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Study on Interfacial Bond Strength Between Aluminum Alloy Plate and Concrete
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Abstract: RC beam strengthened with aluminum alloy plate is a good solution for the purpose of increasing bearing capacity of concrete beam. At
the same time, the ductility and energy-dissipating capacity will also be better, especially satisfying the reinforcement engineering at erosion and
cold environments. As the stress of aluminum alloy plate is transmitted to the RC beam through the bonding layer, the strengthening effect of the
RC beam strengthened with aluminum alloy plate is determined by the bonding property between aluminum alloy plate and concrete. As the study
foundation of RC beam strengthened with aluminum alloy plate, the experimental and theoretical studies on interfacial bond strength between alu-
minum alloy plate and concrete were given. In-plane shear tests of 105 specimens were carried out. Specimens which were not treated on the
bonding interface were failured in the form of interfacial debonding. The other specimens were failured in the form of being stripped of concrete

layer. The bonding property of the interfacial debonding was much worse than the stripping of the concrete layer, indicating the necessity of treat-
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ing on the bonding interface. The ultimate bond loads between aluminum alloy plate and concrete were got. Shear stresses distribution curves and

effective bond length were obtained according to the relationship between the change rate of normal stress of aluminum alloy plate and interfacial

shear stress. Assuming that the shear stress is the same along the effective bond length, the bonding strength between aluminum alloy plate and

concrete was obtained. The influencing factors on interfacial bond strength, such as interface treatment, concrete strength, width and thickness of

aluminum alloy plate and bonding length, were discussed. Based on statistics regression analysis of experiment data, the modified Niedermeier

model of interfacial bond strength between aluminum alloy plate and concrete was put forward. The theoretical calculation formula on effective

bond length and bonding strength was obtained. The theoretical values of bonding strength are in good agreement with the testing values. The

largest error is 8.98%, the average error is 0.004, the standard deviation is 0.041.

Key words: aluminum alloy plate; concrete; interfacial bond strength; in-plane shear test; shear stress
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Tab.1 Parameters of the specimens of bond behavior tests Tab.3 Mechanical properties of aluminum alloy plates
=] > ==
F5  WAHwms  AmaE  f/MPa b/mm f/mm [/mm A% Ea/MPa for/MPa fo2/MPa fuu/MPa foz - /) ?(1;({
1 [-1 A 41.3 45 4 150
6061-1 719413 2458 2653 31477 1.079 101000 9.12
2 2 B 413 45 4 150
6061-2 66756.4 258.6 275.0 314.58 1.063 10500011.35
3 -3 C 413 45 4 150
6061-3 68301.1 250.7 2715 313.77 1.083 104753 8.69
4 [-4 D 413 45 4 150
FHIME 68999.6 2517  270.6 31437 1.075 103584 9.72
5 -1 A 413 45 4 25 N o e
F4 INEFEHEEOFEMRE
6 n-2 A 413 45 4 50 . . .
Tab.4 Mechanical properties of JN structural adhesive
7 -3 A 413 45 4 75 1 . ; o
Sk MPa  f,./MPa /MPa  EJ/GPa  &,u/%
8 14 A 413 45 4 100 = i a £ ™
HE 36 65 922 6.1 1.8
9 n-5 A 413 45 4 125
0 I-6 5 11 R S A &R
11 -7 A 41.3 45 4 175 3 v 2 1! v AT Tk ﬁl
- ---------I -------------------------------- - E\/
12 -8 A 413 45 4 200 R IX 450 1 TV
125 12.5°
13 m-1 A 26.8 45 4 25 <SS 130
1=25 |
14 m-2 A 26.8 45 4 50 s————> 175
15 -3 A 26.8 45 4 75
A A SR
16 -4 A 26.8 45 4 100 —— W ; ~ x
125+1\ 125 Y g | 3
17 -5 A 26.8 45 4 125 i e -4
251 pnsix g, 7
18 -6 A 26.8 45 4 150 ; <+ ¥
25 25 25 150
19 m—7 A 26.8 45 4 175 SIS T D |e————>
1=50~200
20 M-8 A 26.8 45 4 200 15150 i
21 V-1 A 413 30 4 25
2 NTREHERHEES
22 V-2 A 413 30 4 50 . .
Fig. 2 Layout and number of strain gauges
23 V-3 A 413 30 4 75
24 V-4 A 413 30 4 100
25 V-5 A 413 30 4 125
26 V-6 A 413 30 4 150
27 V-7 A 413 30 4 175
28 V-8 A 413 30 4 200
29 V-1 A 413 45 2 25
30 V-2 A 413 45 250 3 MNERHE
31 V.3 A 413 45 ) 75 Fig.3 Layout of strain gauges
32 V-4 A 413 45 2 100
33 V-5 A 413 45 2 125
34 V-6 A 41.3 45 2 150
35 V-7 A 41.3 45 2 175
36 V-8 A 413 45 2 200
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Tab.2 Interfacial treatment of the specimens
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Fig.5 Specimen during loading
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Fig. 6 Interfacial debonding failure
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Fig.7 Concrete debonding failure
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Comparison of interfacial bond strength between
theoretical results and experimental results

