
MMPDS-12 TABLE OF CONTENTS

MMPDS-12, Chapter 9
Disclaimer

Foreword i
Explanation of Numerical Code iii

Trademarks v

Chapter 9 - GUIDELINES FOR THE PRESENTATION OF DATA 9-1

9.1 GENERAL INFORMATION 9-1

9-1

9-1

9-1

9-1

9-1

9-4

9-6

9-6

9-8

9.1.1 INTRODUCTION

9.1.2 CROSS INDEX

9.1.3 APPLICABILITY

9.1.4 APPROVAL PROCEDURES

9.1.5 DOCUMENTATION REQUIREMENTS

9.1.6 SUMMARY

9.1.7 Data Basis

9.1.7.1 Data Basis for Mechanical Properties (Chapters 2-7)

9.1.7.2 Data Basis for Mechanically Fastened Joint Allowables (Chapters 8)

9.1.8 Rounding Procedures 9-9

9.1.9 Applicable Analysis Methods 9-9

9.2 MATERIAL, SPECIFICATION, TESTING, AND DATA REQUIREMENTS 9-11

9.2.1 MATERIAL REQUIREMENTS 9-11

9.2.2 SPECIFICATION REQUIREMENTS 9-11

9.2.2.1 Requirements for Products Controlled by Material Specifications Not Listedin 9.2.2 9-11

9.2.3 REQUIRED TEST METHODS/PROCEDURES 9-12

9.2.3.1 Mechanical-Property Terms 9-15

9.2.3.2 Testing Direction and Specimen Location 9-15

9.2.3.3 Tension, Compression, Shear and Bearing 9-17

9.2.3.4 Other Static Properties 9-18

9.2.3.4.1 Modulus and Poisson’s Ratio 9-18

9.2.3.4.2 Physical Properties 9-18

9.2.3.5 Required Test Methods to Determine Dynamic and Time DependentProperties 9-18

9.2.3.5.1 Fatigue 9-18

9.2.3.5.2 Fatigue Crack Growth 9-19

9.2.3.5.3 Fracture Toughness 9-20

9.2.3.5.4 Creep and Creep Rupture 9-24

9.2.3.6 Mechanically Fastened Joints 9-24

TOC 9-1

viu03859
Typewritten Text

viu03859
Typewritten Text



9.2.3.7 Fusion-Welded Joints 9-25

9.2.4 DATA REQUIREMENTS 9-26

9.2.4.1 S-Basis Values 9-

9.2.4.2 A- and B-Basis Values 9-

9.2.4.3 Derived Property Values 9-32

9.2.4.4 Other Static Properties 9-33

9.2.4.4.1 Modulus of Elasticity 9-33

9.2.4.4.2 Typical Stress-Strain Curves 9-33

9.2.4.4.3 Elevated Temperature Curves 9-34

9.2.4.4.4 Complex Exposure Curves 9-35

9.2.4.5 Data Requirements for Determination of Dynamic and Time DependentProperties 9-37

9.2.4.5.1 Fatigue 9-37

9.2.4.5.2 Fatigue Crack Growth 9-39

9.2.4.5.3 Fracture Toughness 9-40

9.2.4.5.4 Creep and Creep Rupture 9-40

9.2.4.6 Mechanically Fastened Joints 9-41

9.2.4.6.1 Introduction of a New Fastener System 9-41

9.2.4.6.2 Sample Fasteners 9-41

9.2.4.6.3 General Data Requirements 9-42

9.2.4.6.3(a) - Shear Strength of Fastener 9-43

9.2.4.6.3(b) - Tensile Properties of Sheet 9-43

9.2.4.6.3(c) - Tensile Strength of Fastener 9-43

9.2.4.6.3(d) - Assembled Joint Strength 9-43

9.2.4.6.4 Confirmatory Data 9-44

9.2.4.7 Fastener Strength Table Sunset Clause 9-45

9.2.4.7.1 Sunset Confirmatory Data Sets 9-45

9.2.4.7.2 Sunset Conformance Criteria 9-47

9.2�.4.7.3 Non-conforming Sunset Fastener Systems 9-50

9.2.4.7.4 Replacement Tables for Non-conforming Sunset Fastener Systems 9-50

9.2.4.8 Fusion-Welded Joints 9-51

