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DAMAGE TOLERANT DESIGN HANDBOOK
SMCIC-HB-01R

ABOUT THIS HANDBOOK -

The Damage Tolerant Design Handbook was prepared by University of Dayton Research Institute
under U.S. Air Force sponsorship and is being distributed by the Metals and Ceramics Information
Center (MCIC). Its purpose is to provide a single comprehensive reference source on available fracture
mechanics data for structural metal alloys of particular interest for aircraft and aerospace application.

SUPPLEMENTS -

It is intended that, as new detg are generated on the fracture characteristics of structural alloys, sup-
plements to this Handbook will be published by MCIC. Further updating and expansion of the current
edition will result in supplements as significant data become available. Minor additions, errata, and Ir
inserts will be distributed as information becomes available.

KEEPING YOUR HANDBOOK UP TO DATE -

In order that we may keep all holders of the Damage Tolerant Design Handbook advised of supple-
ments and new reference data, a registry of the location of all copies will be maintained. To assist us,
we ask that you complete and return one of the self-addressed postcards (following this page) upon
initial receipt of the Handbook. If responsibility for this copy is transferred to another party, please use
one of the other postcards to advise us of the change. It there are no postcards, simply write to MCIC
at the address below.

YOUR ASSISTANCE IS SOLICITED-- ,

Although a substantial and continuing effort is made to include all available appropriate fracture
mechanics data in this Handbook, we recognize that important sources may have been inadvertently
overlooked and, of course, that new data are regularly being generated. Should you or your organiza-
tion be able to provide additional pertinent data, MCIC - and other users of this reference Handbook
- will be most appreciative. To be useful, data should include the supporting facts regarding material,
condition, and test specimens and procedures. If you can assist us in this respect, please call or submit
such data to MCIC at the address below. Many thanks ......

ADDITIONAL INFORMATION -

Specific questions about, or information for, the Damage Tolerant Design Handbook should be p
addressed to the attention of Mr. Harold Mindlin at:

Metals and Ceramics Information Center
BATTELLE
Columbus Laboratories Accession For

505 King Avenue ITIS GRA&I
Columbus, Ohio 43201 DTIC TAB-

Uirnnno-unced

II
S~~Distribution/ __

Availbhility Codes
-tli/or

Disrt Special
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FOREWORD

This report has been prepared as AFWAL-TR-83-4144 to summarize the results of a damage-tolerant-
material-property collection and reporting program conducted under USAF Contract No. F33615-80-
C-5149. Damage Tolerant Design Handbook. The Materials Laboratory of Air Force Wright Aeronauti-
cal Laboratories (AFWAL/ML) was the sponsor; Mr. G. J. Petrak (AFWAL/MLSE) of the System
Support Division was the Project Monitor. The University of Dayton was the contractor; the University
of Dayton Research Institute (UDRI) conducted the work under the general supervision of Dr. J. P.
Gallagher, program manager, and Mrs Patricia L. Stumpff, principal investigator. Miss Elizabeth L.
Johnson was responsible for the development of the software system that both stored the damage
tolerant data and created the handbook graphical and tabular reports. Dr. P. W. Hovey developed the
analytical french curve method used to describe the mean trend subcritical crack growth behavior.
Other UDRI employees who provided extensive support for the creation of the handbook are: Dr. A. P.

Berens, Mrs. Joanda D'Antuono, Mrs. JoAnn D. Jones, Miss Ellen M. Bornhorst, Miss Mary E. Stander,
and Mr. Kevin Sullivan.

The Handbook could not have been produced without the extensive support given to the data
collection effort by the following organizations and individuals:

ORGANIZATION CONTRIBUTORS

Aeronautical Systems Division E. Davidson, J. F. Gonzalez, T. King,
(Wright-Patterson AFB) and J. Lincoln

AiResearch R. Graves, A. Hammond, D. W. McGrath, D. Ng,
D. Schwab, and H. Walters

Alcoa R. J. Bucci, R. C. Malcolm, E. H. Spuhler, and
R H. Wygonik

Armco P. 0. Metz

Army Material and Mechanics Research Center R. Chait
Battelle-Columbus S. Ford, R. C. Rice, and H. Mindlin

Boeing-Commercial U. Goranson and C. K. Gunther

Boeing Military F K. Fox, J. J. Horsley, C. F. Tiffany,
and L. Wright

Fairchild-Republic J. Arrighi, H. W. Kleindienst, and M. Levy

--- Federal Aviation Administration T. Swift

4, Flight Dynamics Laboratory A. Gunderson and J. Rudd
%.-" (Wright-Patterson AFB)

General Dynamics-Ft. Worth V. Juarez, S. Manning, and J W. Morrow

General Dynamics--Convair T. Spamer, C. Tanner, E. Spier, and W. E. Witzell
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General Electric L. Beitch, A. Coles, P. Domas, and R. Spuhler

Goodyear Aerospace D. A. Venkatu
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Howmet Co. D. E. Macha
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McDonnell-Douglas (St. Louis) H. Dill, C. R. Saff, and D. Rich

McDonnell-Douglas (Long Beach) P. Abelkis, H. C. Schjelderup, and D. S. Warren
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J. C. Newman

NASA-Lewis T. Orange

Northrop Corp. J. Carter, V. C. Frost, A. F. Liu, P. Porter,
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Ogden Air Logistics Center (Hill AFB) A. P. Allen, H. A. Johnson, D. King,
J. Pearson-Smith, and A. Watson

Oklahoma City Air Logistics Center R. Meadows
(Tinker AFB)

Reynolds Metals Co. F. E. Loftin, G. R. Shockley, and A. E. Zinkham

Rockwell International-Aircraft Division T. Kutko, J. Stolpestad, and J. Young

Rockwell International-Shuttle Orbitor Division C. D. Brownfield and R. M. Ehret
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S0CHAPTER I

HANDBOOK ORGANIZATION AND CONTENT

1.0 OVERVIEW

This edition of the Damage Tolerant Design Data Handbook
has been entirely revamped since the last update in 1975. The
major organizational change is that data are now presented

and sorted by material (aluminum, titanium, etc.) and by alloy

(2024, 6A1-4V, etc.) rather than by propertL _.e., KIc, KIscc,

da/dN). The reorganization makes it possible to present all the

pertinent damage tolerant data on a particular alloy within one
chapter subsection. This new organization was suggested by
aerospace engineers as being the format best suited for their

use. Additionally, this format now conforms to other aerospace

structural metals handbooks such as the Military Handbook-5 and

Aerospace Structural Metals Handbook.

A survey was conducted at the beginning of this handbook

program; over one-hundred aerospace design, materials, and

structural engineers were canvassed for their comments relative
to the proposed organization, formats, types of summaries and

new data types. Many of the comments and suggestions received

were incorporated into the final design of the handbook. The

data types of greatest interest were found to be fracture

toughness data, fatigue crack growth rate data and R-curves.

Interest in specific materials were mainly for the nickel base

and aluminum alloy materials.

Throughout the handbook, the data are presented in English

units, i.e., ksi v'Tin. was the unit for the fracture toughness
.. and applied stress intensity factor levels, and inches/hr or

inches/cycle were the unit values for the growth rates. Metric

units have been incorporated along with the English units on the

• .• %graphical presentation of the sustained load and fatigue crack

"growth rate data, but limited space forced the decision not to

include metric units for the tabular data.

.' ...!i-
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1.1 ORGANIZATION . ..

The handbook is divided into eight chapters and consists

of four volumes. Following the first chapter on handbook usage

and the the second chapter on methods of calculations are the

six material chapters. The order of the chapters are as designated

in Table 1.1. This order was selected to keep the data for a

particular chapter together as much as possible while keeping the

size reasonable and the four volumes approximately equal. .

Table 1.2 depicts the basic organization of each material ;
14

chapter. Within each material chapter, the data are further

divided into a section of material summaries, followed by sections

that contain the data for individual alloys. The first number

of any section, subsection, table or figure number refers to the

chapter or material as designated in Table 1.1. The second

number will run consecutively from zero on. A zero in the second

position indicates that the data is a material summary; each

succeeding second number indicates a new alloy, with the highest -

second number referring to the bibliography for that material

chapter.

In a given material summary section, i.e., X.O, there are

five possible material summary tables listed as subsections.

Tables will be listed in the order defined by Table 1.2. If

not enough data are available for a particular summary, this

summary will not be printed and the next summary will pick up

the sequence number. Section 1.3 describes the formats for the

material summaries.

In each alloy section, e.g., Sections X.1, X.2, etc., the

third number in the sequence will designate whether the data are

(1) an alloy summary, (2) fracture toughness data, or (3) crack

growth resistance data. Within each subsection, the data tables

and graphs are ordered consecutively.

1-2
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TABLE 1. 1

ORDER OF CHAPTERS

VOLUME NUMBER CHAPTER TITLE

1 1 Handbook Organization, Content,
and Formats

1 2 Methods of Calculations

1 3 Stainless Steel Alloys

1 4 Titanium Alloys

2 5 Nickel Base Alloys

2 6 Alloy Steel Allcys

3 7 2000 and 6000 Series Aluminum
Alloys

3 and 4 8 7000 Series Aluminum Alloys

-1-
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TABLE 1.2

ORGANIZATION OF THE XTH MATERIAL CHAPTER

SECTION X.0 - Material Summaries

X.O.1 - Available Data Material Summary
X.O.2 - Plane Strain Fracture Toughness Material

Data Sunmary
X.O.3 - Plane Stress and Transitional Fracture

Toughness Data Summary
X.O.4 - Fatigue Crack Growth Rate Comparison

Material Data Summary
X.O.5 - Stress Corrosion Cracking Threshold Material

Data Summary

SECTION X.1 - First Material Alloy

X.1.1 - Alloy Summaries
X.1.1.1 Plane Strain Fracture Toughness Summary
X.l.l.2 - Fatigue Crack Growth Rate Data Summary

X.1.2 - Fracture Toughness Data
X.1.2.1 - Plane Strain Fracture Toughness Data for

Alloy Number One

X.1.2.2 - Plane Stress and Transitional Fracture I

Toughness Data for Stainless Steel
Alloy Number One

X.1.2.3 - R-Curves

X.I.3 - Subcritical Crack Growth Data

X.1.3.1 - Fatigue Crack Growth Rate Data Data
(Tables and Plots) for Alloy Number One

X.1.3.2 - Sustained Load Crack Growth Rate Data
X.1.3.3 - Stress Corrosion Cracking Threshold Data

for Alloy Number One

SECTION X.2 - Second Material Alloy

SECTION X.N - Last Material Alloy

SECTION X.N+l - Bibliography for the Chapter
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There are three possible types of fracture toughness data:

plane-strain fracture toughness data, plane stress and transitional

fracture toughness data, and resistance curve data; Section 1.5

provides a detailed discussion of the data formats. There are

three possible types of subcritical crack growth data: fatigue
crack growth rate data, sustained load crack growth rate data,

and stress corrosion cracking threshold data; Section 1.6 details

the formats used to present these data.

To aid the handbook user locate data, examples of actual

tables and figures follow. These examples are presented to

familiarize the user with the formats presented in the handbooK.
Each table or figure is discussed as it is presented. The

discussion follows the same order as that found in the handbook.

1.2 GENERAL COMMENTS ABOUT SORTING ORDER AND ABBREVIATIONS

1.2.1 Sorting Order

Table 1.3 describes the sorting order for all
mechanical property data types. The left column lists the primary

(material) data fields that have been sorted; the right column

then lists the specific sorting order of each material data field.

In all the following discussions, when a primary data field is

noted as being sorted, the order of the sorting is as listed in

Table 1.3. The primary data fields are also sorted; however,

because the different data fields have different significance
for individual mechanical property types, the sorting order is

noted as each mechanical property data format is discussed.

For all property data types, the property data are generally

sorted in the order of first five primary data fields listed

in Table 1.3.

1.2.2 Abbreviations

To ensure that all the necessary information is

presented in the data tables and figures, specific abbreviations

"have been employed throughout the handbook. The abbreviations
can be broken down into six categories that cover the following

1-5
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TABLE 1.3

SORTING ORDER OF VARIOUS FIELDS

DATA FIELD SORTING ORDER

1. Alloy Blank
Punctuation Marks (e.g., -)

Alphabetic Characters (e.g., T)
Numeric Characters (e.g., 6)

2. Condition/Heat Blank
Treatment Punctuation Marks

Alphabetic Characters
Numeric Characters

3. Product Forms Sheet
Plate
Forging

.4 Extrusion
Forged Bar
Billet
Casting
Round Bar
Welded and Stress Relieved
Weldment
Disk
Extruded Bar
Rolled Bar
Bar

4. Test Temperatures Negative Test Temp. (-423*F, -300*F)
From 00F to 65*F (OOF, 32 0 F etc.)
From 65 OF to 80*F (R.T.)
Above 80*F (85*F, 200*F, etc.)

5. Specimen Orientation L-S
L-T
T-S
T-L
S-T
S-L
L-C
C-L
L-R
R-L
R-C
C-R

6. Yield Strength Lowest to Highest
7. Buckling Constraints Buckling of Crack Edges Not Restrained

Buckling of Crack Edges Restrained
Buckling of Crack Edges Unknown

1-6



data fields: (1) material, (2) condition/heat treatment, (3) pro-

duct form, (4) environment, (5) specimen design, and (6) specimen/

crack orientation. The abbreviations and associated descriptions

* for these six categories can be found in Tables 1.4 through 1.8

and Figure 1.1, respectively.

1.3 MATERIAL CHAPTER SUMMARIES

Material summaries are presented at the beginning of each

chapter before any alloy summaries or detailed data. These

summaries are meant to aid in the selection of materials for

design and for basic comparisons of property data. There are

five possible material summaries (see Table 1.2), each of which

compare availability or properties of damage tolerant Liata for

"the given alloys, heat treatments, and product forms of a particu-

lar material. The five summaries immediately follow the text

"of introductory remarks that discuss the data for that material.

"1.3.1 Available Data Summary

Figure 1.2 is the first page of the available data

summary for the stainless steel chapter. As noted, the first

number in the data summary table is a "3" which indicates that

this is the third chapter; the second number is a "0" indicating

that this is a material summary; the third number is a "I" which

indicates that this is the first table in the material summary

section. Note that the table numbers for subsequent data
summaries only change in the third digit, except for the fatigue

* crack growth rate summary (see below).

The available data summary defines the property

"data that are available in the chapter by alloy, by condition/heat
treatment, and by product form. The six different types of data

are listed generally across the top ff the table; an "x" is

marked in the appropriate column to identify the particular

property data that exists for the given alloy, condition/heat

treatment, etc. The alloys are listed in the order that they

appear in the handbook using the sorting order outlined in Table

1.3. This sorting order was created using a system

1-7
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TABLE 1.4

ABBREVIATIONS FOR MATERIAL SYSTEMS

Abbreviation Materials

ALUM Aluminum Alloys
TITAN. Titanium Alloys
NICKEL Nickel-Base Alloys
STAIN. STEEL Stainless Steel Alloys
ALLOY STEEL Steel Alloys

TABLE 1.5

ABBREVIATIONS FOR ALLOY CONDITIONING AND HEAT TREATMENTS

Abbreviation Condition/Heat Treatment

OQ Oil Quenched
ABQ Aus-Bay Quench
AC Air Cool
WC Water Quench
MA Mill Anneal
BA Beta Anneal
DA Duplex Anneal
RA Recrystallize Anneal
ST Solution Treated
STA Solution Treated And Aged

TABLE 1.6

ABBREVIATIONS FOR PRODUCT FORMS

Abbreviations Product Form

S Sheet
P Plate
E Extrusion
F Forging
FB Forged Bar
BT Billet
BR Round Bar
RB Rolled Bar
C Casting
W Weldment
D Dizk
EB Extruded Bar
B Bar

1-8



TABLE 1.7

"ABBREVIATIONS FOR ENVIRONMENTAL SYSTEMS

Abbreviations Environmental System

R. T. Room Temperature (65*F-80*F)
L. H. A. Low Humidity Air ( < 10% RH)
Dry Air Low Humidity Air (< 10% RH)
H. H. A. High Humidity Air (> 80% RH)
Lab. Air Laboratory Air (% RH unspecified)
Dist. H20 Distilled Water
Dist. Water Distilled Water
3.5 PCT Nacl 3.5% Salt Water Solution
JP.4 JP-4 Aircraft Fuel
JP.4 - Fuel JP-4 Aircraft Fuel
S. T. W. Sump Tank Water
S. S. W. Simulated Sea Water
S. C. S. Shop Cleaning Solvent
F. C.S. Field Cleaning Solvent
Salt Fog Salt Fog
Temp. Temperature

TABLE 1.8

ABBREVIATIONS FOR SPECIMEN DESIGNS

Abbreviations Specimen Design*

CT Compact Tension
NB 3Pt. Notched Bend
WOL Wedge Open Load
CCP Center Cracked Panel
BWOL Bolt Loaded-Wedge Open Load
CANT Cantilever Beam
TDCB Tapered Double Cantilever Beam
CHAR Charpy
PTSC Part Through Surface Crack
SENT Single Edge Notch Tension
KBBAR KB Bar
4-NB 4 Pt. Notched Bend
MCT Modified Compact Tension
CNT Center Notched Tension
DCB Double Cantilever Beam
BDCB Bolt Loaded Double Cantilever Beam

*Also note that when "SG" is used in conjunction with a
specimen design, the specimen is side-grooved along the
path of the crack.
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(b) Crack Plane orientation Code for Rectangular
Sections Where Specimens are Tilted with
Respect to the Reference Directions

C..'L

(c) Crack Plane Orientation Code for Bar
and Hollow Cylinder

Figure 1.1. ASTM Abbreviations Used to Describe Specimen
Orientations.
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sort of the database and sorts the alloys with designations

using blanks, punctuation marks and alphabetic characters

first with numeric characters following. Heat treatments and

conditions are also sorted in this same manner. Following the

sort by alloy and by condition/heat treatment, the property

data are then sorted according to product form. The particulars

of the sorting by product form are also outlined in Table 1.3

with sheet data listed before plate, forging, extrusion, etc.

1.3.2 Plane Strain Fracture Toughness Material
Data Summary

The first page of the stainless steel, plane-strain

fracture-toughness-data summary is shown in Figure 1.3. This

is the second possible material summary and the third table digit

is "2". The data are again sorted and separated on the data

fields of alloy, condition/heat treatment and product form. All
data listed are for room temperature (65 0 F - 80 0 F) laboratory

air only. Plane strain fracture toughness mean values and

standard deviations are listed for the three major orientations;

that is, L-T, T-L and S-L. Product thickness range and minimum

specimen thicknesses are listed for general information. Dashes

in a particular column indicate that no mean plane strain

fracture toughness data exist for the stated conditions.

1.3.3 Plane Stress and Transitional Fracture
Material Data Summary

The plane stress and transitional fracture tough-

ness data summary is presented third in the series of summaries.

Figure 1.4 illustrates that these tables are presented as a

function of whether the data are collected using specimens with
or without buckling constraints. Note that in Figure 1.4 (all

available titanium data) and 1.4b (all available alloy steel
data) that the data are sorted by alloy, condition/heat treatment,

test temperature, specimen orientation and specimen width. Yield

strength is not a sorting field but is given for general informa-

tion. The mean Kc values are listed as a function of specimen

thickness which is indicated across the top of the page.
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Individual K data values are listed only if useful in determin-

ing a trend in the data. Specimen thickness variations run along

the top of the page and may vary from one table to another in

order to prevent overcrowding the tables while still accommodating

all of the data.

1.3.4 Fatigue Crack Growth Rate Material Data Summary

An example fatigue crack growth rate (FCGR) summary

is presented in Figure 1.5 where the data are taken from the Stain-

less Steel Chapter. Note that the data are from Table 3.0.3.1,

a four number sequenced designation. The first two numbers again

indicate the chapter (3) and the summary section (0) . The third

number in the sequence (3) indicates that this is the third

ordered table in the material summary (Note that insufficient

plane stress and transitional fracture toughness data were

available for this material so no summary table of the K c type

was generated). The fourth number in the sequence (1) indicates

that this is the first ordered table in the fatigue crack growth

rate summary. Readers will find one table for each specimen
orientation for which there is enough data for the table to have

meaning.

All data in a particular table were collected
under conditions where the stress ratio (R) is between 0.0 and

0.1, and the environment is room temperature and laboratory air;

the loading frequencies vary slightly depending on the individual

-- tests. The range of test conditions are listed at the top of

each table. Beneath the general description of test conditions

are the data fields of alloy, condition/heat treatment and

"product form for which the FCGR data comparisons can be made.

The AK (Delta K) levels are listed across the top of the table

and are identical to some of the levels associated with the

tabular format of the mean trend FCGR data, i.e., at levels

of 2.5, 5.0, 10.0, 20.0, 50.0, 100.0 Ksi /in. (see Section

1.6 for a listing of all mean ti'end AK levels). The fatigue crack

growth rates in units of 106 inches/cycles, are listed in the

appropriate columns and rows according to the alloy, condition/

Z.. heat treatment, and product form for which they apply. With

this format, it is easy to determine which materials, heat
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treatments,or product forms have the lowest growth rate at a

particular AK level. For example, based on the data given in

Figure 1.5, annealed and aged 304 stainless steel performs

better than annealed 304 stainless steel.

1.3.5 Stress Corrosion Cracking Threshold Material
Data Summary

Figure 1.6 illustrates, using Table 3.0.4, the format

for the stress corrosion cracking threshold material data summary,

the fifth possible material data summary. Because of the small

number of specimens (typically one or two) that are used to

generate these data, individual results are presented here rather

than means and standard deviations. The data are sorted by alloy,

condition/heat treatment, product form and specimen orientation.

Possible environments for which Kiscc data exist are listed

across the top of the table; Ki scc data values for each particular

environment are listed in the appropriate row and column. This

table summary allows for comparisons of Kiscc values of various

materials in a particular environment as well as a quick assess-

ment of how various environments affect a particular material.

1.4 ALLOY SECTION SUMMARIES

Following the material summaries, the data were divided into

sections by alloy. Each alloy section is further subdivided into

three subsections: a summary subsection, a fracture toughness

subsection, and a crack growth resistance subsection. The data

content and format for these three subsections are described in

this and the following two subsections, respectively.

There are two possible alloy summaries, a plane strain

fracture toughness summary and fatigue crack growth rate data

summary. Figure 1.7 presents the tabular format for the Kic

alloy summary. It is similar to the K material summary in that

the mean and standard deviation for a particular condition/heat

treatment, product form and specimen orientation is given for

each alloy. However, the number of specimens used to generate

the data has been added. The data has also been sorted by product

form first, tlhen condition/heat treatment and specimen orientation.
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, . This summary basically puts all the K IC data for a particular

condition and product form together for easy comparison. it also

allows for a quick assessment of the effect that orientation has

on the fracture toughness.

The FCGR alloy data summaries shown in Figure 1.8 are

similar to the FCGR material data summaries described previously.

Note that for a particular alloy, the data are separated by the

test variables of specimen orientation and environment which

are listed at the top of each page. Other test variables such

as condition/heat treatment, product form, stress ratio and

frequency are then listed for the data as noted. Typically, a

number of FCGR data summaries are produced to describe the effects

of specimen orientation and environments. Sor.ing on specimen

orientation is as shown in Table 1.3 and sorting on environment

is in the order described in Table 1.9. With these summary
"tables, it is possible to determine which condition/heat treatment

! • and product form give the lowest FCGR in a given environment

~ for a given specimen orientation. Discrepancies in data sets can

also be noted as well as a quick determination of how stress ratio

and frequency affect the data in a particular environment.

1.5 ALLOY FRACTURE TOUGHNESS SUBSECTION FORMATS

Within each alloy section following the alloy summaries

is the fracture toughness type data. Fracture toughness data

consists of plane strain data (KIc), plane stress and transitional
fracture toughness data (Kc), and resistance curve data (R-curves).

Each of these has a different and yet somewhat similar ordering

scheme which is particuarly suited to that type of data.

1.5.1 Plane Strain Fracture Toughiness

The format for the plane-strain fracture toughness

data is shown in Figure 1.9. This particular example is taken

from the stainless steel chapter for alloy AFC 77. The data are

sorted by condition/heat treatment, then product form, test

temperature, orientation and yield strength using the sorting

order identified in Table 1.3. All Kic data collected for these
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TABLE 1.9

ORDERING SCHEME FOR ENVIRONMENT

Dry Air
Low Humidity Air
Negative Temperatures/Air
00 F to Room Temperature
Room Temperature/Laboratory Air
Above Room Temperature/Air
Argon

High Humidity Air
JP-4 Fuel
Water Saturated JP-4 Fuel
Alternating JP-4 Fuel
Distilled Water
Nitrogen
Solvent Cleaning Solution
3.5% Nacl
Sump Tank Water
Simulated Sea Water
Salt Fog
Field Cleaning Solvent
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same parameters are put together with the mean and standard

deviation listed in a column near the right of the page. Product

thickness is listed after product form, but is not a sorting

parameter. Specimen dimensions including thickness, width and

crack length are also listed, but are not listed in any

particular order. The 2.5 (Kic/Oys) criterion value is included

for information purposes only. Two additional columns list the

date of the reference and the reference number so that an idea

of when the data were collected can be assessed, and where

additional information might be obtained should it be desired.

Reference numbers from the earlier handbook have been retained

and new data have been assigned a new reference number with the

first two digits signifying the organization or journal from

which the data was obtained. Table 1.10 lists the general format

for new reference numbers. The final column at the right hand

side of the page refers to the notes at the bottom and are used

to indicate out-of-range compositions, average data values, and
other identifying important features.

1.5.2 Plane Stress Fracture Toughness Data

The format for presenting plane stress fracture

toughness (Kc) data is presented in Figure 1.10. The sorting

format for the plane stress fracture toughness (Kc) data within

a particular alloy section is by condition, then buckling of

crack edges restrained, unrestrained, or unknown, and then by

product form, test temperature, specimen orientation, specimen

thickness and specimen width. Additionally, initial and final

crack lengths are given as a function of the total crack length

(2a) for center-cracked panel/specimens. Also, the onset and

maximum gross stress values are listed when available. The

fracture toughness parameters K and K are calculated asc ap
described in Chapter 2 and the individual as well as the mean and

standard deviation values are listed for both K and Ka. The
c app

final two columns present the date of the reference and the

reference number.
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TABLE 1. 10

REFERENCE NUMBERS FOR NEW DATA AND THE ORGANIZATIONS
OR JOURNALS ASSOCIATED WITH THESE DATA

1. ALxxx - Alcoa Laboratories - Alcoa Center, PA.

2. AMxxx - Airesearch Manufacturing - Los Angeles, CA.

3. BLxxx - Battelle Columbus Laboratories, Columbus, OH

4. BWxxx - Boeing Military Airplane Co., Wichita, KA

p 5. DAxxx - Douglas Aircraft - Long Beach, CA

6. EFMxx - Journal of Engineering Fracture Mechanics

7. FRxxx - Fairchild Republic - Farmingdale, N.Y.

8. GDxxx - General Dynamics - Fort Worth, TX

9. GExxx - General Electric - Evendale, OH

10. HDxxx - Westinghouse Hanford Development Lab., Richland, Wash.

11. LGxxx - Lockheed Georgia - Marietta, GA.

12. MAxxx - McDonnell Aircraft Co. - St. Louis, MO

13. MDxxx - McDonnell Douglas Astronautics Corp, Huntington Beach, CA.

0 14. MRxxx - Materials Research Laboratory - Glenwood, IL

15. NCxxx - Northrop Corporation - Hawthorne, CA

16. NLxxx - NASA Langley Research Center - Hampton, VA.

17. NRxxx - Naval Research Laboratories - Washington, DC.

18. PWxxx - Pratt & Whitney Aircraft Group - Government Products
Division - West Palm Beach Florida

19. RAxxx - Reynolds Metals Co. - Richmond, VA

20. RIxxx - Rockwell International - North American Division &

Shuttle Orbiter Div. - Los Angeles, CA.

21. UCxxx - University of Cincinnati - Cincinnati, OH

22. UDxxx - University of Dayton Research Institute, Dayton, OH

23. UMxxx - University of Missouri - Rolle, Missouri

24. WAxxx - Wright Aeronautical Laboratories- WPAFB, OH
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1.5.3 R-Curve Data

The format for resistance curve (R-Curve) data is

shown in Figure 1.11. The information listed at the top of the

page includes the material type, the alloy, the condition/heat

treatment, the product form, and the thickness if known, the

specimen type and orientation, the specimen dimensions, thickness

and width, the K value, if known, and the reference number.
c

Unless otherwise specified, the data were taken at room tempera-

ture in laboratory air environments. Only one specimen is

illustrated per figure, and the figures are sorted by alloy,

condition/heat treatment, test temperature and environment,

orientation and specimen thickness and width.

The resistance curve data are plotted on linear

scales; KR, the applied stress intensity, as a function of Laeff,
the change in effective crack length (see Chapter 2 for the

details associated with the calculation). There are two possible

scales for the data; (1) the vertical scale ranging from 0 to

120 Ksi /Vin. and horizontal scale ranging between 0.0 to 1.1

inches, and (2) the vertical scale ranging from 0.0 to 240

Ksi v'in. and the horizontal scale ranging between 0.0 and 3.3

inches. These two scales were chosen to accommodate all the data.

1.6 ALLOY SUBCRITICAL CRACK GROWTH SUBSECTION FORMATS

The subcritical crack growth data follow the fracture

toughness data within each alloy section. The subcritical crack

growth data includes: fatigue crack growth rate data, sustained

load crack growth rate data, and stress corrosion cracking

threshold data.

1.6.1 Fatigue Crack Growth Rate Data

The fatigue crack growth rate data are presented

in two complementary formats - a graphical format and a mean
trend tabular format. Figure 1.12 represents the graphical

format which was chosen to present fatigue crack growth rate
data. Basic information common to all data on a particular page

is listed at the top of the page in the header section. Below
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CONDITION/HT: T351 SPECIMEN THK: . 181"
FORM: . 19"TH SHEET SPECIMf N WIDTH: 11. 909"
SPECIMEN TYPE: CCP KE(KIlln):I
ORIENTATION: L-T REFERENCE. DAB0I

S120-

110

100 •

90 e

so -

70 -

A0- go 00

500

50 -

'N 0

bi. 30 -

. 10

00

00 0.1 02 03 0.4 05 00 0.7 08 09 10 1

CHANGE IN EFFECTIVE CRACK LENGTH - aA,,,f - (in)

Figure 1.11. Format for Resistance Curve (R-Curve) Data.
Example Taken from Figure 7.5.2.6, 2024
Aluminum Alloy.
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FREQUENCY: 1.0 HZ SPECIMEN WIDTH: 3.982- 4. 117" PH13-BMc
ENVIRONMENT: R. T.. H. H. A. REFERENCES:GDO09
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Figure 1.12. Graphical Format of the Fatigue Crack Growth
Rate Data; Example Taken from Figure 3.8.3.14
Based on Stainless Steel Alloy PHl3-8Mo Showing
Effect of Stress Ratio.
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the header section, there are four separate graphs on which the

data are plotted. Each graph contains only data taken under

identical conditions. Data are presented in each of the different

graphs to show trends in behavior. The data on a page may

describe the effects of one of three parameters: stress ratio,

temperature/environment, and frequency. In order to accommodate

these three variations, the header data at the top is slightly

varied and the parameter being varied (e.g. stress ratio) is

listed at the top of each of the active graphs as shown in

Figure 1.12.

The header information at the top includes the

material and alloy identifications listed in the small boxes in

the upper right hand corner of each page for ease in locating

the data. The condition/heat treatment is then listed at the

top of the header. Below this, test and material parameters are

AM listed in two columns; the first column listing the product form

and product thickness, specimen type, specimen orientation and

the two of the three parameters (i.e., stress ratio, test tempera-

ture/erivironinent, frequency) not being varied on that partiuclar

page. The second column lists the room temperature tensile yield

and ultimate strengths, the specimen dimensions of thickness and

width, and the reference numbers identifying the data source.

All data are plotted as fatigue crack growth rate

(da/dN) as a function of the range in the stress intensity

factor (AK). The graphs are equal sized log-log plots ranging

from 108 to 101 inches/cycle for the growth rates (i.e., seven

decades), and from ]. to 200 Ksi /n for values of AK. The

definition of AK according to ASTM Standard E647 was chosen for

data presentation throughout the handbook, i.e., AK = the maximum

stress-intensity factor if the stress ratio is negative (R <0).

For other details, see Chapter 2.
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English units, i.e., inches/cycle for growth rates

and Ksi /1h. for AK, are listed to the left and the bottom of

each page. Metric units, i.e., millimeters/cycle for growth rate

values and megapascales /m for AK, are listed at the too and
"right of each page.

By reviewing Figure 1.12, it can be noted that there

are two different data symbols utilized in each graph. The two

different symbols represent data from two different tests. Up
to twenty different tests can be acconunodatcd with the symbols

"defined in Table 1.11. Each graph, however, is restricted to

a maximum of 300 da/dN-AK points; if the amount of data greatly

exceeded these values, the data were separated onto two plots andH. the variable listed in each of the graphs is exactly the same.

Mean trend curves have been established for each data set and can

be seen going through the data on most of the graphs. The mean

trenC was developed using a cubic spline polynomial with the ability

to control some aspects of the curve fit. The method is described

in detail in Chapter 2. Fatigue crack growth rate data containing

less than eight data points are plotted but mean trend curves were -

not established for these data.

Fatigue crack growth rate data are sorted slightly

differently than fracture toughness data. Within a particular alloy,

S-,..• the data are sorted first by condition/heat treatment (using the

order discussed in Table 1.3) then by product form and thickness
with the order for product form defined as in Table 1.12. The

product form order was altered to keep the data on forged and

extruded bars near the data for forgings and extrusions, respec-

tively. The sort on product thickness after product form is by

increasing thickness. The next sort is by specimen orientation

using the order defined by Table 1.3 and is followed by a sort by

type of plot.

t•'•- 1 -32
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TABLE 1.11

LIST OF POSSIBLE SYMBOLS USED FOR EACH SPECIMEN
"IN THE GRAPHICAL PRESENTATION OF THE FATIGUE

CRACK GROWTH RATE DATA

Test Test
Order No. Symbol Order No. Symbol

1 0 11

2 C 12

3 13 z

4 ÷ 14

5 X 15 -

6 16

7 17

8 18

9 Z 19 *

10 y 20

TABLE 1.12

ALTERNATE PRODUCT FORM SORTING ORDER
FOR CRACK PROPAGATION DATA

Sheet
Plate
Bar
Billet
Disk
Extrusion
Extruded Bars
Forgings
Forged Bars
Rolled Bars
Round Bars
Castings
Weldments

S1-3-.
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In the final series of sorts, the data are ordered
so that all the pages where the data varies on stress ratio are

placed before the data that varies on test temperature/environment;

these data are placed before any data which varies on frequency.

