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Composite sandwich materials (cont .)  
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Composite three-point bend tests, composite 
sandwich materials, 35-36, 42 

Compression, 45, 93, 180 
properties, short-fiber reinforced thermo- 

plastics, 50 
Compression stiffness, 183 
Compression testing, 183 

cylinders, 101 
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clamped in cutting jig, 201 
conditioning procedure, 17-18 
failure modes, 191 
first ligament failure, 165-167 
hoop-fiber stress, 164 
hygrothermal test conditions, 19 
impact damage 

delamination depths after loading, 174- 
177 

equivalent cut depth, 173-174 
predictions and radiographs, 169-173 

impact tests, 153-155, 158-164 
initial shear modulus 20, 251 
in-plane shear properties, 27-29 
longitudinal tensile properties, 25-27 
material, 152-153 

properties, 178 
specimen preparation, 17-18 

mixed amplitude cyclic loading, 189-190 
penetrant-enhanced x-ray, 187, 189 
photoelastic isochromatic fringe pattern, 

236, 238-242 
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post-failure appearance, 184-186 
ratio of impact strength to undamaged 

strength versus impact force, 166-168 
residual strengths, 155-156, 187-188 
shear strength, 175-176 
shear stress versus shear strain, 280-282 
static compliance tests, 155, 157-158 
statistical properties, 131 
stiffness response, 187-188 
strength tests, 155-156 

impacted specimens, 165-169 
undamaged specimens, 157, 164-165 

stress-life, fully reversed cyclic loads, 185, 
187 

test procedure, 19 
time-temperature-moisture master curves, 

22-23, 25-29 
time-temperature moisture shift factor, 27, 

29 
time-temperature shift factor, 23-25 
transverse stress-strain curves, 20-21 
transverse tensile properties, 20-25 
X-radiographs, 281,283 
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Graphite fiber composites, 31, 55 
Graphite fiber/polyetheretherketone compos- 

ites, 180 
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residual strengths, 187-188 
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see also Abrasive wear 
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Graphite/polyimide, sand erosion, 60-62, 67 
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Hertz law, 157, 163-164 
High temperatures, 3 
Hoop fiber stress, 99 

graphite/epoxy composite, 164 
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Hygrothermal characterization, 16 
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IITRI compression test fixture, 102 
Impact damage, 150 

graphite/epoxy composite 
delamination depths after loading, 174- 

177 
equivalent cut depth, 173-174 
predictions and radiographs, 169-173 

Impacted rings, mass and kinetic energies, 
153-154 
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Impact force, versus contact pressure, 171- 
172 

Impact tests 
force, 163 
graphite/epoxy composite, 153-155, 158- 

164 
impacter force versus energy, 162-163 
impacter mass effect, 160-161 
kinetic energy effect, 159-160 
maximum force, 158-159 
rebound velocity versus impacter mass, 

161-162 
In-plane shear, 208 

properties, graphite/epoxy composite, 27- 
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testing, fiber reinforced composites, 106- 
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torsion tubes, 216-222 
In-plane shear modulus, 276-283 

evaluation of method, 280-281 
fixture description, 277-279 
jig and assembly of fixture, 278-279 
rail shear fixture, 278 
test procedure, 279-280 

In-plane shear strain, 280 
In-plane shear stress, variation, 250-251,254 
Interlaminar stresses, 197 
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finite-element modeling, 238-239 
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loading fixtures, 233-235 
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photoelastic measurements, 235-238 
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shear stress 

along notch flank, 250, 257-258 
distribution between notches, 250, 259 

specimens, 105-106, 232-233 
stress ratio, 250, 259 
tab configurations used with AFPB fixture, 

233 
testing and instrumentation, 235 
test matrix, 235-236 
transverse stress, 250, 252, 255 
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Kevlar 
fiber composites, 55 

machining, 95 
Kevlar/epoxy 

sand erosion, 61, 64 
tubes, 210 

buckled, 212-213 
filament winding patterns, 211 
in-plane shear behavior, 217, 220 
shear stress-strain curve, 217-218, 221 
shear stress versus tensile and compres- 

sive strain, 218, 222 
Kolmogorov-Smirnov comparative tests, 112- 

115 
k-sample Anderson-Darling test, 136, 139- 

141 

L 

Lamina constants, graphite/epoxy composite, 
178 

Laminates 
strengths, composite sandwich materials, 

41 
wrinkle-free and wrinkled, 164 

Lamina tests, 111-126 
batch-to-batch variability, 113-114 
compression test results 

fabric, 116-119 
tape, 120-121, 124-125 

goodness-of-fit test, 113 
Kolmogorov-Smirnov comparative tests, 

112-115 
matrix, 112-113 
pooling of data, 112-113 
short beam shear test results 

fabric, 120-123 
tape, 125-126 

tension test results 
fabric, 114-116 
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Laminate tests, 111,126-130 
B basis factors, 130, 132-134 
open-hole tension test specimen, 128 
rail shear test specimen, 129 
sandwich compression test specimen, 128 
single shear test specimen, 129 
test matrix, 127 