9.2.5 EXPERIMENTAL DESIGN 9-51

9.2.5.1 Uniformity of Sample Size across Thickness Range 9-51

9.2.5.2 Fatigue 9-52

9.2.5.3 Creep-Ruptur 9-58

9.2.5.4 Fusion-Welded Joints 9-60

9.2.5.4.1 Basic Population Definition 9-60

9.2.5.4.2 Subpopulation Definition 9-60

9.2.5.3.3 Welding Procedure 9-60

MMPDS-12 TABLE OF CONTENTS

26

27

TOC 9-2



9.3 SUBMISSION OF DATA 9-63

9.3.1 RECOMMENDED PROCEDURES 9-63

9.3.2 COMPUTER SOFTWARE 9-

9.3.3 INTRODUCTORY SECTION 9-

9.3.4 GENERAL DATA FORMATS 9-63

9.3.4.1 Data Format for the Computation of T99 and T90 Values 9-64

9.3.4.2 Data Format for Derived Properties 9-64

9.3.4.3 Data Format for the Construction of Typical Stress-Strain Curves 9-68

9.3.4.4 Data Format for Fasteners 9-68

9.3.4.5 Data Format for Other Properties 9-69

9.4 SUBSTANTIATION OF PROPERTIES 9-73

9.4.1 S-BASIS MINIMUM PROPERTIES 9-73

9.4.2 VALIDATING DESIGN PROPERTIES FOR EXISTING MATERIALS (WHEN A CHANGE IN PROCESSING 

HAS OCCURRED) 9-73

9.4.3 CONFIRMATION OF DESIGN PROPERTIES FOR LEGACY ALLOYS 9-76

9.4.3.1 Initial Steps and Analysis 9-76

9.4.3.2 Increase in Design Properties 9-77

9.4.3.3 Decrease in Design Properties 9-77

9.4.3.4 Derived Properties 9-77

9.5 ANALYSIS PROCEDURES FOR STATISTICALLY COMPUTED MINIMUM STATIC PROPERTIES 9-83

9.5.1 SPECIFYING THE POPULATION 9-83

9.5.1.1 Deciding Between Direct and Indirect Computation 9-83

9.5.1.2 Testing for Regression Effects and Homogeneity 9-86

9.5.1.3 Data Transformation 9-90

9.5.1.3.1 Use of Transformed Data with Backoff 9-90

9.5.1.3.2 Correcting for Bias 9-90

9.5.1.3.3 Transformation of Variables in a Regression Analysis 9-92

9.5.2 REGRESSION ANALYSIS 9-98

9.5.2.1 Linear Regression 9-98

9.5.2.2 Quadratic Regression 9-100

9.5.2.3 Tests for Adequacy of a Regression 9-103

9.5.3 Combinability of Data 9-108

9.5.3.1 The k-Sample Anderson-Darling Test 9-108

9.5.3.2 The F Test 9-110

9.5.3.3 The t Test 9-111

9.5.4 Determining the Form of Distribution 9-113

9.5.4.1 “Anderson-Darling” Test for Normality 9-113

9.5.4.2 Normal Probability Plot 9-114

MMPDS-12 TABLE OF CONTENTS

63

63

TOC 9-3



9.5.4.3 Three-Parameter Weibull Acceptability Test 9-114

9.5.4.4 Modified Anderson-Darling Test for Pearsonality 9-116

9.5.4.5 The Pearson Backoff Option 9-117

9.5.4.6 Pearson Probability Plot

9.5.4.7 Modified “Anderson-Darling” Test for Weibullness 9-120

9.5.4.7.1 Estimating the Threshold Parameter 9-120

9.5.4.7.2 Estimating the Shape and Scale Parameters 9-121

9.5.4.7.3 Calculating the Anderson-Darling Statistic 9-122

9.5.4.8 The Weibull Backoff Option 9-122

9.5.4.9 Weibull Probability Plots 9-123

9.5.4.10 Detection of Lower-Tail Truncation 9-125

9.5.4.10.1 Effect of Sample Size and Percent Truncation on Power of the Test 9-127