Tab. 5

R Fo/ ol
%5 kN MPa MPa

R Fy o/

0,
Onf% %5 kN MPa MPa

0%

I-1 1195 1.76 1.77 —0.56|| M7 10.63 135 135 0
[2 695 1.76 1.03 70.87( M-8 11.04 1.31 136 -3.68
[-3 580 1.76 0.86 104.65/| V-1 260 3.57 347 288
I4 610 1.76 090 9556|| V-2 464 327 3.09 583
I-1 351 306 312 -1.92||IV-3 635 297 282 532
-2 587 280 261 728| V4 735 267 245 898
-3 797 254 236 763 || V-5 904 236 241 -2.07
-4 1004 228 223 224| V-6 882 206 1.96 5.10
-5 1226 2.02 218 -734|| V-7 937 194 195 —051
-6 1195 1.76 1.77 -0.56|| V-8 942 194 196 -1.02
-7 1204 1.66 167 —0.60|| V-1 277 345 3.69 —6.50
M-8 12.11 1.66 168 —1.19|| V-2 474 3.02 3.16 —4.43
M-1 276 243 245 —082| V-3 592 259 263 -152
M-2 495 225 220 227| V-4 696 217 232 —647
M-3 668 207 198 455| V-5 663 194 195 -0.51
M-4 878 1.89 1.95 —3.08|| V-6 6.66 194 196 —1.02
-5 923 1.71 1.64 427 || V-7 659 194 194 0
-6 1033 153 153 0 || V-8 659 194 194 0

JOLAE 4% s A ST B Y T A

Tai — Taji+l

Aiin (2)

T = _ta

A o AL F AR R R T, o R A e, AR A
3D 3RAF; A HARSBRLAL Fr BB

+ 0.002( Ta ) (3)

FR 4 2 (2) AT A VR Al 8 K 4% 0 A RN & B
JIor AR MR, W8T/ o F KI8T 1. Kl 45 B 1 J 7
KRB B 5], B U7 TR 4040, B/,
K BEE R ZE 8 A K, 252 1M Z K AR
K, MR KR — e BN, 52 MR KE
TRAER — B AR, PLIEFR A SR 25K B L A
PRI T A RAORG A5 K BE 145 10, RS BT 1 14610,
24 MEEEERKE

H [E1 8 TT 241, AN [ Ao 8 Y 5 T 59 1o ) JF AN A 4
R ARG A A 5 TR EE b B AR RS A R, (B
BES 552 S5 00 1 )2 10 A =b, 1 1 B Y R 3 4k kb AR
5, W W B ME 45 £ 8 F, B LA 5L TR 32 BT TRIAR A, BIAS )
R 258 B AR B {E T,



553 WAL, A5 BR A ARS TR BE L ARG WG 45 50 BE AT 5T 105
1.5 T 1.2 T 2.5
Fo/F FJF,,
12 1 —=— (02 ] 09 F —=—02 | 201
—— 0.4 ——0.4
s 09 ——06| & i ——06 | = L5 1
E 0.6 —0—(.8 | Z 0.6 —0—0.8 > |
e 10 © ——1.0 ® 1.0
0.3 03 1 05
0 L 0 L 0 1 1
0 25 50 75 100 125 150 0 25 50 75 100 125 150 0 25 50 75 100 125150175200
x/r‘nm x/mm Xx/mm
(@) W2 (b) R F1-4 () R AF1-8
2.0 3.0 — 3.0 —
F/F, FJF,
2'5 - - . - a au
15 —=—0.2 2.5 —=—0.2
20 1 ——0.44 20 ——0.4 1
< < <
Sty Sist :82 Ssy :82
) " 1.0 1 —a10{ ° 1.0 F —a—1.0
0.5
0.5 1 0.5 1
08— 0& 0
0 25 50 75 100125150 175200 0 25 50 75 100125150 175200 0 25 50 75 100 125150175200
X/mm x/mm x/mm
(d) WRAFIII-8 (e) WAFIV-8 (f) RAEV-8
8 HHTNANHL
Fig. 8 Shear stresses distribution curves of specimens
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Fig. 9 Influencing factors on interfacial bond strength
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BEHk: is of shear performance of wet-bonding interface between
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