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Experiment on bonding behavior of CFRP-steel interface with load history
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Abstract; To investigate the effects of load history on the bonding properties of carbon fiber reinforced polymer
(CFRP) steel interface, long-term loading tests of CFRP-steel plate double-lap specimens were conducted under
four interfacial shear stress levels and six types on loading time, and static tensile tests were carried out on the
specimens which reached the specified loading time. Based on the axial strain data of CFRP, the distribution of
interfacial shear stress and bond-slip curves were given. In view of the effect of interfacial creep damage on the
bond-slip constitutive relations, coefficients 8, 17, and 7y were introduced into bilinear model, and corresponding
expressions were obtained by regression analysis. Results show that the creep deformation of the adhesive caused the
redistribution of the interfacial stress. With the increase of time, the peak value of interfacial shear stress decreased
and the strain of CFRP increased. After loading for 90 days, the interfacial shear stress of the specimens in groups
B, C, D, and E at 12.5 mm decreased by 26.6%, 59.2% , 73.8% , and 85.4% , respectively. When the level of
interfacial shear stress was high, the influence of interfacial creep damage on bond-slip curves should be
considered, where higher interfacial shear stress and longer duration led to more significant creep damages. When
the bonding length of CFRP was longer than the effective bonding length, the interfacial creep damage had no
obvious effect on its ultimate bond strength.

Keywords: steel structure; CFRP-steel interface; bonding behavior; bond-slip constitutive relations; ultimate

bond strength; creep damage
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Tab.1 Mechanical properties of materials
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Tab.2  Arrangement of specimens

WIS To/7,  FREENEYA | RS To/T, RN
B22D5  0.22 5 D60D5 0.60 5
B22D10  0.22 10 D60D10 0.60 10
B22D20  0.22 20 D60D20 0.60 20
B22D35  0.22 35 D60D35 0.60 35
B22D60  0.22 60 D60D60 0.60 60
B22D9%0  0.22 90 D60D90 0.60 90
C44D5  0.44 5 E73D5 0.73 5
C44D10  0.44 10 E73D10 0.73 10
C44D20 0.44 20 E73D20 0.73 20
C44D35  0.44 35 E73D35 0.73 35
C44D60  0.44 60 E73D60 0.73 60
C44D90  0.44 90 E73D90 0.73 90
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Fig.3 Failure modes of CFRP-steel interface
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Fig.4 Strain distribution of CFRP varying with time
222 EJIIRKT B CFRP AR 431

5 iy E73D90 4 Q Ti CFRP RAE5-Ai & [l e
0 mm bR AR HAERTAL QO#N AR (E AR, HoAth N AR (N
QUt~ QLU HHffirak P /INTHR PR AT P, B, SH1H
RAAEFE, CFRP N ASANE] 5(a) Frs. HIEWTAL 5t
TSR BRI {AE AN 235 50 mm LAY CFRP R A4k, B
PR B A N A E R N B R —#43 CFRP
S5 %0, B8 b5 P/P, LRI, Iz
CFRP BZR{EZHHEM. 25 P/NTAT P, I, CFRP )i
A8 LA E N s — i K BE S I N TR, 1] CFRP SEBR
Z 5 TAEMRK R —E 0, X — KB U RO 45K
JE L, 4R L, WAk 3.

8 -
7 i .
Lol E73D90-Q [fj
5( L —a— P=0.2P,
e 571 —o— P=0.4P,
E 4 F —a— P=0.6P,
K —— P=0.8P,
2370 —— P=P,
=
o2 r
1 -
0 - b ————
0 50 100 150 200
T 22 194 /mm
(a)FEHT P < P,
141
12+
S0t
& N
E sy e
woor
& E73D90-Q
£ 4F——145mm
© ——3.76 mm
2 —+5.90 mm
0 1 1 Al i w, > : |
0 50 100 150 200
T N 28 19K B /mm

(b)) #Egidfh P = P,
5 CFRP ZES %
Fig.5 Strain distribution of CFRP



<170 - MR O T M ok % % R

SRR PIA B ERRE T P, I, ST
BRI, C 2R B CFRP A H I AR 1K 31 fi K AH
HIEAGAFFAL XA RN AZ KB CFRP
B, MU, B AR 1 R A A 2 T P AR RS 52 7 AN BBl
WK {2 CFRP JAE 73 AT ARFEAR AL | 1 BR Ay 28 2
ARANAE. WA R S AN W i [ v A R, LR AR Y
CFRP R BE /N T A RORS S5, St T B AR .

