac yéu té nhu cudng do,
dd clirng tAm FRP va cua 16p keo dan, ti s6 clia bé rong tdm FRP trén bé réng cla
mau bé téng. Bai bao nay dé xuat mot mé hinh méi dé mé ta ing xtr bam dinh -
truot gitra tAm CFRP va bé téng trong truding hop téng quat, co xét dén anh hudng
tuong tac gitra cac yéu té nhu cudng dd bé téng, dé cirng ctia tdm CFRP, keo dan,
ti s& bé rong tam dan va mau thi nghiém dua trén mién dir liéu thuc nghiém rong tir
cac nghién clru thue nghiém da c6. M6 hinh dé xuat dugc ky vong phan anh dugc
ban chat cta (rng xr bdm dinh - truot cha vat liéu CFRP véi bé téng mét cach hop
ly va xac thuc hon, nham phuc vu hiéu qua cho cac nghién ciru mé phéng cac két
cau bé tdng gia cwdng dung vat liéu CFRP dan ngoai.
2. Hiéu chinh m6 hinh bam dinh - truot
2.1. So' lugc vé cdc mé hinh bdm dinh - truot hién cé

Nhiéu mé hinh bam dinh - truot da duoc dé xuat, dua trén nhiéu phuong phap
khac nhau tir thuc nghiém dén ly thuyét. Tuy nhién, phan I&n cdc mé hinh hién cé
chua xét dugc anh hudng tuong tac gilra cac yéu té nhu cudng do, dé cing tam
FRP va cla I6p keo dan, ti s& clia bé rong tam FRP trén bé rong clia mau bé tong
Téng quan so lugc vé cac mé hinh hién nay cé thé chia thanh bén nhanh chinh
dugrc trinh bay nhu Hinh 1.

2.2. Hiéu chinh mé hinh
2.2.1. Khai quat phuong phap
Ung suit bam dinh T va dd truot s ctia tam CFRP lién két vai bé téng duoc xac
dinh dua trén phuong phap phan phaéi bién dang lan lugt duoc xac dinh theo céng
thire (1) va (2) [4] nhu sau:
(gm 7“"[)Eftf
(Xm 7Xr') (1)
(€i+1 - gi)(x - X )2
2(xi+1 - Xi)

Tisya =
s(x)=s(x)+&(x—x)+

Trong do:

Ti1/2 = UNg suat gitra hai vj tri cam biéniva i+1;

€, €1 = bi€n dang tai vi tri cdm bién i va i+1;

X;, Xir1 = toa d6 cdm bién thiriva i+1;

s(x) = do truot tai vi tri dang xét;

s(x;) = do truot tai vi tri cam bién i;

Eit;= do cing tdm CFRP.

Ham héi quy Popovics [14] duoc ap dung dé xay dung quan hé (rng suat bam
dinh va do truot, vai ba tham s6: (rng suat bam dinh 16n nhat 1,,,; do truot tuong
(rng sy; va hé s6 nhanh mém hda n. Cac tham s6 nay duoc xac dinh tir phuong phap
héi quy phi tuyén tim tuong quan gitra cac gia tri thuc nghiém véi cac yéu té chiéu
dai dan tam Ly, cuong do bé tong f, va do cliing tdm CFRP (Egy) theo ham dang Iy
thira y = ax?, cu thé:
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| L,, cudng do chiu nén mau lang tru cta bé
M hink Pooot] | ng sulk bam dink lan shidt :ﬂ._-ﬂ.ﬁ-_um [ Mg, 001 téng f. va hé sd anh huang cla bé rong tdm
batnamad [| tromg img 5. hib 58 nhinh mém Bda CFRP dugc téng hop. Cac tham s6 (ng suat
— bam dinh 16n nhat 1,,,,, do truot tuong ng
S sg, hé s6 nhanh mém hoéa n dugc xac dinh
3 58 hind prw = h 0, 1S b = :
? Byl fink hai b= Ty 5 53 e El_;*-"*? RIGTHY Dl mrhl_: Cal, 2005 theo phuong phap phan phoi bién dang.
1 g . s
: oo | Buéc 2: Xac dinh tuong quan véi cuong
§ TTRENTTE ] y | . do bé tong
pids wh song | |Ung ot Bamdink b nkde 5 Sdtrogn| | -
= k ] . Lu, 200 r
- "".F;:ﬁ"’ | T i_l Tuong quan gitta 22 va f, c6 dang nhuw
) . sau: w
I s e = -}
M hink song iy o i arat 2 ot
Rerviiny tinh ba Frgg sl B dinh ko J-"-n. - 38 ragt | Tang, 2005 max _ 4 fc
"".Lm ad | beong dng Savl S trrot 8 hid & " b, ”( ) (8)