Lap shear strength, epoxy adhesive, 34 
Life, 180 
Load, relationship with deflection, 37 
Lognormai analysis procedure, 148 
Lognormality, Anderson-Darling test, 144- 

145 
Longitudinal extensometer, 9-10 
Longitudinal stress, 250, 253, 256 
Love's solution, 169 
Low temperature, 45 
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Material model, 268, 273-274 
Matrix cracking, 10 
Matrix materials, reinforced 

graphite UD tape, sand erosion, 61-62, 65 
graphite-woven fabric, sand erosion, 61- 

62, 66 
Maximum normed residual test, 138-139 
Mechanical properties, 31,231 

lamina, test matrix, 112-113 
Metal matrix composites, elastic-plastic 

stress, 267-272 
Metals testing, versus composites, 93-94 
Moire fringes, boron/aluminum laminate, 

268-269 
Moire interferometry, Iosipescu shear test, 

238, 240, 243-245 
Motor case, 150 

BI 

NBS compression test fixture, 102-103 
Nicalon/BMAS glass-ceramic, stress-strain 

curves, 12, 14 
Nicalon ceramic fibers, 5 
Niealon/1723 glass, stress-strain curves, 12- 

13 
Nonparametric analysis procedure, 148-149 
Normal analysis procedure, 148 
Normality test 

Anderson-Darling test, 144 
multiple batches, 141 

Nylon, 55 

O 

Observed significance level, 141-144 
Open-hole tension test specimen, 128 
Outlier, detection, 138-139 
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PEEK. See Graphite/polyetheretherketone 
composites; Polyetheretherketone 

Photoelestic coating, Iosipescu shear test, 
238-240 

Physical property testing, fiber reinforced 
composites, 96 

Picture frame testing, 106 
composite sandwich materials, 34-35, 41- 

42 
Plate twist testing, 106 
Polyetheretherketone, 45, 55 

brittle fracture bands, 53 
compressive strength, 51 

fracture toughness, 53 
tensile strength, 49 
unreinforced, abrasive wear, 85-86 
see also Graphite/polyetheretherketone 

composites 
Polyetherimide, 45 

compressive strength, 51 
fracture toughness, 52 
tensile strength, 48 

Polyethersulfone, 45 
brittle fracture bands, 53 
compressive strength, 51 
fracture toughness, 52 
tensile strength, 49 

Polyimide, 55 
Polymer matrix, 31 
Polyphenylene sulfide, 55 

matrix, erosion resistance, 62-63, 70 
Pultruded rod, 224-230 

data analysis, 227-229 
diametral fracturing, 227-228 
preparation, 225-227 
torque-displacement curve, 225, 227 

Puitrusion process, 225 

Q 

Quasi-static tension tests, 183 

R 

Rail shear testing, 106, 276 
fixture, 278 
specimen, 129 

Release agents, 224 
Reserved cyclic loads, 180-192 

anti-buckling fixture, 183-184 
constant amplitude, 185, 187-189 
mixed amplitude cyclic loading, 189-191 
monotonic tests and specimen design, 183- 

185 
specimen gripping configuration, 181-182 
supporting equipment and procedures, 

181-183 
unsupported length effect, 184-185 

Residual strength, 150 
tests, graphite/epoxy composite, 155-156 

Rocket motor case, 150 
Rule of mixtures, 75 

modified, 87-89 
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Sand erosion, 55-74 
background, 55-56 
materials, 60 
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Sand erosion (cont . )  
mechanisms, 56 
rate versus particle impingement angles, 

63, 73 
resistance effects, different fibers, 61 
test conditions, 59 
test method, 56-59 

Sandwich compression test specimen, 128 
Sandwich flexure tests, composite sandwich 

materials, 35-36 
Sandwich structures, 31 

tests, composite sandwich materials, 43 
S-glass/epoxy 

shear stress-strain curve, 212-214 
shear stress versus tensile and compressive 

strain, 214-215 
tubes 

buckling, 212, 217-218 
failure modes, 215-216 
in-plane shear behavior, 216, 219 

