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Foreword 

Test Methods and Design Allowables for Fiber Composites: Second Symposium was held at 
Phoenix, AZ, on 3-4 Nov. 1986, ASTM Committee D-30 on High Modulus Fibers and Their 
Composites sponsored the symposium. Christos C. Chamis, NASA Lewis Research Center, 
served as chairperson of the symposium and is editor of the resulting publication. 



Contents 

Overview 

EXTREME/HOSTILE ENVIRONMENT TESTING 

Hlgh-Temperaturo Testing of Glass/Ceramic Matrix Composites-- 
IOHN F. MANDELL, DODD H. GRANDE, AND KATHRYN A. DANNEMENN 

Environmental Effects on High Strain Rate Properties of Graphite/Epoxy 
Composite--GERSHON YANrV, GUS PIEMANIDIS,  AND ISAAC M. DANIEL 

Mechanical Properties Characterization of Composite Sandwich Materials Intended 
[or Space Antenna Applieations--gENNETH I. BOWLES AND 
RAYMOND D. VANNUCCI 

Low-Temperature Performance of Short-Fiber Reinforced Thermoplastics-- 
SHI-SHEN YAU AND TSU-WEI CHOU 

Sand Erosion of Fiber Composites: Testing and EValuation--TSENG-HAU TSIANG 

Abrasive Wear Behavior of Unidirectional and Woven Graphite Fiber/Peek 
C o m p o s i t e s - - P A R I M A L  B. MODY, TSU-WEI CHOU, AND KLAUS FRIEDRICH 

ESTABLISHING DESIGN ALLOWABLES 

Test Methods for Determining Design Allowables for Fiber Reingoreed 
C o m p o s i t e S - - A S t t O K  K. MUNJAL 

The Role of Statistical Data Reduction in the Development o| Design AHowables 
for CompositeS--PETER SHYPRYKEVICH 

Statistical Methods for Calculating Material Allowables for MIL-HDBK-17-- 
STEVEN W. RUST, FREDERICK R. K. TODT, BERNARD HARRIS, DONALD NEAL, 

AND MARK VANGEL 

Strength of a Thick Graphlte/Epoxy Rocket Motor Case After Impact by a Blunt 
O b J e c t - - C L A R E N C E  C. POE, JR. AND WALTER ILLG 

A Test Method to Measure the Response of Composite Materials Under Reversed 
Cycle L o a d s - - C H A R L E S  E. BAKIS, ROBERT A. SIMONDS, AND 

WAYNE W. STINCHCOMB 

PROPERTY/BEHAVIOR SPECIFIC TESTING 

A Through-the-Thickness Strength Specimen for Composites--PAUL A. LAGACE 
AND DOUGLAS B. WEEMS 

vii 

16 

31 

45 

55 

75 

93 

111 

136 

150 

180 

197 



Use of Torsion Tubers to Measure In-Plane Shear Properties of Filament-Wound 
C o m p o s i t e S - - G A R Y  E. FOLEY, MARGARET E. ROYLANCE, AND 

WILLIAM W. HOUGHTON 208 

The Torsional Failure and Fracture Energy in Shear of Pultruded-- 
JOHN O. OUTWATER 224 

The Influence of Test Fixture Design on the Ioslpescu Shear Test for Fiber 
Composite MatcriaIS--MOHAMED G. ABDALLAH AND HAROLD E. GASCOIGNE 231 

Elastic-Plastic Stress Concentrations Around Crack-fike Notches in Continuous Fiber 
Reinforced Metal Matrix Compos l tes - -w.  s. JOHNSON AND C. A. BIGELOW 261 

Method for Monitoring In-Plane Shear Modulus in Fatigue, Testing of 
Composites--G. YANIV, I. M. DANIEL, AND J. W. LEE 276 

Index 285 



Overview 

The composites structures community recognizes that fiber composites offer a multitude of 
desirable properties to meet diverse and competing design requirements in a cost-effective man- 
ner. This multitude of desirable properties, however, requires special test methods to quantify 
material properties for design. It also requires well-defined procedures in selecting and setting 
design allowables for composites. Over the past 25 years researchers have continuously sought 
test methods to measure composite material properties with an acceptable degree of repeatabil- 
ity. At the same time, designers have sought well-defined procedures to select and establish 
design allowables that are compatible with current practice margins. Special test methods to 
measure composite properties and procedures for setting design allowables go through a long 
period of peer evaluation and critique before their adaptation on a general consensus basis. 

In order to shorten the peer evaluation and critique period, a specialists symposium was or- 
ganized 2 and 3 Oct. 1979, in Dearborn, MI, with the objective to provide a forum for the 
discussion of (1) special test methods for setting design allowables and reporting results; (2) 
selecting and establishing design allowables, (3) promoting an understanding of the procedures 
for establishing design allowables, and (4) developing new test methods streamlined for setting 
design allowables that will eventually lead to improved methodology for reliable composite 
structures design. Papers presented in that symposium are included in ASTM STP 734, Test 
Methods and Design Allowables for Fibrous Composites, which was published in 1981. 

During the past ten years, new composites have emerged, especially for high-temperature and 
hostile environment applications. These new applications require new test methods. The evolu- 
tion of new test methods and the improvement of existing ones constituted a ripe time to have a 
second specialist symposium on "Test Methods and Design Allowables for Fiber Composites," 
which was held on 3-4 Nov. 1986, Phoenix, AZ, and which focused on these recent develop- 
ments. The papers presented in the second symposium are grouped into three sessions: (1) Ex- 
treme/Hostile Environment Testing, (2) Establishing Design Allowables, and (3) Property/Be- 
havior Specific Testing. The papers presented in these sessions are included as three respective 
sections in this Special Technical Publication (STP). A brief description of each section follows: 
Section I on Extreme/Hostile Environment Testing contains six papers on testing under condi- 
tions of extreme temperatures, sand erosion, abrasive wear, and other environmental variables. 
Section II on Establishing Design Allowables presents five papers that review current practices 
and statistical methods. Section III  on Property/Behavior Specific Testing contains six papers 
on delamination, in-plane shear, torsional failure, elastic-plastic stress, and fatigue testing. 

The papers in each section provide a valuable source as to where the advances and emphasis 
were at the time of the second symposium with respect to special testing and procedures for 
selecting design allowables. In addition, the papers provide a good perspective, with suitable 
references, of the test methods and procedures for setting design allowables that have been 
proposed, or are used, including ranges of applications and limitations. 

Furthermore the papers in each major area offer specific recommendations for future re- 
search, which will lead to improved test methods and procedures for establishing design allow- 



ables for high-temperature composites and for the use of composites in hostile environments. 
Lastly, the papers collectively provide the researcher, analyst, and designer with a wealth of 
information and data. The papers are not, nor should they be expected to be, inclusive in any 
one area. However, they do constitute an integrated source of test methods and procedures for 
setting design allowables for a variety of composites, with vantage point, Fall 1986. 

C C Chamis 
Aerospace and Composite Structures, 

NASA Lewis Research Center, Cleveland, OH 44135; symposium 
chairman and editor. 
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