3  CFRP-4{ J 1 4k 45 1 6

3.1 FREHMNA
WA 6 Jrzs , i P el A5
obt, +7bdy= (o, +do,)b.t,. (1)
KA, o, A CFRP B L AIPIN 1, 7, A CFRP i
Bt E R BTN 1, 1, A CFRP (JEJE | b, CFRP 1

TLHL.

o t— | CFRP |—> o+do.

o
T

| d |

E 6 CFRPZHE
Fig.6 Force diagram of CFRP
¥ o, =E.e RRA(1)  FFF T, 15
de,
T =Ed o (2)
K. E, O CFRP SR, e, S CFRP A4 fif
41 A I AT A B BB ) AT R 2593
J BRI fb SR A5 B
Bt (e )

= L . 3
i~i+1 LL.+1 —L ( )

Ky 7, 0 CFRP RASI 5 i F1 i+ 1 P S A BY N
1,6, ;1 F CFRP RSN 0 + 1A ARME L L, H
CFRP R 25 5 0 + 1 513530 By L 2

TERFSIM AR B B, CFRP-4K AL 1 5 157 7 Bt Jn 2%
B AR fb an &l 7 B, BT CFRP A RIOK: 25
KB J5 T 5y N 7 AR R N, R RS T
100 mm DA PN /9 L1 89 N 7. WELE 7 vl BE & N
A ) B, AU BN ) R A T N E A IS
{H 5 1 32 W REARR, it PR S T e 50 LA R
Ptk RT3 /E R & & ARG AR AR B I 2 I AR
SEEN Ty E AR AT, DT S S S T T A I A ]
Efi. RAFERRSNER 90 d J5,B 4 .C 4H .D M E
R 12,5 mm &b S TH B R 7 53 5N T
26.6% 59.2% 73.8% .85.4% , 1 FoAt 4% 5 5 107 7 44
HANFEFEE AN ,27.5 mm ATY R 3k £, X
2 R R R S 10 79 i 28 R /INANAS | i LAAS [) s 2] B
o7 7 255 Ak il T L %) T RRU PR AR

%H52%
4 -
<3r
=
S
R
s
]
=
B L
0 20 40 60 80 100
P IR 1) 4 B fmm
(a) B22D90-Q M
8r
L Or ——=0d
& o g=1d
£ s =6d
R ) --v- =40 d
%R § et 1290 d
A *
=
B ot
.Y
o
T

0 20 40 60 80 100
T 528 94 /mm
(b) €C44D90-Q T

10F
o
s 80 ——1=0d
= . --o-t=1d
= 6 4 1=6d
= “; cep-1=40 d
By v, --e-1=90 d
(=0
ES ¢
2|
0 20 40 60 80 100
BB N 2 A 1 B /mm
(¢) D60D90-Q M
121
] 101 —a—1=0d
E L a-t=1d
= 8 s 1=6d
= —ewe- 1=40 d
= 6 -+ 1=90 d
=
2 L
) BT e
0 20 40 60 80 100

o e 1) 4 2 /mm
(d) E73D90-H [fi
B7 SEsA kR EEg
Fig.7 Interfacial shear stress varying with time
3.2 MEREBHLZL
CFRP BEAZIN s ¢ B Jey il RS 4t s, ml pl B oK

i+, B



w91 BRAEL, . BT BRI S 6 CRP- R TR A5G 1o 171 -
s, = [o.dx. (4) 257
P I\ I
Bﬁ'—?ﬁi@(ﬁ*ﬂﬁ’ﬁ}fﬁ: 20 —QE]Z.S mm
( ) QE? ---- QI 27.5 mm
-l (¢  +g . < 15+t ceQIAT42.5 mm
c,j+1 c,J
s, = L., -L). 5 A I I AN (N QI 57.5
‘ Z‘) 2 Ly ~ L) (5) F 12,5 mm
]_E 10 - H] 27.5 mm
ST A+ 1P RS R B S
5
$; S ih
) = (6) T
2 1 S ik |
. . . 0 0.1 0.2 0.4
A FRAZ, B SEAR R P R AZ Fr v A hit/mm
B ) MRS 6L s. 18 8 4 il T SR Q 1l ()t D6OD9O
FH T ARSI, B6IH 12.5 mm RIZA 307
BN N 12.5 mm. 2t
< — QIfl 12.5 mm
E 20 ---- QIAI27.5 mm
25| -I\? <<<<<< Q1] 42.5 mm
sk BN e Q1 57.5 mm
— QI 12.5 mm N weeme HIAT12.5 mm
L 20 ----QIff27.5 mm = - HIf27.5 mm
o R A N LR Q [ 42.5 mm % 10 H [} 42.5 mm
S == O[] 57.5 mm HIi57.5 mm
R 15 = HIA] 12.5 mm 5
4_2‘ === HA27.5 mm i 5 N T U R
%R 10 ;_Hﬁ42.5 mm RS N |
E HE 57.5 mm 0 0.1 0.2 0.4
> ESIFRPITR 5 /mm
RN (e) B E73D90