When there are a number of stress ratio plots, within these data

sets, the data are sorted by test temperature/environment using

the order listed in Table 1.9. If there are a number of stress
ratio plots which also have the same test temperature/environment,

then the final sort is in order of decreasing frequency. Within

the group of test temperature/environment plots that follow

the stress ratio plots, Lhese are also sorted additionally by

increasing stress ratio then further by decreasing frequency if

necessary. Within the group of frequency plots, which follow

the temperature/environment plots, the data are further sub-

divided by incre&sing stress ratio and then by the test tempera-

ture/environment sort of Table 1.9 if necessary. The above

organizational scheme was established for easy comparison of
data and to define the effects that defined variables had on

crack growth rate. For other types of comparisons, it may be

necessary to search through a subsection to find all the data of
interest.

As stated earlier, in addition to the graphical

presentation there also exists a tabular format of the mean trend

values. This format is presented in Figure 1.13. The tabular

format and the graphical format will be presented side-by-side

in the handbook with the tabular format on the left and the

graphical format on the right. Figure 1.13 is the tabular format

of the data presented in Figure 1.12. Note that the Table and

Figure numbers are identical.

On examination of Figure 1.13, one can see that the

Table can be broken up into six sections. These sections are

identified as: (1) the header section, (2) the maximum AK-

da/dN values section, (3) the mean trend fatigue crack growth

rate values at the specified values of LK section, (4) the

maximum AK - da/dN values section, (5) the root mean square rer-

cent error (RMSPE) section, and (6) the life prediction ratio section.

1-34
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Section 1, the header section, does not include all

the header information that is listed on the graphical format.

Here only the material, alloy, condition/heat treatment and

environment (if it is a stress ratio plot) are listed. Beneath

the fatigue crack growth rate data header are the axes lables

AK (Delta K) and da/dN. The letters A, B, C, and D, under the

da/dN label, correspond to the same identifying letters on the

four plots on the graphical format. Below these letters are the

abbreviations of E for Environment, R for Stress Ratio, and

F for Frequency which identifies the variable for this particular

data set. Following these abbreviations are the values of the

variables for this data.

Section 2 lists the minimum AK values to the left

and the corresponding da/dN values in the appropriate column.

These points present the slowest crack growth rate on the mean

trend curves shown in Figure 1.12.

Section 3 lists the mean trend values. The AK values

are listed to the left and the da/dN values are listed for each

curve to the right in the appiopriate column. However, the AK

values are now fixed values and the growth rates in the columns

correspond to these AK values for the individual graphs.

There are 28 possible AK values ranging from 1 to 200 ksi /I-n;

the specific values utilized are 1.0, 1.3, 1.6, 2.0, 2.5, 3.0,

4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 13.0, 16.0, 20.0, 25.0,

30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0, 100.0, 130.0, 160.0,

and 200.0 Ksi viTi.

Note that in Figure 1.13 all 28 AK values are not

listed, only those in which there was a mean trend data available

for at least one of the graphs. This means that in this case

(Figure 1.12) all AK values less than 7.0 and greater than 60.0
Ksi liin. are not included since none of the curves had data

outside this range.
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]able 3.8.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
"OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE3.8.3.14 INDICATING EFFECT

OF STRESS RATIO
-------------------------------------------------------------

MATERIAL: STAINLESS STEEL PH13-SMO

CONDITION: HIO00
ENVIRONMENT: R. T. , H. H. A.

DELTA K DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN*41/2)

A B C D

R+O. 10 R=0. 30 R=+0. 50

A: 11.42 • .92e
DELTA K B: 9.13 " .466

MIN C: 6.87 • .299
D:

7.00 • .342
'VJ 8.00 : .468

",9.00 .625
10.0O0 • 543 1. 08.1.0

13.00 ' 1.09 2. 16 3.06
16.00: 2.57 4.48 5.84
20.00 : 6.71 9.37 11.6
25.00 : 15.3 19.2 24.3
30.00 " 26.6 34.6 47.9
35.00 " 38.7 58.0 91.9
40.00 : 52.4 92.8 174.
50.00 : 108. 215. 607.
60. 00 • 259.

A: 62. 14 : 303.
DELTA K B: 56. 12 : 339.

MAX C: 50.46 : 643.

ROOT MEAN SQUARE 33. 16 14. 35 12. 25
PERCENT ERROR

. -

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25 2 1 2
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0

IP7 I

Figure 1.13. Tabular Format for Fatigue Crack Growth Rate Data;
Tabular Data Corresponds to Graphical Data Shown
in Figure 1.12. Example Taken from Table 3.8.3.14,
PH 13-814o Stainless Steel Alloy.
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Section 4 identifies the maximum (highest) AK - da/dN
point on the mean trend curve in a manner similar to Section 2

which identified the lowest point on the curve.

Section 5, entitled "The Root Mean Square Percent

Error" (RMSPE), is basically a description of scatter about the

mean trend line; that is, a smaller value indicates a smaller

scatter than a larger one. The calculation of this value is

described in Chapter 2.

Section 6 presents life prediction information in

terms of life prediction ratios. The life prediction ratio

(LPR) is the number of cycles predicted (using the mean trend

curve) divided by the actual number of cycles taken from the
experimental crack length versus cycle data for a predefined

interval. The actual LPR values are not listed but the results

are summarized. The data summary is divided into five ranges,

O that is LPR's from: (1) 0.0-0.5, (2) 0.5-0.8, (3) 0.8-1.25,

(4) 1.25-2.0, and (5) above 2.0. The numeric values in the

columns across from the LPR range represents the number of

specimens that had LPR's in that particular range. Because some

data were received in reduced form only, i.e., (AK, da/dN) only, not

all of the test specimens shown on the graphs will have LPR's,

i.e., raw crack length versus cycle count data was not available
for comparison. The LPR's generally were found to be in the

center range, indicating an adequate mean trend fit of the data.

For threshold type tests and for tests in which the loads were

varied frequently through the test, LPR's tended to be outside

this range.

1.6.2 Sustained Load Crack Growth Rate

The sustained load crack growth rate data are
presented subsequent to the fatigue crack growth rate data and

are plotted on log-log plots in a manner similar to the FCGR data

(See Figure 1.14). Tabular mean trend formats are also presented

"where sufficient data exists (See Figure 1.15). The data are

1-37

i,



CONDITION/HT: AUSTENITIZED AT 2610F. QUENCHED Z TEMPERED AT 81S3F STAo IN.
FORM: 0. 0U"TH SHEET SPECIMEN THK: STEEL
SPECIMEN TYPE: SPECIMEN WIDTH:
ORIENTATION: CRACK LENGTH (Ao):
YIELD STRENGTH: KAsFc:
ULT. STRENGTH: REFERENCES:85544 A,, 77

K max (MPA Vl/m) K max (MPA Vm
% 4 10 40 100 4 10 40 100

10z :__ 10• - _0,-- III I '' ' 10I' -W:WATER ENVIRONMENT:
10-- _1 100

10' 10'10' i. '
0101 102

0100 100
10lo 10

E
lo,, 10-'

V100 10o

10-' 10--

10-- 10-.

10-' 10-a

1010 1 00i 4 L0L40_10

E~ .NVIRONMENT. 10' ENVIRONMENT: 10'4

10 - 1002 -. = 0

103 103

10' 10'

102 10'

100 - -- 0

100 101
10- 10' 10,

100 100
e4

40 10-2
10-' 10-'

- 10-3 10-"
""t.. 10-2 10-40,10- __ 10-4

10'-I 4 1 01 40 100,,I 10"' I ~ ll ......I...I lA.L --

4 10 40 100 1 4 10 40 100
Kmax (KSI %v'n) Kmax (KSI v.s)

Figure 3.2.3.1

Figure 1.14. Graphical Format for Sustained Load Crack Growth Rate
Data. Example Taken from Figure 3.2.3.1, AFC 77 Alloy
Stainless Steel.
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TABLE 3.2.3.1

S'J-TAINED CRACK CGOWTH HATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DAIA kSSOCIATED WITH FIGURE 3.2.3.1 INDICATING EFFECT

OF ENVfRONMENT

-MATERIAL:STAINLESS STEEL AFC 77
CONDITION: AUSTEN.ITIZED AT 2010F, QUENCHED & TEMPERED AT 810F

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN*ih/2) v

A B C D

E-

DISTILLED WATER

A: 20.00 1.01
K MAX B:

MIN C:
D:

25.00 '. b5
30.00 P.6735.00 3.21

40.00 17, 5

A 47. 00 5213.
K MAX B:

MAX C:
D:

ROOT MEAN SQUARE 62. 42
PERCENT ERPrOR

Figure 1.15. Tabular Format of Sustained Load Crack Growth Rate
Data. Example Taken from Table 3.2.3.1, AFC 77
Stainless Steel Alloy.
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plotted to present time based crack growth rate as a function of
* "maximum stress-intensity factors on pages with header sections

and four graphs of equal size with both English and Metric units

lining the sides. Again, the header information includes the

material and the alloy in the small boxes in the upper right

hand corner of the pages. The condition/heat treatment is

listed at the very top and the rest of the parameters are listed

"in two columns beneath the condition. The first column contains

the parameters of form, form thickness, specimen type, specimen

orientation, and test temperature/environment, while the

second column contains the tensile yield strength, specimen

thickness and width, initial crack length (ao),stress corrosion
cracking threshold values, KIscc, and the reference numbers. As

before, there are also three variations on these plots, that is,
variations on form and form thickness, tensile yield strength,
and test temperature/environment. There are also some data sets

"in which condition/heat treatment for a given alloy is varied; these
"variations were manually designated on the plots. In addition to the

three basic plot variations noted, the sustained load crack growth

rate data have two possible growth rate axes. In order to accommo-
"date the data, the two sets of axes chosen were 106 to 0 inches/hr1

and 10- to 10 inches/hour (English units). Both have maximum
stress-intensity values that range from 1 to 200 Ksi v37iT.

Some of these data also have mean trend curves and

mean trend tables associated with them. The mean trend tables
are again presented directly opposite to the graphical

presentation of the data,similar to that done for the fatigue

crack growth rate data. Figure 1.15 is the tabular format of the
data in Figure 1.14. The format of this table is similar to

the fatigue crack growth rate data, so little further explanation
is warranted. All of these data were received in reduced form,

and therefore, no LPR's are given; due to the nature of the data,

the values of the RMSPE are usually larger than foi the FCGR data.
Additionally, mean trend curves representative of the data were
not always created; for these cases, no mea±n trend curve or table

is presented.

. -- 10



1.6.3 Stress Corrosion Cracking Threshold

Following the sustained load crack growth rate data

is the tabular stress corrosion cracking threshold data. An

example of this data format is presented in Figure 1.16, which

is similar to the fracture toughne,. data format. The material,

alloy and data type are listed at the top of the sheet. To the

left, the condition/heat treatment is listed, then product form,

product thickness, test temperature, specimen orientation, yield

strength, and environment. Following these parameters are the

specimen thickness, width and design as well as crack length,

fracture toughness, Kiscc individual values, mean values, standard
Isc

deviations, test times, dates and reference numbers.

The data are sorted according to (material, alloy)

condition/heat treatment, product form, test temperature, specimen

orientation and environment. The order of the sorts are identified

in Table 1.3 except for environment which is sorted by the utility

sort, i.e., by a sort similar to that for alloy and condition/

heat treatment.

The fracture toughness values presented, K(Q), only

indicate the level of crack toughness of the material; these

values were obtained from the threshold tests and are not valid

plane-strain fracture toughness values. The K(Q) values, however,

should provide an engineer with an indication of stress-corrosion

cracking sensitivity relative to fracture.

In the Ki scc tabular data, there are two columns

in which asterisks (*) may appear; the column on specimen design

and the column on Kiscc. All asterisks that appear in the specimen

design column indicate that the specimen has been side-grooved

along the path of the crack; note (* = SG) at the top of the column.

The asterisks that appear in the K column behind the individualIscc
K values indicate that the crack length and/or specimenIscc2
thickness were not greater than 2.5 (KISCC /o ys) , as noted at the

bottom of the page.
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Greater than (>) and less than () signs before

the Kiscc value indicates that the actual value is either

qreater than or less than the value stated, respectively. Data

containing these signs were considered to be informative since

little data exists and so were included; however, the data were

not considered definitive and so were excluded from mean and

standard deviation values.

1o
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CHAPTER 2

METHODS OF CALCULATIONS

"- '-• 2.0 OVERVIEW

This chapter briefly describes the methods used to calculate
the damnage tolerant properties reported in the Handbook. The

properties reported for characterizing fracture resistance

include:

* Kic, the plane-strain fracture toughness

9 KC, the critical plane-stress (or transitional)
fracture toughness

* KApp, the apparent plane-stress fracture toughness

0 KR, the tearing resistance

and, the properties reported for characterizing subcritical crack

growth resistance include:

da
0 ! ,the constant amplitude fatigue crack growth rate

dN
da

* ,the sustained-load crack growth rate

0 Kiscc, the threshold for sustained load cracking

Sections 2.1 through 2.7 describe these properties and the specific
methods of calculations utilized to convert laboratory (specimen)

data into the properties reported.

2.0.1 Data Review and Acceptance Criteria

Newly acquired data and data available from previous

revisions of the Handbook were systematically reviewed and analyzed.
The principal data acceptance criteria were based on criteria
established by the American Society for Testing and Materials (ASTM);
these criteria are embedded within ASTM standards for test methods
and practices. Table 2.1 lists those standards used to provide

criteria for plane-strain fracture toughness (Kic) data,for R-curve

data, and for fatigue crack growth rate (da/dN) data. ASTM literature
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TABLE 2.1

APPLICABLE LIST OF STANDARDS FOUND IN PART 10,
THE ASTM BOOK OF STANDARDS (1982)

ASTM STD TITLE

E616-81 Standard Terminology Relating to
Fracture Testing

E399-81 Test Method for Plane-Strain Fracture
Toughness of Metallic Materials

E561-81 Practice for R-Curve Determination

E647-81 Test Method for Constant-Toad-Amplitude
Fatigue Crack Growth Rates Above 10-8
m/Cycle
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was also reviewed to establish criteria based on typical engineering

".. practice for the other types of data collected and reported.

Newly acquired data was substantially easier to

process than the data available from previous revisions since the

data suppliers screened their data according to ASTM criteria

before it was released to the data processing organization (UDRI).

Also, when questions concerning newly acquired data developed,

the suppliers could be called and the questions resolved.

For the case of previously available Handbook data,

it was necessary to systematically review the data employing a

multi-step process. First, the computer compatible input data

(computer cards) supplied to UDRI by MCIC were compared to the

data reported in the 1975 revision of the Handbook. When discre-

pancies between variables (such as stress ratio, frequency,

specimen direction, etc) were found, they were marked with an

asterisk on the card image data so that the differences could be

investirated further. One means of settling the discrepancy was

throt.un use of the second step in the process whereby the data

•Ui were compared to the original reference. Since the data on the

computer cards listed the specimen identification number, the

original data was normally found with relative ease and comparisons

made. Every attempt was made to consult the original references

and verify the accuracy of these available data. As with newly

acquired data, available data were also reviewed relative to

applicable ASTM criteria prior to being identified as candidate

data for the 1983 revision.

The final step in the review process was the deter-

mination of whether the data were a "true" representation of the

behavior they described. This step was implemented for both newly

acquired data as well as for the available Handbook data in order

to eliminate suspect data through subjective criteria. Unfortundce.y,

it is not possible to detail the subjective criteria that were

employed to exclude questionable data. It can be stated that the

principal mode of operation here was by way of comparison between

behaviors that were expected to be somewhat si.ilar.

2-3
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2.0.2 Fracture Mechanics Basis

The damage tolerant data reported in this Handbook

utilize the technology of linear elastic fracture mechanics.

This technology i3 widely applied throughout the aerospace industry

to relate structural calculations for cracked structures to material

behavior in the presence of cracks. In essence,

fracture mechanics provides a structural parameter, the stress-

intensity factor (symbol K) which characterizes the magnitude of

stresses and strains in the crack tip region of essentially

elastic structures. It was postulated that the stress-intensityU factor represents a similitude parameter that describes crack tip

behavior under various loading conditions (monotonically increasing

load, fatigue loading, etc.); the hypothesis has been verified for

a wide number of materials, loading conditions, and failure type

mechanisms. For a more thorough review of linear elastic fracture

mechanics and its applications to the aerospace industry, see

AFWAL-TR-82-3073, USAF Damage Tolerant Design Handbook: Guidelines

for the Analysis and Design of Damage Tolerant Aircraft Structures.

Currently, there are developments that are extending

the technology of fracture mechanics to aid in the solution of

crack problems for which the assumptions of linear elastic fracture

mechanics are invalid. This technology is referred to as nonlinear

fracture mechanics and its similitude parameter is the J-integral

(J), or alternately the crack tip opening displacement (6). To

date, nonlinear fracture mechanics has been successfully utilized

to characterize tearing type fractures and fractures occurring

in the presence of large-scale yielding. Some evidence has been

presented suggesting that J may provide a similitude parameter for

non-monotonically increasing type loadings, i.e., for fatigue

loadings; but, questions still exist here. It is expected that

subsequent revisions of this Handbook will include nonlinear

fracture xechanics tyre data such as JIc' a plane-strain fracture

toughness property, and JR-curves, (tearing resistance curves).
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2.0.3 Test Specimen Geometries

As described above, the stress-intensity factor

provides a parameter that can be used to establish similitude

between two cracked structures. This means that if the stress-

intensity factor in structure no. 1 equals the stress-intensity

factor in structure no. 2 and if other conditions (loading, material,

environment, etc) are the same, then the cracks in both structures

will behave the same way. This concept provides the justification

for conducting material behavior studies on small laboratory test

specimens (coupons) which contain cracks. If the resistance to

cracking in the laboratory can be optimized by a choice of material,

then improved resistance can also be obtained for structural

hardware (given that the material can be fabricated into the hard-

ware without processing degradation taking place).

The types of test specimen geometries that have been
employed to generate damage tolerance (fracture mechanics) type
data for this Handbook are summarized in Table 2.2. Table 2.2 also

guides the reader to individual figures (rigures 2.1 through 2.14)

which describe the geometries associated with individual specii •n

names and symbols.

To relate the crack type data collected in a cracked

test specimen to other cracked structures, it is necessary to have

a description of the stress-intensity factor (K) as a function of

crack length (a) for the test specimen geometry. Over the last

fifteen years, a great deal of attention has been given to

generating accurate stress-intensity factor equations for labora-

tory test specimen geometries, due to their importance to standard

methods of test and to reporting data. The stress-intensity factor

equations are typically presented in either of the following two

forms:
K = o/a ./ 3

where a = remote stress (load : area) (2.1)

a = crack length measure

- •= function of crack length and global geometry

2-5
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K-- P Y (2.2)

"p4,. where P = load

B = thickness of specimen

W = width of specimen

Y = function of crack length (a)
and global geometry

Equation 2.1 is used when the loading is applied remotely from the

crack, whereas Equation 2.2 is more typically used for point

loading or localized loading conditions. One should note that K is

a linear function of loading (a in Equation 2.1 and P in Equation

2.2)and that the loading and geometric components of the equations

are independent of each other. Thus, if one wishes to describe a

stress-intensity factor relationship for a given geometry, they
0A.

P '.44 might formulate the equations in the following forms:

a (2.3)

or

K Y (2.4)
P

BW½

Equations 2.3 and 2.4 are referred to as stress-intensity factor

coefficients; the right hand side of these equations only describes

"the effect of the crack in the given geometry.

Table 2.3 provides a listing of stress-intensity

factor coefficients which were used to generate data for this

.-, Handbook. Each equation is given a stress-intensity factor equation

number, e.g. SIF.7 refers to the stress-intensity factor coefficient

for the WOL (Wedge Opening Load) specimen geometry illustrated in

Figure 2.6. Also note that Table 2.3 has a remarks section which

describes the conditions under which individual equations were

used.
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TABLE 2.2

CORRELATION LISTING OF TEST SPECIMEN SXMBOL,
TEST SPECIMEN GEOMETRY, AND REFERENCE FIGURE NUMBER

GEOMETRY DESCRIBED
SYMBOL TEST SPECIMEN IN FIGURE NUMBER

CcP Center Crack Panel 2.1

CT Compact (Tension) 2.2

NB Three Point Notched Bend 2.3

4-NB Four Point Notched Bend 2.4

CANT Cantilever Beam 2.5

WOL Wedge Opening Load 2.6

BWOL Bolt Loaded WOL 2.7

SENT Single Edge Notch Tension 2.8

PTSC Part-Through Surface Crack 2.9

KB-BAR KB BAR 2.10
kB

DCB Double Cantilever Beam 2.11

BDCB Bolt Loaded DCB 2.12

TDCB Tapered Double Cantilever Beam 2.13

"CNT Center Notch Tension 2.14

4.~
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4.
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Figure 2.1. CentrmCackedPnelo (CCP) Specimen.
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MOMiENT M -±t N"OTC. AND LOAD POINT TO BE LOCATED CENTRALLY
4 VAT" RESPECT TO VAN 1SJ BETWEEN SULPORTS

Figure 2.3. Three Point Notched Bend (NB) Specimen.
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Figure 2.4. Four Point Notched Bend (4-NB) Specimen.

5 5W

.-..-- O2I

20-

.,MOMENT M Lii

Figure 2.5. Cantilever Beam (CANT) Specimen.
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"200 H20 = 0.485
32100 50 5 I0

II.

0767 2 5O 00020

0 I 1 703
240 1

2 C960Isle. 2.980

o0:875

07 O 2480 0003 max Radius Notch Depth

0T-WOL 0 003 max Radius Notch 2T-WOL Extended 0250 by Fatigue
Depth Extended 0 25 by
Fatigue Cracking

Note.

All Dimensions are in Inches.
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Figure 2.6. Dimensions of Several T Type Wedge Opening
Load (WOL) Specimens.
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Detail
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"v3 crack opening displacement (COO) for a
rigid bolt

Figure 2.7 Modified 1-T WOL (BWOL) Specimen Used to
Determine KIscc by Bolt Loading.

HOLE CENIEALINE MUST COINCIDE WITH SCIMEN CENT(ALINE WITHIN 0 -• IN

Figure 2.8. Single Edge Notch Tensile (SENT) Specimen.
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Figure 2.9. Typical Design for Part-Through-Surface-Crack
(PTSC) Specimen.

2-il

,tI .'%.. . . . . . . , 
'. 

. . • - * • " ° •~ * " " " " .~.. . ,



5.0

1.5 0.25

I .OJ7i -QOL60S IA .1.
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ALL DIMENSIONS IN INCHES

0.01

0.004)

STARTER NOTCH DETAIL

Figure 2.10. KB Bar (KB-BAR) Specimen.
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Figure 2.11. Double Cantilever Beam (DCB) Specimen with
Side Grooves.
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Figure 2.12. Bolt-Loaded Double Cantilever Beam (BDCB) Specimen.

: o 2I.I

"• •- Side grooves

Figure 2.13. Typical Tapered Double Cantilever Beam (TDCB)
Specimen with Side Grooves.
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4W/3 1-•4w/3 - 1

*..4 ICenter crack

Figure 2.14. Center-Notch Tensile (CNT) Specimen.
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2.1 PLANE-STRAIN FRACTURE TOUGHNESS (K

Ic

The plane-strain fracture toughness (KIc) property was

initially established to characterize the fracture resistance of

materials that exhibited rather abrupt fractures in the presence

of cracks. Early observations showed that thickness had a

pronounced effect on the critical levels of stress-intensity

factor associated with fracture; a schematic illustrating this

behavior is presented in Figure 2.15. As noted in the schematic,

for thicknesses greater than the experimentally determined lower-

bound, the critical stress-intensity factor level was found to be

relatively constant.

The reasons for the independence of toughness with

further increases in thickness were related to the amount and

type of yielding which could occur at the crack tip under what

has been referrtd to as plane-strain conditions. Because the

thickness-independent toughness property was useful for comparing

a large variety of metals for fracture resistance, ASTM (American

Society for Testing and Materials) embarked on a standardization

effort that eventually resulted in the ASTM Standard Test Method

for plane-strain fracture toughness of metallic materials, i.e.,

in the ASTM Standard E399.

The ASTM Standard E399 is the current procedure for

detexr. n'A critical plane-strain stress intensity factors

(K_ v..Ljes) for high-strength alloys. From the method of test,1c

"The property K determined by this method characterizes the
Ic

resistance of a material to fracture in a neutral environment in

the presence of a sharp crack under severe tensile constraint,

such that the state of stress near the crack front approaches

tritensile plane-strain, and the crack-tip plastic region is

small compared with the crack size and specimen dimensions in the

constraint direction."

Assuming that plane-strain conditions are approximated

wien unstable cracking occurs at the crack front during a KIc

test, the critical stress intensity factor calculated from the

2-18
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Figure 2.15. Fracture Toughness Behavior as a
"Function of Thickness.
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test data is characteristic of the material of the specimen at ...

the testing temperature and for the specific crack growth

direction. Since the properties vary somewhat from specimen to

specimen in one plate or in one heat, and from heat to heat of a

given alloy type with the same heat treatment, the measured KIcII
values for several heats will show some degree of scattering in

the data. Usually, the extent of scattering is greater than that

for replicate tensile tests. For this reason, a relatively

large number of data points would be required to establish

minimum design values for any of the fracture mechanics parameters.

To minimize the scatter in data, maximum effort is required in

controlling the processing, preparation, and testing of each

specimen. These precautions are discussed in the Method of Test

(ASTM E399).

The ASTM E399 procedure indicates that calculated K values

be designated KQ., which is a provisional value. When the

validity of the results is established by the procedures

designated in the Method of Test, then the KQ value can be iden-

tified as a valid Kic value. Some of the primary criteria for

judging the validity of K Ic values are based on crack length and
specimen thickness conditions. The test data must demonstrate

that sufficient constraint was dvailable to justify the plane-

strain assumptions. The other requirements for validity of the

K values involve measurements of the length of the fatigue
Ic

crack, contour of the crack front, out-of-plane deviation of the

fatigue crack, maximum stress intensity resulting from the fatigue

cracking load, and details of the load-deformation curves.

All newly acquired plane-strain fracture toughness (Kic)

data incorporated in the 1983 Handbook revision were generated

using the ASTM Standard E399. These newly acquired data were

generated using the CT specimen geometry (See Figure 2.2). All

suppliers of new K Ic data provided only E399 validated K Ic data

in a reduced format which facilitated direct incorporation into

2-20
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the Handbook. Data incorporated in earlier revisions for the

most part utilized ASTM Standard E399 or the predecessor

tentative method for plane-strain fracture toughness testing;

and Efter review, these data were also included into the 1983

revision. In some instances, nonstandard specimens were used

for generating critical plane-strain stress-intensity factors in

the earlier revisions. Some of these data were incorporated in

the 1983 revision on the basis that a reasonable procedure was

used and that corresponding data from other sources were limited

"for the alloys concerned. All data were checked against the

criteria for specimen thickness (B) and crack length (a), i.e.,

, B, a > 2.5 (Kic /ys)2 where Oys is the tensile yield strength.

•,%
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2.2 CRITICAL PLANE STRESS FRACTURE TOUGHNESS

2.2.1 Plane Stress and Transitional Fracture Toughness

The critical level of the stress-intensity factor

for non-plane-strain conditions is normally described with the

symbol Kc, see Figure 2.15, and is referred to as the plane-stress

or transitional fracture toughness. Generally, plane-stress

fracture-toughness testing is representative only of through-the-

thickness cracks in relatively thin section materials. For a

given material thickness, this configuration has the least lateral

restraint on the crack front and, hence, approaches most closely

the ideal plane-stress stress state conditions at the crack tip.

As the material thickness increases, transitional stress state

behavior is introduced by the restraint of additional material

along the crack front. In contrast to that in plane-strain

fracture-toughness testing, the characterization of fracture

toughness in the plane-stress and transitional-stress states is

complicated by the degree to which crack tip plasticity and

associated stable crack extension are manifested prior to fracture.

Although an explicit test method for this mode of toughness has

not been formulated, there are a number of useful experimental

guidelines which have been developed.

As background information, the nature of plane-stress
and transitional fracture toughness is described here in terms of
its deviation from that of the plane-strain stress state. Current

procedures for this mode of testing and the associated analytical

formulations of toughness then are presented.

The difficulties that beset the characterization of

plane scress and transitional fracture are not only of a theoretical

nature, but also of a practical experimental nature. Basic

questions on the nature of plasticity, crack extension, and crack

instability, as well as the wide variation in experimental

techniques among laboratories all contribute to variability in the

resulting fracture toughness evaluations. However, in spite of

these difficulties, surprisingly consistent charcterizations of

fracture behavior can be obtained.
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During the fracture test of a structural material in

a plane-stress or transitional-stress state, stable extension of

the initial fatigue precrack may occur as the load increases. This

behavior is illustrated schematically in the crack growth curve

"of Figure 2.16. Depending on the material, stable crack extension

may amount to 30 percent or more of the initial precrack length.

Once it is realized that fracture under these condi-

tions is not an abrupt instability instantaneously associated

with a small increment of crack extension, it must also be recognized

that a single toughness parameter is not sufficient to characterize

this complex behavior. In fact, the concept of crack growth

resistance curves (see Section 2.4) is an outgrowth of these

observations and best describes the material behavior. However,

as a means of characterizing fracture behavior in plane-stress and

transitional stress state, engineers have traditionally utilized

abrupt fracture concepts, i.e., have used critical stress-intensity

factor levels, to describe various ev-nts associated with the

0 •observed behavior.

2.2.2 Plane Stress and Transitional Fracture
Toughness Testing

The procedures associated with testing thin-section

center-cracked tension panels differ from those associated with

plane-strain fracture toughness testing only in the additional

emphasis and refin'ment that is directed to monitoring the slow,

stable tear portion of the fracture process.

The general testing configuration is illustrated

schematically in Figure 2.17. The specimen with an initial fatigue

precrack, 2ao, is loaded slowly under load or stroke control. The

onset and extension of crack growth under increasing load is usuall1

monitored photographically, visually, or by means of compliance

gage calibration until fracture occurs.

Although, as previously mentioned, more attention is

.ý currently being directed to monitoring the detail stress and crack

leihgth dimensions during the slow tear process, the preponderance

"2-23



St ress (

A

W IMW~ stress 0 + Fracture

Stress at OnSet of
crFck 

2pxaGsionw 

BCrack SrstenSaon
during laing, ;

MW•Crock Length
2a 2a

0 C

Iti l I fa igu p ait Ci tia rcStress and Transitional Stress States.

NO.•

N-P

•2 a•

0 I I I

Figure 2.17. Thin-Section, Center-Cracked Tension

Panel Configuration.

2-24



of available test data is limited to a record of a°o 2ao Gc

. and 2 ac, as indicated in Figure 2.16. It is this information

which is compiled and analyzed in this Handbook.

2.2.3 Critical Stress-Intensity Factor (K

There are two clearly identified points that can be

noted on the crack growth resistance curve shown in Figure 2.16,

i.e. points 0 and C which are associated with the onset of tearing

and critical conditions, respectively. Using a linear elastic

fracture mechanics analysis, these two structural conditions can

be formulated as

7ra 1l/2
ONSET (2.5)

and

"(Sec" Ta 1/2
K = 1 c Sc (2.6)c c-"c -

CP using the stress-intensity factor information given in Table 2.3,

i.e. Equation SIF i. As requested by industry engineers, available

test information (a0 , 2a0 , c, 2a c) were reported in the plane

stress and transitional fracture toughness tables along with a

calculation of the critical fracture toughness level based on

Equation 2.6. While stress and crack length information was

sometimes available for a calculation of the onset fracture

toughness (Equation 2.5), insufficient space in the table precluded

reporting this toughness.

Plane stress and transitional fracture behavior

absorb much more energy than plane-strain behavior due to the

lack of thickness constraint on crack tip plasticity is also

insufficient, and the assumption, of linear elastic fracture

mechanics are violated. The in-plane geometric constraint on

crack tip plasticity is required to ensure that gross plasticity

ir not the controlling mechanisms of fracture. Extensive study

.2-2
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has indicated that the condition for CCP specimen instability for

ductile materials is given by a net section stress criteria and not

by a fracture (crack) controlled instability criteria. while the

fracture toughness values for all plane strain type tests are

reported, those values calculated for stress conditions where the

net section stress (anet = Load/(W-2ac) exceeds 80 percent of the

tensile yield strength are marked with an asterisk. Asterisked

values are not utilized in any mean or standard deviation calcula-

tions summarizing plane-stress fracture critical properties.

2.3 THE APPARENT FRACTURE TOUGHNESS

The apparent fracture toughness (KApp) is a plane stress and

transitional fracture toughness property that is sometimes utilized

as a lower bound on the critical fracture toughness. Its initial

purpose was to preclude measurements of the tearing process observed

during fracture tests of CCP specimens. As noted in Figures 2.17,

and 2.16, the initial crack length (2a 0 ) extends during the loading

to the critical crack length ( 2 ac). The two simplest measurements

to make in such a fracture test are those of the initial crack

length (2ao) and critical (maximum) stress at failure (ac). Thus,

for simplicity, a KApp fracture toughness calculation was made

using

KApp -
5c /'7ao (sec W (2.7)

Equation 2.7 represents the stress-intensity factor corresponding

to the stress and crack length condition at point "A" in Figure

2.16. It can be noted by comparing Equations 2.6 and 2.7 that KApp
% Also, K~p

will always be less than or equal to Kc since a°< a. cKApp

will always be greater than or equal to K ONSET since o° _ c

A comparison of the apparent fracture toughness with the onset and

critical fracture toughness is shown in Figure 2.18 for a wide

ce; er cracked panel (CCP) specimen.

v-.
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When the net section stress (Onet a Load/(W-2ao)) exceeds 80 percent

of the tensile yield strength, the KApp values are marked with an

asterisk. The asterisked values are not utilized in any mean or

standard deviation calculations summarizing plane-stress apparent

fracture toughness properties.

2.4 R-CURVE (KR VERSUS Aaeff)

The resistance curve (or R-curve) provides a complete

description of the tearing fracture behavior illustrated in

Figure 2.16. R-curves characterize the resistance to fracture of

materials during incremental slow-stable crack extension and result

from growth of the plastic zone as the crack extends. ASTM
recently formalized the collection and reporting of such curves

through a new standard, ASTM Standard E561, covering the standard

practice for R-Curve Determination. As stated by ASTM E561:

"An R-curve is a continuous record of toughness development in terms

f KR plotted against crack extension in the material as a crack is
driven under continuously increased stress-intensity factor, K)."

The value of KR (toughness) is calculated using standard

stress-intensity factor equations evaluated with the instantaneous

values of applied stress (a) and crack length (a) , as the crack

extends. '7 account for the effects of plasticity, the measured

crack lehnatn is enhanced with a plastic zone correction, and an

effective crack length (aeff) is actually used in the calculation

of FR_ For ecr.ple, when a CCP specimen is used to collect tear-

1iz resistance tata, the K is calculated based on the standard
SsLr~iss-intensity factor equation (SIF.l) given in Table 2.3.

aef f (28~ K? = eff (Sec We ) 2 (2.8)

ý4W

where and. ;ff a r tie current stress And effective crack length

-E'asuz ments in tht teat. The effective crack length for optical

m.asu ements is oalcsated from

a + r (2.9)
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where a is the optically measured crack length and

_ 1 K )2
ry 2= 2 (2.10)

ys

the plastic zone size for the current applied stress and crack

length. If the crack length is automatically monitored by compli-

ance techniques, then the effective crack length is automaticzlly

obtained using the two compliance equations presented in ASTM
E561.