9.5.5 DIRECT COMPUTATION WITHOUT REGRESSION 9-127

9.5.5.1 Sequential Pearson Procedure 9-132

9.5.5.2. Sequential Weibull Procedure 9-133

9.5.5.3 Nonparametric Procedure 9-134

9.5.5.4 Censored Normal Procedure 9-135

9.5.6 DIRECT COMPUTATION BY REGRESSION ANALYSIS 9-136

9.5.6.1 Performing the Regression 9-136

9.5.7 INDIRECT COMPUTATION WITHOUT REGRESSION (REDUCED RATIOS/DERIVED PROPERTIES) 9-137

9.5.7.1 Treatment of Grain Direction 9-138

9.5.7.2 Treatment of Test Specimen Location 9-139

9.5.7.3 Treatment of Clad Aluminum Alloy Plate 9-139

9.5.7.4 Computational Procedure 9-140

9.5.8 INDIRECT COMPUTATION USING REGRESSION 9-141

9.5.9 Handling of Derived Property Test Results Below Estimated DesignAllowable 9-142

9.5.10 INDIRECT COMPUTATION OF EDGEWISE BEARING REDUCTIONS 9-144

9.6 ANALYSIS PROCEDURES FOR DYNAMIC AND TIME DEPENDENT PROPERTIES 9-145

9.6.1 LOAD AND STRAIN CONTROL FATIGUE DATA 9-145

9.6.1.1 Data Collection and Interpretation 9-148

9.6.1.2 Analysis of Data 9-149

9.6.1.3 Fatigue Life Models 9-150

9.6.1.4 Evaluation of Mean Stress and Strain Effects— 9-152

9.6.1.5 Estimation of Fatigue-Life Model Parameters 9-153

9.6.1.6 Treatment of Outliers 9-158

9.6.1.7 Assessment of the Fatigue Life Model 9-160

9.6.1.8 Data Set Combination 9-162

MMPDS-12 TABLE OF CONTENTS

9-117

TOC 9-4



9.6.1.9 Treatment of Runouts 9-163

9.6.1.10 Recognition of Time Dependent Effects 9-164

9.6.1.11 Estimation of Lower Tolerance Bounds for Fatigue Data 9-164

9.6.2 FATIGUE CRACK GROWTH DATA

9.6.2.1 Data Collection and Interpretation 9-171

9.6.3 FRACTURE TOUGHNESS DATA 9-173

9.6.3.1 Plane-Strain Fracture Toughness Data 9-173

9.6.3.1.1 Data Collection and Interpretation 9-173

9.6.3.2 Plane Stress and Transitional Fracture Toughness 9-174

9.6.3.2.1 Data Collection and Interpretation 9-174

9.6.3.2.2 Analysis of Data 9-175

9.6.3.3 Crack Resistance (R-Curve) 9-175

9.6.3.3.1 Data Collection and Interpretation 9-175

9.6.4 CREEP AND CREEP-RUPTURE DATA 9-181

9.6.4.1 Data Collection and Interpretation 9-181

9.6.4.2 Analysis of Data 9-183

9.7 ANALYSIS PROCEDURES FOR STRUCTURAL JOINT PROPERTIES 9-187

9.7.1 MECHANICALLY FASTENED JOINTS 9-187

9.7.1.1 Definitions 9-188

9.7.1.2 Yield Load Determination 9-189

9.7.1.3 Shear Strength of Fastener 9-194

9.7.1.4 Sheet Critical and Transition Critical Strengths 9-197

9.7.1.5 Calculation of Allowable Loads 9-215

9.7.2 FUSION-WELDED JOINT DATA 9-216

9.7.2.1 Data Collection and Interpretation 9-217

9.7.2.1.1 Base Materials 9-217

9.7.2.1.2 Welding Process Variables 9-217

9.7.2.1.3 Weld Character 9-218

9.7.2.2 Data Analysis 9-219

9.8 EXAMPLES OF DATA ANALYSIS AND DATA PRESENTATION FOR STATIC PROPERTIES 9-221

9.8.1 DIRECT ANALYSES OF MECHANICAL PROPERTIES 9-221

9.8.2 INDIRECT ANALYSES OF MECHANICAL PROPERTIES 9-237

