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Experimental analysis of debonding failure mechanism of reinforced

concrete beam strengthened with aluminum alloy plate
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Abstract: Debonding failure is a common early damage form of aluminum alloy plate strengthened RC
beam. In order to avoid the occurrence of debonding failure, the experimental research on the mechanism of
aluminum alloy plate strengthened RC beam debonding failure was conducted. 24 RC beams were

fabricated, and the aluminum alloy plates were adhered to the bottom of the RC beams with structural
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adhesive. In order to study the effect of additional anchoring on debonding failure, part of the test beams is
equipped with chemical bolts or U-shaped hoops at specific positions on the aluminum alloy plate. Through
the three-point symmetrical monotonic loading test of simply supported beams with aluminum alloy plates
strengthened RC beams, four failure modes of RC beams strengthened by aluminum alloy plates are
obtained: suitable reinforcement failure, over-reinforced failure, debonding failure at end plate or at mid-
span induced by crack. The debonding failure is mainly caused by the excessive interfacial shear stress.
Therefore, the test data of the strain gauge of the aluminum alloy plate were used to obtain the interfacial
stress distribution curves, and the principle of interface shear stress distribution is analyzed. After reaching
the maximum value at plate end, the stress quickly falls to around null. The interfacial shear stress in the
cracking section of RC beam has a sudden change. The mechanism of debonding failure was analyzed: the
mechanism of debonding failure at plate end is that after the interfacial shear stress reaches the bonding
strength of the aluminum alloy plate and concrete, the interfacial shear stress will peel off the concrete in
the protective layer; The mechanism of mid-span crack induced debonding failure is that the interfacial
shear stress peels off the concrete fragment blocks from the beam body after the normal stress generated at
the end of the concrete block is greater than the concrete tensile strength. On this basis, the discriminant
formulae of two kinds of debonding failure were obtained, and the accuracy of the discriminants was
verified by combining the test data. Above work provides a theoretical basis for the engineering application
of RC beams strengthened with aluminum alloy plates.

reinforced concrete beam; debonding failure;
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Fig. 1 Thesimply supported test beam under the

one-third symmetrical loads(unit: mm )
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Fig. 2 Chemical bolts and the connections
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Fig.3 U-wraps and the connection
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Table 1 Parameters of test beams
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1 S20(2-2-A €20 2812 2 A IE IR

2 S20(2)-4-A  C20 2¢12 4 A R BB
3 S20(2)-4-B1 C20 2®12 4 Bl ARHMEEHA
4 S20(2)-4-B2 C20 2®12 4 B2 I AR

5 S20(H)-2-A C20 412 2 A &

6 S20(4)-4-A C20 4®12 4 A BRI E IR

7 S20(4)-4-Bl C20 4%12 4 Bl LR B IR
8 S20(4)-4-B2 C20 4%12 4 B2 HERGE R B RIR

9 S20(4)-4-C1  C20 4%12 4 C1 IR

10 S20(4)-4-C2  C20 4®12 4 C2 T T R

11 835(2)-2-A €35 2812 2 A & AR

12 S35(2)-4-A €35 2812 4 A MR BB
13 S35(2)-4-B1 €35 2%12 4 Bl & IR R

14 S35(2)-4-B2 €35 2¢12 4 B2 I IR

15 S35(2)-6-B2 €35 2&12 6 B2 vhif s aE H B BIR
16 S35(2)-6-C2 €35 2®12 6 C2 & R

17 S35(4)-2-A C35 4¢12 2 A I IR

18 S35(4)-4-A (€35 4d12 4 A MR BB

19 S35(4)-4-Bl  C35 4¢%12 4 Bl iR B IR
20 S35(1)-4-B2 €35 4®12 4 B2 PPEE BB

21 S35(H-4-C1 C35 4%12 4 CI & AR
22 S35(4)-4-C2 €35 4%12 4 C2 & R
23 S35(4)-6-B2 €35 4®12 6 B2 AR B IR
24 S35(4)-6-C2 (€35 4®12 6 C2 AR
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Fig. 4 Aluminum alloy plate strain gauges

arrangement ( units: mm )
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Table 2 Mechanical properties of steel bars

ki fy/MPa  f,/MPa e/%  eu/% E,/GPa
HPB300 349 552 0.17 1. 82 210
HRB400 369 530 0.18 2.31 210
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Table 3 Mechanical properties of aluminium alloy plates

E./MPa  fo.1/MPa fo.2/MPa  fo/MPa  fo2/fo.1 €u/1076 2
68 999. 6 251.7 270. 6 314. 37 1.075

103 584 9.72
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Table 4 Mechanical properties of structural adhesive

Sw/MPa  fin/MPa epu/ 20

36 65 92 6.1 1.8

foe/MPa  E,/GPa
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Fig. 6 The failure modes of test beams
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Fig. 8 The interfacial shear stress distribution curves
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Table 5 The interfacial shear stresses of plate end MPa

p= P= P= | P= P= P=
Ve
20 kN 35 kN 50 kN

iR
20 kN 35 kN 50 kN

S20(2)-2-A 0.59 1.00 1.47 ||S35(2)-4-B1 0.40 0.72 0.99
S20(2)-4-A 0.78 1.41 1.95|S35(2)-4-B2 0.41 0.73 1.06
S20(2)-4-B1 0.37 0.66 0.93 ||S35(2)-6-B2 0.45 0.81 1.13
S20(2)-4-B2 0.40 0.69 0.97 ||S35(2)-6-C2 0.40 0.74 1.10
S20(4)-2-A 0.48 0.84 1.19 || S35(4)-2-A 0.52 0.95 1.30
S20(4)-4-A 0.64 1.15 1.59 | S35(4)-4-A 0.75 1.31 1.89
S20(4)-4-B1 0.37 0.65 0.92 ||S35(4)-4-B1 0.36 0.65 0.89
S20(4)-4-B2 0.37 0.63 0.91 ||S35(4)-4-B2 0.35 0.63 0.91
S20(4)-4-C1 0.36 0.66 0.99 [S35(4)-4-C1 0.33 0.56 0.77
S20(4)-4-C2 0.37 0.64 0.88 ||S35(4)-4-C2 0.35 0.61 0.87
S35(2)-2-A 0.57 1.04 1.42 ||S35(4)-6-B2 0.40 0.73 1.01

S35(2)-4-A 0.78 1.35 1.95 [S35(4)-6-C2 0.38 0.68 0.94
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Table 6 Plate end interfacial shear stresses and bond strength

K4S 7o/MPa [z]/MPa 8/ %%
S20(2)-4-A 2.47 2.31 6. 93
S20(2)-4-Bl 2.51 2.31 8. 66
S20(4)-4-A 2.41 2.31 4. 33
S35(2)-4-A 3. 05 2.93 4. 10
S35(4)-4-A 3. 14 2.93 7.17
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Fig. 9 Curves between stresses of plate end
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Fig. 11 The dentate concrete and the force analysis
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Table 7 The interfacial shear stresses and the strength of

intermediate crack induced debonding failure

USRS le:/mm [z]y/MPa  t/MPa /%
S20(4)-4-B1 129. 52 1. 63 1. 49 —8. 84
S20(4)-4-B2 126. 62 1. 60 1.54 —3.62
S35(2)-6-B2 142. 36 2.28 2.29 0. 46
S35(4)-4-Bl 124. 53 1. 99 1.98 —0.70
S35(4)-4-B2 120. 14 1.92 1. 88 —2.27
S35(4)-6-B2 122. 35 1. 96 1.98 1.07
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