Hinh 1: Cac nhanh nghién ctru chinh vé moé hinh (rng suat bam dinh - trugt

cla lién két tAm FRP - bé téng hién cé

S n

T = Tax

)

Tnax = @b, (f, )bM (Eftf)b'2 4)
1 bsz )53

Sy = 83858530, (L)bs (fc ) (Eftf)b (5)

n=ab,(f,)" 6)

Trong d6, cac hé 8 a, aw, a1, A2, sz, Ants B, Di2y b1, b,
bes, bn1 €6 dang m,, ¥ nghia nhu sau:

m = a, b v&i a 1a hé s6 nhan phia trudc, b 13 hé s6 iy thira;

X =T,s, N VGi Tla ing suat tinh toan, s 1 d6 truot tinh toan,
n 13 tham sé n tinh toan;

y =1, 2, 3 tuong ing vdi cac budce tinh toan tuong

quan v4i cac yéu t6 vat liéu.

Hé s6 anh hudng clia yéu t6 bé réng tdm CFRP, bw, duoc
xac dinh theo Chen va Teng [15] nhu sau:

bw — 2- bf/bc

\1+b,/b, 7

D liéu héi quy dugc téng hop tir cac s6 liéu thuc nghiém
thu tr nghién clru cta [4], [7], [16-20]. Téng s6 luong 45 mau
thuc nghiém dugc dung dé hiéu chinh mé hinh (rng suat bam
dinh - dé truot véi phé gid tri khao sat tuong déi rong, gbm
cuong do bé tong tlr 22.4 dén 74 MPa, do cirng ctia tim CFRP
tr 25.3 dén 75.9 N/mm,
chiéu dai dan tam tir 150 dén

T&r phuong phap héi quy phi tuyén, cac
hé s6 a,4=0.3670 va b;1=0.51 dugc xac dinh
(Hinh 2a).

Budrc 3: Xac dinh twong quan véi do clirng
tam

ax

Tuong quan gitra T(m)b va E¢ duoc xac dinh nhu sau:
bw f;: 't

d =ap, (Eftf )b'2

max

b, ()" ©)

Céc hé s a,=0.8750 va b,=0.25 dugc xac dinh bang
phuong phap héi quy phi tuyén (Hinh 2b).

Tir d6, (ng suat bam dinh 16n nhat cé thé duoc xac dinh
nhu sau:

=0.47b,(f, )0'51(15,1.‘,)0'12 khi f, <32MPa

Tmax

0.51
Tmax=0-32b,, (1, ) (Eft;)**® khif, >32MPa (10)

Luu y rang, don vj tinh todn cla cac dai luong Toa fo Er
trong cac cong thirc trén Ia MPa; t; 1a mm va b, khong cé thir
nguyén do quan hé duoc xay dung dua trén phuong phap hoi
quy thuc nghiém.

(b) Xac dinh do truot sy tuong tng vai T,

Cong thire tinh do truot tuong (rng véi (ng suat bam dinh
I16n nhat dugc thuc hién theo cac bude sau nhu sau:

Budc 1: Chuan bi s6 liéu

Xem Muc (a).

Budc 2: Xac dinh tuong quan va&i do cling tam

Tuong quan gilta sp/b,, va Eg; dugc xac dinh cu thé nhu
sau:

330 mm va ti s6 bé rong tam 13 . 40 &

CFRP trén bé réng miu tir 5 38 @

0.15 dén 0.75. - P : o . 30 & 4
2.2.2. Quy trinh xay dung 5 e % ; 25 | 8 % P &

mé hinh a 5 + B8+ + 0 i é x

L .
(a) Xac dinh tng suat bam | a | % : M o bl g & &
PRI e = w 1.5 ]

dinh |&n nhat 1, a3 % E i ;
Cong thirc tinh (ng suat 5 e =10 -

bam dinh I&n nhat dugc thuc " 0s

hién theo cac budc sau nhu o an

sau: 20 Ly 80 B0 20 40 &0 &0
Budc 1: Chuan bi s6 liéu f{ ‘_H_Pa] E.I‘!" {HHfmmil

Cac gia tri tir thuc nghiém
nhu dé cing tdm CFRP Ed;,
chiéu day tam t;, chiéu dai dan

(@)

tam CFRP

(b)

