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Fioome 175 Modulus of
elasticity versus volume
percent tungsten for a
composite of ngsten
particles dispersed within a
copper matrix. Upper and
lower bounds are according 1o
Equations 7.1 and 17.2,
experimentsl data poinis are
included. {From R. H. Krock,
ASTM Procesdings, Yol 63,
1963, Copyright ASTM, 1916
Face Sireet, Philadelphia, FA
13105, Reprinted with
permission. )
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Ficvge 17.6 The

deformation pattern in
the matrix surrounding
a fiber that is subjected

o~ [0 an applied lensile

load.




|C —_ Gfd/ZTC

where

d = fiber diameter

1, = fiber-matrix bond
strength

o; = fiber yield strength

Reinforcement

a ! \
Position
o e
el —
fed

Froome 17.7 - Stress—position profiles when fiber length T {a) is equal to the
critical length £, () is greater than the critical length, and {c} is less than the
critical length for & fiber-reinforced composite that is subjecied 1o a tensile stress
equal 1o the fiber tensile sirength of.




Feovne 17.4  Schematie
representations of (i)
continuous and aligned,
1) discontinous and
aligned, and ()
diseontinuous and
randomly oriented fiber-
reinforced composites.
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Ficvne 178 Schematic
representations of ()
continuous and aligned,
i) discontinous and
aligned. and ()
discontinuous and
randomly oriented Ober-

reinforced composiles.
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Frovpe 170 {g) Schematic siress—strain curves for britile Aber and ductile
matrix materials, Fracture siresses and strains for both materials are noted. (5)
Schematic stress—strain curve for an aligned fiber-reinforced composite that &
exposed Lo g uniaxial stress applied in the direction of alignment; curves for the
fiber and matrix materials shown in part (a) are also superimposed.
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Can also show ratio of load
carried by fiber and matrix:
F/F., = EV/E.V,,
F.=F+F,













E. = (0.4)(6.9x108 MPa) + (0.6)(72.4x10° MPa)
- 46.2 x 103 MPa
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Frovpe 170 (#) Schematic stress-strain eurves for brittle ber and duetile
matrix materials. Fracture siresses and sirains for both materials are noted. (B)
Schematic stress—sirain curve for an aligned fiber-reinforced composite that &
exposed to s uniaxial stress applied in the direction of alignment; curves for the
fiber and matrix materials shown in part (g) are ako superimposed.




Table 175 Reinforcemeni Efficiency of Fiber-Reinforeed
Composites for Several Fiber Orientations and ai Various Directions
of Stress Application

Reinforesment
Fiber Orteniulion Stress Drect o E‘[ﬂa. lency

All fibers parallel Paralle] 1o fibers
Perpendicular to fbers
Fibers randomly and uniformly Any direction in {he plane
distributed within a specilic of the fibers
plane
Fibers randomly and uniformly Any direction
distributed within three
dimensions in space

Souree: H. Krenchel, Filwe Reinforcemens, Copenhagen: Akademisk Forlag, 1964 [33].
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Table 174  Characterisiics of Several Fiber-Reinforcement Materials

Tenatle Specific Muruins Speetfic
Specific Strengih Strengih of Elustielyy Modulns
Grawfly [CPae (FEF piaf)| [0 (6P [18F pad)| (2 Far)

Hhiskers

Grrnprhite 22 il 9 Tk
13) {100
Silicon nitride 32 5-7 fi—2 350-380
{0.75-1.0} (30-55)
Aluminum oxide ; 10-20 25-5 00— 1504
{1-3} (100-220)
Silicon carbide 32 i : 480
) (70)

Fihers

Aluminum oxide A5 138 ) 3
(2} (35)

Aramid (Kevlar 4%) y 364 3 131
{0.525-00600) (1M

1.5-4.8 702, IIR-TH4
{02207} (321K}

345 4 725
{10.5)

A

. (60)

Silicon carbide i R 3 Al
. 1)

UHMWPE (Spectra 900) i 117
0 17

Metallic Wires

High-strength sieel 3 239 .3 210
{31

Molybdenum ) 34 LR
0.32 (47)

Tungsten 19.3 . ; 4017 2L
(39)

*The term “carbon” instead of “graphiie” is used to densde these ibers, since they are composed of crystalline
graphite regions, and also of noncrystalline material and areas of crystal misalignment.
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Table 17.6 Properties of Several Metal-Matrix Composites
Reinforced with Confinuous and Aligned Fibers

Filver Conlent Densiiy Longiindinal Tenztle Longitudinal Tenzile
Filver Mairix [ed %) {g.-"tm]i] Maodnlies (4:Pa) Strength (MFPu)

Carbon Gl Al 41 2.44 320 620
Boron alal Al Lt — 207 1515
siC a6l Al 50 293 230 1480
Alumina SR0.0 AL 24 — 120 30
Carhon AZ3] Mg 38 183 00 310
Borgic Ti 453 S68 220 1z

Sowrce: Adapled from 1. W. Weeton, D M. Peters, and K. L. Thomas, Exgineers’ Guide to Composite Marerials,
AdM International, Materials Park, OH, 1987
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Fiovge 17.16 The stacking of successive
orignted, fiber-reinforced layers for & laminar
composile.
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Face sheet

Honeycomb

Fabricated

Face sheet sandwich




