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Study on bond behaviors between aluminum alloy plate and concrete

Yang Lijun'® '*-*, Deng Zhiheng*. Yang Haifeng®., Wang Yunyang'® , Jiang Deming'®
(la. Hunan Province Cooperative Innovation Center for The Construction & Development of Dongting Lake Ecological
Economic Zone; 1b. College of Civil and Architecture Engineering, Hunan University of Arts and Science, Changde 415000,
Hunan, P. R. China; 2. College of Civil Engineering and Architecture, Guangxi University, Nanning 530004, P. R. China)

Abstract: The aluminum alloy material is of advantages, including as high strength, good deformation
performance and corrosion resistance. And it is an ideal strengthen engineering material for reinforced
concrete structures in coastal erosion environment. The bonding performance of the aluminum alloy plate
and the concrete is the key issue for cooperative work of RC beam strengthened with aluminum alloy plate.
Therefore, the bonding behaviors between aluminum alloy plate and concrete are studied theoretically and

experimentally. In order to take into account the effects of concrete strength, width and thickness of
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aluminum alloy plate, bonding length and interfacial treatment on bonding performance between aluminum
alloy plate and concrete block, a set of fixture device was designed. In-plane simple shear tests of 105
aluminum alloy plates adhering on concrete prism were carried out by universal testing machine. Combined
with experimental results and theoretical analyses, the typical bond failure characteristics, the distribution
of shear stress and the bond-slip curve were obtained. Results show that there are two types of failure
modes on specimen; failure caused by debonding of interfacial and by stripping of concrete layer. Interfacial
treatment has important influence on the bonding properties. Failure caused by interfacial debonding
appeared on specimen with no rough treatment. Failure of the other specimens is stripped by concrete
layer. The bonding performance is improved with the increase of concrete strength, and decrease of width
and thickness of the aluminum alloy plate. The bonding ultimate load cannot be increased when the bonding
length is greater than that of the effective bonding length.

Keywords: aluminum alloy plate; bond behavior; in-plane simple shear test; shear stress; debonding failure
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Fig. 1 The specimen of in-plane simple shear test
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Table 1 Details of the specimens of in-plane simple shear test

No. MIT fa, I A ot feu bt

mm mm mm mm mm mm
I-1 B C35 45 4 150 |II-8 A C20 45 4 200
-2 C (C35 45 4 150 IV-1 A C35 30 4 25
-3 D C35 45 4 150 |IV-2 A C35 30 4 50
-1 A C35 45 4 25 |IV-3 A C35 30 4 75
1I-2 A C35 45 4 50 IV-4 A C35 30 4 100
I3 A C35 45 4 75 [IV:5 A C35 30 4 125
1I-4 A C35 45 4 100 IV-6 A C35 30 4 150
II-5 A C35 45 4 125 IV-7 A C35 30 4 175
-6 A C35 45 4 150 [IV-8 A C35 30 4 200
17 A C35 45 4 175 ||[V-1 A C35 45 2 25
II-8 A C35 45 4 200 [[V-2 A C35 45 2 50
-1 A C20 45 4 25 [|[V-3 A C35 45 2 75
I1-2 A C20 45 4 50 [|[V-4 A C35 45 2 100
-3 A C20 45 4 75 |V-5 A C35 45 2 125
-4 A C20 45 4 100 |[V-6 A C35 45 2 150
1I1-5 A C20 45 4 125 ||V-7 A C35 45 2 175
-6 A C20 45 4 150 |[V-8 A (C35 45 2 200
I1-7 A C20 45 4 175

1 No. Z27R3 384 45 s MIT (Modes of Interfacial Treatment )
FORFAL T

L2 RIEEER MBS E

B T — B T [ a1 02 L R R AR
Q235 9. AN 2 firos s SR AT WAW-600 fpIL 42 il
R YR f R RS HL R il A i 28k o 268 ke 5 2
K 3 Fin . a2 n 2 RN 4 PR a5 R
AP E 2 T YUK R Z 8] 556 4
Mr CD B - 17K -8R 2 1) 20 A B v 1S e 55 4
R [ MEAT 1 s IR TR BE TR, ARG
R A B CE TR b T e Bz (a] L A

GG HILT e EL R ] 3 1 [ 2 %) %8 ) A AR |- e B
Je B A LM CE #4r. Tyl L. FJe B
O R T B NG A A Al T TR]— 2 ) T b ARAIE T
R a2 R R Z TN B ).