The KR value cdlculated from Equation 2.8 can be described

as a function of the increment of physical crack extension

(Aa = a - a0 , ao = initial crack length) or as suggested by
0

ASTM 561 as a function of the increment of effective crack length

(•aeff = (a + ry) -a 0 ). The functions KR versus Aa and KR

versus Aaff are referred to as R-curves (or resistance curves).

Data presented in this handbook correspond to the use of the

. • ASTM E561 definition of R-curves, i.e. KR is presented as a function

of Aaeff.

One of the fundamental hypotheses behind the application

of R-curves to the prediction of tearing type fractures in thin

structures and in structures fabricated from ductile materials is
that the R-curve (material tearing resistance) is independent of

crack length for a given geometry and is independent of geometry

and external loading. As long as the structure matches the

monotonically increasing stress-intensity factor conditions given

by the R-curve, the structure will exhibit the same tearing

resistance experienced in the laboratory test specimen. The

Damage Tolerant Guidelines Handbook (AFWAL-TR-82-3073) describes
how the R-curve can be applied to the calculation of critical

stress levels in structures.

F.

"2-29



2.5 FATIGUE CRACK GROWTH RATE

2.5.1 Fatigue Crack Growth Behavior

Under some loading conditions or environmental

conditions, cracks can grow at load levels well below that

required to cause fracture. As the crack continues to grow,

conditions become more favorable for fracture, and eventually

under the applied loading fracture does occur. This process
whereby cracks are observed to grow at subcritical load levels is

referred to as subcritical crack growth. Illustrated in Figure 2.19

is a fatigue crack growth curve, which shows the type of behavior

typically observed during a specific subcritical crack growth

process; in this case, damage is done to the material by cyclic

(or fatigue ) loading. This section addresses properties used to

measure fatigue crack growth behavior and Sections 2.6 and 2.7
address properties dsed to characterize sustained load cracking

in an environment.

The objective of fatigue crack growth testing is to
determine the rates at which subcritical flaws propagate under cyclic •''

loadings prior to reaching a size critical for fracture. These

rates are determined from measurements of the crack extension
occurring over an increment of cyclic loading. Typically, those

measurements are made by monitoring crack extension optically on

the specimen surface during the test. From the basic crack length

and cycle count data, the fatigue-crack growth rate is determined

as the quotiert of the incremental crack growth divided by the

incremental cycle count, i.e., Za/ AN or da/dN, the slope of the

crack growth (life) curve.

The crack growth rate measures the resistance of

the material to the applied loading conditions. The similitude

parameter that allows data to be trinsferred from one cracked

""eometry to another is the range in siruss-intensity factor (.'K).

The AK parameter is the difference bet':een the maximum and minimum

' stress-intenisity factuLs (K and Fn LUSpectively) for a cycle

of loading. The property of fatiiiue crcck growth rate is described

throughout this HIandbuoYk as d function of K.
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2.5.2 Data Acceptance Criteria

In general, similar specimen configurations are used
for fatigue-crack-growth testing as are used for other types of
damage tolerant tests. The applied loads are reduced in magnitude

and are cyclic in nature for studies of crack extension under
fatigue loading conditions, and the experimental methods are

extensions of the fracture testing procedures previously described.

Instead of applying either a rising or sustained load to fracture

the specimen, a constant amplitude cyclic load is applied to initiate

and grow the crack over a significant portion of the specimen
width. ASTM recently published a standard testing method, i.e.,

ASTM E647, which covers the collection and reporting of fatigue

crack growth rate data. Most of fatigue crack growth rate data

reported in the handbook were collected and reduced utilizing

the guidelines and methods described by ASTM E647. For CCP

and CT specimen geometries, the ASTM Standard describes 11
explicit criteria for validating the data; these criteria are
summarized in Table 2.4. If data were noted to fail only one or

two of the recommended criteria and provided a realistic repre-
sentation of the growth rate behavior, they were incorporated into

the handbook. Note is made in the handbook database of da/dN data

that failed to meet the ASTM criteria listed in Table 2.4.

2.5.3 Data Reduction Procedures

Data reduction of crack growth rate from the crack

length versus cycle count data was by one of two methods. The

secant method was chosen when there were seven or less crack length

versus cycle count measurements. A five point polynomial movable

strip method was used for data with more than seven crack length
versus cycle count measurements. This proceŽdure was similar to

the seven point method recommended in the ASTM standard; the five

point method was chosen to provide additional data points at the

extremes of growth rate range.
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TABLE 2.4

CRITERIA CHECKS FOR FATIGUE CRACK GROWTH RATE DATA

Criteria ASTM E647 Specimen

No. Paragraph Type Criterion

"1 7.1.3.1 CT -- < B < W/4

7.1.3.2 CCP B < W/8

2 Figure 1 CT W > 1.00"

CCP None

3 8.6.3 CT and CCP If B/W > 0.15 need front and back crack
lengths.

4 7.1.1 CT aN > 0.2W

7.1. 2 CCP None

5 8.3 CT and CCP a, > 0.1B or h, whichever is greater

"6 8.6.4 CT and CCP (Front Crack Length-Back Crack Length)
< 0.025 W or 0.25 B, whichever is less.

7 8.6.2.1 CT if 0.25 < a/W < 0.60 then Aa < 0.02 W
a/W >-0.60 then La < 0.01W

8.6.2.2 CCP if 2a/W < 0.60 then ..a-< 0.03W
"2a/W > 0.60 then La < 0.02 W

8 8.6.2.3 CT and CCP •a > 0.01"4 2
"9 7.2.1 CT W- a_>-. (K /TYS)2

-Tr max7.2.2 CCP P AX/(BW)(1-2a/W) < TYS

10 8.5.1 CT and CCP In Test , Load Variation- --
-. 0 < MAXax _max< 0.10

,> ,,, -I max,.01 .al a

11 8.3.1 CT and CCP (1) In Precrackin.

Pmax 8+1-maxa
"": a a< 0.20

P-
max

" (2) •a > (3/r) (K /TYS)2

i.* Compact Tension h a Height of Specimen
CCP - Center Cracked Panel Aa - Change in Crack Length
8 - Specimen Thickness Psax a Maximum Load
W - Specimen Width Kmax - Maximum Stress Intensity
a - Crack Length TYS - Tensile Yield Strength
aN - Notch Size K ' - Maximum Stress Intensity at
a 1 a Fatigue Precrack Length mix Smaller Crack Length being

Considered
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It is important to note that the calculation of

stress-intensity factor range (AK) is the difference between the

maximum and minimum stress-intensity factors (Kmax and Kmi

respectively) as defined in ASTM Standard E647. These calculations

are best expressed using equations specific to a given geometry;

for illustration purposes, assume that the test specimen geometry

is CCP. Then, the maximum and minimum stress-intensity factors are

given by

K a= /a 7 (sec ra-) (2.11)

max max W

and

K = a (sec ½ (2.12)

where a and a are the maximum and minimum stresses in themax min
applied loading cycle. The range of stress-intensity factor is

defined as

AK = K - K (2.13)
max min

By ASTM convention, if Kmi is compressive (negative), then

K.min 0, and AK = Kmax

2.5.4 Data Reporting Procedures

The presentation of fatigue-crack-propagation rate

data is far more complex than the presentation of fracture toughness

data (either KIc or Kc) due to the large quantities of data which

must be treated. Where a fracture test generally yields a single

characteristic toughness value, a fatigue-crack-growth test

specimen generally yields from 10 to 100 rate data points, da/dN,

which must be evaluated in terms of the stress-intensity factor

AK range.

The Damage Tolerant Design Data Handbook presents

fatigue crack growth rate (da/dn) data in both graphical and tabular
formats. A graphical format is used to present daTdN versus

AK data and the mean trend of these data are tabulated. The
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leaot squares cubic spline approximation method has been

selected from those available to provide a practical method for

generating tables with fixed AK values. A least squares cubic

spline approximation is an analytic method of fitting a "French"

curve to a data set. The curve is constructed by fitting different

cubic polynomials on non-overlapping, connecting subintervals over

the range of the independent variable. In the Handbook, the

independent variable will be AK. The boundary points of the

intervals are referred to as knots and the cubic polynomials

meet at the knots. The polynomials are also constrained so that

the first and second derivatives are continuous at the knots. The

result of this process is a smooth curve which passes through

the center of the data.

Figure 2.20 is an example of a spline curve fit to a

da/dN data set reported by Hudak et al. for 2219-T851 Aluminum

alloy. The stress ratio used to establish the data shown was 0.3.

The knots are marked in the figure by the large dots.

In general, da/dN data are well enough behaved so

that a maximum of five knots was sufficient in generating the

handbook tables. The actual number of knots used in fitting a

curve to a set of data is a function of the number of da/dN

data points and their pattern in da/dN-AK space.

The mean trend table for a set of da/dN data will be

generated by selecting points from the spline curve that has been

fit to the data. The AK values will be chosen such that they are

approximately equally spaced in a logarithmic scale and cover the

complete range of AK values expected. The da/dN values are

obtained through the interpolation of the spline curve at the

preselected ýK values. The complete set of AK values are: 1.0,

1.3, 1.6, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, and 9.9

as well as 10 times these values, and 130, 160, and 200.
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Figure 2.20. A Cubic Spline Curve Fit to FCGR Data for
2219-TS51 Aluminum at a Stress Ratio of 0.3.
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Because the da/dN data do not always span the complete AK range,

the table also reports the minimum and maximum da/dN values

corresponding to the recorded minimum and maximum AK values. The

extreme pairs of (AK, da/dNI points correspond to the extremes of

the spline curve.

Table 2.5 describes the type of table designed for

the handbook. The minimum values of AK and da/dN as obtained from

the spline curves are presented at the top of the table for each

data set with a variable such as stress ratio. These tables will

be directly opposite Lhe (u.!phical format of the da/dN data. The

interpolated da/dN Jata a-e listed in the body of the table as a

function of the selected AK values that span the data sets, and

the maximum values of AK and da/dN as obtained from the spline

curves are presented towards the bottom of the table.

The last two sections of Table 2.5 are utilized

to summarize the statistics of the data fitting process. The

room mean square percent error (RMSPE) is utilized to describe the

statistical accuracy for the spline curve fit at each stress ratio.H The RMSPE is given by:

RMSPE =00 x i (_ )

where (2.14)

Yi = observed da/dNI. at AKi

9. - da/dN interpolated from table at AKi.

The RMSPE is a measure of how close the data lie to the

mean trend table and has a similar interpretation to the coefficient

of variation, i.e., the smaller the better. The coefficient of

variation is used when all the data have the same mean and is

calculated by dividing the standard deviation by the mean and

multiplying by 100. For da/dN data, the mean da/dN is a function ot
"F. .23
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TABLE 2.5

EXAMPLE FATIGUE CRACK GROWTH RATE
TABLE (2219-T851 Aluminum)

da/dN z 106 Lsncb•/c7cel

(lgt /M) Llo-1.0 1200.1 30.0.3 1400.5 15.0.8

11 1.09 0.00730
U P.55 0.00336

"al& L3 4.11 0.00369
gce I.4 1.38 0.00351

US 1.17 0.00112

1.3 0.0167 0.00429
1.6 0.0351 0.0176 0.0251
2.0 0.0676 0.0369 0.0689
2.3 0.127 0.0431 0.0911 0.128
3.0 0.216 0.0166 0.132 0.139 0.228
3.5 0.336 0.0639 0.2"6 0.218 0.431
4.0 0.48 0.171 0.355 0.339 0.009
5.0 0.884 0.566 0.691 0.753 2.60
6.0 1.37 1.14 1.30 1.46 7.83
7.0 1.91 1.93 2.28 2.SO 46.3
6.0 2.47 3.09 3.60 3.95
9.0 3.06 4:78 3.14 6.07

10.0 3.80 7.04 6.86 9.38
13.0 7.16 17.0 14.4 38.4
16.0 13.2 36.2 30.9
20.0 28.3 126.0

U3 20.7 32.0
S246.7 88.0

1U 19.3 81.3
act U. U.9 146.0

7.01 47.4

2.2 80.4 8.6 6.6 6.1w'm Germ

•rado~ smwou

0.0 - 0.-
0.. - 0.8

0.8- 1.23 3 1 2 2
1.23 * 2.0

• 2.0
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AK so this is taken into account when calculating the RMSPE. The

RMSPE is an average percent error of the observed da/dN values from

"the curve established by the mean trend table.

When evaluating the mean trend da/dN description,

engineers have come to rely on an evaluation of the ability of the

mean trend curve to repredict the initial a versus N data and, in
particular, to rely on life prediction ratio (Np/NA) which relates

the predicted number of cycles (N ) required to propagate a crack
p

through a specified increment to the actual number of cycles (NA)
observed to propagate a crack through the same increment. Life

prediction ratios between 0.8 and 1.25 are considered good and a

life prediction ratio of 1.0 is ideal.

As a second measure of how well the mean trend curve

fits the data, a summary of the life prediction ratios for the

specimens used to generate the mean trend curve is included at the

bottom of Table 2.5. This summary defines the number of specimens
tested at each stress ratio presented whose life prediction ratios

fall within Lhe five inLervals: 0.0 to 0.5, 0.5 to 0.8, 0.8 to

1.25, 1.25 to 2.0, and greater than 2.0.

The life prediction ratios summarized at the bottom
of Table 2.5 are self predictions and as such will tend to be good.

However, the summary is only valid for the data used to generate

it and therefore should not be generalized to other situations.

The life prediction ratio summary is not intended to predict how

well the mean trend curve will predict crack growth for an

arbitrary specimen; however, it does illustrate how well the mean

trend in FCGR correlates with the lives of the cracks that were

used in generating the mean trend.

In order to indicate how well the present method

being used does in predicting life ratios, Table 2.6 gives a

comparison on sixteen specimens of the Aluminum 2219-T851 at various

stress ratios ranging from -1.0 to +0.8. The round-robin LPR

resulted from an ASTM study conducted by eight organizations; the

average results of the analysis are presented. From Table 2.6, it

: d.-, can be seen that the handbook mean trend method gives results

comparable to other methods being used throughout the country.
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TABLE 2.6

FULL INTERVAL COMPARISONS OF
LIFE PREDICTION RATIOS

STRESS ROUND-ROBIN DTD HB
NO. SPECIMEN RATIO LPR LPR

1. CT 2219-3 .1 1.03 .9910

2. CT 4* .1 0.94 .9095

3. CT 5 .1 0.91 .8876
4. CT 6* .1 0.91 1.0554

5. CT l1* .1 1.08 1.0475

6. CT 20 .1 0.64 .6271

7. CT 56* .3 0.99 1.0221

8. CT 58 .3 0.88 .8400

9. CT 52 .5 1.07 1.0769

10. CT 54* .5 1.00 .9693

11. CT 60* .5 1.10 .8354

12. CT 19 .8 1.71+ ***

13. CT 27* .8 1.02 .8321

14. CT 37* .8 0.92 .9607

15. CCP 9* -1.0 0.87 .9856

16. CCP 11 -1.0 1.14 1.1572

Mean 0.97 0.95

Std. Dev. 0.12 0.13

* Actual Data Were Available for Testing Life Prediction
Analysis

*" Stress-Intensity Factor Out of Bounds

+ Not Included in Calculation of Mean or Std. Dev.
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2.6 SUSTAINED-LOAD CRACK GROWTH RATES

"2.6.1 Sustained-Load Crack Growth Rate Behavior

Sustained-load crack growth rate behavior is

another type of subcritical crack growth behavior exhibited by

materials which are sensitive to environmental attack.

This type of subcritical crack growth behavior normally exhibits

itself as a time-dependent crack growth rate process, whereby

cracks are noted to extend under steady-state (sustained)

static loading conditions in the presence of environments.

Crack growth mechanisms controlling the sustained-load crack

growth rate process include: stress-corrosion cracking,

hydrogen embrittlement, liquid metal embrittlement, grain

boundary separation, and creep. In practice, the time-dependent

cracking process has been found to be driven by internal (residual)

tensile stresses in the fabricated structure, even in the

absence of externally applied loads; typically, however, the

stressing condition which drives the crack is provided by

external loads.

The objective of sustained-load crack growth test-

ing is to determine the rates at which cracks propagate in pre-

cracked specimens subjected to statically applied loads and

prescribed environmental conditions. As with fatigue crack

growth rate tests, most of the crack length measurements are

made optically on the specimen surface during the test. Non-

optical methods used to establish cracking include compliance

and stress wave analysis techniques. From the basic crack

length and time data, the sustained-load crack growth rate is

determined as the quotient of the incremental crack growth

divided by the incremental time, i.e., Aa/At or da/dt, the

slope of the crack growth (time to failure) curve.

-777
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The crack growth rate measures the resistance of

the material to the applied loading for the specified environment.

In this case, the similitude parameter that allows data to be

.-. transferred from one cracked geometry to another is the static

"stress-intensity factor (Kmax). The Kmax parameter is the

stress-intensity factor evaluated for the applied loading and

current crack length. The property of sustained-load crack

growth rate (da/dt) is described throughout this Handbook as a

function of K
max

2.6.2 Data Acceptance Criteria

For the most part, the testing methodology for

da/dt properties follows that utilized to obtain da/dN properties.

There are, however, no current ASTM standards that specifically

cover the collection of da/dt data. Sustained-load data have

"been obtained with a variety of specimens including double

cantilever beams (DCB), tapered double cantilever beams (TDCB),

. .compact tension (CT) specimens, cantilever beams (CANT),

single-edge-notch tensile (SENT) specimens, part-through-surface-

crack (PTSC) specimens, and center-cracked panel (CCP) specimens.

*! One validity criterion that is sometimes applied

to da/dt data is that the thickness dimension and crack length
S2

must be greater than 2.5 (K~cloAys) . 2 No da/dt data werep

excluded from the 1983 revision, however, based on this criteria

due to the scarcity of dAa/dt data. The reader will find KIc,Uys

and thickness reported with da/dt data whenever these were

available.

Readers should note that sustained load crack

growth rate data in aluminum alloys in planes other than those

parallel to the surface of rol]lce plates are questionable

e-. because of the localized corrosion that occurs on the planes

even though the initial notch and crack orientation are normal

to these planes.
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2.6.3 Data Reduction Procedures

Data reduction of sustained-load crack growth

rates was accomplished using the secant method applied to

crack length (a) measurements recorded as a function of time (t).

These calculations and those of static stress-intensity factor

were provided to the data processing organization for reformatting.

2.6.4 Data Reporting Procedures

The data reporting procedures for sustained-load
cracking data are similar to those discussed in subsection 2.5.4

for fatigue crack growth rates. The major difference between

the two subcritical cracking rate reporting procedures is that
da/dt vs Kmax describes the sustained-load behavior whereas

da/dN vs AK describes the fatigue behavior. The reader might

also note that no a vs t were available to compare with the

integrated crack growth mean trend data and therefore no

life prediction ratios were presented.

S ~ 2.7 THRESHOLD STRESS INTENSITY (KISCC)

2.7.1 The Threshold

In many environments, materials exhibit a condition

whereby cracks are not observed to grow if the static stress

intensity factor is below a critical level, designated Kiscc

This property is specific for a given material in a given

environment within a specified time period. In high-strength

materials, Kiscc may be only a small fraction of the plane-strain

fracture-toughness value (Kic) of the material. In lower strength

tougher materials where plane-strain conditions still prevail,

Kiscc may approach or equal Kic, if the environment has little

or no effect on the stress intensity required to propagate a

crack.

Kiscc data have been obtained with a variety of

specimens including: Cantilever beam (CANT), 3-point loaded

"-' bend beam (ND), 4-point loaded bend beam (1-NB), Single-edge-

" notch tensile (SENT), Center-cracked tensile (CNT), Part-
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through surface-crack (PTSC), Compact tension (CT), Bolt-

loaded WOL (BWOL), Double cantilever beam (DCB), and Tapered
or contoured double cantilever beam (TDCB). All specimens are

notched and precracked by fatigue, and many specimens are side

grooved (SG) to ensure that the crack propagates in one plane

perpendicular to the applied tensile loading and also to
minimize the contribution of shear lips at the edges of the crack.

The types of specimens for determining Kiscc fall
into two broad categories: those that are loaded by weights or

tensile machines (see Figure 2.21) and those that are self-

loaded as by bolts. The former require bulky setups to

accommodate lever arms, weights, and tensile machines while

the latter are compact and portable. Thus the environment is

applied to the externally loaded specimens usually in the form

of a small container sealed onto the specimen, while the self-

loaded specimen may be completely immersed in the environment.

Under dead-weight loading conditions, the usual
practice is to run a number of specimens at various stress

intensities less than Kic for a finite length of time (more
than 24 hours and usually about 500 hours) to establish Kiscc.

Another method is to step load a single specimen until the

crack starts to propagate. This method requires holding after

each load increment for a sufficient time to establish that

crack propagation does not occur.

Under bolt self-loading conditions, sufficient

load is first applied to the bolt to cause the crack to extend

beyond its precracked position. The specimen is then exposed

to the environment. As the crack propagates in the environment,

the stress-intensity factor decreases at the tip of the
advancing crack until the crack arrests at Kiscc* Specimen

length must be sufficient to ensure that the crack arrests

before completely penetrating the specimen, thus assuring that

a value is obtained for Ki scc.

IM
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Specimen --. 7Notch

Oiol gage or
miCro sWitch

Loading arm

Test frome Corrosion cell

Figure 2.21. Schematic Drawing of Fatigue Cracked Cantilever
Beam Test Specimen and Fixtures.
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2.7.2 Conditions for Validity of Data

There are no ASTM standards that specifically " ',
cover the collection of K data. The criterion typically

used to validate Kiscc data is that the thickness dimension (B)
and crack length (a) are greater than the ASTM E399 requirement

for plane-strain fracture toughness, i.e., that B and a> 2.5

(Kic/Oys) 20 Data which did not meet this criterion are identified

in the K Iscc tables with an asterisk. Many tests reveal a

drastic reduction in the stress intensity required to propagate2
crack even though the 2.5 (KIc/ays) criterion is not met.

Although these data are not recommended for material selection
and design purposes, they do indicate a qualitative effect.

1J4*
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CHAPTER 3
STAINLESS STEEL ALLOY SECTION

3.0 Stainless Steel Material Summaries
3.1 AFC 260÷ i3.2 AFC 773.3 AFC 77 (VAR)

3.4 AM 355
3.5 AM 362
3.6 AM 364
3.7 Custom 455
3-8 PH 13-8Mo
3.9 PH 14-8 Mo
3.10 PH 15-7 Mo

3.11 15.-5PH
3.12 15-5 PH(AM)

.- 3.13 15-5 PH (VM)"- 3.14 17-4 PH
3.15 17-7 PH
3.16 304
3.17 316
3.18 347
3.19 Bibliography
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S-JITAINED CRACK CROWTH kATES AT DEFINED LEVELSI OF STRESS INTCNSITY FACTOR

v ~DAiA oLSS0CIATED WITH FIGURE 3.2.3.1 INDICATING EFFECT

OF ENVfRONMENT

MATERIAL: STAINLESS STEEL AFC 77
-C0-N-DIT-IO-N: --A-USrTE-N-IT-IZE-D A-T-2-010-F,QGU-E-NC-H-ED -& TE-MP-ER-E-D -A-T SIOF----------

* K MAX DA/DT (1O**-3 IN/HflUR)
(KSI*IN*411/2)

A BCD

D IST ILLED WATER~

A: 20.00 1.01
K MAX B:
MIN C:

25.00 '11 b
30.00 : .~67
35.00 . 3.21
40.00 17.5

*A: 47.00 . 52t3.
K MAX B:

MAX C:

ROOT MEAN SQUARE 62.4-2
PERCENT ERRORR

.h.:

3. -



CONDITION/HT: AUSTENITIZED AT 201tF. QUENCHED & TEMPERED AT 810F STAIN.
FORM: 0. 8'°TH SHEET SPECIMEN THK: STEEL
SPECIMEN TYPE: SPECIMEN WIDTH:
ORIENTATION: CRACK LENGTH (Ao):
YIELD STRENGTH: Kiscc:

..-. %ULT. STRENGTH: REFERENCES:85544 AFC 77

K max (MPA v,'m) K max (MPA vrm)
4 10 40 100 4 10 40 100

*~Ly '- ~~f~~ WATER -10' - ENVIRONMENT.

102 10 10

10' 10'102 
10 2

10- - 10 1•-10-' 10'
102 102

8100 10Z

10-' 1010

10 -- JE02 0

1 4 1 4 1 10040 1001

,102 102
110-

1002'

10' - 100-1 - 1-

10-

1l0. 10'• - 100' -1020-'

Slo-, ---

2110-' 10-3

10-s i10

10-- IF I I 1 11' , l
""1 I 4 10 40 100 1 4 10 40 100

""ENVIRONMENT: 104 @ ENVIRONMENT: 10

,,. .-•110

1030 102

b', -- .10= - ... 10- *

" •110)
- 00

-;- _• -- -= 10 -- 010E

102 102 0 '"

'--' o -- 0 " 0--- 1 0)

10 10. _0 10E

100-

-. 10. :-2 10-2 10"1

10- ,=l-Z 10-1

~~~~ 10. 40 ,, l oh - 10"4 , 1 I I , Il1h -

K. max•. (KS 4 1 47 10 4 10 40 100
•i• ,..- K ax KSI• 1K max (KSI -,/1n

S• Figure 3.2.3.1-

S~3.2-3



Sal a a I

I: Z

VI I)"

F- 0 1 L) u4bI

IC-J

CI jI J3 -j J U -I

LI&I

I U L

sm ino A n n In W)

J~ Cc I- 1

lu2 Is

-a- It ~ cc I

00 .

v I\ r4

P- 01 tr

-0w -0 -05

-g ~ ra 4 Id rd I l Ca

3.2-4



at 0

411 1

*20

'1 ~ 8 8 7A

.02- In 0 Pii v1 ri r: :
%. 0

IN 2i Q

IL a lIl 
i00

I' 2 1

o 0i 0o w .

C. IL I

2I :v Cr .-q c
3.2-



S..

V
'L.

�' J�*

1¼

I
I..

'S.. hi - I

&
I. IL

6

N ftN

�., I�-� S 0

0 0

I, -I N ft
4-I -

.4

i
I- u.-iLr�i IiJL.�

z u� u�O.-. - . .Ii.Z0. .ILzorw

-� � !!�T� !
- I.. '.,0o�

C,

.�

.' S.'

3 3-1

J



. ,- :- I- -- -A

a ~~~~C CD Oesam lp wsoo e o

a~~~~r t ai - 3 P

44p

39I % VI r n n Ww Itrv F% qa a-n f, 0-1

0- o- 41' 0. 0

no- 1 In

I 0 000000 00 c 0000000 0' 0' - 00 0-

In n inasnn 0 0 On 0 0I

6 60 6 6 66odd oc rd 60 rd~ ad

au u

CA HU 
N M fiP

10 6 -- m co 6ooo oo eooi o C; 6 6 nCn 00 eon a

F~ cc 0000 (0c a

S 00. 0000000 00. 0000000 Oftl 00 0 0 00

a- a1 -1 cgyo P. N av 1
U OCT

00a

a ! a
88" 888 88 a819 88 8 8-1 8 8 ýs

12 Q

P.. U.U 6 ,L

Iji0 0 0 R. - -

a a-+a2 - > I a
IV At( (I r . i 1 ;7 i

a 0 03.3-2

W IJJ 1aJ AJ4



I A I

at ic I it -6 I In0N N N . 5

IC-

If I w w , v g I v I v w u u 41 6

*i I Ii -

II I

I IL

gg -V V : i
I * I I ~ ~~~inI I t I I t

I.m
I-- a K

10 88 8 8 0§ I

-..t7 I g I in I M M

I 
Iý

I I

~ I

I I I

1 0 0 0

too 0F77' W v. v. v. v v ta v a. a .
l0 W. (r,

3.4-

iy 7I

- , I .2



S.

U

I I 0
I I

I � I�0� O�
a - I -

I I
I A I A

I .1

0 I g £

I £

I I

I I

- I - I

i�j I I
I I

.4 0- I

I I q�
z I I

-. I

U I.IU�� I I I I

I I I

I I
100

a a
I U I U

'I. I I 0 I 0
Zg� S �
�uZ�i�i

�

IS. .J
G� 2:2 I -

� g I I
4-4 S I I
.0

U' � I I

'4 I�I�

4' U I
I� I
I I

. g� O�
� w
-a I �I I..

I I

1 I*

WWII. I
U K

I I

I� I WI I II
I�jZ tv rw

�-- I I

- C�d r�

Kr
I I

m U
IL.. I I

I I

I I

- I I

� IsIs

� U I I I
V.

3.5-1
$1

�**** ,.. . .... �.*.*. - � �- �. .



i A I A I

0) -K Ic I
"4~ j

r I

-w -

I CD a

4.3.6-1

0 W i I I I



ii

4. BjI II
4,

�

re c�
*�a S A

t� !-�
�.4 r.. CI

U K- SI
I- �5 *I *I

t�. 4ii - ft

4
3- f..f..
S I 44

- -
A -*, - I

�1
I �gug

.5

* b4q

*5,\ �

5�*1
'P

3.7-1

I � - ' * * * ' * - * - . ..- ' ... : *..*-



-0 -

88

-i 46

222

Lix -

3. -



18

0 
0

tt

9

ccR

#i';, ip

. 0 0

.5 -

"-3.7-3

S L



* _I

0 ti ii;

nI p r% p r' i

im

-:.. %

:A- I

I.,

3.7- 4

• - Ir

-I' •- I

C., 00.0-0

4. ° 0 ' . ' o * • . "o• o . o° . - o -



1A !_! 3.7.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS ..

OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE 3.7.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL CUSTOM 455
CONDITION: H1OO0
ENVIRONMENT: R. T. s LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2) :

* A B C D

: R-+0. JO R=+0. 30

A: 10.07 " 281
DELTA K B: 12. 71 1.04

MIN C:

D:

13.00 : .699 1. 10
16.O00: 1. 39 1.99_
20.O00: 2. 78 3. 72#
25.O00 " 4.91 .•'
30.O00" 6.90 .

A: 32.83: 8. 14 ,
DELTA K B: 23.86 : 5.31

MAX C:
D:

p.i

ROOT MEAN SQUARE 11. 51 2.74
PERCENT aRROR

LIFE 0.0-0.5 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 3 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

3.7-6 •

,'I



CONDITION/HT: H 1099 STAIN.
FORM: 2.58"TH FORGING YIELD STRENGTH: 105.•9 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 294. 4 KSI
ORIENTATION: L-T SPECIMEN THK: 91 750#l

FREQUENCY: 11L - S& HZ SPECIMEN WIDTH: 2. 100" CUSTO
.,-..ENVIRONMENT: R.T., LAB AIR REFERENCES:RI194 455

AK (MPA /vm) AK (MPA %/-m)
4 10 40 100 4 10 40 100

STRESS RATIO= .. 1 10 STRESS RATIO
10 10-O.2 -2_ - .

"10"' 10.1

10.2 6

10.- 10. 3 E

10- l 
z •S10.1 0

166 16
-- 0s 1100

7r
z ~10* -7 _- O7 _ _____-____

107 10Io0 "8 ........... I il l I....LdLlJh -- 10.6 II,, I -II 10-

1 4 10 40 100 1 4 10 40 100

STRESS RATIO 100 STRESSRATIO: 100

1O2 162

_. 10.? 10.1

10,10 .
z 4

0 1•
.3

10. 3 E
zE

v 10* s _0=
m-6

16 -10 0

1008 10-6
-1o ...... L....A..LI ....... LLLi 10. 10 .. L.--JJJ .. L.L .J - 6

1 4 10 40 100 1 4 10 40 100
AK (KSI v/1T) AK (KSI V1T)

Figure 3.7.3.1

3.7-7



TfiLFLr' 3.7.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE 3.7.3.2 INDICATING EFFECT

OF FRiFQUENCY

MATERIAL: STAINLESS STEEL CUSTOM 455
CONDITION: HIO00
ENVIRONMENT: II.T. , LAB AIR

DE-L.TA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

F(HZ)- 5.0 F(HZ)- 10.0 F(HZ)- 20.0

A: 62.02 : 39.7
DELTA K B: 25. 12 4.98

MIN C: 12.70 : . 739
D:

13.00 : .703
16.00 : 1.04
20.00 : 3.00
25.00: 3. 70
30.00 : 7.09
35.00 : 10.0
40.00 : 13.9
50.00 : 25.0
60. 00
70. C-0 : 68.9

A: 76.71 : 82.1
DELTA K B: 56.40 : 35.0

MAX C: 25. 6 : 3.J6
D:

ROOT MEAN SQ•UARE 9. 70 9. 22 22. 29
PERCENT ERROR

LIFE 0. 0-0-5

PREDICTION 0.5-0.8 1
RATIO 0.6-1.25 1
SUMMARY 1.25-2.0
(NP/NA) .32. 0

3.7-8



""CONDITION/HT: Hj9= STA I14.
FORM: 55."TH FORGING YED S KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 204. 4 KS!
ORIENTATION: T-L SPECIMEN THK: 0. 750"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 100"
ENVIRONMENT: R. T. o LAB AIR REFERENCES:R1004 455

... ;.455

AK (MPA V/W) AK (MPA %./'m)
4 10 40 100 4 10 40 100

100FREQUENCY (Hz)= 5.0 FREQUENCY (Hz) 1 .0

62 10 -2

10" 10.1

10-3  10-
0.2  

102 .
010 10'

0.- 310-3 E
z E5_ __ _

-, 0 10. 104
- 1 0o1 0

S10. 10

10-107 -- 107-

S0. 10.6

1 4 10 40 100 1 4 10 40 100l~~oo o
*' FREQUENCY (Hz) = 2 0 FREQUENCY (Hz): 100

S0-1 10

-P 10. _0. 10,,10"

,10

-c. 103 10"3 E2
3E

W.-10 --

cm
10*~1z

10e 10-- _ • 10.10F 1 10F

S10-0
110

1 4 10 40 100 1 4 10 40 100
. AK (KSI V/7) AK (KSI %/in)

Figure 3.7.3.2

3.7-9



A.'L.,. 3.7.3.3

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE 3.7.3.3 INDICATING EFFECT
O- ENVIRONMENI

MATERIAL: STAINLESS STEEL CUSTOM 455
CONDITION: H1000

DELTA K . DA/DN (10c*-6 IN. /CYCLE)
(KSI*IN**1/2)

* A B C D

S E- R. T. E-- 10OF
: LAB AIR AIR

A: 10.09 .256
DELTA K B:

MIN C:

13.00 .828
16.00 : IA3
20.00 • 2. 5
"2 25. 00 : 4. 75

A: 27.10 6.32
DELTA K B:

MAX C:
D:

------Q------E-A--.-n---AR------------------- -----,3 ------------ --0----------------------------------ROTMEAN EGUARE 13. 93 0.00

PERCENT ERROR

LIFE 0. 0-0 5
PREDICTION 0. 5-0 8

RATIO 0. 8-1. 25 3
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

"3.7--10



CONDITION/HT: H1-1088 STAIN.
FOUM: 2. 50"TH FORGING YIELD STRENGTH: 195. 0- 205. KSI STEEL
SPECIMEN TYPE. CT ULT. STRENGTH 204. 4 KSI[ I

ORIENTATION- T-L SPECIMEN THK: 0. 750"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 100"
FREQUENCY: 20. 0 - 30. 0 HZ REFERENCES.R 1004 CUSTOM

AK (MPA %/'m) AK (MPA V'X)
4 10 40 100 4 10 40 1 ZoO
1"I "" 1 1'19 1 1 ' 1r 11 _t. I - ý 11111 I I !~ 1 • --R.l io' l'-- NVIONM•NT:- I• . _

ENVIRONMENT: R.AI i, RZ 100
LAB AIR AIR

10-

1 - 2 1.a 10'3100

10 1 0 1 0 2

z2
110

"•1 .3 1 3-3

' 1" -- b0E

o1 0 _ - -d - 1 -

10 1'

_ _ _ _ _ _ _ _0 - i3• I "

107- --- 107 --

16 -- Is 1-

I 01 1 1 i lt6 I I I l lt - 10"S I I I I II,' - I, I IIIl
1 4 10 40 100 1 4 10 40 100

""= I 111 1 T? 1 - 10 @ (="'r7) I•K (KI -I TI Ir)IEVIRONMENT: 10ENVIRONMENT:10
10 F01

110.11 1-

10o

C10' 2 2
~10-s 1~~ - 0z

4 164

Q

F 10-e 3.7 3.

10 1010 10516

ina z.±..L~
1~~~ ~~~ 4v0 4 0 0 4 0

~~~~K~0 (KI'm-K(SIv~
Figure3.7.3.
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ri'uiLL: 3.8.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL PH13-BM0
CONDITION:

ENVIRONMENT: R. T. , L. H. A.

