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Characterization of Ductile Metal-FRP Laminated Composites for
Strengthening of Structures: Part-1I Tensile Behavior
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Abstract : Steel plate or FRP materials have been typically used for the seismic retrofit of civil infrastructures. In
order to overcome the limitation of each retrofitting material, a composite material, which takes advantages from both
metal and fiber polymer materials, has been developed. In the study herein, the composite retrofitting material consists
of metal part(steel or aluminum) and FRP sheet part(glass or carbon fiber). The metal part can enhance the ductility
and the FRP part the ultimate strength. As a preliminary study to investigate the fundamental mechanical characteristics
of the metal-FRP laminated composite material this study performed the flexural fracture test with various experimen-
tal variables including the number, the angle and the combination of FRP laminates. From the aluminum-FRP composite
tests no great increase in flexural strength and flexural toughness were observed. However, flexural toughness of steel-
FRP laminate composite was increased so that its behavior can be considered in the retrofit design. In addition, the angle
and the kind of fibers should be carefully considered in conjunction with the expected loading conditions.
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Table 1. Experimental variables and specimen details
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IR
40

) FRP(Fiber direction/no. of ply)
Specimen Metal layer Metal layer
Glass Carbon Glass Glass
S(A)-2C0-4G0 0°/2 0°/4
S(A)-2C0-4GH 0°/2 90°/4
S(A)-2C0-2G0-2GH 0°/2 0°/2, 90°/2
S(A)-2CH-4GO S: Steel 90°/2 0°/4 S: Steel
S(A)-2CH-4GH o 90°/2 90°/4 o
S(A)- 2CH-2G0-2GH 0°/1 90°/2 0°/2, 90°/2 0°/1
S(A)-4C0-2G0 A: Aluminum, 0°/4 0°n A: Aluminum,
S(A)-4C0-2GH 2 mm thick 0°/4 90°/2 2 mm thick
S(A)-4CH-2GO 90°/4 0°/2
S(A)-4CH-2GH 90°/4 90°/2
S(A)-2C0-2CH-2G0 0°/2, 90°/2 0°/2
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Table 2, Fundamental physical properties of used materials—Flexure

Material Specimen Yield strength Max. flexural strength Flexural Elasticity Remark
(Unit) (MPa) (MPa) (GPa)
Carbon/Epoxy - 1,517.0 138.0
Manufacturer
E-Glass/Epoxy - 1,241.0 414
. Al-1 197.1 2374 46.2
Aluminum
Al-2 161.7 189.3 532
Measured
St-1 375.3 504.0 163.3
Steel
St-2 370.5 509.9 162.7
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(a) Aluminum(Al-2) (b) Steel(St-1)
Fig. 2. Examples of failure shape of ductile metal specimens
after flexural bending test,
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(a) (A-2C0-4G0) (b) (A-2C0-4GH)
Fig. 3. Examples of failure shape of FRP composite speci—
mens after flexural test,
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Fig. 4. Measured flexural load—deflection curves of aluminum—
FRP composite specimens,
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Table 3. Flexural test results of aluminum—FRP composite specimens

Specimen Max. flexural | Deflection at max. | Yield flexural | Deflection at | Elastic | Flexural toughness | Flexure toughness
P strength flexural strength strength yield modulus at yield at failure
(Unit) (MPa) (mm) (MPa) (mm) (GPa) (Nm) (Nm)
A-2C0-4G0 300.7 8.9 177.6 1.1 47.6 0.48 9.0
A-2C0-4GH 290.1 8.6 177.1 1.1 46.2 0.52 8.6
A-2C0-2G0-2GH 304.5 9.3 181.9 1.1 50.8 0.57 9.8
A-2CH-4G0 306.0 9.0 180.4 1.2 44.8 0.57 9.4
A-2CH-4GH 254.6 8.0 164.0 1.1 42.6 0.46 6.7
A-2CH-2G0-2GH 2833 8.4 179.9 1.1 475 0.49 8.0
A-4C0-2G0 358.1 9.2 185.3 1.1 50.5 0.57 10.9
A-4C0-2GH 328.7 9.1 171.4 1.1 452 0.52 9.5
A-4CH-2G0 265.7 7.8 172.7 1.1 47.1 0.56 7.7
A-4CH-2GH 258.9 6.6 180.3 1.1 482 0.60 6.1
A-2C0-2CH-2G0 3382 8.3 183.7 1.1 45.6 0.55 9.3
A-2C0-2CH-2GH 360.4 9.4 187.1 1.1 48.8 0.60 11.1
A-6CO 366.8 9.2 184.4 1.1 452 0.59 11.2
A-6CH 260.5 7.0 187.2 1.2 46.5 0.62 6.3
A-4C0-2CH 385.2 10.0 188.2 1.2 46.2 0.63 13.1
A-4CH-2C0 268.5 10.1 178.4 1.1 45.6 0.57 7.3
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Fig. 5. Flexural strength and flexure toughness of aluminum—
FRP composite specimens with 2 layers of carbon sheets,
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Fig. 7. Flexural strength and flexure toughness of aluminum—
FRP composite specimens with 6 layers of carbon sheets,
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Fig. 6. Flexural strength and flexure toughness of aluminum—
FRP composite specimens with 4 layers of carbon sheets,
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Table 4, Flexural test results of steel-FRP composite specimens
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Fig. 8. Examples of failure shape of FRP composite specimens
after flexural test,

(b) (S-2CH-4G0)

Specimen Max. flexural | Deflection at max. | Yield flexural Deﬂegtion Elastic | Flexure tgughness Flexure tgughness
strength flexural strength strength at yield modulus at yield at failure
(Unit) (MPa) (mm) (MPa) (mm) (GPa) (Nm) (Nm)
S-2C0-4G0 606.7 132 337.3 0.7 108.0 0.67 242
S-2C0-4GH 639.6 11.9 406.8 0.8 116.5 0.77 29.1
S-2C0-2G0-2GH 667.2 10.6 4313 0.9 96.8 0.87 27.0
S-2CH-4G0 677.4 114 4343 0.9 97.2 1.00 313
S-2CH-4GH 574.1 94 419.9 0.9 93.1 0.97 14.5
S-2CH-2G0-2GH 652.4 133 4359 0.9 90.5 0.92 19.5
S-4C0-2G0 694.2 12.5 4459 1.1 853 1.33 20.8
S-4C0-2GH 677.3 94 404.6 0.9 107.9 0.99 224
S-4CH-2GO 640.8 20.2 4225 1.0 101.1 1.23 17.9
S-4CH-2GH 515.9 10.1 322.5 0.8 98.2 0.67 10.4
S-2C0-2CH-2G0 650.9 12.8 4243 1.1 93.0 1.42 21.7
S-2C0-2CH-2GH 631.4 16.7 408.8 1.1 72.3 1.22 18.1
S-6C0O 710.8 9.7 4234 13 90.5 1.48 23.7
S-6CH 563.8 17.9 388.2 1.0 734 0.90 17.5
S-4C0-2CH 623.8 6.2 4314 1.0 97.8 1.23 15.7
S-4CH-2C0 662.1 10.5 434.6 1.1 87.7 1.27 27.8
shRoRE S| X, X273 M 15, 2012 59
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Fig. 10, Flexural strength and flexure toughness of steel-FRP
composite specimens with 2 layers of carbon sheets,
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Fig. 11. Flexural strength and flexure toughness of steel-FRP
composite specimens with 4 layers of carbon sheets,
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