I b e 5 B8 A A A it o kO B g s i 2l
JER A % #4622k 22 0. 2 mm/min, HLE I
B i AR R B PRI E 2

SIREE TR X (RIE 1 ABCD #8431 1Y

A6 At Tl ) b A AR R R L=
25 mm B}, W48 FABE 12, 5 mm, 3 3 A4S REAS H s Kl
M5B 1, =50~200 mm B, i 748 J (B #E 25 mm, 3t
(L./25+D AN Fr o REAE R B oin#ss CBP CD) FF
Mg, N AT EIE 5 R, RAETERE L |
LRALIG F L I R 80— i F 502 JREKk il
TERRA A it [ 2 88 4 (CED B K iy —
EE B KRN 5 mm., 75 F 15 R AL IR
ARG S tifE CD By RS, il 4 iR .
AR FIN RS AT il ik DHB3821 #2577 — by 22 il i
Y8 AF Tl LML R 5 A BhoR &
FFEA .

B2 {HEEEE
Fig. 2 The fixture device
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Fig. 3 The loading device
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Fig. 4 The specimen installation
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Fig. 5 The layout of

schematic diagram strain gauges
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Table 2 Mechanical properties of structural adhesive

for/MPa fim/MPa E,/GPa epu/ V0

36 65 92 6.1 1.8

foc/MPa
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Fig. 6 The rectangular tensile specimens of aluminum alloy plate
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Table 3 The mechanical properties of aluminium alloy plates

. E./  foi/  fo/  fa/ f(TAz/ €au/ .
MPa MPa MPa MPa fo pe

6061-1 71 941.3 245.8 265.3 314.77 1.079 101 000  9.12
6061-2 66 756.4 258.6 275.0 314.58 1.063 105 000 11.35

6061-3 68 301.1 250.7 271.5 313.77 1.083 104 753 8&.69

SEHME 68 999.6 251.7 270.6 314.37 1.075 103 584 9.72
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Fig.7 The debonding failure modes
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Table 4 The experimental results of ultimate bond loads kN

No. 1 2 3 F, No. 1 2 3 F. No. 1 2 3 F,
-1 6. 40 5.81 6. 08 6. 10 11I-2 5. 07 4. 84 4. 94 4. 95 V-6 9.28 8. 39 8.79 8.82
I-2 6. 81 7.09 6. 96 6. 95 111-3 6.99 6. 39 6. 67 6. 68 V-7 9.31 9.43 9.37 9.37
I3 6. 38 5. 27 5. 74 5. 80 1I-1 8. 50 9.05 8. 78 8.78 V-8 9.31 9.52 9.42  9.42
1I-1 3. 44 3.958 3.51 3.01 11I-5 9.61 8. 85 9.22 9.23 V-1 2.59 2. 96 2,75 2.77
1I-2 6. 30 5. 48 5. 84 5. 87 111-6 10.31 10.34 10.33 10.33 V-2 4.53 4. 96 4.73  4.74
11-3 8.57 7. 40 7.93 7.97 II1-7 10. 60  10.66  10.63  10. 63 V-3 5. 83 6. 00 5.92 5.92
1I-1 10. 27 9.81 10.03  10.04 11I-8 10.61 11.49 11.02 11.04 V-4 6. 50 7.46 6.92 6.96
11-5 11.38 13.22 12.19 12.26 V-1 2. 68 2.53 2. 60 2. 60 -5 6. 59 6. 66 6.63 6.63
11-6 11.91 11.99  11.94 11.95 1v-2 4. 91 4,38 4,62 4. 64 V-6 6.59 6.73 6.66 6.66
11-7 11.95  12.12  12.04 12.04 V-3 6. 68 6.03 6. 33 6. 35 V-7 6. 59 6. 60 6.58 6.59
11-8 11.95 12,26 12.11 12.11 1v-4 8. 00 6. 75 7.30 7.35 V-8 6.59 6. 60 6.58 6.59

1111 2.74 2.78 2.75 2.76 V-5 8. 86 9.21 9. 04 9. 04
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Fig. 8 The bond load-displacement curves of specimens
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Fig. 10 The shear stresses distribution curves of specimens
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