DELTA K " DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
. A B C D

R-,+0. 08 R=+0. 30

A: 13.43 : .370
DELTA K B 10.60 . 214

MIN C:
D.

13.00 • .463

16.00 " .936 1.32
20.00 : 2.22 2.98
25.00 " 4.12 5.56
30.00 " 6.17 8.77
35.00 8 .51 13. 1
40.00 ' 11.4 19.6

50.00 " 20 8
60.00 • 40.2

A: 61.76 • 4b.5

DELTA K B: 46.07 • 38.4
MAX C:

D:

ROOT MEAN SQUARE 6.38 7.23
PERCENT ERROR

LIFE 0.0O-0.5

PREDICTIUN 0. 5-0. 8
RATIO O.8-1.25 1

SUMMARY 1. 25-2.1 1
(NP/NA) -2.0

3.8- 18
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, - -. - .. ° - . ° , - . _ •. . ..

FORM: EXTRUDED BAR YIELD STRENGTH:201.0 KSS
SPECIMEN TYPE: CT ULT STRENGTH: 212. 0 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 2080"
FREQUENCY: 05.0 HZ SPECIMEN WIDTH: a. 000" PH13-8M
ENVIRONMENT: R. T.. L. H. A. REFERENCES:88579

AK (MPA &/•) AK (MPA V/')

"4 10 40 100 4 10 40 100
II T l I I

STRESS RATIO *0. 08 STRESS RATIO= o.0 .30

210 - i0• 10"10.0

10.1_ _ 
1 i0.

S 1 .2 
20

1 0 1 10' -0-- 4

V 1 0  

10

1 0 10_

10

1666

10. 1005

I____ 7•11 10 
* 

-

10.1 ! L.., -- 01 4 10 40 100 1 4 10 40 100

.• I I'I'l'lII ' I'lrl'
A0

STRESS RATIO 10 100-- _ ~STRESS RATIO =1

10. _10

10 - -
10"10

•v • 1 06' 
60 3

" .3 _ _ _ _ _ _ _ _ 10"_ __ 10-'

b.-. 
- -o - -00*

10105 --102 -

.10.10 1 E
z 

10 E

-10 10 _

..- 10s10 .1107

1d6 
10.

I~~ii lO-e -- 1 , l ,I _l _ .l. I , -~h - 100 - I II II l -

,:.''~~~~~~ 
a5 0 1O 1 4 1 0 1O

100

7 7

___ ___ ___ _ __.__-__19 7

16I 10O

10610 0*

109 1.L L L~ .L...ILJill.L16
4 10 40 100 1 4 10 40 100

A K (K SI -in~) 6 K (K SI 7/Th
Figure 3.8.3.1
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TA3LE 3.8.3.2

FATIQUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION:

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

Et R.T. E- 65 F E- R.T.
:L. H. A. -6. OHZ L.H.A. -6. OHZ S.T.W.-1.OHZ

A: 13.43 : .370
DELTA K B: 13.84 : .259

MIN C: 12.50 : .148
D.-

13.00 : .211
16.00 : .936 .531 .962
20.00 • 2.22 1.32 2.85
25.00 " 4.12 2.79 6 10
30.00 : 6.17 4.78 10.6
35.00 : 8.51 7.39 17.9
40.00 : 11.4 10.8 31.5
50.00 : 20.8 21.6
460.00 : 40.2 41.8

A: 61.76 : 45.5
DELTA K B: 62.88 : 50.5

MAX C: 42.46 : 42.5
D:

ROOT MEAN SQUARE 8.38 7.09 6. 15
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.21 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

°." ..

3.8-20
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CONDITION/HT: STAIN.
FORM. EXTRUDED BAR YIELD STRENGTH:201. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 212. 0 KSI
ORIENTATION- L-T SFECIMEN THK: 9. 250- IL 260"
STRESS RATIO: *.6 as SPECIMEN WIDTH: 8. OW5" pHI 3-8c
FREQUENCY: REFERENCESS0579

A K (M PA Nrm-) &K (MP A V"-•)

4 10 40 100 4 10 40 100
I 1NVIRO1NMNT 1 1 1 01 •VIJ'''' T:ENVIRONMENT: R. 10NT:

L. H. A. -e1.U HZ L. .Z4.*-Z
1-, _16_0-2 2

10 10

- 210" 10.1 A

10. 10

10" . __________ __1 .4_
S10_ 1- - El10 E

4 0 1 O 4 1 40 10

IO.0*- 10. -

16 -z1,: : o

la4 U4

V 10 -. 0 _.

Z

4_____41 : ____. ____ 10 •"
010. 10"-- >

1 .il 103 0.

1 10.6 

10

I .~~d I8 WW 11 LLD IWIJ±111
4 10 40 0 101 4 10 40 100

SR ENVIRONMENT: 10

-2 _ _ __ _ _ _ ___10"_______100

10- 1- - -

10.1 10.,

10 42 10 2

10 164z
r 3.3 .

10E
z 5 ids _ _ __ _

P 10 10- z
10-4

i d-2

• . * ..&-. - . %6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • . • , . o- ,* 1•• .. .

10' - 10-.

1.7 67 '

-6 -61 U 104

1o8 10 1....JL 1.......I.I.L...I.I hlUUl
1 4 10 40 100 1 4 10 40 100

Figure 3.3.3.2
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TALLL- 3.8.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.3 INDICATING EFFECT

OF FREQUENCY

MATERIAL: STAINLESS STEEL PH13-8M0
CONDITION: HIO00
ENVIRONMENT: R.T., LAB AIR

DELTA K - DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C

F(HZ)= 1.00

A: 22.06 : 5.28
DELTA K B:

MIN C:
D:

25. 00 : 6. 49
30.00 : 9.06

35.00 • 12.5
40.00 o 17.1
50.00 : 31.6

A: 56.54 46.7
DELTA K B:

MAX C:
D:

S..-----------------------------------------------------------------------------------------------------------------------

'N' ROOT MEAN SQUARE 1. 97
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1

SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.8-22



CONDITION/HT: H1000 ST
FORM: 2.50"TH BAR YIELD STRENGTH: 205. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 211. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 250"

STRESS RATIO: ,-0. 02 SPECIMEN WIDTH: 5. 000 PH 13-8-m4
.. ENVIRONMENT: R.T.. LAB AIR REFERENCES:8813s

&K (MPA /"m) AK (MPA %/-m)
4 10 40 100 4 10 40 100

16 FREQUENCY (Hz) 1.00 10 FREQUENCY (Hz)

102 102

1001 1001

10 . 10-

404 1104 4-0 4,
1 .3 103]

10.1 101- 3

SE10

-...... .1_ 10 5.._ 1 .

102 10--

.1 _ 4_ 10 _ 4_ 10 1041'4 "

ZU

-, .- 10.s 10- E

-6710.1- 10

. --. 10.2_ 10.6

.6 lO8 -J.- L0 - ,

1 4 10 40 100 4 10 40 00
fl"* .'.K (KI 111 1 1 111 - I K (KI T T )

1kw -- 0 @0-

100

-- 3 1-3-

-- • 1"6 ._• 10.

10 2I10 Z.-
Q



.2

1 ;•LL 3.8.3.4

-ATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: .,AINLESS STEEL PH13-8MO
CONDIV!ON: HIO00

DELTA K . DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. I.

L. H. A.

A: 8.54: .20
DELTA K B:

MIN C:
D:

9. 00 .23
10.00 : .341
13.00 .986

4w 16.00 " 2.11
20.00 " 4.02
25.00 : 6.85
30.00 : 10.3
35.00 : 14.6

A: 35.80 " 15.4
DELTA K B:

MAX C:
D:

ROOT MEAN SOUARE 17. 07

PERCENT ERROR

LIFE 0. 0-0. D
PREDICTIuN 0. 5c; Ei

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.8-24



CONDITION/HT: H1000 STAIN.
FORM: 8. 00"TH BILLET YIELD STRENGTH: 191. 0 KSI STEEL
SPECIMEN TYPE: CT ULT STRENGTH: 200. 0 KSI
ORIENTATION' L-T SPECIMEN THK: 0. 997"
STRESS RATIO: *0. as SPECIMEN WIDTH- 8. 191"

*. FREQUENCY: 8.00 HZ REFERENCESS5837 H13-M

AK (MPA V"/) AK (MPA )
4 10 40 100 4 10 40 100

ENVIRONMENT: R.' lo. 100" NIII III
L. H. A.

1 2 1__ _ __ _ _ __ _2__ _ _ _

-t 10- 10-1

1.-2 -02 _

10"• .-• 10"

lO. _- lO3 -
_. . - _ _ _.__ _ .0. _ ____t . •

160 10

10-0 10--3z /
1 --, 1 0-

i• -- - 10.6 I 11 0.6

• 10" ..,L..II I I llld - 10.e I i I ,I~i I I l i "
1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100

.2 -

10 10
-- 10.1 _ 10.1

100- 1-

-o 2- 100_ -- ._•10-* •,

4 4
" 10 _ _ _ _ __ 10" -

-- 10 -10- E
.4 E

S -- 0 - z
--.4

(U4 'D

10.s-- 4,10s ---

,-- .• 10s_ ------ 10.5
10 1"

sV

1010

-- ._= 10.6 -0 1010.6

108 I 1, lll W .I IIJ .L. , II,.--
. 1 4 10 40 100 1 4 10 40 100

a K (KSI /7n) AK (KSI -./Tn)
Figure 3.8.3.4

3.8-25
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T, V ,_.3.8.3.5

SFATIWUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: H1000

DELTA K : DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

S E=- 65F
:L. H. A.

A: . 14 .129
DELTA K B:

MIN C:
D:

9.00 .172
10.00 .238
13. 00 .:552
16.00 1.05
20.00 2.02 ..

25.00 3.92
30. 00 7. 14
35.00 12.7

A: 35.96 14.2
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 6. 53
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2 1
(NP/NA) >2. 0

3.8-26



CONDITION/HT: Hl020 STAIN.I
FORM- 8. 0"TH BILLET YIELD STRENGTH: 190. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 207. 0 KSI
ORIENTATION S-T SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 4. 40" PH13-BM

"* FREQUENCY: 15. 0 HZ REFERENCES:88579

aAK (MPA AK (MPA ,/,i)
4 10 40 100 4 10 40 100

"ENVIRONMENT: - 1o --_ONM
L. H. A.

1o2 10o-2 --
_100 10

6. 03 6. 03 _-

10-2 10.2

1> - -

S : 10. 10-3

So--010 -
- 1075 1

4 101 
4 107

-1 06 -

10 40 1004 10 40 100

SENVIRONMENT: 100 ENVIRONMENT: 100

lO 2 ___________-

10. 610
10 102 10'

1 41040 10 10"4 4 04 0

0 101-
0.10-2 - 10.2;

.03 U

- E10

107-10-s - E

z E

ml -m

16 166 10

-6 -6 0. 1 -1 1 100

.710-

10 107

4 10 40 100 11 4 10 40 100
AK (KSI•'n) AK (KSI ,in)

Figure 3.8.3.5

3.3-27
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pg,,;j:•: 3.8.3.6

FATIGUE CRACK GROWTH RATES AT DEFI14ED LEVELS "

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.6 DINDI G EFFECT

oO ENVIRONMENT

.MATERIAL: STAINLESS STEEL PH13-SMO ------- -------------
CONDITION: H1O000

DELDTA S A W F DA/DN (3l.**-6 IN.D/CYCLE)

(KSI*IN**1/2)
* A B C D

" E= R.T.
L. H- A.

A: 8.63 • .241
DELTA K B:

MIN C:
•: ~D:"

9.00 o .256
10.00 " .340
13.00 : 1.01
16.00 " 2.00
20.00 : 3.47
"25.00 " 5.60., 30.O00" 8. 33

,• 35.00 :11. 9
b" 40.0O0 16l. 1

50.O00" 31. 3

A: 55.15 54.3

DELTA K B:
MAX C:

D:

ROOT MEAN SQUARE 5. 25
PERCENT ERROR

LIFE 0. 0-0. ,i
PREDICTION O. 5-0 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) ::.2. 0

3.8-28
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FORM: 22. 00"TH BILLET YIELD STRENGTH: 190. 0 KSI TE

SPECIMEN TYPE: CT ULT. STRENGTH: 207. 0 KS!
ORIENTATION- T-L SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 4. 940" PH1_-eMV
FREQUENCY: 8. 00 HZ REFERENCES:18579

AK (MPA ,v/m) AK (MPA ,V)
4 10 40 100 4 10 40 100

"\=' - ENVIRONMENT: R.14.. - 100 ENVIRONM•_NT: I I

.2 L. H. A.Z --- ----
1 10.1 • 10

10-1 10--
102 - 2

10 10;

04

10E 10"10'--

z~0 -5

10 10 _ i0

.16 1606 I -

*• 4 0 0 10101 010.7 107
10- 1010

10 1 4 1 40 . 1

,':"~ = l ', l 'I , T T~ -! 0 @''' •{ ' '' ' ''
© ENVIRONMENT.- 100 ENVIRONMENT: 100

2i02

1001 10-1

103
1 10-

4, 164
S10"i 10 0

,z ." ______ 1010-3 E

10 10 - Z

o- 6 _ ________ 10 _-6 • 10 •

;£i ;.O6 : -- 10.6-
S109 104

10. -10

lo 1 0-

10.61,~ 1010-1 -

. A 10 40 100 1 4 10 40 100
, t•t-~. •rSI ,/,,) KAK (KSI Vfi )

Figure 3.8.3.6
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T, :.• 3.8.3.7

FAIIGUE CRACK JROWTH RATES AT DEF'INED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.3.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL PH13-BMO
CONDITION: H1000
ENVIRONMENT: R. T. , L. H. A.

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1I2)

. A B C D

R-+0. 08 R-=+O. 50

A: 7.96 " 154
DELTA K B: 7.25 - .252

MIN C:
D:

8.00: .156 .383
9.00 " .219 .598

10.00 : .335 .852
13.00 • 1.12 1.82
16.00 2.31 3.O0
20.00 : 3.83 5.59
25.00 -5. 93 11.0
30.00 • 9. 36 21.3
35.O00• 15. 7

40.00 24.2
50.00 34.1

A: 59.52 : 48.3

DELTA K B: 33.12 : 32.5
MAX C:

D:

' " " E 15.95 11.43

. .25 2 2
.5-- 0 1

,'P . NA :.,2- 0

3.8-30
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CONDITION/HT: HI0"' STAIN.
FORM: 1. 50"TH EXTRUDED BAR YIELD STRENGTH: 214. 0 KSI STEEL

SPECIMEN TYPE: CT ULT. STRENGTH: 221. 0 KSI

ORIENTATION: L-T SPECIMEN THK: 1. 000"
FREQUENCY: 6. 0 HZ SPECIMEN WIDTH: 6. 170- 6. 180" PH13-SBM
ENVIRONMENT: R. T. L. H. A. REFERENCES:88579

AAK (MPA %/) K (MPA V'm)

4 10 40 100 4 10 40 100

STRE*:. RATIO = *&LOS STRESS RAIO 10 +. 50
10 -- 10" l 1"

10 lo

• 10 _ 10' I

2 -2

106 10.10

4 
U

10. -- 0.z_ _

id6 10
10-3 10 .

6 Fe ,I,, d 1016 1
#2~1 10'4JWO #JW~i~8w1& L3

-1 o" I

____________ 100 6 .96_1 4 10 40 100 - 4 10 40 100

S - I ' I' I'I'I I ' I'I I t

STRESS RATIO =10 STRESS RATIO= 10o

16.2 10.2
, 10" 1 .10

10.
10110 Z

Uý16 4 U

101 - 1 0 -
3

z 5 .___ __ 
E

10- z

S10-10

10 10;+

"I 10

: , 10 L I , 1, l I I 1 il1d 10. 1 I 7-1L11 10.6

1 4 10 40 100 4 10 40 100

A K (KS* I'T AK (KSI yi)
Figure 3.8.3.7



FATIGUE CRACK GIROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.8 INDICATING EFFECT

OF ENVIRONMENT
--, -----------------------------------------------------------------S MATERIAL: STAINLESS STEEL PH13-8M0

SCONDITION: H1000

DELTA K .DA/DN (10**-6 I1N. /CYCLE)
(KSI*IN**i/2)

4.A 13 C D

E= R.T. E=- 65 F E= Ri.I
4:L.H.A.-6.OH7 L. H. A.-6. OHZ S. T. W.-1. OHZ

*A: 7 .96 .156
' DELTA KB: 7.62: .11! MIN C: 8.217 :.

8.00: .157 .123
9.00 :.216 .167 .479
10.00 :.331 .2-36 .643
13.00: 1. 14 .635 1.49

16.00 : 2.33 1. 31 3. 13
20.00 : 3.73 2.87 7. 11
25-00: 5.82 4.64 15.0
30.00 : 9.8e22.

-p 35.00 : 16.2
40.00 . 23.2

50.00 : 34.4

59-52 46. 5
~. DELTA n E 29.92 .12.3

MAX c: 34.43: 43.7
D:

;: ROOT MEAN SQUARE 16.241.25 6. 27
PERCENT ERROR

PREDICTION 0.-.

RATIO 0. 8-1. 2-5 21 1
SUMMARY l. 25-2.O 0

(NP/NA) .2 0;

3.8 1



. . ... .. .. .. .. .. .. ..

A" CONDITION/HT: HIOBI STAIN.
FORM: 1. 5•"TH EXTRUDED BAR YIELD STRENGTH: 209. 0- 214.9 KSI STEEL

SPECIMEN TYPE: CT ULT. STRENGTH: 218. 0- 221. 0 KSI
ORIENTATION L-T SPECIMEN THK: 9L 9- 1. 000"
"STRESS RATIO: ÷. 08 SPECIMEN WIDTH: 1. 170- 1. 180" PH13-BMt
"FREQUENCY: REFERENCES:88579. 85837

&K (MPA %/Vm) AK (MPA V/'-)

4 10 40 100 4 10 40 100

.. ENVIRQNMENT:R. - 100NV N NT: -
.. L.H.A. -. HZ L.H.A. 0HZ

1 2 _ _1. 2

•..' 10"310. 10.1 10.1

63 10? 1

10- .4. -'

100

"•1.'. 110 -2010" 3 - E
E E

zE
lo 10 114

-10

10 1

10.o01

.7-- -7

,10 1005

10.:'' - - 10. -a 106 _"*':'-• 100 - 6 ido- 6 ,.>

1 4 10 40 10014 10 4 10

© k JNMý NI7J, l 100' lo ENVIRONMENT: 10o

.,: 06-2 -________ I-2 _________ .-______

10. 102

10.1 lo*

10-2 10.

10'161- -u0 105

1010' .6

14 10 40 100 1 4 00 40 10

• ,• #., AK (KSf /-n AK (KSI v.%-t)

:- "Figure 3.8.3.8
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..... " 3.8.3.9

FATIGUE CRACK GROWTH RATES AT DErINED LEVELS
OF STRESS INTENSITY FACTUR[

DAIA ASSOCIATED WITH FIGURE 3.8.3.9 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: H1000

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

• E= R. T. E- R. T.

:LAB AIIR SIM. SEA WATER

A: 12.29 1. 216
DELTA KI B: 12. 13 1. 30

MIN C:
D:

13.00 : 1,53 1.82

16.00 : 2.99 4.36
20.00 : 5.44 9.07
25.00 : 9.04 16. 1
30.00 1 13.0 23.9
35.00 " 17.3 32.3
40.00 : -1.8 41.8
50.00 : 3J.9 65.5
60.00 : 44.0 99 7
70.00 o 58.6
80.00 : 76. 7
90.00 : 99.1

100.00 " 127.
130.00 : 259.

A: 154.80 : 457.
DELTA K B: 69. 01 : 145.

MAX C:
D:

ROOT MEAN SOUARE 6. 33 11. 04
PERCENT ERROR

LIFE 0. 0-0 5
PREDICTION 0. 5-0.8

RATIO O.8-1.25 2
SUMMARY 1.25-2 0
(NP/NA) ;2 0

.•.8-31'



CONDITION/HT: H1032 STAIN.
FORM: 3. 00"TH FORGING YIELD STRr. JGTH: 2048. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 210. 8 KSI
ORIENTATION L-T SPECIMEN THK: 1. 003- 1.005*"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 4. 500- 7. 400" PH13-SM
FREQUENCY: 1. 00- 10. 00 HZ REFERENCES:NCOU2

AK (MPA &/•) AK (MPA v,'/)
4 10 40 100 4 10 40 100

FýRYET-R'100 ® NVIRONMýNT:R
A •TR_ _ SIM. SEA WATER 1

1 0"__ _ _ _ _ _ _ __ _ _1 0.__ _ _ _ _ ____ _"_

10,_ _10_ _ _ _
10-3 10-2

ja3- - 0

10.10.410.
01 10E-

. 164 1 --
166

- -10-

1 Z

I ' 10. 10 z10.6

10 1001• I

10"3 162

105 10-1

S10" 6 100

UJ

" 1 -10 40 10 0 . 4 1040 10010

i~.10.o 10"' - .

S100.6
210' 210~

C 310.6

io 4 10

10 100 104 40

(KS0I 1''1 4 01 0 4

Figure 3.8.3.9
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-L 3.8.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.10 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: H1O00

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN.*1/2)

A B C D

. E= R.T. E= R.T.

:LAB AIR SIM. SEA WATER

A: 12. 18 1.37
DELTA K B: 12. 34 1. 57

MIN C:
D:

13.00 1.70 1.93
16.00 • 316 4.42
20.00 • 5. 57 8.95
25.00 : 9.04 15.5
30.00 " 12.9 22.8
35.00 : 17.0 31.2

40.00 21.6 40.9
50.00 • 32.1 65.4

60.00 : 45. 2 99.7
70.00 61 7 148.
80.00 • 82.8 212.
90.00 • 110. 296.

100.00 " 145. 404.
130. 00 • 096.

A: 116.68 " 2P6.
DELTA K B: 137.87 • 1074.

MAX C:
D:

ROOT MEAN SQUARE 6. 07 12. 77
PERCENT ERfOR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0 8

RATIO 0.8-1.25 2
SUMMARY 1.25-2 0
(NP/NA) 20

3.8-36



CONDITION/HT: H1000 STAI IN.
FORM: 3.00 "TH FORGING YIELD STRENGTH: 205. 4 KSI STEEL
"SPECIMEN TYPE: CT ULT STRENGTH 210. 8 KSI

ORIENTATION T-L SPECIMEN THK: 1. 003- 1. 005"
STRESS RATIO: *1L 10 SPECIMEN WIDTH: 4. 500- 7. 400" PH13-MH
"FREQUENCY. 1. 00- 10. 09 HZ REFERENCES:NCO02

&K (MPA %,/-m) AK (MPA VIM)

4 10 40 100 4 10 40 100

ENVIRONMENT: R. -100 ® ENVIRONMENT: R.T.,
2LAS AIR 1 SIM. SEA WATER

S10 0 10-

1 01 0 .1..1 0 .

102 -0 2 •"

c 10.3 10-3 E

-- - V
10. 10

lo e /
"0 - 0"--1045

1J.6 7.L -- i(J6-- • !0 _10 10

10"8 1440 10 10"

4 10 40 100 4 10 40 loo

- ENVIRONMENT: . ENVIRONMENT: 10o

10 .0-, 10 10.1

1.3 -- 10--

10 -102 102 _

- - 3

SlO.4 -- , 0 - 10 - E

d -0z .5 
E__ 

_ _ _ _ _ __ _ _ _ _0

10 - .10 0"

10' 10. -

16,
10.5

-'10-
bO 0•-~

67- 16 . 10.6

- - 0 __ .- ,-L.L~LIJJ

old' 10.8 , I I I I I ý• • - 10.8 , ,I I,7 1, z

1 4 I0 40 100 14 10 40 1o0
61 AK (KSI V',T AK (KSI \ 'fl

Figuire 3.8.3.10

e'.



w*.3.8.3.11

FATIGUE CRACK GROWTH RATES AT DEF114ED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSI3CIATEIJ W;TH FIG~vRE 3.8.3.11 INDICATING EFFECT

Or STRESS RATIO

MATERIAL: STAINLESS STEEL PH13-OMO
S CONDITION: H1000

ENVIRONMENT-. P.. T. , DRY AIR

DELTA K .DA/DN (10*4*-6 iN. /CYCLE)
(KSI*IN**1/23
*A B3 C

-- l-0. 10 R-+0.30R+.50

a: .1 q .137
DETAK 8: 7.41 .177

MIN C: 6.2,> . 0264

7.00 120
7.00 :.244 .243

9.00 : 144 .3~93 .413
10.00 : 2'39 .582 .641
13.00 .724 1.36 1. 5s
16.00 : 1.53 2.41 2.80O
20.00 : 3.07 4. 17 4.79
25.00 : 5. 6c 6.956 B.03ý
30.00 : 9.00 10. 5 1 2. 6
35 00 : 13.0 15. 1 19. 5
40.00 : 17.7 21.1
50.00 : 29.6
60.00: 45.7
70.00 : 67.2
80.00 : 95.9

A: 85.01 114.
DELTA KB 40.86: 22.2

MAX C 37.95 25.
D:

ROOT MEAN SQUARE 5.1~9 5. 60 6. 49
PERCENT ERROR

LIFE 0 0-0 5
PREDICTION 0. 5-0 8

RA710 0.2-1 1 1
SUMMARY 1. 2 ý2.D;
(NP/NAý >2 0

'3.8-38



CONDITION/HT: H1000 STAIN
FORM: 1. 00"TH FORGED BAR YIELD STRENGTH: 215. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 22°1. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 500- 1& 502"
FREQUENCY: I. 0 HZ SPECIMEN WIDTH: 3. 987- 3. 992" PH13-SM
ENVIRONMENT: R.T., DRY AIR REFERENCES:G0019

"AK (MPA V) &K (MPA N/m)
4 10 40 100 4 10 40 100

STRESS RATIO =0.10 100 STRESS RATIO= e-0. 3

10-_ 10 "1

:•.1 03 10.3
-2 .

100.
[4

_.,• 110S 10. 10.

Z .,___10.___ 10.7
1 4J 10

ST ES1 o7SRSSR TI4 1074
-6 ___ _ _

10-2 101

10". lO-5

_k'. 0310"310 • 10...L....LUi. ... 1..L .0-.2 j•, ....... I..LhJ..

STEShOI iiIf 10.6 10.6

1 4 10 40 10 10 4 10 40 100

".'E RI 10 STRESS RATIO10"
-2 10 -2 10 .2__

0101 100

"" 10 
10

a) _

-3 
U

S1 -- 101 0-

z 0C 10100 z

1 66 _ _ _ _1

10-_ 5 5

VI 0 , , • I I I, ~ , -- i0-I l l I , II L

10 ~

106
10 10

1008 100

1.4 10 40 100 1 4 10 40 100

"&K (KSI 7nf) AK (KSI -h)Figure 3.8.3.11

3.8 .
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- -' -. S 3.8.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.12 INDICATING EFFECT

OF STRESS RATIO
------------------------------------------------------------------------------------------

MATERIAL: STAINLESS STEEL PH13-8MO
CONDITION: H1O00
ENVIRONMENT: R.T., H.H.A.

-----------------------------------------------------------------------------------------

DELTA K . DA/DN (10*-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

4-R=+0. 10 R=÷0. 30 Rt-+O. 50

A: 9. 78 : .219
DELTA K B: 9.28: .576

MIN C: 6.78 " .393
D:

7.00 : .299

8.00. .375
9.00: .592

10.00 .294 .e18 .942
13. O0 : 1.52 2.50 2.89
16.00 3.61 5.41 6. 11

.20.00 : 7.56 11. 3 12.5

25.00: 16.0 21.9 24.6
30.00: 2.7 36.0 43. 1
35.00- 45.4 53 6 71.2
40.00 6 64.9 74.8 114.
50.00 " 105 129.

A: 59.32 : 133.
DELTA K b: 50.68 ' 134.

MAX C: 47.33 : 221.
D:

- ---------------------------------------------------------------

ROOT MEAN SQUARE 13.22 7. 15 11-69
PERCENT ERkOR

-----------------------------------------------------------------------------------------

LIFE O.0-0.5
PREDICTION 0. 5-0.18

RATIO 0.8-1 , 2 2
SUMMARY 1.25-2.0
(NP/NA) -2 0

3.8-40



• .w -Z. - _0

CONDITION/HT: H1000 STAIN.
FORM: 1.80"TH FORGED BAR YIELD STRENGTH:215. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 221. 0 KS]
ORIENTATION: L-T SPECIMEN THK: 0. 501- 0. 504°
FREQUENCY: 1. 0 HZ SPECIMEN WIDTH: S PHI8--H.
ENVIRONMENT: R. T.. H. H. A. REFERENCES:GD00

AK (MPA .v/'m) &K (MPA •vi')
4 10 40 100 4 10 40 100

® STRESS RATIO = ,, 10 0 o STRESS RATIO .g. 3So-o2 _______O_ _________ _________
10- 10

O10.1 10 -o- -

13 0- 10o
0.2 2

Ulo 10 -oU
-- 10 EZzz

-- 4
c10-3 i.3

10 10

S- 10.7
10.- 10.4

10' 10~

10.2 10.,

10"_ 10-1

.3  2 -10-

E$ - - 10z 10-1
z - / E

'0 lo)" -10" - z
U 4 4

S10 z io0.

10' 10'1. 10- -60 - -

! -7

10-8 -- 10-

1 4 10 40 10 1 4 10 40 1O0

AK (KSI-on AK (KSI v/fmh
Figure 3.8.3.12
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-i m.LL 3.8.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.13 INDICATINT EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL PH13-8MO
CONDITION: H1000
ENVIRONMENT: R.T., DRY AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A C D

SR=+0. 10 R=+0. 30 R=+0. 50

A: 9. 25 .147
DELTA K B: 7. 78 " . 176

MIN C: 6.00 0 121
D.

7.00 " 153
8 00 ..193 .220
9.00 .289 .325
10.00 .265 .426 .511
13.00 .737 1. 15 1.40
16. 00 1. 59 2. 29 2. 62
20.00 3. 14 4. 17 4.60
25. 00 5. 52 6.93 7. 1,2
30. 00 8 27 10.2 11. 5
35. 00 11. 4 14.4 16.8
40. 00 15. 0 19.8 24. 1
50.00 24.3 37.1

0 00 37 7 69.9
70 00 57.6 134.
80.0C 87.4

A: a& S- 116
I r=ETrA K E: 73 -- 2 /1.

"l"AX C 48C.04 42. 9
D

;JT MEAN 5QUARE 8 22 7 37 6. 14
IE RZENT ERROR

LIFE 00-c s
PRED IZ T I ON 0. 5-0 e

S- A7T:-• 0.6-1 ZZ 5

SUMMARY 1 25-' 0
F NF/NA) p

°,".

.4



CONDITION/HT; H1-11000 STA IN.
FORM: 1.00"TH FORGED BAR YIELD STRENGTH:21. .0 KSI STEELI
SPECIMEN TYPE: CT ULT. STRENGTH: 222. 8 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 502- 0. 503"

FREOUENCY: 8. 0 HZ SPECIMEN WIDTH: 3.991- 3." g" PHI3-BIm
ENVIRONMENT: R.T.. DRY AIR REFERENCES:GDB00

AK (MPA --,/M) AK (MPA Vm/)
4 10 40 100 4 10 40 10010 ST ES RA I ,,s,,& So,, ,, -

STRESS RATIO 0I0TRESS RATIO =-. 3I

10

10. __ _____ 10.__30.

i•0,10 0 0 1.o2 10.____-10.6 106

10.
14 1A

101 1 o-6

I 10s I 101

z .
10 - 10 1

4 10oo

10 10

_ 10". 10'

10.3 _10. 1003 -

•" 0.4--10"4 ____ ___,

1107Z

0 .6 - -6

* L

1.""L. -'--aL'L~- i 8  1 .~J iJLU
4 10 40 100 1 4 10 40 100

,' A:.- K (KSI Vr;h AK (KSI •T7•)
.'-"Figure~ 3.8.3.13

E. 3.R -43
F.1

10- 10



TA.:L: 3.8.3.14

FATIGJE CRACK GROWTH RATES AT DEFINED LEVELS
or STRESS INTENSITY FACFOp

DATA ASSOCIATED WITH FIGURE 3.8.3.14 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL PH13-8MO
CONDITION: H1000ENVIRONMENT: R. T. , 11. H. A.

DELTA K . DA/DN (lO**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R=+O. i10 R=÷0. 30 R=-0. 50

A. 11. 42 , .9.8
DELTA K B: 9. 13 . 466

MIN C: 6.87 7. 299
D.

7.00 .342
8.O0 .468
9.00 .625

10.00 .543 1.08 .
13- 00 1 09 2. 16 3. 06
16.0O0 2. 57 4. 48 5. 84

20.00 6. 71 9. 37 11.6
25.00 15.3 19.2 24.3
30.00 2b. 6 34. 6 47.9
35.00 3C,7 58.0 91.9
40.00 : 52. 4 92. 8 174.

50 00 100. 215. 607.
60. 00: .5 .

A 62. 14 303.
DELTA K Es: 56. 12 339.

MAX C 50. 46 6*13.
D.

