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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 tensile test with various experimental variables
including the number, the angle and the combination of FRP laminates. From the test results, both aluminum and steel-
FRP laminate composite material showed increased fracture toughness. However, the angle and the kind of fibers should
be carefully considered in conjunction with the expected loading conditions. In general, steel-FRP laminate composite
showed better tensile performance in regards to the seismic retrofit purposes.

Key Words : seismic retrofit, steel, aluminum, FRP laminate composite, tensile behavior, fracture energy
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Table 1, Experimental variables and specimen details

. 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-4G0 90°/2 0°/4
S(A)-2CH-4GH 90°/2 90°/4
S(A)- 2CH-2G0-2GH 90°/2 0°/2, 90°/2
S(A)-4C0-2G0 0°/4 0°/2
S: Steel S: Steel
S(A)-4C0-2GH or 0°/4 90°/2 or
. . 0°/1 0°/1 . .
S(A)-4CH-2G0O A: Aluminum, 90°/4 0°/2 A: Aluminum,
2 mm thick 2 mm thick
S(A)-4CH-2GH 90°/4 90°/2
S(A)-2C0-2CH-2G0 0°/2, 90°/2 0°/2
S(A)-2C0-2CH-2GH 0°/2, 90°/2 90°/2
S(A)-6C0O 0°/6
S(A)-6CH 90°/6 -
S(A)-4C0-2CH 0°/4, 90°/2
S(A)-4CH-2C0 90°/4, 0°/2 -
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(a) Aluminum(Al-1)
Fig. 4. Examples of failure shape of ductile metal specimens
after tensile test.

(b) Steel(St-1)

Table 2, Fundamental physical properties of used materials—Tensile

Material Specimen Yield strength Max. tensile strength Elastic modulus Remark
(Unit) (MPa) (MPa) (GPa)
Carbon/Epoxy - 1,517.0 138.0
Manufacturer
E-Glass/Epoxy 1,241.0 414
Al-1 133.0 25.6
Aluminum
Al-2 132.5 249
Measured
St-1 206.3 300.3 51.9
Steel
St-2 2249 3111 61.4
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Table 3. Tensile test results of aluminum—FRP composite specimens

Specimen Masgertlzrtllslile tig:iillé itr::g)t(h Yield strength | Strain at yield | Elastic modulus Fractu:;i;r(liergy at Fracturf:ﬂzr;:rgy at
(Unit) (MPa) (MPa) (GPa) (Nm) (Nm)
A-2C0-4G0 405.8 0.0508 7.7 254.1
A-2C0-4GH 306.7 0.0465 6.6 179.6
A-2C0-2G0-2GH 378.7 0.0531 7.3 247.5
A-2CH-4G0 425.5 0.0557 7.4 283.0
A-2CH-4GH 156.4 0.0304 8.2 74.5
A-2CH-2G0-2GH 2329 0.0434 9.2 144.5
A-4C0-2G0 470.2 0.0535 1.7 304.9
A-4C0-2GH 450.7 0.0581 8.2 3132
A-4CH-2G0 231.5 0.0438 8.2 147.5
A-4CH-2GH 181.3 0.0356 4.6 103.2
A-2C0-2CH-2G0 368.5 0.0516 6.3 240.3
A-2C0-2CH-2GH 306.2 0.0424 6.5 166.3
A-6CO 641.3 0.0746 9.1 561.2
A-6CH 194.2 0.0370 8.1 - 111.1
A-4C0-2CH 4573 0.0579 8.4 315.9
A-4CH-2C0 317.8 0.0457 6.7 189.5
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Table 4. Tensile test results of steel-FRP composite specimens

Specimen Mz};el:egltlﬁile tse:lrsiilré 2;::;&1 Yield strength | Strain at yield | Elastic modulus Fractur;i;r(liergy a Fracmrfzilirrlzrgy a
(Unit) (MPa) (MPa) (GPa) (Nm) (Nm)
S-2C0-4G0 4932 0.0548 242.8 0.1672 11.8 62.75 335.6
S-2C0-4GH 4472 0.0552 289.6 0.0280 11.5 89.9 317.8
S-2C0-2G0-2GH 498.1 0.0580 302.5 0.0284 12.1 95.9 363.1
S-2CH-4G0 552.7 0.0594 324.7 0.0286 12.7 105.3 408.8
S-2CH-4GH 310.1 0.2433 278.9 0.0255 11.6 85.3 184.8
S-2CH-2G0-2GH 3933 0.0562 3103 0.0294 11.9 101.9 315.7
S-4C0-2G0 699.1 0.0710 336.9 0.0300 12.6 116.1 583.6
S-4C0-2GH 600.6 0.0636 297.3 0.0271 122 94.7 465.0
S-4CH-2G0 407.0 0.0593 297.7 0.0282 12.0 97.0 343.1
S-4CH-2GH 3143 0.2840 246.2 0.0238 12.0 69.4 208.6
S-2C0-2CH-2G0 496.2 0.0567 294.4 0.0263 12.7 89.4 360.2
S-2C0-2CH-2GH 425.0 0.0500 284.6 0.0268 12.4 85.7 4373
S-6C0O 7222 0.0695 312.8 0.0279 12.9 99.8 595.9
S-6CH 322.0 0.2414 287.7 0.0269 11.7 93.1 185.4
S-4C0-2CH 614.4 0.0631 3325 0.0296 12.3 114.6 471.8
S-4CH-2C0 4524 0.0507 308.8 0.0284 122 101.0 294.2
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