9.8.3 TABULAR DATA PRESENTATION 9-241

9.8.3.1 Mechanical Properties 9-241

9.8.3.2 Modulus of Elasticity and Poisson’s Ratio 9-247

9.8.3.3 Physical Properties 9-247

9.8.4 ROOM TEMPERATURE GRAPHICAL MECHANICAL PROPERTY DATA 9-248

9.8.4.1 Typical Stress-Strain 9-248

MMPDS-12 TABLE OF CONTENTS

9-170

       TOC 9-5



9.8.4.1.1 Strain Departure Method 9-249

9.8.4.1.2 Ramberg-Osgood Method 9-252

9.8.4.1.3 Bron Model (Extension of the Ramberg-Osgood Method) 9-255

9.8.4.1.4 Relevance Criterion for the Bron Model

9.8.4.2 Compression-Tangent- Modulus Curves 9-259

9.8.4.2.1 Column Buckling Analyses 9-262

9.8.4.2.2 Column Buckling Footnotes for Tangent Modulus Curves 9-264

9.8.4.3 Full Range Tensile Stress-Strain Curves 9-264

9.8.4.4 Minimum Stress-Strain and Stress Tangent-Modulus Curves 9-270

9.8.4.5 Biaxial Stress-Strain Behavior 9-270

9.8.4.6 Mathematical Representation of Stress-Strain Curves 9-270

9.8.4.6.1 Proportional Limit Stress in Tension and Compression 9-272

9.8.4.6.2 Compression Tangent Modulus Curves 9-272

9.8.5 ELEVATED TEMPERATURE GRAPHICAL MECHANICAL PROPERTIES 9-273

9.8.5.1 Strength Properties 9-273

9.8.5.1.1 Determination of Working Curves 9-273

9.8.5.1.2 Preparation of Finished Curves 9-284

9.8.5.2 Elongation and Reduction of Area 9-284

9.8.5.3 Modulus of Elasticity 9-284

9.8.5.4 Physical Properties 9-285

9.8.5.5 Effect of Thermal Exposure on Room Temperature Strength 9-287

9.8.5.6 Effect of Thermal Exposure on Elevated Temperature Strength 9-288

9.8.5.7 Simple Exposure 9-288

9.8.5.8 Complex Exposure 9-290

9.9 EXAMPLES OF DATA FOR DYNAMIC AND TIME DEPENDANT PROPERTIES 9-293

9.9.1 FATIGUE 9-293

9.9.1.1 Load Control 9-300

9.9.1.2 Strain Control 9-307

9.9.2 FATIGUE CRACK GROWTH— 9-310

9.9.3 FRACTURE TOUGHNESS 9-316

9.9.3.1 Plane Strain 9-316

9.9.3.2 Plane Stress 9-316

9.9.4 CREEP AND CREEP RUPTURE 9-317

9.9.4.1 Creep-Rupture Example Problem 9-318

9.9.5 Mechanically Fastened Joints 9-324

9.9.5.1 Example Analysis Problem for Three Diameter Blind Fastener Dataset 9-330

9.9.6 Fusion-Welded Joints 9-367

9.9.6.1 Additional Information 9-367

MMPDS-12 TABLE OF CONTENTS

9-258

     TOC 9-6



9.9.6.2 Room-Temperature Properties 9-367

9.9.6.3 Data on Effect of Temperature 9-368

9.9.6.4 Use of Design Data 9-

9.10 STATISTICAL TABLES 9-

REFERENCES - Chapter 9 9-395

APPENDICES A-1

APPENDIX E - Subject Index E-1

APPENDIX A - Glossary A-1

A.1 Abbreviations A-1

A.2 Symbols A-6

A.3 Definitions A-6

A.4 Conversion of US Units of Measure Used in MMPDS to SI Units A-17

APPENDIX B - Alloy Index B-1

APPENDIX C - Specification Index C-1

C.1 Cross Reference of Canceled MIL Specifications C-14

APPENDIX D - Testing Standards D-1

MMPDS-12 TABLE OF CONTENTS

369 

371

TOC 9-7