ROOT MEAN SQUARE 33 16 14. 35 12. 25
PERCENT ERROR

LIFE 0. 0-0 5
PREDICTION 0. 5-0 8

RATIO 0. 8-1. 25 2 1 2
SUMMARY 1. 25-2 0 1
(NFI/NA) 2 0

3. 8i - .,



CONDITION/HT: H1000 STAIN.
FORMý 1.00"TH FORGED BAR YIELD STRENGTH.210.B KSI STEEL
SPECIMEN TYPE: CT ULT STRENGTH: 222. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 499- I. 504"
FREQUENCY: 1. 0 HZ SPECIMEN WIDTH: 3.982- 4. 117" PH13-*M

o. . ENVIRONMENT: R. T. . H. H. A. REFERENCES:GDOOQ

ASK (MPA %A/m) AK (MPA v/-•)

4 10 40 100 4 10 40 100
I ~ ~ ~ ~ ~ ~ I I''' I' fil - I111 11 1 111 1

STRESS RATIO =o'0. 10 STRESS RATIO= B.I 3go
L %! 2 162 - °' °

- 10-1 1,10

2
.- 1 "10

>. .4 -4
- 010-

(U'. 1 O" 100

10 10't
10-5

610.- 10
0 io~ 10.0

1 0 7 1 00- 1

a 10.8 STRESS lt I I 11 I 040 ti8 I I1, 1111 0-

1 4 10 40 100 1 4 10 40 100

=RATIO o .50 100 STRESS RATIO - 100

_ _ _ _ 10 _

"".10.1 100"10"1.= 0

"- 10"2 -2

10

>. .4 - 103 . 1.

1 10.o
3

z',,_1_"_ - 10" -- Z
S110 10.6

z1 E

10-
1 -4 106

3.8-45

"�10-
1 4 10 40 100 1 4 10 40 100

Figure 3.8.3.14
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TAiLU 3.8.3.15

F,A'TICL.UE CPACK CrOWlJTH RATES AT DEFIN-D LEVELFl

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.3.3.15 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL PH13-8MO
"CONDITION: H1000
ENVIRONMENT: R. T. , L. H. A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

•A B C D

IR=+0. 08 r(=+o. 30 R-+O. 50

A: 10.78 : .447
DELTA K B: 10-25 .571

%I MIN C: 6.81 " .119~D::

7.00 .132
"8.00 .220
9.00 : .345

10.00.515
13.00 • 1.52 1. 29 1.33
16.00 o 3.49 2. 52 2.60
20.00: 5. B2 4.70 4.70
25.00: 8.52 9. 11 7. 10
30.00 : 12.7 13.4

'A A: 34.32 2 19.9
DELTA K B: 34.71 - 18.7

MAX C: 29. 25 8.31
D:

ROOT MEAN SQUARE 10.57 17.34 9.04
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1 25 1 1 1
SUMMARY 1.25-2.0
(NP/NA) "2.0

3.8-46



CONDITION/HT: H1000 STA I N.

FORM: 4. 00"TH FORGED BAR YIELD STRENGTH: 201. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 212. 0 KSI"ORIENTATION: L-T SPECIMEN THK: 0. 990- 0. 998"
FREQUENCY: 6. 0 HZ SPECIMEN WIDTH: 8. 000" PH14-C
ENVIRONMENT: R. T. . L. H. A. REFERENCES:85837. 88579

&K (MPA yin, &K (MPA V-m
4 10 40 100 4 10 40 100

=STRESS RATIO *0. 08 STRESS RATIO= .4. 30

10 - 101

10.1 10l_
210

_~ E
10 10o

S10.6• 10. .-- 10.

Cu 4 >1

1 10u

-6 -6

10.- 10. .

c10., 10-3

10o 10

S10"6 _10.6

0 100 1 4 1 40 1O0", ---. _1010

STRESS RATIO =0.50 -- STRESS RATIO 100o

1-2 16_______ 2

1 0- 10
10 10.2

S-- --- 20"

.4

'J.'..~10- E03 -- 03--ol -lO 10-

EE

-10' -- 10 z
4 4"" 10' 10l'

.:°-6 -- __6

66 106-
10' 10

-. 0-7

,%V - 16 F---

10 - 10-
,• 10.6 I - 10.6

I'''1 . - I I l, l lI I ,I II, iOL.....10"e .- ....I.......l , .ll , ~ , -

1 4 10 40 100 1 4 10 40 100

"" &K (KSI v) AK (KSI v'/)".'--~ Figure 3.8.3.15

°3.-

S-.......................... .... --. . .



, 3.8.3.16

FATIGUE CRACK• ,ROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.16INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: H1000

------------------------------------------------------------------------------------------

DELTA K " DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

S E= R. I.
:S. T. W.

A: 10.68 1. 11
DELTA K B:

MIN C:
% D;

.j 13. 00 2.92

16.00 7.61
20.00 18.5I ~25. 0%- 36. 1 .II

". ~30.0O0 50. 1 ..

A: 33.64 04.6
DELTA K B:

A MAX C:

ROOT MEAN SQUARE 8. 98
"PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

"RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2 0

,,.4

3.8-48
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CONDITION/HT: H-1000 STAIN.
FORM: 4. 00"TH FORGED BAR YIELD STRENGTH: ¶ 96. 0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 206. 0 KSI
ORIENTATION T-L SPECIMEN THK: 0. 991"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 6. 000" PH13-M
FREQUENCY: 1. 0 HZ REFERENCES:85837

&K (MPA V/•) &K (MPA V/)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. F .4100 ENVI ONMENT:
"S. T. W.

1O2 1O-2
1 0- 1 0-i 1 "• 10.1_

_ _ _ _ 1 10.2 __ _ _ 10.2

3 10-3 1

z-
0.5 

010. - z

_10.6 
10.6

10 --- 8 - I I I 1 1001-4 10 40 100 ENVIRONMEN

=Il o= I 1 I' 11 11 1 1 11© ENVIRONMENT: @ EVRNET o
10 2 16__ _ _ _ __ _ _ _ _ _i2 0110.1

1010.

o73 1003
10" 10

S4 1N10 -3

z .5 E
165 102

10,4 10-4

O-6 10.10

103 102 --~

1 1 10 -7

S110-6

1 400 1 4 10 40 1

.. r. &AK (KSI .J)&K(KI n

Figure 3.8.3.16
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ito

F I EL[ 3.8.3.17

,F-*.IIGlE CRACK ,'ROWTFi RATES AT DEE-INLD LEV -LD."
OF STRESS INTENSITY FACTOR

-', DA'IA ASSOCIATED WITH FIGURE 3.3.3.17 INDICATING EFFECT

OF STRESS RATIO

"MATERIAL: STAINLESS STEEL PH13-BMO

M CONDITION: H1000
ENVIRONMENT: Fl T , L. H A

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

- R-•-O. 00 R= ÷0. 30 Rz +0. 50

A: ."33 .155
DELTA K B: 9. 50 .514

MIN C: 9.52 .593a 1D:

"9.00: .194
10.00 .290 .624 .792
13.00 o .931 1. 49 2.02
16.00 o 1.92 2. 1 3.20
20.00 " 3.40 4. 39 5.09
25.00 5.43 7.05 7.90
30.00 " 7.97 10.3 11.7
35.00 : 12. 1 14.4 19.4
40.00 " 19.4 19.7 38.0

A: 42.46 : 15.5
DELTA K B: 42.47 - 22.8"" MAX C: 41.04 " 44.6

SD:

S ROOT MEAN SOUARE 12. 32 5. 40 7. 95
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0 8

RATIO 0.8-1.25 2 1 1

SUMMARY 1.25-2. 0
(NP/NA) >"2. 0

3.8-50
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CONDITION/HT: HIOWS STAIN.
FORM: 1.50 TH ROLLED BAR YIELD STRENGTH208. 0 KS! STEEL
SPECIMEN TYPE: CT ULT STRENGTH: 21a. 0 KS!
ORIENTATION:. L-T SPECIMEN THK 0.. 251- 0. 990"
FREQUENCY: 8.0 HZ SPECIMEN WIDTH: 7. 3W- 7. 400" H13-SM
ENVIRONMENT: R. T., L. H. A. REFER ENCES68579. 85837

. &K (MPA V"m) &•K (MPA .V/m)

4 10 40 100 4 10 40 100

STRESS RATIO =o1: . 98 100 8STRESS RATIO:= g.0 o
___o"_____ ________o_ 2 -________ ________

100 .2

•..•.-. 101003- 1

1o3  10 -3

10. lo3z

10. 0 -- 3 1
E

~0 U40

I 6 -o6 -________

10' -0-
1077 7

_10.6 _•.•10.6

. .10 " A I , ldl l I 1 10 "e I h T1l I I l ,i --

"1 4 10 40 100 1 4 10 40 100
"""II1 I'l1111 " I"N

STRESS RATIO= .0-e-. 510 STRESS RATIO= 100

10. -- 10.3-10' 10-1

io. w •10

",. 0-0

.4 . 110

10O - 3 - E

010"- 10-

10- -I -- 100...--..I~

10 - 10F7

106
S10" 

11 
1 1 1 1f l

lo 01 1006

1 4 10 40 100 1 4 10 40 100
"i ". .-", K (KSI v"•n) AK (KSl -in• )

-. Figure 3.8.3.17
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r,1

T,',:,r- 3.8.3.18

FATIGUE CRACK GROWTH RATES AT DEFINFD LEVALL"

or STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.18 INDICATING EFFECT

Or ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: HIO00

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**l/2)

A B C. D

: E= R.T. E=- 65 F E= R.T.I L. H. A. -- 1. OHZ L.H.A.-6.OHZ S.C.S. -1. OHZ

A: 8.72 : .151
DELTA K B: 15.07 : .404

MIN C: 12.88 • .517
D:

9. 0 : .177
10.00 .290
13.00 .863 .544
S16.00 : 1.80 .594 1.68
20.00 • 3.57 1.67 5.24
25.00 : 6.47 3.68 13.6
30.00 10.0 24.5
35.00 : 14. 1 35.8
40.00 : 45.9
50.00 : 60.7

A: 36.40 : 15.3
DELTA K B: 29.64 : 7.95

MAX C: 56.24 : 66. 5
D:

- ---------------------------------------------------------------

ROOT MEAN SQUARE 16. 46 12. 41 14. 12
PERCENT ERROR

LIFE 0. 0-0..5
PREDICTION 0. 5-0 8

RATIO 0.8-1.25 1 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

•-" 3.8-52
",4.
-4.



n"" CONDITION/HT: HIii STA
--1! FORM: 1. 50"TH ROLLED BAR YIELD STRENGTH: 208. 0 KSI STEEL

SPECIMEN TYPE: CT ULT. STRENGTH: 216. 0 KS!
ORIENTATION L-T SPECIMEN THK: 1. 990- 0. 993"
STRESS RATIO: 1. 08 SPECIMEN WIDTH. 7. 400",• PHIS-SMC

" FREQUENCY: REFERENCES:85837. 88570

A K (MPA N/m) &K (MPA -/M)
4 10 40 100 4 10 40 100

ENVIRONMENT: Ro N1..I ®I'4L.~_ loA -°OH 0o EVRNNT:- S

L.H.A.-1. OHZ L. H. A. -5. OHZ
-2 __ _ _ _ _ _ _ _ 2 _ _ _10_ 0

100'- 10.10.1
.•,lo- .. 10.0- 1 O

10' lo'10
4)4

.-_ '-- 03 10-3Ez 5 -) 10. - 11.0 . 10"___

10" 4 10410 --

10. 10

q-7 10__ff 1
-6 -6 _____________

10l 10

4 10 40 100 1 4 0 40 100

@ EVIONENT R o10 ENVIRONMENT: 100

$. C. -. 8HZ102 - 102

1 0 .1 ."110
10.1030 10 - 10. 4-0-0 0© - .4 10.2ENIRONENT:1002

1- 10"10 10.1

10 10.3

10".2 - 10"0 -- _.l10 10" -

-- -= ~~~10 .-3--" • ~

10- E

'10" -- 10.5 -

14o 10
106 1046

Wr10 1051
10o5

10.6 10.6

hi'4 10"8 I J ,I ,J,, Iljh - 10o8  I ,II, I..LLh --

: .,, . . 1 4 10 40 100 1 4 10 40 100
"&K (KSI 'm/T) LK (KSI Vin)

Figure 3.8.3.18
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•i•L 3.8.3.19

FATrIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACiOR

DATA ASSOCIATED WITH FIGURE 3.8.3.19 INDICATING EFFECT

OF STRESS RATIO
---------------------------------------------------------------------------------------

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: H1000
ENVIRONMENT: R. T. , S. T. W.

-.-------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

:A B C D

. R=+0. 08 R=+0. 30

A: 11.05 .260
DELTA K B: 8.60 : .276

MIN C:
D:

9.00 : .372
10. 00 : .640
13.00 1.07 2.10
16.00 • 2.32 6.04
20.00 : 4. 15 12.2
25.00 : 13.7 25.5
30.00: 41. 7 70.5
35.00 : 63.4 183.

A: 38.49 : 65.6
DELTA K B 36.46 : 225.

MAX C:
D:

ROOT MEAN SOUARE 24.63 15.20
PERCENT ERIROR

----------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0 B 1

RATIO O.8-1.25 2
SUMMARY 1.25-2 0
(NP/NA) >2 0

3.8-54
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CONDITION/HT: H1000 ESTAIN.
FORM: 1.50"TH ROLLED BAR YIELD STRENGTH: 208. 0 KS! STEEL W,- SPECIMEN TYPE: CT ULT. STRENGTH: 215. 0 KSI
ORIENTATION: L-T SPECIMENTHK: 0. 990- 1.002" -

S. FREQUENCY: 1. 0 HZ SPECIMEN WIDTH: 7. 390- 7. 400" PH13-BMC
ENVIRONMENT: R. T. 0 S. T. W. REFERENCES:85837. 88579

q -1

]'A AK (M PA -,/-) •K (MPA V'•)

K 4 10 40 100 4 10 40 100

STRESS RATIO -0. 08 STRESS RATIO= *0° 30
1 0 .2 _ _ _ _ _. _ _ ____ _

-10 1001

10?1 _.

010

10- 10..510 010-4

10 10
101 __ _ _ __ _ __ _ __ _ _ _

10 - 106

10ý I I~- ILLL 1078 1 1L...LLL.J 1 1.1LJ1LLL
1 4 10 40 100 1 4 10 40 100

Vlo 00..
',',STRESS RATIO 10z STRESS RATIO 10°

162_ _ _ _ _ __ _ _ -12 _ _ __ _ _ _ _ _ _ _

10,1 101
0- 10-*

1~ 02 10-2

, 10-3 10.3 E=10 : __ _ __ _ _ - 0 -s
J-o' 10 Z

.4 'a1

10.o 10- 0

5..7010 101

1 -6 106w•, - -•10- 10.

.- ,10"0 1 i l ll i ....... L.. l. hLL -- 10.8 .. J..iJ.. liLL L.1 .. L1,1, .1, --

'6 1 4 10 40 100 1 4 10 40 100
S• "5. t&K (KSI ") K (KSI vr'•)

Figure 3.8.3.19
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Si~b .L 3.8.3.20
I.'
F;.I*IGUE CRACK OROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA PSSOCIATED WITH FIGURE 3.8.3.20 INDICATING EFFECT

OF FEGUENCY

MATERIAL: STAINLESS STEEL PH13-8MO
CONDITION: H1000
ENVIRONMENT: R. T. , S. T. W.

"DELTA K DA/DN (1O**-8 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

F(HZ)= 0. 1

A. 14. 76 2. 15
DELTA ;K B:

MIN C:
DN

16.00 2.95
20.00 o 6.41

a, '25.00 " 12.9
30.00: 22. 1

A: 31. 9? 26. 7
DELTA K B:

MAX C:
D:

ROOT MEAN SGUARE 3. 35
PERCENT ERROR

LIFE 0.0-0 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1 25 1
SUMMARY 1. 25-2 0
(NP/NA) :",. 0

.,'....

-'.
.. ° ....

3.8-56
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CONDITION/HT: H1000 STAIN.

FORM: 1.50"TH ROLLED BAR YIELD STRENGTH:20 .0 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 216. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 990"
STRESS RATIO: *0. 08 SPECIMEN WIDTH: 7. 400" PH13-SMC
ENVIRONMENT: R. T. . S. T. W. REFERENCES:88579. 85637

""K (MPA %'s) &K (MPA V'/)
4 10 40 100 4 10 40 100

FREGUENCY (Hz) 0. 1 FREQUENCY (Hz)

100 10-

10.' 10.1

IO- 1 0.

_10 10 -0

_10 100

:~10 13 3 zE

mV
1 E

-0- 10- 10 -

0 1010 m
=.- • - • 10.3 10"3

1 o- 10z
S4 10 40 0 11 4 10 4100

l 0WL.LL~~b .W40L~i 100 40jwj, ±w~
FREQUENCY (Hz) -2FREQUENCY (Hz) 100

10 10

10' - 1-

-"-.o°- _

10 t 10"

2o 2

o-;10 10'1 10

. A0

10 .10.6

Si0210-3 E,

lO4 .2Y

S10.s- -- 10"8 ,10' 17 , I
-- • 10.4' 10*4'

1O6 -_o0r

-- • 10. 10-6

1 4 10 40 100 1 4 10 40 100
,-. (KSI /'7) AK (KSI 7n)

Figure 3.8.3.20
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3'• .k3.8. 3.211

"R.-

FATIGUE CRACK GROWTH RATES AT DEFINLD LEVLLS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.8.3.21 INDICATING EFFECT

OF1 ENVIRONMENT

MATERIAL: STAINLESS STEEL PH13-SMO
CONDITION: H1I000

DELTA K : DA/UN (10-*-6 IN. /CYCLE)
(KSI*IN.*±/2)

: A B C D

S E= R.T. E=- 65 F E- R.T.
: L. H. A. -6. OHZ L. H. A. -6. OHZ S. T. W. -1. OHZ

A: 10.66 .158
DELTA K B: 11.96 : .360

MIN C: 7.82 : .101
D:

8.00: .106
9.00 : .162

10.00 : . 286

13.00 " .658 .622 1.47
16.00 : 1.68 1. 52 3.55
20.00 : 4.01 3. 15 6.43
25.00 : 6. 78 5.47 17.3
30.00 : 9.74 S. 16 27.6

35.00 : 13.5 62.8
40.00 : 18.8

A: 42.91 : 23.2
DELTA K 8: 30.75 : 9.87

MAX C: 36.71 : 102.
D:

ROOT MEAN SQUARE 3. 59 10. 72 13. 75
PERCENT ERROR

LIFE 0. 0-0. ,5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.8-58



CONDITION/HT: H1000 STAIN.
FORM: 1.50'"TH ROLLED BAR YIELD STRENGTH:210. 0- 215.0 KS! STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 219. 0 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 989- 0. 993"
STRESS RATIO: +0. 08 SPECIMEN WIDTH: 7. 400" PH 13-GMN

."' FREQUENCY: REFERENCES:88579o 85837I..

AK (MPA 'm-) AK (MPA -"/-)
4 10 40 100 4 10 40 100

® ENVIRONME II10 F..WZ RL. H. A. - 0HZ

1o2 .o2
110.0

- iO" ¶o. -i

-$ 10"d -d1 .2 •

' '" 1( __ __ 104 -(

10 10.10,2

4 -
iZiii 10-__ - 10

-10 - 10

__1 4 10 40 100 1 4 10 40 100

T100 , ,''IFENVIRONMENT: - 100

Iz z0z

10 10" 10 10.1

10" 10-_ 10-3 5
10101

162 .s- 16

10.

16 1 0

1 2 10- z2
1 z

= • - __10
11

S010.3 10. E

10 10 10
106 , -i. -8 - 4

10";'~10 , -1.5--

S-- • 10.6 _ 10,6

S 1 - - I ~ l 1 ,l I 10.8 - I , II I, I , ,1 , -

4 ":.: 10 40 100 1 4 10 40 100
AK (KSI v 'in) AK (KSI /"i)

Figure 3.8.3.21
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'A.V_ 3.11.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACIOR

DATA ASSOCIATED WITH FIGURE3.11.3.1 INDICATING EFFECT

OF ENVIRONMENT
--------------------------------------------------------------------------------------------

MATERIAL: STAINLESS STEEL 15-5PH
CONDITION: H1025

DEI.TA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

S E= R.T. E= R.T.
:LAD AIR-J0.0HZ 3. 5%NACL-1.OHZ

A: 30.17 : 8.27
DELTA K B: 17. 18 : 5. 06

MIN C:
D:

20.00 : 9.97
25.00 : 15.7

30.00 • 20.3
35.00 " 15.0
40.00 : 18.0
50.00 : 22.0

60.0 : 29. 7
70.00 : 41.2
80.00 56.1
90.00 : 74.1

"100.00 : 94.2

A: 124.79 : 146.

DELTA K1 B: 30. 88 : 21. 5
MAX C:

D:

ROOT MEAN SQUARE 8. 12 19. 17
PERCENT ERROR

LIFE 0.0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 2

SUMMARY 1 25-2. 0
(NP/NA) '2. 0

3.11-6
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CONDITION/HT: H1025
FORM: 1. 50"TH BAR YIELD STRENGTH: 150. 7 KS! STEEL
SPECIMEN TYPE- CT ULT. STRENGTH: 158. 2 KS!

",-•'' ORIENTATION L-T SPECIMEN THK: 1. 500"

STRESS RATIO: -0. 50 SPECIMEN WIDTH: 3. 0" 15-0PH
FREQUENCY: REFERENCES:92270

AK (MPA V"}) AK (MPA -/'m)
4 10 40 100 4 10 40 100

V ',' ENVIRONMENT: R4 10° IZ/ NVIRONM rT: R ,
LAB AIR-lB. 0HZ 3. 5NACL-1.0HZ

-1lO-2 1O2
10 _ _ _. _--_

_10- 10.1

,,- -_102 10-2

1 -4 _ .4

"- 10 3  103 E
'. 10.-s - 10 I -

-1 10 "

-6:. o _- _"____ _1_ 6 _- __ _ __ _ _ _-

1 _ _ 10" 
100

.7 .7
10 _ 10.6 •0"107

1 4 10 40 100 4 10 40 1N = I ' l11l1l1 1 1 ~~~ '

ENVIRONMENT: 10 0 ENVIRONMENT: 100

1,2 10"2
:•,o. 10.0__110 l-10

10.31, 10.1

10 10"10"

"1 .3

-10.10

10-6 
10.6

106

10-6 60"
•_• .10.e 1 I ~ i IIIl -- 10.8 I ... I i . l.. LL.J I ll

1 4 10 40 100 1 4 10 40 100

.A AK (KSI %'7) &K (KSI v/T7)

V . Figure 3.11.3.1
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T(:L: 3.11.3.2

FATICUE CRACK RLROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.11.3.2 INDICATING EFFECT

"OF ENVIRONMENI

MATERIAL: STAINLESS STEEL 15-5PH
CONDITION: H1025

DELIA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

S E= R.T.
: LAD AIR

A: 2 .386 : 1.50
DELTA K B:

"MIN C:
D:

30.00 : 1.73
35.00 : 3.08
40. 00 : 5. 37
50.00 : 15.3
60.00: 31. 1
70.00 : 48.6
80.00 : 70.0
'490.00 : 102.
100.00 : 155.

A: 107. 17 : 219.
DELTA K B:

MAX C:
D:

ROOT MEAN SOUARE 42. 67
PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. B-1. 25 2
SUMMARY 1.25-2.0
(NP/NA) >2.0

3.11-8



CONDITION/NT: H1025 STAIN
FORM: 1. 50"TH BAR YIELD STRENGTH: 151.2 KS1 STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 151. 1 KS1
ORIENTATION- T-L SPECIMEN THK: 1. 500"
STRESS RATIO: -0. 05 SPECIMEN WIDTH: 3. 000"

. FREQUENCY: 10. 00 HZ REFERENCES:92270 15-SPH

4 10 40 100 4 10 40 100
I I III I 1 4 11 11

ENVIR NOENT: R.T.'o 100 N2% O NT:
LAB AI

10 10-_°'_ _ _ _ _ 0i 10_

- - 10" 10"1

3 03 E10

z 10o E
o 10 -5 10 1, z
(V - -o -,o

10-10s401

106 1075
-10 10

106 -0,6 I Io"r

S O 1 0 8 1..0 - I. ,l l.. l , I... , L L l~ l i J. .. .. 1 O e I , * I , , I I I1 0,I,

4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10 ENVIRONMENT: 100
lO- _______ ______o"__ 2 _ _______

10 10"1 10.1

10. 10

10- 1.2 2 1 ;

10310

w. Jo'0s -- 10" - Z

I• ! 
o104 

ior--11005

.0- 1010,

-i 0 o 
1 0 . 3

1 4 10 40 100 1 4 10 40 100

a :•' K (K S, I N7) AK (K SI -i"n)

Figure 3,11.3.2
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ST;.'-l- 3.11.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DAIA ASSOCIATED WITH FIGURE3.11.3.3 INDICATING EFFECT

OF STRESS RATIO
A-------------------------------------------------------------------------------------

MATERIAL: STAINLESS STEEL 15-5PH
-, CONDITION: H1025

ENVIRONMENT: R.T., 3. 5% NACL

DELTA K DA/DN (10**-6 IN. /CYCLE)
of (KSI*IN**1/2)

- A B C D

. R=+0. 05 Ri+0. 50

A: 33.23 : 17.9
;. DELTA K B: 24.76 : 13.2

MIN C:"0 D::

25.00 : 13.4
30.00 : 18.6
35.00 : 19.9 26.7.
40.00 : 25.6 36.7 .,

50.00 : 39.4
60.00 : 60.4

A: 63.17 69.7
DELTA K B: 43. 53 : 44. 1

MAX C:
D:

ROOT MEAN SQUARE 2.30 4.38
p PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.1 1-10:: . % .. '.



CONDITION/HT: H1025 S TAIN, .

FORM: 1SM 5"TH BAR YIELD STRENGTH: 151. 2 KS] STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 158. 1 KSI

ORIENTATION: T-L SPECIMEN THK: 1. 500"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 3. 00" 15-5PH
ENVIRONMENT: R. T., 3. 5% NACL REFERENCES:Q2270

... .\:%

4100 4 10 0 100

--STRESS RATIO = -0.-I 05 10 • STRESS RATIO -s-0÷. So "

_10"1 

10-1

10-3 10-

T 10-2 
10.21

0 0"4

c0  
10"E

.- 10 . 10's Z

6 __-__1-__--_- 
10.

U4 
O10

--

410

16216

100- 
100

10** 16 7

10 
10.6

" 4 10 40 100 4 10 40 100.Z foN I I 1'111 1 11 1 11 - I l l I 1 "l,11 1l'l11 11 l

STRESS RATIO =0°'-STRESS RATIO z lo10

10"2 
Z02,,

-- _ _ _-_ _10 " 10 .- 1 "
ii10. __- 1 1 3- 

1

______-_ __ = 5 _ __10-210-

l•• 10. 10.__ _ *10.2

10 
16-

"" 10 
10

.10" 
10 .6

0 40 100 1 4 10 40 100

•: K (KSI V"') Fiue 31 .. K (KSI VITn)

07 3Ji i -Ii

[ * - • . A * 2 *--.*.i 4". .. .. -* .-..-. +•......* .. . .. . .



- 3.11.3.4

FA'rICUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.11.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 15-5PH
CONDITION: TUS=150-165KSI
ENVIRONMENT: R.T., H.H.A.

----------------------------------------------------------------------------------------------------------------
DELTA K : DA/DN (10**-8 IN. /CYCLE)

(KSI*IN**I/2)
A B C D

R-1. 00 R=-O. 20 R-'+0. 04 R-'t.0. 40

A: 12.00 : .706
DELTA K B: 14.00 : .915

MIN C: 13.44 : .738
D: 9.60: .629

10.00 .739
13.00 : .985 1.76
16.00 : 2.07 1.52 1.45 3.05
20.00 : 3.93 3.05 2.92 5.18sI 25.00 6.82 5.43 5.22 8.94

30.00 : 10. 5 8.38 8.09 14.9
35.00 : 15. 5 12.2 11.8 24.9
40.00 : 22.3 17.2 16.8 42.2
50.00 : 45.6 33.6 33.6
60.00 94.6 66.2 67.8
70.00 : 133. 140.

A: 70.00 : 200.
DELTA K B: 80.0 0 : 272.

MAX C: 76.-80 : 231.
D: 48.00 : 101.

------------------------------------------------------------------------------------------
ROOT MEAN 8GUARE 1.30 .62 2.28 2.82

PERCENT ERROR
-----------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.11-12
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CONDITION/HT: TUS-150-1O5KS ESTAIN. J
FORM: IL 5'"TH BILLET YIELD STRENGTH: STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH: I
ORIENTATION: T-L SPECIMEN THK:
FRE0UENCY: SPECIMEN WIDTH: 15-SPH

'V.ENVIRONMENT: R. T. H. H. A. REFERENCESBWB05

AK (MPA V/-M) A K (MPA VA•)
4 10 40 100 4 10 40 100

STRESS RATIO -1.00 STRESS RATIO -(. 20

1001 10.1

10, 2 10-210".
10 _10

lee - 1 2

4. z

,, 16'10"4

1 100 E
1 1 z44 10s 01

•:1010.2 10,2

1 0 . 10 -

--* -- 10.6- - 10.

.:10. l ~ ~, I ,l ll -1-e I ,l ll ,0, -

1 4 10 40 100 1 4 10 40 100lI' ' I ' T'l l _

""100 @ - S.,.S T R E S S R A T IO = -#-1 04S T E S R IO - 0 . 4

.o' io"lO,

" 1103 -- 113

1 L . Li . L10 -- 3 1 L L10.3

o'• 10. 4_0,0 0 10" 4 10 0 10

S 10"• - _ 1-10-

K SF g 3 K
_,10 

m47- 1-• -

10-

-.---- 10-- . 10-6

1•.:. 4 10 40 1 00 1 4 10 40 lo o
'• :,,'.,&K (KSI L•• K (KSI 'iTn)

.• Figure 3 .11.3.4
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"AIBLL 3.11.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE3.11.3.5 INDICATING EFFECT

OF STRESS RATIO
-------------------------------------------------------------------------------

MATERIAL: STAINLESS STEEL 15-SPH
CONDITION: TUS-150-165KSI
ENVIRONMENT: R. T. , H. H. A.
---------------------------------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

11-I. 00 Ra-0. 20 R=-t 0. 04 R+0. 40

A: 14.00 1.69
DELTA K B: 14.00 " 1.31

MIN C: 15.36 1. 56
D: 10.80 1.24

13.00 2. 09
16.O00" 2. 61 1. 92 1. 75 3. 51

20.00 " 4. 70 3.46 3.16 6.02

25.00 " 0.05 5.99 5.45 10.8
30.00 : 12.2 9.38 e. 51 10.9
35.00 • 17.7 13.9 12.7 33.0

40.00 2 5. 3 20.1 18.5 50.0
50.00 : 51.6 39.8 37.9
60.00 : 76.5

A: 60.00 • 108.

DELTA K B: 60. 00 : 76.0
MAX C: 67.20 : 126.

D: 48.00 146.

---------------------------------------------------------------------------------------
ROOT MEAN SQUARE 7. 16 1. 94 2. 77 4. 04

PERCENT ERROR
---------------------------------------------------------------------------------------

LIFE 0. 0-0. 0
PREDICTION 0. 5-0. R

RATIO 0. 8-1. 25
SUMMARY 1.25-2.0
(NP/NA) :>2. 0

3.11-14
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CONDITION/HT: TUS-150-165KSI S I
FORM: 0. 50"TH BILLET YIELD STRENGTH:
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: S-L SPECIMEN THK:
FREQUENCY: SPECIMEN WIDTH:
ENVIRONMENT: R. T. H. H. A. REFERENCES:BWO04 15-5PH

AK (MPA 'VI) AK (MPA ,Vm)
4 10 40 100 4 10 40 100@~I I I I I''' 1 ' 11 _t'' " I I pIlII' I I I I II 11 -

-STRESS RATIO 1.00 10 STRESS RATIO -0. 20 Zld2 ____ __--___ ___

10 10-1

-3

1•" .l2

4 4

16 -Vi* 16~
-3 - 03 E

.10 10s 1

104 140 1 10-5 ,_04-0

©
STRES RATI0.-'-. 4010s

"-10"0 - --

100

4 _ _ _10 .6 _ _ _10 -6

10.8 13 8[

10-

4 10 40 100 1 4 10 40 100

1 ~ ~ ~ ~ Fgr 3.11.31.51,11r--7

©~ ~ ~~~0 @ I-""''''''"
STRESS RATIO +0. 04 10[STRESS RATIO = 0. 40 10 o

31-1 l1
S10"- 1o"

10.3 o7103-

10-0, 10 .2 • -
"16 106

-- 10 10-3 E7; - /
10 - " 04 -- 0

10-6 - I0- 10

10"7 - 10- -- 0-

-- • 10 .6 -06

10.6 I , I, , ,I8 1 t 10.8 I Il~ll ! I 1,I l -
1::.: . 4 1 0 4 0 1 0 0 1 4 1 0 4 0 1 0 0

&•K (KSI V/'• ) &•K KSI ,V/'m)
Figure 3.11.3.5
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TABLF 3.14.3.1

FA'FIQUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE3.14.3.1 INDICATING EFFECT

OF STRESS RATIO
-----------------------------------------------------------------------------------------
MATERIAL: STAINLESS STEEL 17-4PH*
CONDITION: H900
ENVIRONMENI; k T. ,LAB AIR

----------------------------------------------------------------------------------------
DEITA K DA/DN (10.*-6 IN. /CYCLE)

(KSI*IN**1/2) SA B C D

R=+0. 08

A: 7.54 .126
DELTA K B:

MIN C:
D:

8.00. .150
"9.00 .217
10.00 :.305
13.00 .745
16.00 1.54
20.00 : 3.38
"25. 00 7. 25
30.00 13.1
35.00 20.9
40.00 30.5
50.00 53. 1

A: 56.40 • 68.4
- DELTA K D:

MAX C:
D"

"-1',.~
---------------------------------------------------------------

%0 ROOT MEAN SQUARE 22. 74
PERCENT ERROR

-----------------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0 8
"RATIO 0.8-1.25
"SUMMARY 1.25-2.0
(NP/NA) '.2. 0

3.14-4



CONDITION/HT: H900 STAIN.

FORM: 0. 55"TH PLATE YIELD STRENGTH: 170. 5 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 192. 7 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 500"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 1. 969" 17-4PH
ENVIRONMENT: R.T., LAB AIR REFERENCES:DA00I

AK (MPA -/-M) AK (MPA -,'-)
4 10 40 100 4 10 40 100

STRESS RATIO 0. STRESS RATIO
1O2 _o.2

10- 10i

1 3  1

"" 10.2 10-2

ZO 10-3 10.34

E
zU

40 1O6S 106f _ z

- 1' -1

010- 10- -

_,1 4 10 40 100 1 4 10 40 100

.'STRESS RATIO - o STRESS RATIO 0 o

16lO2 10o "1 2
4. _ 1-010."

10-

1 iO-oio"

110 
102

> 14 164 ,,

10. 10-3

1 S ES I 1O5id s z
110*101 1 OF

10~~ 102- lo"

IO iL - I I

•i,10"7- 10" --

_ __;_ -- _ _10. - 10.: V

- 10.8 .... .I , III I .. L4LAII, -- 10"8 I .L.. .LLJ ...... L...IJI=I -

1 4 10 40 100 1 4 10 40 100

&AK (KSI F&3.14.1K (KSI vi
Fiu e .4..