Shear, 93, 224 
properties, composite sandwich materials, 

42 
Shear modulus, 224, 227 

initial, 250 
Shear stiffness, 37, 39 

composite sandwich materials, 43 
Shear stress 

along notch flank, 250, 257-258 
distribution between notches, 250, 259 
versus shear strain, 280-282 
versus tensile and compressive strains, 214- 

215, 218, 222 
Shear stress-strain curve 

Kevlar/epoxy tubes, 217-218, 221 
S-glass/epoxy, 212-214 

Shear testing, 231,276 
fiber reinforced composites, 103-107 

Short beam shear testing, 104 
statistical data reduction, 120-123, 125- 

126 
Short-fiber reinforced thermoplastics, 45-54 

compression properties, 50 
fracture modes, 50-51, 53 
fracture toughness, 50, 52-53 
L and T orientations, 47-49 
materials, 46 
specimens, 46-47 
stress-strain curves, 48 
tensile properties, 47-50 
test methods, 47 

Silicon carbide, 261 
abrasive wear, 80 
mechanical properties, 263 

Single shear test specimen, 129 
Sliding directions, 77-78 

Space antenna, 31 
Standardization, 93 
Static compliance tests, graphite/epoxy com- 

posite, 155, 157-158 
Statistical data reduction, 111-134 

graphite/epoxy, 131 
laminate tests, 126-130 
see also Lamina tests 

Statistical methods, design allowables calcu- 
lation, 136-149 

ANOVA method, 145-147 
between-batch variance, 146 
computational procedure, 137-138 
detecting outliers, 138-139 
distribution identification, 142-145 
goodness-of-fit tests, 138 
k-sample Anderson-Darling test, 139-141 
iognormal analysis procedure, 148 
maximum normed residual test, 138-139 
nonparametric analysis procedure, 148-149 
normal analysis procedure, 148 
normality test, multiple batches, 141 
observed significance level, 141-144 
test for equality of variances, 141-142 
two-parameter Weibull analysis procedure, 

147 
Stiffness, 180, 208 

degradation, 187-188, 276 
Strain gage, 182 

configurations, 235 
embedded, 17-18 

Strain rate 
effects, 16 
transverse modulus as function of, 22 

Strength, 180, 208 
Strength tests, graphite/epoxy composite 

impacted specimens, 165-169 
undamaged specimens, 157, 164-165 

Stress concentrations, 261 
Stress ratio, 250, 259 
Stress-strain curves 

glass/ceramic matrix composites, 10, 12- 
14 

short-fiber reinforced thermoplastics, 48 
transverse, graphite/epoxy composite, 20- 

21 

T 

Tensile properties, short-fiber reinforced 
thermoplastics, 47-50 

Tensile strength 
through-the-thickness strength specimen, 

203 
ultimate, 116, 123 

Tension, 45, 93 
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Tension specimens, composite sandwich ma- 
terials, 34, 37 

Tension stiffness, 183 
Tension testing 

fiber reinforced composites, 96-99 
statistical data reduction, 114-116, 120, 

123-124 
Testing facility, high temperature composites, 

6 
Test methods, 93, 180 
Thermoplastics, 45; see also Sand erosion 
Thermoset composites. See Sand erosion 
Through-the-thickness strength specimen, 

197-206 
development, 198-199 
failure surfaces, 204-205 
fiber and loading directions, 202 
final specimen configuration, 199-200 
preparation and testing, 200-202 
recommendations, 205-206 
tensile strength, 203 
test matrix, 202-203 

Time-temperature-moisture master curves, 
22-23, 25-29 

Time-temperature moisture shift factor, 27, 
29 

Time-temperature shift factor, 23-25 
Torque-displacement curve, pultruded rod, 

225, 227 
Torsion, 224 

potential energy, 228 
Torsion tubes, 208-223 

analytical approach, 208-209 
buckling study, 212-216 
in-plane shear, 216-222 
materials and preparation, 209-211 
test procedure, 211-212 

Transverse extensometer, 9 
Transverse modulus, as function of strain 

rate, 22 
Transverse shear, 228 
Transverse stress, 250, 252, 255 
Transverse tension testing, fiber reinforced 

composites, 97-98 
Two-parameter Weibuil analysis procedure, 

147 

U-V 

Unidirectional continuous fiber, 75 
abrasive wear, 79-82 

Variance. test for equality. 141-142 

W-Y 

Weibull analysis, two-parameter, 147 
Weibull distribution, 113, 142 
Weibullness, Anderson-Darling test, 143 
Width-tapered specimen geometry, 8-9 
Woven fabrics, 75 
Woven fiber system, two-dimensional, abra- 

sive wear, 82-86 
X-ray tests, graphite/epoxy composite, 155 
Yielding, 261 