Hinh 2: Xac dinh tuong quan: (a) irng suat va cudng doé bé tong; va (b) ing suat va do cing
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%. - o Hinh 3. Xac dinh twong quan: (a) do trugt va do
~ 25 o clrng tam; (b) do truot va chiéu dai dan tam; va (c) do
£ o 0 trugt va cuong do bé tong
240
= 0 o
- 1B
. 5 g 8 Tuong tu, cic hé s6 a;=0.0630 va by;=0.8 duoc xac dinh
:ﬂb - b3ng phuong phap hdi quy phi tuyén (Hinh 3c).
0.5 Cong thire tinh do truot sO cé dang nhu sau:
0.0 i per e % 50=0.0008b,, (E¢t, ) (L, )**'(1, )**" knit, <32mPa
. (MPa) 50=0.00016b,, (¢t ) ™' (L, " **°(£,*° khif, >32MPa .
(c) Xac dinh tham s6 n
S

bs1
bi =ay (Eftf)
w (11)
Tuong tu, phuong phap héi quy phi tuyén dugc dung dé
xac dinh cac hé sé a;,=0.0553 va b,;=-0.001 (Hinh 3a).

Budc 3: Xac dinh tuwong quan vai chiéu dai dan L,

Tuong quan gilra 8701)1 va L, dugc biéu dién nhu
sau: w \Er f)
S, bes
by = G2 (L)
bw (Eftf)

(12)

Céc hé s6 a,=0.0458 va b,,=0.5585 dugc xac dinh bang
phuong phap hoéi quy phi tuyén (Hinh 3b).

Buéc 4: Xac dinh tuong quan véi cudng do bé tong

~ Tmax b s .
Tuong quan gilta —bw (E,tf)b“ L )bsz va f. c6 dang nhu sau:
T b3
e af)

b (Bt (L) (19

Bang 1. M6 hinh (rng suit bam dinh - truot hiéu chinh

Tuong tu, bang cach sir dung héi quy cdng thirc tinh tham
s6 n ¢ dang nhu sau:

-0.12
n=5357b,(f,)
(15)

M6 hinh (ng suat bam dinh - dé trugt hiéu chinh dugc
téng hop va trinh bay lai trong Bang 1.

M6 hinh dy doan (ng sudt bam dinh - truot hiéu chinh
dua trén phuong phap héi quy ham Popovic da k&€ dén anh
huéng tuong tac cia cuong dé bé tong, dé cing cha tdm
CFRP, chiéu dai dan, ti s6 bé rong tdm dan va mau thi nghiém.
L&p keo dan la yéu t6 quan trong trong co ché truyén luc gitra
tam dan va bé mat bé tong, duoc k€ dén gian tiép trong cac
hé s6 thuc nghiém tuwong quan vai dé cirng ctia tAm CFRP va
cuong do bé téng.

3. Kiém chirng va thao luan

M@ hinh (tng suat bam dinh - d6 truot hiéu chinh duoc kiém
chirng va so sanh vé&i cac moé hinh ctia cac tac gia Neubauer va
Rostasy [3], Nakaba va cong su [é}], Monti va cong sur [6], Lu va
cdng su [9] trén s6 liéu ctia 89 mau thuc nghiém tir cac nghién
clru clia tac gia [4], [7], [8], [16-24]. Két qua kiém chirng va so

sanh duoc téng hop trong Bang 2.
Hinh 4 biéu dién méi quan hé

7,.,.=0.47b, (f. )" (Et,) *khif, <32MPa
7..=0.32b,(f )" (Et,)" " khi f, 232MPa

gitra (rng sudt bam dinh va do truot
theo mé hinh dé xuat, dugc tinh toan
theo mé hinh tai Bang 1. Tir két qua
kiém chirng trén cho thdy mé hinh

s, o 1{ s ] $,=0.0006b, (E;t,) ***(L,)"*'(. ) khi f, < 32MPa
5,=0.00016b, (Et,)"*"(L,)" " (£. )" khif > 32MPa

hiéu chinh dy doan cuong doé bam
dinh cda tdm CFRP gan véi két qua
thuc nghiém hon so véi cac moé hinh
hién cé. Ung suat bam dinh 16n nhat

n=5357b,(f )"

dy doan theo cong thirc hiéu chinh
cho gia tri trung binh (Mean), d6 léch
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chuan (STD) va hé s6 bién thién tuong (ng (CoV) cua ty s6 gia
tri du doan trén thuc nghiém (tmax,pre /tmax,exp ) [an luot 1a
0.99,0.33va 0.33.
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Hinh 4. M6 hinh trng suat bam dinh - d6 trugt hiéu chinh
cta lién két tdm CFRP va bé tong
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