3.14-5



TABLE 3.14.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.14.3.2 INDICATINg EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL 17-4VH
CONDITION: H1025

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**I/2)

A B C D

: E= R.T.
•1. H. A.

A: 8.33 .214
DELTA K B:

MIN C:
D:

9.00 : .245
10.00 : .330
13.00 : .945
t6.00 : 2.15
20.00 : 3.51

A: 20.04 : 3.51
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 17. 98
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO O.6-I.25 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.14-6



CONDITION/HT: H1025 STAIN.
FORM: B. 13"TH CASTING YIELD STRENGTH: STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION- SPECIMEN THK: 0. 103- 0. 113"
STRESS RATIO: -0. 02 SPECIMEN WIDTH: 2. 915- 2. 955" 17-4PH

",," FREQUENCY: 1. 0 HZ REFERENCES:Gt010
"-p.,

AK (MPA %/'M) &K (MPA )
4 10 40 100 4 10 40 100

ENVINMENT: 1o0 N1NMENT:H. H.A. -R1.oMET

10.2 _ O2 E

iOZ 1
10*' 010.

-10.2 102

" 10 10 '
"-0 1-O3 E

E

1 1

101
-O.6 -6 - 6

10. 10

1-0-1

O010

10.- 100 6

4--

1. 4 10-• 40 10 0 . 1 4 10-40�100

© ENE-10- E3 E

_____ __ _____o-___ _____ 1o-3 -

"1010

106,- 10.0 -

'a ow4 1o

10"5 10-s

10-7 - 10-_ --7

10 . 106

100 18 1o
10 ,II 40 l, ,I, - 10e I , I , 1,1, L L LLi,; --

1 4 10 40 100 1 4 10 40 100
&K (KSI v/T) AK (KSI v7m)

Figure 3.14.3.2
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TABLE 3.14.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.14.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 17-4PHI CONDITION: H1025
ENVIRONMENT: R. T. , LAB AIR

DELTA K DA/ON (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A 0 , D

R=40. 10 R+O. :0

A: 20.54 1.48

DELTA K 2: 11.39 . 708
MIN C:

D:

13.00 .1.33

16.00 2.76
20.0O0 5. 77

25.00 3. 15 16. 5
30.0O0 5.61 •'.

S35.0O0 9. 33
•" 40.0O0 15. 9

A: 49.82 : 54.3
DELTA K B: 28.37 39. 5II MAX C:D:

D:

ROOT MEAN SOUARE 8.26 7.53

PERCENT ERROR

LIFE o. 0-0. 3
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25 1
SUMMARY 1. ý.5-2. 0
(NP/NA) >2. 0

3.14-8
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CONDITION/HT: H1025 STAIN.
FORM: 3. 0"TH ROUND BAR YIELD STRENGTH: 175. 3 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 179. 8 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 50"
FREQUENCY: 10. 0 HZ SPECIMEN WIDTH: 1. 99- 2. 00 17-4PH

', ENVIRONMENT: R. T. . LAB AIR REFERENCES:DA001

AK (MPA %/") AK (MPA V/m)
4 10 40 100 4 10 40 100-

10"-STRESS RATIOTRESS RATIO -1. 50
0 o.2 1-2 SA5

10-1 10"1

10. 1010

1-o2 102 _

10o3  - 1.3

0 10 
z> 10"4 .4 -z1"

010

10_- 
10 - E

-10- 10-- 1

10 .10.6•0--

. " ,1 0 " e I , I , *8 I , , , - 1 0 -e 1 , _ I L L I , I L _ _I , I I= , -

1 4 10 40 100 14 10 40 100

STRESS RATIO 100 STRESS RATIO2 100

10 10' 1010.1
9...

o73* 1OF

10.? 10, _

-- -- I0"= -- ._•10-2

S4 4

-& -310. _3 E

1::1" 0 - z

.:..-8 
-- V04-

01 
0

10-7 10

10 10.6 1

10gu8103.14.3.3

4 110-4

3016-9
.10

po. . . . .16 ,



TA14LE 3,14.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR,

DATA ASSOCIATED WITH FIGURE3.14.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 17-4PH
CONDITION: H1025
ENVIRONMENT: R.T., LAB AIR

DELTA K : DA/DN (10-*-6 IN./CYCLE)
(KSI* IN*-1/2) :

:A B D

R+O. tO R=+0. 50

A: 7.48 : .0111
DELTA K B: 4.00 : .00984

MIN C:
D:

5.00 : . 0357
,6.00 : .0802
7.00: .143
3.00: .0175 .229
9.00: .0344 .347

10.O0 : .0607 .512
13.00 : .208
L6.00 : .899
20.00 : 2.00
25. 00 : 3. 66
30.00 : 7.22
35.00 : 13.7

A: 38.39 : 19.6
DELTA K 0: 12.62 : 1. 41

MAX C:
D:

ROOT MEAN SQUARE 11.17 6.89
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) "•. U

3.1--,.

3.14-10
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CONDITION/HT: H1025 STAIN.
FORM: 3. 0"TH ROUND BAR YIELD STRENGTH: 175. 3 KS STEELI
SPECIMEN TYPE: CT ULT. STRENGTH: 179. 8 KSI
ORIENTATION: T-L SPECIMEN THK. 0. 25"
"FREQUENCY: 30. 0 HZ SPECIMEN WIDTH: 1. 99- 2. 00" 17-4PH

S• ENVIRONMENT: R. T. . LAB AIR REFERENCES:DA001

AK (MPA V,7) AK (MPA V/'•)
4 10 40 100 4 10 40 100

-STRESS RATIO =0. 10 STRESS RATIO= *-0. 50-o2 o-2 ________

16 1o2 ZoI
-10- 10-1

10.2 10.2

10

'p 1. 10.3~

10"6 I10"
10-3 10-3

"a1106 10"6

S4U10 40 101 4 10 4010 40

= _ST ESR TI_=10
116
o, 1 lO1 2

- -- 40" U.j 1 -
10 -6 

10, 3

L - I 1 1
_1 40 140 10.6 _ 1-* 10 6

-. Z 0"10. , 10" - -

'•"• _101 --
• .• •-- .-. 10.-"

Fi .r 3

, 10' E
,,r __ 010.z

"'~17 
'a- • 1.

•77.. • .. 4 1 4 0 1040 1005

"-'AZ K (K S I V / -in) &K (K S I V 'on)
Figure 3.14.3.4

'• 3.14-11

":.2



£

V 9
m t

I I

hi - -

I N I N I
4 � 0�
o - I -

I I

S A A I

I I I

I I I
I I I

I I

g
* I .

m- -

- I -

C. 8 '

C- I I . I 5
-U, U, I - I

z I ID

- -- I -

o uo� I

�., .2Z I

u� a.w-( I I I I-
- I.4�I4'

4. 
I I Li

I 
U

I I I
0 N

2
I I.) I U I

-'1 
I I 0

/* 
� I

: a I C I

V III I I I

- �

i�3I - - I -

J 
Ix l3�

.4 -� Li I I I I� I K

uIJ

�) Li
W

A�. 
I

B I U I -
K C. U.

- I I I N

2
I I a.

w w
U') 0 -

I I I U

� C N Ii
I I I

- - U,

LI I I

III I I

I I -

-B... - I- Z
- . .

I I I

K £
I I Li

.4

*4'4 

0

* .

1.1

'I- *P

I 4

4'.
-

I8
.. LI C'

*II I., 

-�

%I�I

3.14-12

4*
--. 4.. .

.44



II
N

I..

L!

I°
34 ii,,,p.

4 I-

O

I.

I 1-•3.15-1



1 0

S 0

-2 0 0

919

3K
Ini 00

U - I

- g

3. 5-



TABLE 3.15.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.15.3.1 INDICATING EFFECT

OF STRESS RATIO
-------------------------------------------------------------

MATERIAL: STAINLESS STEEL 17-7PH
CONDITION: THI050
ENVIRONMENT: R.T., LAB AIR

"--------------------------------------------------------------
DELTA K " DA/DN (1O**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

Io
R-+O. 10

A: 2.85 : .00325
DELTA K B:

MIN C:
D:

3.00 : .00435
3. 50 : .00947
4.0O0 .0Ol56

5.00 : 0252
6.00 .0425 'i1
7.00 : .0857
8.00 .162
9.00: .276

10.00 : .433
13.00 : 1. 1?
16.00 " 2.38

A: 18.70 : 3,75
DELTA K B:

MAX C:
D

ROOT MEAN SQUARE 11. 25
PERCENT ERROR

LIFE 0.0-0. 3
PREDICTION 0. 5-0S I

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) 02.L)

p5

dp

"3.15-4

1 p F I . -



CONDITION/HT: TH1050
FORM: 0.50"TH PLATE YIELD STRENGTH 194.0 KSI STEEL
SPECIMEN TYPE: CT ULT STRENGTH: 208. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 5001
FREQUENCY: 20. 0 HZ SPECIMEN WIDTH: 1. 989" 17-7PH
ENVIRONMENT: R.T. o LAB AIR REFERENCES:DA001

AK (MPA VrU-) &K (MPA Vr7)

4 10 40 100 4 10 40 100

STRESS RATIO = +1L 10 STRESS RATIO=

o_ _1_2 L0
10 10"1

11000

io3  -0ý

10.2 102

> .4 .4 ________

,10.6 10.7

S10.-3 3 EI
105 1

-6 6 66 ______ ________

.6 .6

100 10

1 00. 10 L1
1 10 40 100 1 4 10 40 100

STRESS RATIO 100 @ STRESS RATIO 100

10- 10-1

10.101103

p. 4  1 -• 04104.

- 010-2 10*21

4 .4
16 10

1 0* 10-3E

z1 E

___o_ 10____ 11z____ O

.7 .4

0 101

. 10-e 10
-8 -6

10~~ i Jil - 1 1010.. L IJ. ... 6L.L L

1 4 10 40 100 1 4 10 40 100
.%, N', &K (KSI v/'n) AK (KSI v'n)

.- '."-. Figure 3.15.3.1
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TABLE 3.15.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.15.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 17-7PH
CONDITION: THI050
ENVIRONMENT: R. T. , LAB AIR

DELTA K • DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

" A B C D

. R--0. 10

A: 3. 82 : . 00558
DELTA K B:

MIN C:
D:

4.00 : .00944

3.00 .0264
6.00 .0447
7.00 : .0841
8.00 : .153
9.00 .253

10.00 .388
13.00 : 1.03
16.00 : 2. 12
20. 00 : 4. 44
25.00 • 9.34
30.00 • 17.5
35.00 : 30.7
40.00 • 51.4

A: 49. 65 : 205.
DELTA K B:

MAX C:
D"

ROOT MEAN SQUARE 11. 14
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8 1

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
.NP/NA) -2. 0

3.15-6



CONDITION/NT: TH100 TAIN
FORM: 0.50"TH PLATE YIELD STRENGTH: 199. 3 KS! STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 203. 3 KS!
ORIENTATION: T-L SPECIMEN THK: G. 500".
FREQUENCY: 20.0 HZ SPECIMEN WIDTH: 1. go9 o"-TPH
ENVIRONMENT: R.T.. LAB AIR REFERENCES:DAO01

&K (MPA V'S) AK (MPA %/'W)
4 10 40 100 4 10 40 100

100
STRESS RATIO= *U. 18 STRESS RATIOi°'2 ____-_____o_ 2 _________________

Z 0 _10

101 10.-

io3
10. 2  

10.2

101 10. ' .

A 4
v 106 10*6

S 10 10' "610*6

4, 1 4 10 11 04 0

"10- STESRTO0 0oSRS RTO=1
10.6 10.-

1 -• 102 "0.

166 10"

STRSS ATI"STESS--TO 1003

•-.2 = - ________,

0105 10-1

*6 10 7i -

1o8-
1 -00

'- 10•001 -

10-2 10- -

10'1 10.1

10 10

10.2 1

1001
4, 0.6 106

" , 1 1 0 40 1 0 -0 8 E

" 104 1 4 10 40 100

.4q 
1-4

-" Figure 3.15.3.2
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TABLE 3.16.3.1

FATIGUE CRACK GROWTH "ATES AT DEFINED LEVELS
OF STRESS INTt.NSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.16.3.1 INDICATING EFFECT

OF FREQUENCY

MATERIAL: STAINLESS STEEL 304

CONDITION: ANNEALED

ENVIRONMENT: R.T., LAB AIR

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*•IN**I/2)

. A B C D

F(HZ)= 10.0 F(HZ)- 15.0

A: 9.98: .160
DELTA K B: 9. 16 : .112

MIN C:
D:

10.00 : .163 .133
13.00 : .438 .360
16.00 - 1.37 1.01
20.00 3.07 2.83

A: 23.49 : 6.30
DELTA K B: 21.04 : 3.45

MAX C:
D:

ROOT MEAN SQUARE 15. 06 26. 43
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.2r3 3 3
SUMMARY 1.25-20 1
(NP/NA) >2. 0

3. 6-
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CONDITION/HT: ANNEALED STAIN.
FORM: SHEET YIELD STRENGTH: STEEL
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 019"

STRESS RATIO: .0. 05 SPECIMEN WIDTH: 0. 995- 1. 998" 34
ENVIRONMENT: R.T. , LAB AIR REFERENCES:3HDO4

"AK (MPA -/iM) AK (MPA -"-)
4 10 40 100 4 10 40 100I• I I I gil -ltl I I 1 1' 11-1 10 1 11 11

FREQUENCY (Hz): 10. 100 FREQUENCY (Hz) 15.0

0 -- 10 10

10.1 10"2o 1 oo
__o.__ __ __.,4 __ __ __-_ __

100 E2-
S .1 0 10.5 -

10 . 10 -

o : 10

1 1 4 40 I 100 10 1 0, 4 100

"_FREQUENCY (Hz) = 100°RQENY(z

101 101
11

1 4 _ 42 _ 1o-4

-4 ." > -10- -
0

F E U N (H z FR QN_ - 1) _ z

010"_
--10. -- 10*

101 100-
10~1 -3 E__ __ _

-10-6 
-- 10-

104 10 40 100 1 4 10 40 1O0

.. % %& K (KSI .V 'n) A•K (KSI *%/'; )
Figure 3 16.3.1
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TABLE- 3.16.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE3.16.3.2 INDICATING EFFECT

OF FREQUENCY

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED
ENVIRONMENT: R.T. , LAB AIR

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**I/2)

A B C D

: F(HZ)- 1.67 F(HZ)= 6.00

A: 14.71 : .772
DELTA K B: 10.85: .128

MIN C:
D:

13.00 1..1312

16.00 1. 19 .657
20.00 : 2.86 2.56
25.00 : 4.61
30.00 " 10.6

A: 32.52 : 20.3
DELTA K B: 21. 51 . 4. 77

MAX C:
D:

ROOT MEAN SQUARE 23. 51 8. 28
PERCENT ERROR

LIFE 0.0-0.5
PREDICTTON 0. 5-0. 8 2

RATIO 0.8-1. 25 2
SUMMARY 1. 25-2. 0
(NP/NA) .2 0

3.16-6
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CONDITION/HT: ANNEALED STAIN
FORM: SHEET YIELD STRENGTH: STEL
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 010"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 000" 304

-ENVIRONMENT: R.T.. LAB AIR REFERENCES:HDUU3

AK (MPA N/-M) A K (MPA A%/)
4 10 40 100 4 10 40 100I( - 1 ' 1I'I' I ' I 'I'1'1 "

FREQUENCY (Hz) 1.87 100 FREQUENCY (Hz) = 8. 00
162 _ ! - 1O2 _-

0 10-1 0

10.1 10.1

> o. 1 -4"

10 - U"C 103 10-3 E

z-' E
~ ~o- 10* l* 5 4

166 _ 1_

1007 10-5

S10110 40 0 4 10 40 100

10.6 10
1081 -- 1 , I, IH I , , ,I

FREQUENCY (Hz) =10 oFREQUENCY (Hz) 100

10"10-1

1-3 •02
m .2

-1010

z~ 4

100- 10 - 3 E
mE

lo . o
-- . -4•1 . 10.

-6 6"16 1-- .61. • 1.

10-10- 5 5Oe.10 10 -- 10"10

.- 7107 107•

10.8 10.6
108 IL W I WI I I - 10.8 ILdI II I Il "

1 4 10 40 100 1 4 10 40 100
AK (KSI -in) AK (KSI Vrh

Figure 3.16.3.2
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TABLE 3.16.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.16.3.31NDICATING EFFECT

OF FREQUENCY
------------------------------------------------------------------------------- .

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED
ENVIRONMENT: R.T., LAB AIR

---------------- --------------------------------------------------------------
DELTA K : DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

F(HZ)= 0.03 F(4Z)= 6. 67

A: 32.53: 11.1
DELTA K B: 16. 50 : 854

MIN C:
D:

20.00 : 1.92
25.00 : 3.05
30.00 : 4.50
35.00 : 14.7 8. 12
40.00 : 24.7 15. 3
50.00 : 56.0 28. 5
60.00 : 101. 45.7
70.00 : 154.
80. 00 : 205.

A: 62.69 : 217.
DELTA K B: 63.22 : 7e.3

MAX C:
D:

ROOT MEAN SQUARE 5. 23 5. 67
PERCENT ERROR

-------------------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

3.16-8



CONDITION/HT: ANNEALED STAI N.

FORM: 1. .59"TH PLATE YIELD STRENGTH: 39. 8 KSI STEEL
, SPECIMEN TYPE: SNT ULT. STRENGTH: 77. 1 <KS1
, EORIENTATION: L-T SPECIMEN THK: 0. 491"

"STRESS RATIO: o0. 00 SPECIMEN WIDTH: 4. 910- 4. 950" 304
"ENVIRONMENT: R. T. LAB AIR REFERENCES:HDO07

A ".I

4 10 40 100 4 10 40 100
",-- I I , I'lq I I I I filr 1-9 17

FREQUENCY (Hz)- 0.03 100 FREQUENCY (Hz) 8. 87

10-2163- . 63010-

10.10 
1 E

N 10 id 10"5

1 
10' .13 -- _-_10 3 __ _ _1 ._ _

010-s 11010 -- 10.4 - 10"

10 07
-*- • e" 10.6

"1 4 0 40 100 -4 10 40 100

1010 10

FREQUENCY (Hz) FREUENCY (Hz) = 10°

-,1 2 _____ _ -162
S10- 101

S1.--10

1 B
-. 10.3 Z 10.3

14 U

10 100. 10-3 E

10 10- -
10- m

10. 10'6-6 • - ____ _ __ _--

107 1010- 10

1 4 10 40 100 1 4 10 40 100
* (Figure 3.16.3.3
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TABLE 3.16.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.16.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED
ENVIRONMENT: R.T., LAB AIR

DELTA K • DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

R=+0 05

A:
DELTA K B:

MIN C:
D:

200. 00

A:
DELTA K B:

MAX C:
D:

----------------------------------------------------------------------------------------
ROOT MEAN SQUARE 0. 00

PERCENT ERROR

LIFE 0.0O-0. 5

PREDICTION 0.5-0.8
RATIO 0. 8-1. 25
SUMMARY 1. 25-2.0O

(NP/NA) >2.0

3.1 -1

3.16-10



CONDITION/HT: ANNEALED STAIN.
FORM: I. 50"TH PLATE YIELD STRENGTH: 39.8 KSI STEEL
SPECIMEN TYPE: V(3L ULT. STRENGTH: 77. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 494"
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 2. 000" 304
ENVIRONMENT: R.T.. LAB AIR REFERENCES:HD007

-'-',"A K (M PA V/'m ) & K (M PA •/•

4 10 40 100 4 10 40 100.T I".P.,7 ,1

STRESS RATIO 41L 05 - 10 STRESS RATIO =
___,.___ 10.2

0 101 10

10.1 10.2

10.' __0"__ __

•--"• 103 ' 03 E
:,,.,-2 _

�0 -10 10c E

- 0 • 10 60

Z- *• ________- _____

10 -O"0
k -__- _1o __ o

108 108

1 10 40 100 4 10 40 100

STRESS RATIO 10 STRESS RATIO 10o

0 10"2 102

,10 1 10-3

..- ,_ -- -_ _ - 10.2 - 2

S...10• =lO" _ _ __ _ _ _ __ - 1~

,.:.. .-. 0 0

-_10

1" 10.6 10

%_. 10-3 IE ,[ i I I •" ~ • l ' l l

10 4 10 40 100 4 4 10 40 100
- . 1K (KSI v") Figure 3.16.3.4

P. 5
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TABLE 3.16.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASsOCIATED WITH FIGURE 3.16.3.5 INDICATING EFFECT

OF FREQUENCY
--------------------------------------------------------------------------------------

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED
ENVIRONMENT: R.T., LAB AIR

---------------------------------------------------------------------------------------

DELTA K DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**I/2)

A B C D

F(HZ)= 3.00 F(HZ)= 6.67

A:
DELTA K B: 16. 13 " 1. 09

MIN C:
D3:

20.00 " 1.86
25.00 " 3.44
30.00 : 5.93

35.00 o 9.64
S40.00 15.0

50.00 32.5"60.00 • 63.2
a.

A:
DELTA K B: 87.92 - 101.

MAX C:
D:

ROOT MEAN SQUARE 0. 00 5. 89
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3.16-12
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CONDITION/HT: ANNEALED STA IN.

FORM: I 50"TH PLATE YIELD STRENGTH: 39.60 KSI ST E:EL

SPECIMEN TYPE: SENT ULT STRENGTH: 77. 1 KSI

ORIENTATION: T-L SPECIMEN THK: 0. 493- 0. 4905"

STRESS RATIO: s.0. 00 SPECIMEN WIDTH: 4. 910- 4. 015" 304

ENVIRONMENT: R. T. o LAB AIR REFERENCES:H0007

AK (MPA -V'm) 
AK (MPA V m'l)

4 10 40 100 4 10 40 100C;'
FREQUENCY (Hz): 3.0 10 FREQUENCY (Hz) 05.10

2 ,Z102 _ _

1 -- -• 1•_• 1 "

10.10' 
10.1

• 
10.2 

10 .2 Z

Z 0..5-~
,,. 4 10. 104

-O"6 
Q-6

10 10.3 _ . 3 E

10 -
--

S~~10.81 0-60

. 1- 10-Q 110"10 100

100 . 1002

0 1 101-4 --40 10 10" 40 10-0

FREQENC (Hz 10 FRQUNC (Hz --

10- 
01

101

1-- 10F -,103

10 20 10 2- 0

4 
.4

>.• -4 ________ ___0 ______10.4 
"___

-33

1 10 1 0-- E
z E

V - 10.6, 10.6

m- o7 4 0 1O 0 1O

~10*S______________10__

10' 3-16

-66• io10,6 '

1 0 8 1 L 1 0.1 *16

14 140 100 1 4 iC 40 100
AK (KSI V/7) AK (K Sl ~/ 7n)

Figure 3.16.3.5
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TABLE 3.16.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.16.3.6 INDICATING EFFECI

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED

----------------------------------------------------------------------------------------
DELTA K :DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**I/2) .

A B C D

: E= 800 F
: AIR

A: 12.99 : 1.46
DELTA K B:

MIN C:
D

13.00 1.46
16.00: 2.90
20.00 : 6.70
25.00 : 10.3
30.00: 21.0

A: 34.6:3 3 47.9
DELTA K B:

MAX C:
D-

ROOT MEAN SQUARE 15. 35

PERCENT ERROR
-----------------------------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0 8

RATIO 0.8-1. 25 4

SUMMARY 1.25-2.O 1
(NP/NA) :-2. 0

S3.16-14
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CONDITION/HT: ANNEALED STAIN.
FORM: 0. 50"TH PLATE YIELD STRENGTH: 39. 6 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 77. 5 KSI
ORIENTATION SPECIMEN THK: 0.300- 0.500"
STRESS RATIO: *0. 05 SPECIMEN WIDTH: 1. 157- 2. gg9 304
FREQUENCY: 0. 6 HZ REFERENCES:HD01 1. H0012

AK (MPA %,/) AK (MPA %•),/

4 10 40 100 4 10 40 100

I , ,I , , I ,i , ,, 1 ,j 1,,, IENVIRONMENT: -0 100 oNVIRONMENT: ..*

10o-2O M N 8 J~ 2 . ~ 0  o. _ __ _ _ _ _ _ -~

II 10.1 10.1.3---

101 2-3 -10.2 10,2

-4O ._ _ _. _ ~ . -- Z_____ ___________• _10.
10 -- o - 3

_ 1 10. -- i--• E0
z .~ E

P10-- 10 - z

14 10 40 10O0 1 4 10 40 1 00

ENVIRONMENT: 100o ENVIRONMENT: 1

41.* 10
a4m10 10

-6 __________ ________

10101 10"1

106 106

10-. .= 1O" _6 1-= 1 1 I I IJ l 10 "

1 4 10 40 100 4 10 40 100

"i •10"3 @ ENVIRNMENT

gr 3

2 16
"10-

10.? -- 10-71-

"c 10 . 10 - E "

z4 10-eI.5! I II -I I I, ~ ,

1~l 10 40 4 0 0 4 0

'v~~1 6iue31..
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TABLE 3.16.3.7

FATIQUE CRACK GRflWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.16.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED

DELTA K . DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E-+ 550 F
:AIR

A 17.34 : 1.23
DELTA K B:

"MIN C:
D:

20.00 : 1.65
25.00 : 4.94
30.00 : 12.0
35.00 : 19.4
40.00 36.7
50.00 : 94.3

A: 51.20 : 86.4
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 15. 97
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO O. B-l, 25 2
SUMMARY 1.25-2.0
(NP/NA) '.2.0

3i6

4,•t
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CONDITION/HT: ANNEALED STAIN.
FORM: 1. 0"TH PLATE YIELD STRENGTH: 39. 0 KSI STEEL
SPECIMEN TYPE: CT ULT STRENGTH: 84. 0 KSI
ORIENTATION T-L SPECIMEN THK: 0. 252- 0. 999"
STRESS RATIO: +l. 05 SPECIMEN WIDTH 1. 999- 8. 001"
FREQUENCY; 2. 5 HZ REFERENCES:H30 10

&K (MPA X/F") &K (MPA %/-")
4 10 40 100 4 10 40 100

ENNT: 0100 V NVI ONMENT:

--2 
Z__ 

_
""1 •10

S 1010.1 
10.1

16~3  1
1 0_0

V.- 1 10100, '

=. ______10.__I______a

z 10-- 10 U 1

10. 10.3
z 

E

--. _10 0s

10 10-s 106 -

I o. 10-60 10.6

."10. I i I 11,111 I1fl*- l - * Iif l JL I , lit, -

- 1 A 10 40 100 14 10 40 100

Cr : I ' lf OltVl'l r 100 'I I1'I1III -I'
= - EVRNNT.-10oENVIRONMENT: 100o

10. -0 10 10

i0- - 2

10-5

0- 10 
-

•- 14 0 10 4 10.4 100
I= I5 191TT 1 1 1 11 , 1 1 1 10111

4 ._ "4 
0 -@

100.2 
10"

V

'o -- • 0"-- -10"

1 _ _3 
1 0 *

10 
2

--
10

7 .7

10o 
10

10 6 
1 06

4 10 40 1004

•i.: ,,eK (KS, %/T ,,K (KSI v/T)
Figuire 3.16.3.7
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TABLE 3.16.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOnf

DATA ASSOCIATED WITH FIGURE3.16.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL 304
CONDITION: ANNEALED & AGED

DELTA K . DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B Q D
Ez R. T.

:LAB AIR

A: 19.08 1. 17
DELTA K B:

MIN C:
D:

20.00 : 1.36
25.00 : 3.99
30.00 11.4
35.00 27.8

A: 35.83 : 31.6
DELTA K 8:

MAX C:
D:

ROOT MEAN SQUARE 8. 08
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO O.e8-1 25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

3.16-18
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CONDITION/HT: ANNEALED IAGE SAN
FOM L5"HPAEYIELD STRENGTH. 39.15 KSISTE

SPECIMEN TYPE: CT ULT. STRENGTH: 77. 1 KSI

STRESS RATIO: *0. 05 SPECIMEN WIDTH: 2. 001" 0
%FREQUENCY: 3. 0 HZ REFERENCES:HD0008

&K(MPA V') A~K (MPA is

4 10 40 100 4 10 40 100

ENVIRONMENT: R. .10 ic. N9 NET

-26

10 10-1 10-1

1 0 .2

(~)10 _ ____10-

-4 44-
10 10

3V

10. 10.'

10* 1 1

4 o-

161
10. *02

-10 10-6

- 101

.~ ioioi0

10 - 0 10

106 03.6

1~~~~~1 4 0 4 0 E 0 4 0

.4.A d
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TAIJLE 3.17.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS .1

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.17.3.1 INDICAtING EFFECT

OF ENVIRONMENT

MATERIAL: STAINLESS STEEL 316
CONDITION: ANNEALED

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

: E=+ 98 F
:AIR

A: 17. 85 : .435
DELTA K B:

MIN C:

20.00 : .868
25.00 : 2.81
30.00 : 6.38
35.00 12.0
40.00 • 20.1
50.00 : 47.3
60.00 : 98.5

A: 60.48 : 102.
DELTA K B:

MAX C:
D:

---------------------------------------------------------------

ROOT MEAN SQUARE 6. 93
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.68

RATIO 0.8-1.25 1
SUMMARY 1. 25-2-. 0
(NP/NA) .-"2.0
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CONDITION/HT: ANNEALED STAIN.
FORM: I. 50"TH PLATE YIELD STRENGTH: 44. 1 KSI STEEL
SPECIMEN TYPE: SENT ULT. STRENGTH: 82. 1 KSI
ORIENTATION- SPECIMEN THK: 0. 504"
STRESS RATIO: -0. 04 SPECIMEN WIDTH: 4. 501" 318
FREQUENCY: 0. 8 HZ REFERENCES:HDO13

AK (MPA -%m) &K (MPA -'I)

4 10 40 100 4 10 40 100

ENVIRONMENT: * 1001' NIMONENT:AIR
O2 2

1o'- 10.1

103 103-

.$. 10. 10.107
10.2 Z 10*2

7" 100 3 103 E:

":1.6 0-6 ________ ______ __

0 100
ID 10 S

i* 11;'104

7 -7
110.6 106

10- 1- 011 4 10 40 100 4 10 40 10

ENVIRONMENT: 10o @ ENVIRONMENT. 2o7
162 10"__ _ _ _ _10

10"101 - 1

10.2 102 "

. 4 104
S10.1 10.3 E

E
"O -10 10* 5 z

10 _- ' 10 .- 4

1010.5 10. 10-5

-7 .107
S. 10

-- 10.6 10.6

lO-e ... . I, I, 1 I l. . L..Ll -- 10.8 1 1 jL I I . I I 11 111 --
- 1 4 10 40 100 1 4 10 40 1O0

' °&.., AK (KSI V7) AK (KSI V/7)

Figure 3.17.3.1
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TABLE 3.17.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA f:iSSOCIATED WITH FIGURE 3.17.3.2 INDICATING EFFECT

OF ENVIRONMENT

g MATERIAL: STAINLESS STEEL 316
CONDITION: ANNEALED

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A 3 C D

. E=+ 600 F E=+ 800 F
:AIR AIR

A: 13.24 : 1.10
DELTA K B: 16.21 : 2.43

MIN C:
D:

16.00 : 2.02
20.00 : 4.63 5.14
25.00 : 12. 5 15.7
30.00 35.2

A: 28.41 : 18.5
DELTA K B: 30.70 : 38.1

MAX C:
D:

------------------------------------------ 1.8 ----------7.4 ---------------------------------ROOT MEAN S(OUARE 14. 78 7.6b4

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 21
SUMMARY 1.25-2.0
(NP/NA) ý.2. 0

4.
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CONDITION/HT: ANNEALEDSTAIN.
FORM: . 50"TH PLATE YIELD STRENGTH: 44. 1 KSI STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: 92. 1 KS]
ORIENTATION SPECIMEN THK: 0. 486- 0. 504"
STRESS RATIO: .. L 05 SPECIMEN WIDTH: 1. 099- 2. 047" 31a

,, FREQUENCY: 0. 8 HZ REFERENCES:HD 13. HDO12

AK (MPA V./) AK (MPA -,/M)
4 10 40 100 4 10 40 100

ENVIRONMENT:* 1 - - 100 NVIRONMENT: 9 0
AIR AIR10"2 __ _ __o

103 10- . .

10
- 102 10.3 E

S1o4 100
S-3 10.3

z ~ __________ 101

'4 :010"1
10.0 10.1

4 1011 10 4 10

- 10.6 3 106

10 10
14 4O 4 O 4 o 4 O

10--3

S10-3 .10 3

._ -" E021 - •

4.N

V., 10.3 10-4
.4___ _ _ _10 _ _ _z

101'5o 0s

-8 ___ ______16

10o 10.

10-- 10-.6-7:

10"6

10'I4 • I 1 -10.8 I , II I, l J I , -

pi 4 107
1 4 10 40 100 1 4 10 40 100

AK (K SI v/) AK (KSI v/T7)
Figure 3.17.3.2
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TABLE 3.17.3.3

FATI-GUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 3.17.3.3 INDICATING EFFECT

OF FREQUENCY

MATERIAL: STAINLESS STEEL 316
CONDITION: ANNEALED AT 1950Fo IHR, WG
ENVIRONMENT: R.T. , LAB AIR

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B CD

F(HZ)" 5.00 F(tHZ)= 10.00

A: 21.20 : 2.84
DELTA K B: 19.09 2. 51

MIN C:

20.00 : 2.39
25.00 : 5.45 6.24
30.00 " 11.8 13. 1
35.00 22-. 8 30.9
40.00: 42.4 53.1

A: 40.7e : 46.5
DELTA K 0: 40. 55 : 53. 6

MAX C:
D:

ROOT MEAN SQUARE 4. 22 20. 54
PERCENT ERROR

LIFE 0.0-0 ,i PREDICTION 0. 5-0 8
RATIO 0.8-1.25 t 1
SUMMARY 1. 25-2. o I
(NP/NA) >2.0
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- CONDITION/HT: ANNEALED AT 1950F. 1HR. WQ STA
FORM: 0. 50"TH PLATE YIELD STRENGTH: 43. 0- 44. 1 KS! STEEL
SPECIMEN TYPE: CT LILT STRENGTH: 81. 5- 82. 1 KS I
ORIENTATION: SPECIMEN THK: 0. 495- 0. 525"

• :. STRESS RATIO: -,-IL 05 SPECIMEN WIDTH: 2. 000B- 2. 001" 316

"ENVIRONMENT: R.T.. LAB AIR REFERENCES:HD014. HD011

' •AK (MPA -,"M) &K (MPA %/"m)

4 10 40 100 4 10 40 100

FREQUENCY (Hz) 5.0B0 "0 FREQUENCY (Hz) =11L 00

10"1 -10"1

10-3

z 10 .2 ,• 1 .2 'Z-
1 01 0 

1 0 -3

io* 6
5'. .

-

U.' 10" 0

Co-4

106P A - _o_ +1 0 .

