Mechanical Properties of Structural Materials
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Characteristics of Several Fiber-Reinforcement Materials

Tensile Specific Modulus Specific
Specific Strength Strength of Elasticity Modulus
Muaterial Gravity [GPa (10" psi)] (GPa) [GPa (10" psi)) (GPa)
Whiskers
Graphite 2.2 20 9.1 700 318
(3) (100)
Silicon nitride 32 5-7 1.56-2.2 350-380 109-118
(0.75-1.0) (50-55)
Aluminum oxide 4.0 10-20 2.5-5.0 700-1500 175-375
(1-3) (100-220)
Silicon carbide 32 20 6.25 480 150
(3) (70)
Fibers
Aluminum oxide 3.95 1.38 0.35 379 96
(0.2) (55)
Aramid (Kevlar 49) 1.44 3.6-4.1 2.5-2.85 131 91
(0.525-0.600) (19)
Carbon® 1.78-2.15 1.5-4.8 0.70-2.70 228-724 106-407
(0.22-0.70) (32-100)
E-Glass 2.58 3.45 1.34 72.5 28.1
(0.5) (10.5)
Boron 2.57 3.6 1.40 400 156
(0.52) (60)
Silicon carbide 3.0 39 1.30 400 133
(0.57) (60)
UHMWPE (Spectra 900) 0.97 2.6 2.68 117 121
(0.38) (17)
Metallic Wires
High-strength steel 79 2.39 0.30 210 26.6
(0.35) (30)
Molybdenum 10.2 22 0.22 324 31.8
(0.32) (47)
Tungsten 19.3 2.89 0.15 407 21.1
(0.42) (59)

“The term *‘carbon’ instead of “‘graphite” is used to denote these fibers, since they are composed of crystalline
graphite regions, and also of noncrystalline material and areas of crystal misalignment.



®PMC Polymer-Matrix Composite

GFRP(Glass Fiber Reinforced Polymer composite),
CFRP(Carbon Fiber Reinforced Polymer composite),
Aramid fiber(Kevlar)-reinforced polymer composite, etc.

Glass Carbon Aramid

Property (E-glass) (High Strength) (Kevlar 49)
Specific gravity 2.1 1.6 1.4
Tensile modulus

Longitudinal [GPa (10° psi)] 45 (6.5) 145 (21) 76 (11)

Transverse [GPa (10° psi)] 12 (1.8) 10 (1.5) 5.5 (0.8)
Tensile strength

Longitudinal [MPa (ksi)] 1020 (150) 1240 (180) 1380 (200)

Transverse [MPa (ksi)] 40 (5.8) 41 (6) 30 (4.3)
Ultimate tensile strain

Longitudinal 23 0.9 1.8

Transverse 0.4 0.4 0.5

Source: Adapted from R. F. Floral and S. T. Peters, “

nologies,” tutorial notes, 1989.

Composite Structures and Tech-



® MMC Metal-Matrix Composite

Fiber Content Density Longitudinal Tensile Longitudinal Tensile
Fiber Matrix (rol%) (g/em?) Modulus (GPa) Strength (MPa)
Carbon 6061 Al 41 2.44 320 620
Boron 6061 Al 48 — 207 1515
SiC 6061 Al 50 2.93 230 1480
Alumina 380.0 Al 24 — 120 340
Carbon AZ31 Mg 38 1.83 300 510
Borsic g i 45 3.68 220 1270

Source: Adapted from J. W. Weeton, D. M. Peters, and K. L. Thomas, Engineers’ Guide to Composite Materials,
ASM International, Materials Park, OH, 1987.

® CMC Ceramic-Matrix Composite

C/C composite(Carbon fiber reinforced Carbon matrix composite),
etc.
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Stress-induced Transformation
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Crack Deflection
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Crack Bowing
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Bridging
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d Frictional Bridging Zone
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