0 )
0.1 0.2 0.3 0.4
W/ mm
(a) ik A-3
251

M Qﬁ 12.5 mm
---- QI 27.5 mm
------- QI 42.5 mm
et Q1 57.5 mm
< HTAT 12.5 mm
------ Hfj27.5 mm

© - HTf42.5 mm
T H [ 95 mm

ST R J1/MPa
5 o 8

W

(=]

0.1 0.2 0.3 0.4
W% /mm

(b) ik B22D90

—— Q1 42.5 mm
---- QIf157.5 mm
....... Q1A 75 mm

! I 95 mm

- H A 12.5 mm
---- Hf{27.5 mm
= - HIM42.5 mm
..... H A 57.5 mm

0.1 0.2 0.3 0.4
W/ mm
(e) kM4 C44D90

8 REMLBBHL
Fig. 8 Interfacial bond-slip curves
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Tab.3 Test results
55/ mm T/ MPa
-G P/kN P, /kN P /P, L, WAL
Ql*Z Hl*Z Ql*2 Hl*Z
A-1 0.049 0.047 23.884 22.956 27.42 24.19 0.88 70 17
A-2 0.050 0.048 23.213 22.287 28.85 23.24 0.81 80 1 A/10 7
A-3 0.048 0.046 24.017 23.143 31.61 23.86 0.75 75 1 5/11 A
B22D5 0.048 0.048 22.877 22.603 30.46 21.92 0.72 70 T R/11 A
B22D10 0.048 0.046 21.843 21.797 24.95 25.66 1.03 65 I %
B22D20 0.045 0.043 25.325 24.895 29.73 25.37 0.85 70 | i}
B22D35 0.046 0.046 22.492 22.368 26.58 26.44 0.99 70 1]
B22D60 0.049 0.047 22.245 21.695 26.18 25.98 0.99 75 T 54/11 A
B22D90 0.041 0.043 20.989 20.571 32.07 30.28 0.94 75 1 B/10 A
C44D5 0.045 0.043 23.675 22.685 32.13 25.63 0.80 80 1 B/10 A
C44D10 0.041 0.041 21.827 21.473 29.18 26.31 0.90 80 |
C44D20 0.042 0.042 20.443 20.417 28.85 29.74 1.03 80 1 A/10 A
C44D35 0.041 0.039 18.322 17.858 25.15 24.54 0.98 70 1 8/11 A
C44D60 0.040 0.038 16.653 15.987 28.12 25.82 0.92 70 1 A8/11 A
C44D90 0.041 0.039 16.806 16.354 29.65 26.46 0.89 65 17
D60D5 0.046 0.044 22.982 22.758 29.65 25.34 0.85 75 1 B/11 A
D60D10 0.041 0.043 18.787 18.073 28.23 25.01 0.89 75 Im %Y
D60D20 0.037 0.037 16.152 15.428 24.54 24.68 1.01 70 I A/11 A
D60D35 0.038 0.040 15.600 15.300 26.87 25.21 0.94 85 1 B/10 A
D60D60 0.036 0.038 14.582 14.398 27.18 24.84 0.91 75 T A/11 A
D60D90 0.039 0.037 14.400 15.120 27.16 24.81 0.91 75 gL
E73D5 0.044 0.044 21.186 20.894 25.42 24.82 0.98 70 1 A/10 A
E73D10 0.040 0.040 16.362 16.318 28.58 24.69 0.86 80 1 A/10 A
E73D20 0.038 0.040 13.890 13.170 27.42 26.16 0.95 75 Im %y
E73D35 0.035 0.037 11.918 11.722 33.21 27.21 0.82 80 1 A/10 A
E73D60 0.038 0.036 9.766 9.174 28.32 26.32 0.93 80 | i1
E73D90 0.036 0.038 8.898 8.722 26.22 25.75 0.98 70 1 A/11 A
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