Z. q 
1 0 -s 1 0

10 8 1 1 11 11 108 1

10 "- 10o

107 .07' -

10 10"

1 4 10 40 100 4 10 40 100

"FREQUENCY (Hz) z @ FREQUENCY (Hz) = 101o

10. 
1 02

10"1 10"o

io"3 W3

10 10

"C-. ' 104 -4 >"

S10- 10-3

z 5 E
"" 0 -0- 10 1

10 64 m

'010" 10'

10-6 665..* 7I "- 4 10_.71

• "07 -I- -1 10"•-

-10 1-. • 10.6

16-* 10" I tJ. I II, L i I I 1 1 1I 1 1, 1 1 1 1 1 -1

4 10 40 100 1 4 10 40 100
:.-•~ .K.- (K !K I &,,•K (KSI v/ -i)

"Figure 3.17.3.3
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TABLE 3.18.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACIOR

DArA-e.SSOCIATED WITH FIGURE 3.18.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STF'i-i. 347SCONDITION: AT CENTERLIiL:
ENVIRONMENT: R. T. L.A!• AIR

DELTA K " DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**I/2)

: A B C D

R=1O. 10

A: 36.67 " 1. 71
DELTA K B:

MIN C.
D:

40. 00 • 3. 05
50.00: 13. 160.00 44. 1

A: 69.67 • 92.0
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 12. 11
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION O. C-0. B

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) :2. 0
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CONDITION/HT. AT CENTERLINE JSTAIN.
FORM: WELOMENT YIELD STRENGTH: STEEL
SPECIMEN TYPE: CT ULT. STRENGTH.
ORIENTATION: SPECIMEN THK: 1. 000"
FREQUENCY: 30L 0 HZ SPECIMEN WIDTH: 5. 099" 347
ENVIRONMENT: R.T.. LAB AIR REFERENCES:AMB14

AK (MPA V4 /) &K (MPA V/'•)
4 10 40 100 4 10 40 100I'1 1, 1 ' ' '11 • • ) = I ' I'1'1'I i I I'I'1'I

STRESS RATIO = L. le 100 STRESS RATIO:10-1 --__- ___ ___ __ __2 _ __ _ _____ _

-- • 10-t 'U . -1

10. 10-1-- 10.2 _ - 10-? _•

10. _______10._ 4 --. )

,c -- '1 . 0 3 E
0 10 -0

zE
"4 0

.10- 10-

-6
106

100

p -. "--'10.6 10.6

10, 10,

1 4 10 40 100 1 4 10 40 100

= 0STRESS RATIO= 10(

1-2 6_______ 2

S101 _10-

31 3

10?. 100

' 0  01 010
110E10 -z _ _ _ _ _ _ _ _ _ - l s - - z

]."• 104 1 0"

10 Ii _10
.6 -6

10 •10.5

7 .7

10 10
16 10 -1 1 l,

1 4 10 40 100 1 4 10 40 100
q' %.. .A'•ZK t:• ••n)•K (KSI 'n

• Figure 3.18. 3.1
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TABLE 3.18.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVFLS
OF STRESS INTENSITY FACTOR

DATA ASSOCIArED WITH FIGURE3.18.3.2 INDICATINg EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 347
CONDITION: AT HEAT AFFECTED ZONE
ENVIRONMENT: fl. T. LAB AIR

DELTA K " DA/DN (10**-6 IN. /CYCLE)
(KSI*IN.*I1/2) "

* A B r "

* R-+O. 10

A: 30.61 : 2.27
DELTA K B:

MIN C:
D:

35.00 - 4.06
40.00 : 6.87
50.00 • 17.5
60.00 • 46.5

A: 68.77 - 121.
DELTA K B:

MAX C:
D:

ROOT MEAN SQ3UARE ?. 70
PERCENT ERROR

LIFE 0.0-0.5
"PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

3I
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"CONDITION/HT: AT HEAT AFFECTED ZONE STAIN"
FORM: WELOMENT YIELD STRENGTH:STEEL
SPECIMEN TYPE: CT ULT. STRENGTH:
"ORIENTATION: SPECIMEN THK: 1. 000"

,. FREQUENCY: 30.0 HZ SPECIMEN WIDTH. 5. 000 347
ENVIRONMENT: R.T. * LAB AIR REFERENCES:AMB•I

*AK (MPA ,,/'m) AK (MPA /'m)

4 10 40 100 4 10 40 100

STRESS RATIO -IL 10 100 STRESS RATIO=
to? 1o2 _~

101 10

,_ _ _ _ _ _ _ _ _10 "3_ 1 01 0 .?3

10' 
lo, z

> llO.4 100-

-S 10* E100j i 105_

104 10.4

-,"6'"____ - 0 "','''
.406 110

,.'.. 
10"l10" F

4 10 40 100 14 100

STRESS RATIO = @10 STRESS RATIO = 10o
-o ? _ __ __ __o"_ _ __ __ _____ -. 0

106

10"1 10-1

1o• - IOa
S--.•_10.2 -a "=l-2

•"~~1 z0 -l4- >

10 
. 10" E

10.5 -- -__ ___ __ - 10.'- --

z.1o E

-- -o. 105 _ - z0

,o,- 
10 -

10" ____ _-- 1-
* 10;1-6- .. 10.6

10"e ., , , 1• - ~ 10. I 10 ,I ,II

10.L.. 4 10 40 100 1 4 10 40 100
1K 4 10 4ýK (KSI ,v"Th)

., "AK (KSI /'T) Figure 3.18.3.2
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TAJLR 3.18.3.3

FATI(GUE CRACK GROWTH RATES AT DEFINED LEVELS
OF SUrRESS INTENSITY FACIOR

DATA ASSOCIATED WITH FIGURE3.18.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: STAINLESS STEEL 347
CONDITION: . 050 IN. FROM CENTERLINE
ENVIRONMENT: R. T. LAB AIR

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R4=--O. 10

A: 36. 21 : 2. 53

DELTA K B:
MIN C:

D:

40.00 : 4.98
50. 00 : 9. 83
60.00 : 18.0
70.00 : 47.3
80.00 • 89.2

A: 81.77 : 93.9
DELTA K B:

MAX C:
0:

ROOT MEAN SQUARE 10. 14
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.9-1. 2)
SUMMARY 1. 25-2. 0
(NP/NA) :;.. 0
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CONDITION/NT. .050 IN. FROM CENTERLINE STAIN.
FORM: WELOMENT YIELD STRENGTH: STEEL
SPECIMEN TYPE: CT ULT. STRENGTH: _
ORIENTATION: SPECIMEN THK: 1. 000"
FREQUENCY: 39. I HZ SPECIMEN WIDTH: 5. 009" 347

ENVIRONMENT: R.T. ,LAB AIR REFERENCES:AM001

AK (MPA NAM &K (MPA vr'm)
•'4 10 40 100 4 10 40 100

.. STRESS RATIO:= +,0. 10 0 STRESS RATIO:

""l 10 "1

.'i 10z2 10.2 _$

10-.33010

10 10

S 10 10.4

.-.- 6 _______ _ -6" __________ ______ ___ 1"'o 10. 10-1 z

11F

10.6 6U~1 10187.L±.Lii~ 0

"1 4 10 40 100 1 4 10 40 100

STRESS RATIO = STRESS RATIO 10

1-2 162 ______-

10 101
.1'lO• 11012

i " ,.

- 110'

0- 10-3

"010' 10 - 10

1 14

•.. • - -= 10,3 _3 -E 1

0 1E

--- 10 Jo' 01

.4~~~~~~~~1. -7_______1u______-10

0 100 -

1-L_ - 1 10 --71..J

m 1 4 10 40 100 1 4 10 40 100
A:•.•••K (KSI VrTh) Figure 3.18.3.3 AK (KSI y'¶)
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TABLE 3.19
REFERENCES FOR STAINLESS STEEL DATA

57573 PH14-SMO K,

Anon., "Fracture Toughi•ess and Tear Tests," Air Force Materials
Laboratory, Research and Technology Division, Report No. ML-TDR-64-238,
October L964.

70887 PH 13-0tlo Kjscc

Peterson, M.H., Brown, B. r., Newbegql,, R. L., and G,:oover, R. E., Stress
Corrosion Cracking of High Strength Steels and Titanium Alloys in Chloride
Solutions at Ambient Temperatur.e, Corrosion, 23, (5), pp. 142-148, May 1967.

74720 APC 77 Krc Kiscc

Webster, D., "The Use of Deformation Voids to Refine the Au3tenitic rr3in
Size and Improve the Mechanical Properties of AFC 77," Researc. Report
D6-23870, The Boeing Co., Renton, WA., ARPA Contract N00014-66-C-0365,
Febru '-ary 1969.

76136 AFC 77 Ktc Kisec da/di

Webster, D., "The Stress Corrosion Resistance and Pantiqu Crack Growth
Rate of a High Strength Martensitic Stainless Steel, AFC 17." Resear-h
Report D6-23973, The Boeing Co., Renton, WA., ARPA Contric,; H00014-(6-
C-0365, June 1969.

77934 Custom 455 Kic Klacc

"Uchida, J. N., "Evaluation of CArpenter Custom 455," Research Re!xorr

06-23928, The Boeing Co., xenton. WA., November 18, 1969.

80685 AFC 260 KIc KlSCC

Webster. 0., "Optimization of Strength and Toughness in Tw'v. High
Strength Stainless Steels," Metallurgical Transactions, 2, (7),
pp. 1857-1862, July 1971.

83613 PH 13-SM KIscc

-4, Sandoz, G., "The Resistance of Some High Strength Steels to flow Crack
Growth in Salt Water," NFM MKerirandum Report 2454, Naval Research
Laboratory, Washington, D.C., February 1972.

84212 15-5 PH KIc
17-4 PH KIc

Takas, E. G., ',Fracture Toughness Tests, Date on Armco 17-4PH and
15-S PH Alloys," letter to J.E. Campbell, Battelle Columbus,
October 18, 1972.

84302 AnC 77 KIC

Webster, D., 'Increasing the Toughness of Martensitic Stainless Steel
AC 77 By Control of Retained Austenite Content, Ausforming and SLr.in
Aging," Transactions of the ASH, 61, (4) pp. 816-838, December 1968.

84306 PH 13-8 No K,

Harrigan, M. 3., "8-1 Fracture Mechanics Data for Air Force Handbook
Usage," Report TFU-72-501, Nortli American Rockwell, Los AnMeles Division,
Los Angels- -A., April 21, 1972.

"a4333 AM 355 Kjscc
L-t 362 Ktscc
AM 364 Klscc
CUSTOM 455 Kiscc
rH 13-8 Mo KIscc
PH 15-7 No Ktncc
15-5 PH Klscc
17-4 PH Ktscc

% 17-7 PH Klscc
Carter, C. s., arwvick, D. G., Ross, A. H., Uchida, J. H., "Stress
Corrosion Properties of High Strength Precipitation Hardening

a,.. Stainless Stecls," Corrosion 27, (5), pp. 190-197, May 1971.
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TABLU 3.19 (Continued)

84365 PH 13-8MO KIc

Takacs, E. G., "Plane Strain Fracture Toughness - PH 13-8 Mo,"
Tabulated Data from Armco Steel Corporation, Advanced Materials
Division, Baltimore, Md., July Li, 1972.

85034 PH 13-8 Mo KIC

Mitchell, John, "taboratory Reports on Fracture Toughness Tests,"
per memo from Ed Cawthorne of February 5, 1973; data sheets from Shultz
Steel Co., South Gate, CA.

85544 VFC 77 da/dN

Speidel, MHO., "Dynamic and Static Ebrittlement'of a High Strength

Steel in Water," preprint from L' Hydrogen Dens Lea Metaux, 1,
Editions Science et Industries, Paris, France (no date).

85836 PH 13-OMo KIc

"8-1 Fracture Toughness Data (Ki) - Rockwell International," Rockwell
Internatlonal Corp., Los Angeles, CA., April 24, 1973.

85831, PH 13-8 Mo da/dN

"7racture Totvghness Data Collection, Rockwell International Corporation,
from B-i Program," Rockwell International Corporation, Los Angeles, CA.,
April 1973.

asas' PH 13-a Mo Kic

Shultz Steel Company - Fracture Toughness Data - May -0, 1973, per
memo from Ed. Cawthorne of May 10, 1973. S.a

86688 AM 355 KIscc
PH 13-8Mo Kzscc
PH 15-7 Mo KIc
15-5 PH Kic
17-7 PH KIc Kzscc

Sprowls, D. 0., et al., "Evaluation of Stress Corrosion Crack.ng
Susceptibility Using Fracture Mechanics Techniques," Final Report
Part I, Aluminum Co. of America, Alcoa Technical Center, Alcoa, Pa.,
Contract NASA-21487, May 31, 1973.

87360 AFC 77 KIC Kiscc

Caton, R. G., and Carter, C. S., "Evaluation of AFC ?7 Martensitic
Stainless Steel for Airframe Structural Applications,' Report AFML-
TR-73-182, Boeing Comercial Airplane Co., Seattle, WA., Contract
?33615-71-C-1550, September 1973.

88136 PH 13-8 Mo KIc

Dill, H. D., "Evaluation of Steel Alloys 300M. HP-9Ni-4Co-20,
HP-9Ni-4Co - 30, and PH 13-89o, "Report HDC-A2639, McDonnell
Aircraft Co., McDonnell Douglas Corp., St. Louis, Mo., December 21,
1973, with data supplements received May 2, 1974.

88579 PH 13-89o da/dN

"8-I Program da/dN Data for Aluminum Alloys," Rockwell International
Corporation, Memorandum :0o H.D. Moran from E.W. Cawthorne Battelle's
Columbus Laboratories, April 3, 1974.
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TABLE 3.19 (Continued)

90011 PH 13-aHo KIc

"Rockwell International, B-I Program Fracture Toughness Data of
August 5, 1974," with memorandum from E.W. Cawthorne to M.D. Moran of
Battelle's Columbus Laboratories, August 5, 1974.

92270 1S-S PH da/dN

Rice, R. L., "Fracture Toughness and Fatigue Crack Propagation in
15-5 PH Stainless Steel Bar," memorandum to J. E. Campbell, Battelle
Columbus Laboratories, Columbus, Ohio, January 31, 197S.

Ai4001 347 da/dN

"Fatigue Crack Propagation in a 347 Stainless Steel Weld," Prepared for
Airesearch Manufacturing Co., by Del West Associates, Inc., July 29, 1975.

BWO04 15-5 PH da/dN

Watson, K. R., "Pylon Durability and Damage Tolerance Analysis,"
The Boeing Co., Wichita, KA., Contract No. F33657-78-C-0108-PZ0036,
Document No. D361-400 41-2, September 1980.

BWOOS 15-5 PH da/dN

Watson, K. R., "Weapons Bay Durability and Damage Tolerance Analysis,"
The Boeing Co., WichJ.ta, KA., Contract No. F33657-78-C-0108-PZ0036,
Document No. D361-40041-1, September 1980.

81e007 15-S PH KIc

Hananel A., Watson, K., Knoff, K., and Sherrich, G., "Fracture Mechanics
Testing of 9-52/04I Materials," Final Test Report, The Boeing Co.,
Wichita, KA., Contract No. F33657-78-CO0108-PZ0036, Document No.
D361-11197-1, December 1978.

DAO01 17-4 PH KIc da/dN
17-7 PH da/dM

Fatigue Crack Growth Rate Deta Sheets on Aluminum Alloys 2024, 7010,
7050, 7075, and 7475, Stainless Steel Alloys 17-4 PH and 17-7 PH,
and Alloy Steels 4340, A286, H-11, HY-180 and 12-9-2, Sent from Mr.
Paul Abelkis, Douglas Aircraft Co., McDonnell Douglas Corp., Long
Beach, CA., March 1982.

GDO09 PH 13-8 No KIc Krscc da/dM

'-- Margolis, W. S., "P-16 Material Allowables Evaluation of PH 13-S1o
Steel Alloy, HiOO0 Temper,* General Dynamics, Fort Worth Division,

Report No. 16PRIO04, October 1978.

GDOIO 17-4PH da/dN

MNargolis, W. S., "Constant Amplitude Fatigue Crack Growth Rate of
17-4 PN Steel Alloy Casting, H102S, Repair Welded ard Stress Relieved
"at 90r," General Dynamics, Fort Worth Division, Report No. 16PR1195,
may 1979.

:,HDO07 304 da/dN
Jame, L. A., Schwenk, E. 9., "Fatigue-Crack Propagation Behavior of

Type 304 Stainless Steel at Elevated Temperatures," Metallurgical

Tranoactions, Vol. 2, pp. 491-496, (1971).

. IHDOO8 304 da/dN

James, L. A., "Effect of Thermi Aging Upon the Fatigue-Crack Propa-
gation of Austenitic Stainless Steels," Metallurgical Transactions,
Vol. 5, pp. 831-838, (1974).

a''q
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TABLE 3.19 Continued)

HDO09 304 da/dN

James, L. A., Staalsund, J. L., Bauer, R. E., "Optimization of
Fatique Crack Growth Testing for First Wall Materials Development
Evaluations," Journal of Nuclear Materials, Vol. 85-86, Part B,
pp. 8S1-854, (1979).

SHDO10 304 da/dN
James, L. A., "Specimen Size Considerations in Fatigue-Crack Growth

Rate Testing in Fatique Crack Growth Heasurement and Data Analysis,
STD-738, pp. 45-47, ASTM, (1981).

HDOI 304 da/dN

James, L. A., "Frequency Effects in the Elevated Temperature Crack
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HDO2 304 da/dN
316 da/dN
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CHAPTER 4
TITANIUM ALLOY SECTIONS

4.0 Titanium Material Summaries

4.1 Beta
4.2 Beta C
4.3 Beta III
4.4 Corona 5
4.5 Ti-6AI-2Sn-2Zr-2Mo-2Cr-.25Si

(also see Section 4.8)
4.6 Ti-4AI-3Mo-1V
4.7 Ti-5AI-2.SSn
4.8 Ti-6-2-2-2-2 (also see Section 4.5)
4.9 Ti-6-2-4-2
4.10 Ti-6-2-4-6 (also see Section 4.15)
4.11 TI-6AI-4V
4.12 Ti-6AI-4V (ELI)
4.13 Ti-6AI-6V-2Sn
4.14 Ti-6AI-6V-2.5Sn
4.15 Ti-6AI-2Sn-4Zr-6Mo (also see

Section 4.10)
4.16 Ti-8AI-1Mo-1V
4.17 Ti-8Mo-8V-2Fe-3AI
4.18 Ti-5AI-2.5Sn (ELI)
4.19 Ti-6AI-6V-2Sn (ELI)
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TABLE 4.1.3.1

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.1.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM BETA TI
CONDITION: BETA STABILIZED

K MAX : DA/DT (10**-3 IN/HOUR)

(KSI*INI*1/2)
A B C D

: E-=
: 3. 5% NACL

A:
K MAX B:

MIN C:
D:

200.00 :

A:
K MAX B:

MAX C: :
D:

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

4.1-2 -



CONDITION/HT: BETA STABILIZED TITAN.
FORM: 0. 1"TH SHEET SPECIMEN THK: 0. 10" ALLOY
SPECIMEN TYPE: SPECIMEN WIDTH: 8. 000"

,.. ORIENTATION: CRACK LENGTH (A0)*
YIELD STRENGTH: 130.0 KSI K ScC:c. 98.00 KS! CSORT IN)
ULT. STRENGTH: REFERENCES:77458 BETA TI

K max (MPA V/-) K max (MPA V/
4 10 40 100 4 10 40 100{•1 11 1 _-I II ' 'l ,I I ,IWW I • ' I' , I [I• II' q

ENVIRONMENT: 10' ' -- ENVIRONMENT:
3. 5Z NACL

102 - 102

-10, 103--10 - 10' - 10

10? 
100 

102 
102

010o 100 _ _ 0

110' 10, E
E

. 100- 100 .1

10"2 __- 10-2 _--

-10- 10-'

10"-_ 10"0--

4 10-1 0---4 10 40 100 10-' 4 10 40 100C() , r', r', =,'i'r r *F " 'l'1'Trr F "T'1'T'Y
ENVIRONMENT: @10 ENVIRONMENT: 10'

102 - 1 102 1
-- • 103 --. = 103

10' 101
102 102

0100 10o - 0
c 10' 10' ES• • E

o10-' 10' -

1 -2100 -- 100

10- 10-?-

010-- 10-'

100 10-1-

-- 1 0 "-- -I 1 0 -?
10" I- , , , , I , 1,t l - 10" *' , , I * II I

1 4 10 40 100 1 4 10 40 100
Kmax (KSI -/Ti) Kmax (KSI v'T)

Figure 4.1.3.1
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TABLE 4.2.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.2.3.1 INDICATING EFFECT

OF STRESS RATIO
-----------------------------------------------------------------------------------
MATERIAL: TITANIUM BETA-C
CONDITION: STA
ENVIRONMENT: R.T. ,DRY AIR

-------------------------------------- --------------------------------------
DELTA K : DA/DN (10**-6 IN. /CYCLE)

CKSI*IN**1/2)
" A B C D

R,-+0. 10 R-+O. 50

A: 5.37: .164
DELTA K B:
MIN C:

D:

6.00 : .301
7.00 : .624
8.00 : 1.07
9.00 : 1.62
10.00 2.26
13.00: 4.56
16.00 : 7.40
20.00 : 12.3
"25.00 : 21.6
30.00 : 37.1
35.00 : 63.5
40.00 : 110.

A: 41.22 : 125.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 22.03 0. 00
PERCENT ERROR

LIFE 0. 0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0

4.2-4



CONDITION/HT: STA TITTAN.
FORM: I0 13"TH SHEET YIELD STRENGTH: 187. 7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 193. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 125- 0. 126"
FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: S. 002- 8. 028" BETA-C

S" ENVIRONMENT: R.T.. DRY AIR REFERENCESSB575

AK (MPA VIM ) &K (MPA ,/-l)
'N4 10 40 100 4 10 40 100

STRESS RATIO= = .10 100 STRESS RATIO =.0. 50

162 102

1o-- 10"i

10.? 
0"2

>-1 41 4 ________

10 -

S10"- -60-3 E
z ~ 5 __ _ m

010" 10"'

S10 10
10s a-

10I16 10.6

1 4 10 40 100 18 4 10 40 100

STRESS RATIO STRESS RATIO 100

10.2 1
-- •_ 10"-1 10-1

!0- 3 ,
1 2 2
104 10"

10 _-* - 3.5O"__ _____ __o-_ 10
-•10" 10.5 - - 2
> 16 4.1.

1- 10"-36

1 01 10-3

10"7 10- -

-10"6 10.6

10.6 -8 I , II I , , - 10. -- I , ,I I I, I,

1 4 10 40 100 1 4 10 40 100

p.'• AK {KSI vr• AK (KSI VT)

Figure 4.2.3.1
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TABLE 4. 2.3. 2

FATIGUE CRACK GOWTH RATES AT DEFINED LEVELS
OF STREW5 INTENSITY FACTOR

DATA ASSOCIATED WITH FICURE 4.2.3.2 INDICATING EFFECT

O STRESS RATIO

------------------------------------------------------------------------------------MATERIAL: TITANIUM BETA-C
S CONDITIONM: STA

ENVIRONET: R.T. ,S. T. W.

------ ----------------------------- ----------------- -------------DELT K :DAIN (tee-6IN./CYCLE)

(KSlt IN**1i/2) :
A B C D

R-+0. 10 R-+0. 50

A: 6.58 : .805
DELTA K 3:

MIN C:
D:

7.00 : 1.03
8.00 : 1.67
9.00 : 2.45
h10.00 : 3.35
13.00 : 6.72
18.00 : 11.3
20.00 . 20.2
25.00 : 39.4
30.00 : 75. 1
35.00 : 143.
40.00 : 271.

A: 42.90 : 394.
DELTA K B:

MAX C:

-------------------------------------------------------------------------------
ROOT MEAN SQUARE 29. 18 0. 00

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 4
SUMMARY 1. 25-2.0 1
(NP/NA) >2.0

4.2-6
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CONDITION/HT: STA TITAN.-
FORM: 0. 12- 0. 13"TH SHEET YIELD STRENGTH: 107. 7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 183. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 118- 0. 127"
FREQUENCY: 0.10- 1.00 HZ SPECIMEN WIDTH: 5. 002- B. 023" BETA-C
ENVIRONMENT: R. T. o S. T. W. REFERENCES:88575

AK (MPA -,/-m) AK (MPA V/m)
4 10 40 100 4 10 40 100

100
STRESS RATIO +0. 10 STRESS RATIO = -11 50-{2 ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 102 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

100 10"

10*, 10-1

- ~2 2
-/10" 10.

zU

16 __ __ __

_10 - 10- E

z E
2- 44 10,+io o-4 lO.4 ..

10" 11 ' I_

10- 1010

10 10R E 100 4 I 4 1 00

tm-."~ ~ = I 1 1111 11111 11111 I I I fill
=STRESS RATIO 10 STRESS RATIO= 100

16_o"2 162
010.1 010"

•.'. 103 10.0

10 _

S10" 1 10 .3

- 10

S1d6 166

,1 10or_ 0"
._"110' 10.610. 10. 10"

IOS I JI ~ 10s I l 11 i ,j
10.0

1 4 10 40 100 1 4 10 40 100
.A ,K (KSI v'i) AK (KSI %/"in-)

F-.qur 4.2.3.2
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TABLE 4.2.3.3

FATIGUE CRACK GOWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4-2.3-3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM BETA-C
CONDITION: STA
ENVIRONMENT: R.T. S.T.W.

DELTA K : DA/DN (1040-8 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

. R=+0. 10

A:
DELTA K B:
MIN C:

D:

200.00

A:
DELTA K B:

MAX C:
D:

I. --------------------------------------------------------------

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4.2-8

~.1 4.2-8
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ILI CONDITION/HT: STA
FORM: 0.19"TH SHEET YIELD STRENGTH: 157. 7 KSI
SPECIMEN TYPE: CCP ULT. STRENGTH: 183. 5 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 127"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 8. 00" BETA-C
ENVIRONMENT: R. T.. S. T. W. REFERENCES:8e575

AK (MPA %/m) AK (MPA \/M)
4 10 40 100 4 10 40 100~~I -I I l l I 1 t 11' 11 -t I I I l l l I I l l l

STRESS RATIO -0.10 10 STRESS RATIO L

10 -1101.1

-2 -2
10 10"lO•lo- , o--_ _ E

10-0 -.
S -10 -

VO4 - "o- - 10

10-6 0 -_ l -_110 -Z_10s____ 100

S1 4 10 4 0 1 0 0 4 1 0 4 0 1 0 0

:" STRESS RATIO = -STRESS RATIO =100o

1J .2 10-.2, 0. -
10.1 10-1

-. *io73 
,Y3_ __ _ _ __ _ _ _

-.

1 _ 0~ l"10

108.....~..d ....... J.Jii1
S 4 10 0 10 4 1 4110 2

STRESS ATIO =10"SRSSRTO2 
0

10 10'
" 

1 
_10"_•-10E

105 10.5
iz

• '. I• -- ,- o7104 --- 10.4M

10 10.

.Ul - - _ _1 "_ _ -= 1.

S.-. 10-z _ _ _ _ _ _ _ _ 10"7-- -- z

0 1100

1 Ji ll I 1 
¶I, 10,, -

10 4 10 40 100 1 4 0 40 loo

75" " Z K (K S I 'on•) A K (K S I /'in)

, Figure 4.2.3.3
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TABLE 4.3.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.3.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM BETA III
CONDITION: STA

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

* A B C D

: Em- 65F E,+ 175F
:AIR AIR

A: 26.74 : 2e.9
DELTA K B: 20.02 : 10.1
MIN C:

D:

25.00 : 19.1
30.00 : 34.0 31.8
35.00 : 41.6 47.8
40.00 : 52.2 66.7
50.00 : 100. 110.
60. 00 : 260.

A: 63.42 : 291.
DELTA K B: 5s. 95 : 149.

MAX C:
D:

-------------------------------------------------------------------------------
ROOT MEAN SQUARE 23. 87 5. 19

PERCENT ERROR
-------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4.3-4



CONDITION/HT: STA T I T
FORM. 1.0" TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: -,-. 10 SPECIMEN WIDTH: 2. 550" BETA II

! *,-.. FREQUENCY: 0. 10- 10.00 HZ REFERENCES:88144

&K (MPA V7) AK (MPA ."i)
4 10 40 100 4 10 40 100

ENVIRONMENT: - 100 Wo ENVIAONMENT: 1 k.
AIR AIR

1 o .2 .O 2
10-10

110. 101

11-2 12 sI~~4
0 1016
S. 1010 10 3

z 0-5E

1001

1 0 4 0 O04  0•4 ,=,04 mIJm0

10 -0-6-6________i-

10" 10-"

101_ _.___ _ _10-2_ _ _ __ __ _

010

I* D 10.6 109

10 10-1006 10-6

10"81~~~~~~~~~ I J,~ Iih •1" I , II!l I

S4 10 40 100 1 4 10 40 100

ENVIRONMENT:'~~ 100 ENVIRONMENT: 100

p10 .2 106

10* 10

1i ur 4.3 .

10.3 -3.~10 110

z E5_ _ _

v10
5  10-1

10 U4~ 17 4 '

1010-1 1 10,

10 10F

10,6 106

1 4 10 40 100 1 4 10 40 100
A K(K S I N7) A K (K SI 'in)

Fiqure 4. 3.3. 1
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TABLE 4.3.3.2 ,4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

.i

DATA ASSOCIATED WITH FIGURE 4.3.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM BETA III
CONDITION: STA, E.B. WELDMENT (WELD ZONE)

DELTA K : DA/DN (10*•-& IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T.
:LAB AIR I

A:
DELTA K B:

MIN C:D::

200.00
A: :'

A.A

DELTAK: :
MAX C:

D: w

-------------------------------------------------------------

ROOT MEAN SQUARE 0.00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4 .4

II
-II
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CONDITION/HT: STA. E. B. WELDMENT (WELD ZONE) TTN
FORM: 1. B0"TH WELOMENT YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: o0. 10 SPECIMEN WIDTH: 2. 550" BETA II
FREQUENCY: 10. 00 HZ REFERENCES:88144

AK (MPA V/'M) A K (MPA Vr•)
4 10 40 100 4 10 40 100(•)~ ~ ~ ~Y., lo"o 1;,. i, ~~,

ENVIRONMAENT: R • 1 o-- ENVIRO8NMENT: -•
LAB AIR

.111 I" _ _ 10 _

10_ 10 1- 1 O2
10.10 101 0

10

1 01 .

.4j 164.
E 10 -310.3 E

1 4 
10.4

-7
10 10

100.6 10 16

1 4 10 40 100 1 4 10 40 100

"" ENVIRONMENT: 0 o @ ENVIRONMENT: 100
-d2 ______O___ 2 _______ _ _________

10 2 101
10' 0.

10.2 i0-1M.

z _ _ _ _ _ 10*5 _ - z>1 3 
100

1 * --6 1. -6 _ 1.

10-6- 10- 10""
-- 

.. 2

10 101 -

106 
10.6

134 0 40 100 1 4 10 40 100

,. Figure 4.3.3.2

t-4 14.3-7
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TABLE 4.3.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.3.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM BETA III
CONDITION: STA, E.B. WELDMENT (HEAT AFFECTED ZONE)
-----------------------------------------------------------------------------------

DELTA K DA/DN (10*•-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

* I E-+ 175FI: *:AIR

A: 24.74 : 12.8
DELTA K B:

MIN C:

25.00 1
9 30.00 23.2

"35. 00 : 35.2
40.00: 50.1
50.00 : 97.2

A: 58.23 171.
DELTA K B:

MAX C:
D:

------------------------------------------------------------------------------------
ROOT MEAN SQUARE 9. 56

PERCENT ERROR
-------------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. S
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

to

4.3-8

* . ..- . % *; 5* *... ... * * , * *-



CONDITION/HT: STA. E. B. WELDMENT (HEAT AFFECTED ZONE) II
FORM: 1. 00"TH WELDMENT YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 55 BETA II

- FREQUENCY: 0.10- 10.00 HZ REFERENCES:69144

AK (MPA %/W) AK (MPA %/-M)
4 10 40 100 4 10 40 100

ENVIRONMENT: --17 100 ENVI ON'MNT:_AIR

10. 10

-- 10 -- 10"'
10O.3 _16lO3-

-" - _ 02 I 2 •
10"2 10'2

z

S-4- --4
S - " 10 '3 " 10 -3 E

z E10 -- 10 - z

10. 104

io6  -__ _ __ _ _ _ lO" - -_ __ _ __ __ _ __ _ __
10 10_710

I.10 10-

l16 _ j oo - 1.

10.8 I , I .lJl.l J I I8 Ora I ,LL -

1 4 10 40 100 1 4 10 40 100

SENVIRONMENT: ENVIRONMENT: 10o

62 16_ 2 j
10 10 0 - . 0

10'0. 10.1

S 10- 0"03

0 - l102 _
4. .4 0 10 E

S10.- 10.

lO4 -LJLL1 108

100"

10 10 40 1 10-7 -
10.

--0*-- 10"5

10"e10' 1 0,,7I6,lh •1" - , ~ ~ , ! I lh

.:,7j 4 10 40 100 1 4 10 40 100
• AZ K (KSI %/7n) A•K (KSI v riTn)

Ficlure 4. 3. 3. 3



rABLF 4.3.3.4

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

"DATA ASSOCIATED WITH FIGURE 4.3.3.4 INDICATING EFFECT

OF CONDITION

MATERIAL: TITANIUM BETA III

ENVIRONMENT: k T. .0.6M KCL
-------------------------------------------------------------------------------------

K MAX . DA/DT (10**-3 IN/HOUR)
(KSI*IN**I/2)

C- A B C D

SC= CM Cm

:AGED 900F AGED 1000F AGED 1250F
100HRS I0OHRS 50HR8

A: 15.50 40051.
K MAX 8: 23.00 11709.

MIN C:
D:

16.00 40305.
R0.00 41048. "•

25.00 40606. 13521.
30.00 40032. 15835.
35.00 : 39804. 16116.
40.00 : 40045. 15677.
50.00 : 41973. 15093.
60.00 : 16211.

70.00 : 19830.

AA 59.50 45536.
K MAX B: 00.00 :27367.

MAX C:
D:

ROOT MFAN SQUARE 8.50 6.09 0.00

PERCENT ERROR

"'4o

4.3-10
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CONDITION/HT: TITAN.
ENVIRONMENT: R. T. o 0. SM KCL SPECIMEN THK: ALLOY
SPECIMEN TYPE: SENT SPECIMEN WIDTH:
ORIENTATION' CRACK LENGTH (Ao)-
YIELD STRENGTH: K
SULT. STRENGTH: RP&ENCES:82851 ETA!!

K max (MPA %!'m) K max (MPA v/'m)
4 10 40 100 4 10 40 100

CONDITION: ACED) 900F 104 CONDITION: AGED 1O00F

10 _ IOOHRS 10_ 100HRS
103 103

~101 0 0-101 10-' --

- 710 -
-- 10 - 1 '- 1 0'

10.c 101

10-' 10.1

--- •10- -- --•__10-1

10"3 10-3
010. 10-2

1 " I , I l l I I ,l l -10" IO - , ,I ; i = I L , l1t

1 4 10 40 100 1 4 10 40 100

CONDITION: AGED 1250F 104 10,

50RRS 102

103 10'

10' 10,

102 102

o0100 10E

-10' 10' E

100 1oo -

102 10-o

1010 10-1

. 1 --- 10

1014 10-0_

10"' i ,11 I ~ l -- 1 11,1,1....L....I ,a~ I........L. L.L-

4 10 40 100 1 4 10 40 100
K max (KSI vARn) K max (KSI v'i)

Fiqure 4.3. 3.4
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TABLE 4.3.3.5

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.3.3.5 INDICATING EFFECT

OF CONDITION

MATERIAL: TITANIUM BETA III
ENVIRONMENT: O.6M KCL

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

C= C= C-
STA 900F STA 900F 8HRS STA 90OF 40HRS
100HRS

A: 15.00 : 35940.
K MAX B:

MIN C: 25.50 : 2144.
D:

16.00 : 36148.
20.00 : 36335.
25. 00 : 36035.
30.00 : 35746. 3216.
35.00 : 35668. 4046.
40.00 :35843. 4457.
50.00 :36930. 4444.

A: 56.00 :38016.

K MAX 3:
4AX C: 55.00 4234.

D:

ROOT :EAN SQUARE 7.67 0.00 6.13
PERCENT ERROR

4.3-12
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CONDITION/HT: RTiT
ENVIRONMENT:U. BM KCL SPECIMEN THK: ALLOY
SPECIMEN TYPE: SENT SPECIMEN WIDTH:

* ORIENTATION" CRACK LENGTH (A0 ):
YIELD STRENGTH: Ki sc

* ULT. STRENGTH: REFERENCES:82851 ETA II

K max (MPA V-m) K max (MPA %/'m)
4 10 40 100 4 10 40 100

It I

CONDITION: STA 900F CONDITION: STA 900F 8HRS
U10 100HRS 10_

100 10'

S102 102

"10' ion 1 0_"

10 10,0"

so l10 10
SV10'

-1010

.*10. , 10-3

S10 1-- 10

10"4 I L J1 1 I l111 -- 10- 1 I , ,I I 1 I 1 ib -
1 4 10 40 100 1 4 10 40 1001

CONDITION: STA 90OF -•10'1 @ 10,

,•101 -- 40HRS 103 -- 0-

010- 10.1

A10 1001o

- 810 1010

___ 110 4

% - --___ 100
10 100 'a

10.2 10.-

10'11 -

100 10-3

1002 10.2

10-4 L' I I I i ll 10" I I 0l-i'ld I I I Il ,

4 10 40 100 1 4 10 40 100
S", Kmax (KSI vlh) Kmax (KSI %'o)

a -Figure 4.3.3.5
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pp
TABLE 4.7.3.1

4 -.

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.7.3.1 INDICATING EFFECT

OF ENVIRONMENT

--- MAEIL-----IM-----n e-AL25N --------------------------MATERIAL.: TITANIUM TI-SAL.-2. SUN
CONDITION: ANNEALED

~~~~----------- ----------------- -----------------------------------------------
DELTA K : DA/DN (10.*-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

: ER.T. E- R.T. E- R.T. E- R.T.

:DRY ARGON LAD AIR DIST.H20 3.5% NACL

A: 16.59 2.12

DELTA K B: 17.50: 9.19
MIN C: 16.62 : 7.49

D: 17.57 : 16.3

20.00 : 4.77 11.7 11.81 23.5
25.00 : 10.0 20.7 20.4 37.5
30.00 : 17. 3 32.5 31.1 50.5
35.00 : 28.6 47.3 42.4 64.2
40.00 : 52.7

A: 38.01 : 38.7
DELTA K B: 37.81 : 57.0

MAX C: 42.00 : 56.3
D: 38.00 : 73.6

- ------- -----------------------------------------------------

ROOT MEAN SQUARE 4.48 2.10 7.50 4.46
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. -

RATIO 0.8-1.25 2 2 2 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.7-12
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0

CONDITION/HT: ANNEALEDl TITAN.
FORM: B, 0e"TH SHEET YIELD STRENGTH: 122. 3 KSI ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH: 132. 3 KSI
ORIENTATION- L-T SPECIMEN THK: B. 083- EL 084"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 754- 2. 758" TI-SAL-
FREQUENCY: 59.00 HZ REFERENCES:8991 2. 5SN

AK(MPA Vm-) AK (MPA %/'M)
4 10 40 100 4 10 40 100

@ RtNM.T: R 100 dNVIONUNT: R. 1
LAB AIR

102 _16O2__

10-1 10 "1

10 .310 "3
1.2 10.2

10 10. 1

4 ..

" 10 - 4 0 4 100 14 1040 1 0 4,-

-. -2 __Q-30" 10-3s

0 E10
10.1 10.1

1m 440 4 004 1 0

10 _ __ l10

010 10.2

.a• 10"1 O.7

~ _ __-- _ 10.10"10

S10' N(0

101' 10 "

,, - --6• 1.10 4 0 40 100 4 10 40 10

102 102

10-1 10.1

*% 104 10 4 100 2 10 2 04 0

% '.-. •K (KSI ,'i•) .AK (KSI .V•

SFigure 4.7.3.1

4.7-13
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TABLE 4.7.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.7.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-SAL-2. 5N
CONDITION: ANNEALED

DELTA K DA/DN (10*1-8 IN. /CYCLE)
(KSI*IN"1/2)

: A B C D

: ER.T. E- R.T. E- R.T. E- R.T.
:DRY ARGON LAB AIR DIST.H20 3.5% NACL

A: 18.13 : 4.02
DELTA K B: 18.23 : 8.97

MIN C: 21.49 : 16. 0
D: 20.00 : 30.2

20.00 : 5.56 11.6
25.00 11.6 21.3 23.4 51.1
30.00 : 20.8 34.4 35.9 69.4
35.00 : 33.6 51.0 51.0 86.5
40.00 : 50.3 71.3 89.9 105.
50.00 : 94.7 124. 124. 157.

A: 53.17 : 112.
DTA K 8: 53.30 : 145.

MAX C: 53.14: 148.
D: 53.17 : 181.

----------- ------------- --------- - - --- --------------------- ---------

ROOT MEAN SQUARE 4.38 3.18 4.21 4.45
PERCENT ERROR

- -----------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 2 2 2 2
SUMiMARY 1.25-2. 0
(N/NA) >2. 0

,~..

'4,4
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CONDITION/HT: ANNEALED T!TAN.
FORM: IL 08"TH SHEET YIELD STRENGTH: 122. 3 KSI ALLOYSPECIMEN TYPE: CCP ULT. STRENGTH: 133. 9 KS][

ORIENTATION- L-T SPECIMEN THK: 9. 883- 1.084"
STRESS RATIO: +0. 10 SPECIMEN WIDTH: 2. 754- 2. 74" TI-5AL-
FREQUENCY: 30 .00 HZ REFERENCES:8891 I 2. 5SN

AK (MPA V%) &K (MPA -v%/)
4 10 40 100 4 10 40 100

''alýRO&T: ReL 0 NVo Oý11NM NT: 'Re.
LAB AZR

10z0- 10-1.1=-

o 1010.3
-10 2 

l o01 
0

10." 
10 E

1010 
z10.2i2_-- _ _104_- ".40.

1010'(-3777 16
4 10 40 1 40

I. I

10 ___ __

*% 10Y.11

1.7 ., 1.7 -

11R14 10111

10 10...Lb....Li..LLm 0 4 1040 1 0 6

NT:1 4 10 40 10014 10 Re 10
• ~~~T . 004.* ©1o2 1o O I LT: R. 1o

1003 10.3
1012 10-2

l.4 40. >.
w10" 01

3 10 3 1034

10- 10(.3_I0
z /o E

10, z
10-7 -- 1

10 la

67 .7

10.6 10.6

10 I8 16-8 1 1 1 hIi ll
10 4 10 40 100 1 4 10 40 100

"&K (KSI V/7) AK (KSI v'i)

Figure 4.7.3.2
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TABLE 4.7. 3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STREG8 INTENSITY FACTOR

DATA ASSOCIATED WITH FIGUE 4.7.3.3 INDICATING EFFECT

OF ENVIRONMENT
-------- ----------------------------------------------------

MATERIAL: TITANIUM TI-5AL-2. 5SN
CONDITION: ANNEALED

------------------------ a---------------------------------

DELTA K : DA/DN (1O*-6 IN. /CYCLE)
(KSr*iN**1/2)

: A B C D

; E- R.T. E- R.T. E- R.T. E- R.T.
:DRY ARGON LAB AIR DIST.H20 3.5% NACL

A: 4.31 : .0150
DELTA K D: 3.99: .0597

M4IN C: 3.44 : .0749
D: 3.77 .125

3.50 : .0781
4.00: .0604 .114 .149
5.00 : .0301 .152 .253 .295
6.00 : .0444 310 .526 .719
7.00 : .0558 .558 .984 2.34

8.00 : .0782 .922 1.65 5.30
9.00 : .136 1.43 2.51 7.20

10.00 : .278 2.13 3.49 7.97

A: 11.87 : .999
DELTA K B: 12.86 : 5.60

MAX C: 12.87 : 5.99

D: 12.93 : 12.4

ROOT MEAN SQUARE 18.92 14.40 8.05 13.28
PERCENT ERROR

---------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION . 5-0.8 1

RATIO 0.8-1.25 3 4 4 4
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4.7-16
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CONDITION/HT: ANNEALED TITAN.
FORM: 8. 08"TH SHEET YIELD STRENGTH: 122. 3 KS I ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 133. 9 KS!
ORIENTATION- L-T SPECIMEN THK: 0. 83- 0. 085"
STRESS RATIO: *8L 07 SPECIMEN WIDTH: 2. 752- 2. 758" TI-SAL-

• FREQUENCY: 55. 00- 58. 30 HZ REFERENCES:889 12

AK (MPA %'m/) &K (MPA V'7)
4 10 40 100 4 10 40 100

WIl'nT: R.4.. 100 E.- ýN4NVIOMEUNT: IR.1T.12I.I
162 /RLAB AIR

1010-2 1 1__

10 .3 10.3
10' 10.-

>ý164 _16C4
1 - 103 10"3E

• 10"I .= 10.510 12602

o - 10 10 10-

0 " .106 1-
11078,

1 0 40 100 4 1 40 100

= _ _ _ _ 1 1 , 1 , 1 1

10010o 10101

lo-2 2o
"10' 10"6

*108 L.LLJ3J io10"3- "jj ' j~J ---

i10. 4_0 4 0 10 i 10i 40 10

0- 10 -1 103E
13 1 1

1 0.2,
"- 5 10"0--4/ /

167

10-7 .7
-- 10- 10

4 08 I , 1 1 1 1 J 1 1 1 -1 " 16, I I = I I I - 6

"1 4 10 40 100 4 10 40 100
* - ZAK (KSI N/n) AK (KSI vl/)

Figure 4.7.3.3
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TABLE 4.7.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.7.3.4 INDICATING EFFECT

OF ENVIRONMENT
-----------------------------------------------------------------

S0 MATERIAL: TITANIUM TI-5AL-2. 58N
CONDITION: ANNEALED

*- -------------------------------------------------------------

DELTA K : DA/DN (10O**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

E- R.T. E- R.T. E- R.T. E= R.T.
:DRY ARGON LAB AIR DIST.H20 3.5% NACL

A: 17.46 : 3.21
DELTA K 3: 16. 63 7. 03

MIN C: 16.57 : 7. 01
D: 16.28: 13.7

20.00 5.35 11.8 12.0 24.5
25.00 : 11.7 20.2 21.3 39.2
30.00: 21.2 31. 1 33.4 53.7
35.00 : 34.7 46.5 49.2 69.3

A: 37.97 : 44.6
DELTA K B: 3G. 10 : 59. 5

MAX C: 37.79 : 59.9
D: 37.84 : 79.1

------------------------------------------------------------------------------
S, ROOT MEAN SQUARE 3. 75 4. 85 5. 63 5. 62
• -A PERCENT ERROR

LIFE 0.0-0.5
.,¾ PREDICTION 0. 5-0.8

RATIO 0.8-1.25 2 2 2 2
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.7-18



CONDITION/HT: ANNEALEDTT
to FOM: 0.08"THSHEETYIELD STRENGTH: 125. 4 KSI S

SPECIMEN TYPE: CCP ULT. STRENGTH: 13S. 9- 135.2 S
ORIENTATION- T-L SPECIMEN THK: 0.L083- 0. 085"
STRESS RATIO: *0. 10 SPECIMEN WIDTH: 2. 755- 2. 7585" -AL

FREQUENCY: 50. 00- 53. 30 HZ REFERENCES:8891 1 2. 5SN-m.5S
AK (MPA ~/)AK (MPA V's)

4 10 40 100 4 10 40 100

ENIVIRONET: R. loo 100 NVINMENT: R.
DRY ADNLAB AIR

1-2 
:2 I________ I_______

10-1 10.1

i* 3  13

Z,10? o

Cu 44

10 10

106 106

1 07 10 .6

104 10 40 100 11 4 10 40 100

N EO4NT: R. 10 T gON T R. lo10

10.1 10.1

or3  W ~
- % 10.2.

%-%A 100

-. 6 4___1__

it 1 -101 10.E-3
z 15

,1*7 ___ _ __ ___ _ .7 ___ ____ ___ ___

10* 10

io ~---L--j 08.IJW.± L.L J.6

1014 1 4 10 40 100 1 4 10 40 10
A~K (KSI V~)AK (KSI v/'in

Figure 4.7.3.4
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TABLE 4.7.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.7.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-SAL-2. 58N JCONDITION: ANNEALED

DELTA K DA/DN (1044-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T. E- R.T. E RT. Em R.T.
:DRY ARGON LAN AIR DIST. 1420 3. 5% NACL

A: 18.62 3.96
DELTA K B: 19.82 : 11.5

MIN C: 18.18: 9.45
0: 21.52 35.6

20.00 : 5.38 11.9 12.5
25.00 : 12.4 23.1 23.6 49.4
30.00 : 22.2 37.4 38.6 68.1
35.00 : 35.5 55.1 57.2 87.1
40.00 : 53.5 77.2 79.0 109.
50.00 : 114. 141. 130. 176.

A: 53.29 : 145.
DELTA K 3: 53.22 : 169.

MAX C: 53.08 : 148.
D: 53.13 : 207

-- -----------------------------------------------------
ROOT MEAN SQUARE 9. 40 4. 52 5. 31 16. 48

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 2 2 2 2
SUIMMARY 1.25-2.0
(NP/NA) >2.0

472

4.7-20
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CONDITION/HT: ANNEALED "TITAN.
FORM: IL m"TH SHEET YIELD STRENGTH: 125. 4 KSI ALLOY

" " SPECIMEN TYPE: CCP ULT. STRENGTH: 133. 9- 135. 2 KSI
ORIENTATION- T-L SPECIMEN THK: 13.893- B. 985"
STRESS RATIO: *9. 19 SPECIMEN WIDTH: 2. 753- 2. 757" TI-SAL-

* FREQUENCY: 39.9 0 HZ REFERENCES:8991 1 .5SN

IAK (MPA V/-) AK (MPA -,/-)
4 10 40 100 4 10 40 100

VR MN: L0o dNVIAONWNT: R.Y.#. 11
, "LAS AIR

:•- 10"1 10"1
S101.3 010 3

•, - •12 -02

.1,o.

10"s Z

10-e 0'4

-- __-__10"____0s

162 10-

-- -= 10"-1 - 10"*1

--________ 
I~ll I?!5IZJll -

10' 10z0 10 400

4 164

ic. ~10-3 0
10, 10L±J±.3E~- o LLLJ.d

*1 4 10 40 1001 4 10 0

. -- ,._ __ __ __ _ 10" 10. 1 -

:=10- _ _ __ ___ __ _ _ _ __10" _ ._ _ _ _ _ _ _ _ _ _

"" 10" 10"

-- 10" -0

*o". 10.2 i0o2

1 --10 -

- - .05 __0-__

I0"0 I i Ilore I ,I1 10" 1 1 [l 1 1 1,

1 4 10 40 100 1 4 10 40 100

•.-,. ZK (K SI %/7).. -&K (KSI VIM)'

Figure 4.7.3.5
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TABLE 4.7.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.7.3.6 INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------

MATERIAL: TITANIUM TI-SAL-2. SBN
CONDITION: ANNEALED

DELTA K : DA/DN (10**-6 IN. /CYCLE)
( KSI*IN**1/2) :

A B C D

E- R.T. E- R.T. E- R.T. E- R.T.
:DRY ARGON LAB AIR DIST. H20 3. 5% NACL

A: 5.83 .0930
DELTA K B: 3.69: .0501

MIN C: 4.28 .237
D: 4.23 : .209

4.00 .0662
5.00 : .158 .363 .981
6.00 : .0905 .347 .6598 3.37
7.00 : .105 .685 1.13 6.92
8.00: .164 1.23 1.81 10.5
9.00 : .285 2.02 2.68 13.1

10.00 : .497 3. 09 3.72 14.6
13.00 : 1.96 7.57

A: 13.02 : 1.87
DELTA K B: 13.07 : 7.68

MAX C: 12.74 : 6.71
D: 10.00 : 14.6

ROOT MEAN SQUARE 16.96 11. 13 7. 18 37. 84
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8 1 3

RATIO 0.8-1.25 3 4 4 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.7-22
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~~ CONDITION/HT: ANNEALED TTN
FORM: 0. 08"TH SHEET YIELD STRENGTH: 125. 4 KS! ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 133. 9- 135. 2 KSI
ORIENTATION- T-L SPECIMEN THK: 0.083- 0.085"
STRESS RATIO: -0. 07 SPECIMEN WIDTH: 2.753- 2. 757" TI-AL-
FREQUENCY: 54. 20- 58. 30 HZ REFERENCES:891 1 2. 5SN

AK (MPA /-n) AK (MPA %/-)
"" 4 10 40 100 4 10 40 100

__IRýST R.' 1  
.1 0 JNV4IIOMUNT:. R.'

_1 
LAB AIR

1•0 
1 0"

.- 10.' *2"1001

10*-1
.10.2 1023

10*3 0103 E
z E

or.4 
10"4

105- 10110

100• 10o

10. - 10

162 IR61 ,, _
1 10.1 1001

_ _,,_ _ __- -. 0-0i3 , I

.5'.10.2 
12

~ I°'• - 10 l ' 10"-

lO" _________- iO• -10:

110 1

0 10' - 1
1. 1610.6

1 4 10 40 100 1 4 10 40 100

A~K (KSI V'•) ZK (KSI v -n)

Figure 4.7.3.6
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TABLE 4.8.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.8.3.1 INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI62222
CONDITION: ST

.lJ-----------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
Y. (KSI*IN*U1/2)

A B C D

E- R.T. Em R.T. E- R.T. EU R.T.
:H. H.A. H.H.A. 3.5% NACL 3. 5% NACL
1HZ 20HZ 1HZ 20HZ

A: 93.23 : 1.20
DELTA K B: 5.05 : .076
MIN C: 6.77 .584

D: 3.89 : .048

4.00: .0691
,. 5.00 : .319

6.00 : .186 .742
7.00 : .378 .630 1.39
8.00 : .659 .915 2.27
9.00 : 1.67 1.03 1.38 3.37

10.00 : 2.38 1.50 2.10 4.70
13.00 : 4.98 3.45 6.80 10.0
16.00 : 8.12 6. 12 19.0 17.6
20.00 : 13.3 10.7 47.6 30.7
25.00 : 22.3 18.2 110. 50.9
30.00 : 36.4 27.7 194. 73.5
35.00 : 59.0 39.8 291. 96.6
40.00 : 96.4 55. 1 390- 119.
50.00 : 271. 98.4 561.
60.00 : 834. 673.
70. 00 : 2775.

A: 71.40 : 3301.
DELTA K B: 56. 48 : 139.

% MAX C: 63. 4 : 697.
D: 49.43 : 155.

----------------- ---------------------------------------

ROOT MEAN SQUARE 9.90 8.83 22.49 11. 12
;-.'".. PERCENT ERROR

LIFE 0. 0-0.5
PREDICTION 0.5-0.8

RATIO 0.9-1.25 1 1 1
SUMMARY 1.25-2.0

'.X (NP/NA) >2. 0

.- , 4.8-4
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CONDITION/HT: ST TITAN.
FORM: 0. 33"TH PLATE YIELD STRENGTH: 157. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: I
ORIENTATION L-T SPECIMEN THK: 0. 151- 0. 152"
"STRESS RATIO: -0. 10 SPECIMEN WIDTH: 3. 000" '-'
FREQUENCY: REFERENCES:88644 2-2-2

AK (MPA Vm) AK (MPA V/')

"4 10 40 100 4 10 40 100

ENVIRONMENT: R 10 ,ENVIRONMENT: R.T. o -1
H. H.A H. H. A.

12 1HZ 1 102 20HZ

10.3 
03

"11 10"
i0 10.2_ _ _ _o 1 -

10 o3 E,4 .4 .-

10 10

1010-
•16 lp"lO.

¶ N 10.6

108 **J~.~**Lj1*j-6

1 4 10 40 100S © -•~o• R. _loo @ ••,
100O N ¶&NT: R. .

-2 HZ 62_____* 20HZ
10-- - 0S ,o73,!

10.2 .2~

.1 _ _ _ _ _ _o "_ _ i o-__3 o
-.- ' 0.* .0.. "10 - 3 1 - 106

10 .0-3 E
z E_

1014 1 U1

1 4 10 40 100 1 4 10 40 100
b / K (KSI 7/T) AK (KSI vThn)

Figure 4.8.3.1
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TABLE 4.8.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.8.3.2 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI&2222
CONDITION: STA

DELTA K : DA/DN (10*41-6 IN. /CYCLE)
(KSI*INu41/2)

A B C D

: E- R.T. E- R.T. E- R.T. E- R. T.
DH.H.EA. H.H.A. .5 3.5% L 3.5% NACL
1HZ 20HZ 1HZ 20HZ

A: 7.18: .54
DELTA K B: 4.1t3 :.06
MIN C: 16.00 : 35.9

D: 3.64 : .06

4.00: .125
5.00 : .164 .471
6.00 : .369 1.13
7.00 : .686 2.09
8.00 : .811 1.12 3.27
9.00 : 1.26 1.69 4.57

10.00 : 1.87 2.37 5.90
13.00 : 4.73 5.02 9.60
16.00 : 9.07 8.36 35.9 12.5
20.00 : 17.3 13. 5 77.4 15.2
25.00 : 32.7 20.3
30.00 : 56.9 27.1
35.00 : 95.6 33.8
40.00 : 15t. 40.2
50. 00 423.
60.O00: 1195.

A: 41.83 : 4..

DELTA K B: 41.87 4.2.
MAX C: 20.37 78.9

D: 20.05: 15.2

ROOT MEAN SQUARE 7.39 a. 43 14.68 20.21
PERCENT ERROR

LIFE 0. 0-0.5
p PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1 1.
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0

4.8-6



CONOITION/HT: STA TTN
FORM: U. SS"TH PLATE YIELD STRENGTH: 157. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: LI
ORIENTATION L-T SPECIMEN THK: B. 143- 0. 147"

.- , STRESS RATIO: -0. 10 SPECIMEN WIDTH: 3. 000" TI-6-2-
• .. : FREQUENCY: REFERENCES:98844 2-2-2

AK (MPA AK (MPA ,/')
4 10 40 100 4' 10 40 100

ENVIRONMENT: R. .. 100 V -- NVIRONMENT: 'R.'T..
H. H. A. _ _ _ _' - --_

10? .HZ --_-- 
102 I

10" 2 0

10 " 100"

1.0~z10
-2 -2

10.4 10"'

>. 4 __ _ _ _ 4 __ __

u 10 ., 
103 

r
CE

10 510"0 10' E

10.'a

10-6 -
a10 10 -7

7 17

10 10

S10.6 10.6

1"4 10 40 100i 10"1 4 1 10Z ,o VRo N oo T.1OA Ro - ,oo© v~o•$LT: -. '..' 1oO F.100T: .. • 100

12 1HZ .102 20HZ

10.1 10-1

603 6 03

10.2 -2
10"

4 ~4

10 1

- 10s _i"=10
1075 10-7 mo

10-

a7 
7

-2- - 10.6 10.6

10VI ,I- II L W . L I. , L I ,1,1, 108 I ,1 11 1 , 1•, -
... :, 4 10 40 100 4 10 40 10

A KK (KSI vi"h AK (KSI N'T7)

Figure 4.8.3.2
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TABLE 4.9.3.1 .

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.9.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6-2-4-2
CONDITION: 1790F IHR AC, 1100F 91RS AC
ENVIRONMENT: R.T. , LAB AIR

DELTA K . DA/DN (10u1-6 IN. /CYCLE)
(KSI*IN*H"/2)

A B C D

4 R-0. 10 R-+O. 50

A: 11.61 : 1.81
DELTA K B: 7.05: .52

MIN C:
D::

8.00: .919
9.00 : 1.50

10.00 : 2.27
13.00 : 2.52 5.70

. 16.00 : 4.82 10.5
20.00 : 10.3

A: 24.68 : 22.0

DELTA K 3: 19.52 : 17. 1
14AX C:

0:

"ROOT MEAN SQUARE 7.82 9. 78
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

9
4..,,- .



CONDITION/HT: 1790F 1HR AC. 1100F BHRS AC TIT
FORM: 2.00"TH FORGING YIELD STRENGTH: 139. 4 KSI
SPECIMEN TYPE: CCP ULT. STRENGTH: 151. 15 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 079'

FREQUENCY: 0. 18 HZ SPECIMEN WIDTH: 1.750" TI-8-2-
ENVIRONMENT: R.T.. LAB AIR REFERENCES:PWBS2 4-2

AK (MPA V-/) AK (MPA V/•)
4 10 40 100 4 10 40 100

G) STRESS RATIO: -I.10 100 '.. STRESS RATIO: *IL50
162_ _ -2_ - _ -

10-1 10"1

101071
2 2

10.2 10'

>. 1.4 __ _ __ _ _

103 10,3 E
10 E

10. _ - 1o.1 - z

-6 1______6__

10 010

16 107'- O"-1>
.. .7 __ 107 __ _ _ _ ___ 1.

610 10L 1- 6

4 - i

016 - 10.7 -

1 4 10 40 100 4 10 40 100

STRESS RATIO 10STRESS RATIO 100

S10.2 
1

10.1 10-

.2 2
10. 10

14 U

0 010s J
10 EE

101. 1-4 i0a

010- 10

10"

Io I 1 .I Il h ill I I I Id ,.
1 4 10 40 100 1 4 10 40 100

AK (KSI ri) AK (KSI %/Tn),

"Figure 4.9.3.1
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TABLU 4.9.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ABSOCIATED WITH FIGURE 4.9.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6-2-4-2
CONDITION: 1790F 1HR AC, 1100F BHRB AC
ENVIRONMENT: + GOOF, AIR

----------------------------------------------

DELTA K " DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

* R+0. 70

A: 5.15 1.36
DELTA K B:

MIN C:

6.00 2.04
7.00 2.71

8.00 : 3.36
9.00: 4.16 -

10.00 : 5.35
13.00 : 15.5

A: 13.08 : 16.0
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 15. 01
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 9

RATIO 0.8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4.9-6



CONDITION/HT: 179OF 1HR AC. 1100F 8HRS AC FTITAN-.
FORM: 2.00"TH FORGING YIELD STRENG i H:135. 5- 140.8 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 148. 5- 152. 3 KSI [
ORIENTATION: C-R SPECIMEN THK: 0. 080- 0. 081
FREQUENCY: 0. 18 HZ SPECIMEN WIDTH: 1. 750" TI-8-2-
ENVIRONMENT: 8 6000 F. AIR REFERENCES:PW2-2

... " 
4-2

AK (MPA &/m) AK (MPA V"•)
4 10 40 100 4 10 40 100

11 1 1 11 - a" 1 , 100 -
STRESS RATIO *0. 70 10o STRESS RATIO:

10-1 101 1
--2 _____ 10________ -2 ___-________10"________

1.3 -- 1.3_10' 10.
10, 02

110 10.a _ _ _ _ _ _ _ _

1-4 
_1__)-___-_>"

0 010 --
10010

z Z~__ _ _ _

"D 10 101 - z

1- 
-10

_ _ _0 __ _-_10

14 10 40 100 4 10 40 100

STRESS RATIO lo 10°RS RTO o

12- . 12

110 1 101 -

10.6 
106--2- __ _ _ _ _ _ __

1 1 10- 10

•.. • 10.3 _ - ' 03

10s -10

10 
10*- 1

161
0*- 10 E1 0-l 

- 6
_ V10.' 

_o' 10.

10. 
10

-I

4 10 40 100 1 4 10 40 100

&K (KSI V)/T &K (KSI i1Tn)

Figure 4.9.3.2
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TABLE 4.9.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.9.3.3 INDICATING EFFECT

OF STRESS RATIO

MATER IAL: TITANIUM TI-6-2-4-2
CONDITION: 1790F IHR AC, 110OF SHR8 AC
ENVIRONMENT: +IO00F, AIR

- DELTA K : DA/DN (10*l-6 IN. /CYCLE)
(KSI*IN**1/2)

"A B C D

R-+0. 50

A: 5.60 3.89
DELTA K B:.;4 IN C: :

D:

6.00 : 4.28
7.00 : 5.34
8.00 : 6.50
9.00 : 7.77

10.00 : 9.16
13.00 : 14.0
1..00 : 20.1
20.00 : 30.2

A: 20.12: 30.5
DELTA K 3:

MAX C:
,• ~D::

ROOT MEAN SQUARE 4.85
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

%4

S~4.9-8



CONDITION/HT: 179OF 1HR AC. 110OF ISHRS AC TITAN.
FORM: 2. 00"TH FORGING YIELD STRENGTH: 139.4 KSI IALLOYI
SPECIMEN TYPE: CCP ULT. STRENGTH: 151.6 KSI

SORIENTATION: C-R SPECIM EN THK: 0. 074"
FREQUENCY: 0. 16 HZ SPECIMEN WIDTH: 1. 750" TI-6-2-
ENVIRONMENT: -10000 F. AIR REFERENCESPWO02 4-2

AK (MPA %/m) &K (MPA %/-)
4 10 40 100 4 10 40 100

- STRESS RATIO = -. 50 Z 62 STRESS RATIO=1q10-2 _-- 10-0
10F10"1 10.1

10- 10- 0-

Zz.. 0__10- -.-
• 16410.' 10-

Q 10

S10- 1

,i=% - E

1 10 10.6
~~10- 10- WWLI

101 4U10040410

106

10.5 10.1

7 112

I I

I II 10. I --

S1 4 10 40 100 4 10 40 100

', -STRESS RATIO -- 1°STRESS RATIO =10°

10- -- 10 0 -

10 10'.

16 16

1 1- 1010_ E

10• 100" 14v

S 10.5 --- __0__ 1---
I 7

. - -= 10.5_ --7 60.

,8 1

'4 4 10 40 100 1 4 10 40 100
..4•AK (KSI ,/in) AK (KSI ,/iTn)

,, 1Figure 4.9.3.3
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!Ilk TABLE 4.9.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.9.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6-2-4-2
CONDITION: I7MF 1HR AC, 110F 9HRS AC

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(K9I*IN*41/2)

A B C D

E-+ S00F E-+1000F
:AIR AIR

A: 4.95 : .26
DELTA K B: 5.44: .70
MIN C:

9:

5.00 : .270
6.00 .378 .846
7.00 .511 1.12
8.00 : .682 1.43
9.00 : .910 1.80

10.00 : 1.22 2.24
13.00 : 2.99 4.34
16.00 : 6.35 8.64

A: 19.29 : 9.39
DELTA K B: 18.45 : 15.5

MAX C:
D:

------- -- --- -------------------------------------------

ROOT MEAN SQUARE 5. 58 4. 40
PERCENT ERROR

------------------------ ----------------...................................................................

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

74

4.9-10



CONDITION/HT: 179OF 1HR AC. 11140F 8HRS AC TITAN.
FORM: 2. 00"TH FORGING YIELD STRENGTH: 139. 4- 140.9 KSI ALLOYI
SPECIMEN TYPE: CCP ULT. STRENGTH: 151.8- 152. 3 KSI
ORIENTATION C-R SPECIMEN THK: 0. 073- 0. 083"
STRESS RATIO: *13. 10 SPECIMEN WIDTH: 1.750" TI-6-2-
FREQUENCY: 30L 00 HZ REFERENCES:PW002 4-2

AK (MPA v&) AK (MPA •V/)
4 10 40 100 4 10 40 100

G, ENVIRONMENT:* 8 0 . -100 -NVI ONMNT:+10 0 F.
- AIR AIR-2 1. _________ ________ ________ _ _____ __

•" 10. 104I'

10-1 10.1

icy
3

-2-

10 10 O3 E

;i: z E

loV 1 0, - z
'P' "010.4 604

101
100

* . -7
101010

i)10.6 10 5

lO1 4 10 4040 1

V1 ENVIRONMENT: 10o @ ENVIRONMENT: 1o

E N I•2 M10"

-10 10.0 2

>" 11" 64

c y 10.-3 10-3 E
"10s 10.

.. U0104 10.4

S10~.5 I -

10 1001.

F 010-6 1--6

1010 ', 1 iilo '1" 1 ,1, ,= Ji~

S 4 0 40 100 1 4 10 40 100

4b:p :': A.K (KSI V"n K (K SI %,"in1 4 10 4Figure 4.9.3.4
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TABLE 4.9.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.9.3.5 INDICATING EFFECT

OF FREQUENCY

MATERIAL: TITANIUM TI-E--2-4-2
CONDITION: 1790F IHR AC, llOOF 8HRS ACENVIRONMENT: + BOOFAIR

DELTA K DA/DN (1O**-6 IN. /CYCLE)

(KSI*IN'*-1/2)
A B C D

F(HZ)-2 MIN. HOLD
TRAPEZOIDAL WAVEFORM

A: 8.97 5.44
DELTA K B:
MIN C:

D:

9.00 : 5.44
10.00 : 5.69
13.00 : 7.89
16.00 : 12.0
20.00 : 20.9

A: 22-81 : 29.5
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 7. 30
PERCENT ERROR

-------------- -- IF ------ ------ ---5-------- ----------------------- -----------LIFE 0. 0-.0.

PREDICTION 0. 5-0.8
RATIO 0.8-1.25
SUMMARV 1. 25-2.0
(NP/NA) >2.0

_.9

• ,i 4.9-12
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CONDITION/HT: 1790V 1H1, AC. 1100F 8HRS AC TITAN.
FORM: 2. 0"TH FORGING YIELD STREP'GTH: 140. 9 KSI ALLOY

' SPECIMEN TYPE: CCP ULT. STRENGTH: 152. 3 KSI
ORIENTATION: C-R SPECIMEN THK: 0. 082"
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 1. 750" TI-8-2-"ENVIRONMENT: - 8000 F. AIR REFERENCES:PWO02 4-2

AK (MPA 2K (MPA

4 10 40 100 4 10 40 100
10- , I' I', ', I ' I ,'I1 -fil

FREQUENCY a 2 MIN. H10LD FREQUENCY (Hz):

1 -2  AL WAVEFORM 102

1o 101

SW

iO - 1• 10-2

10 -- * Z
1S10

V E

-- _ __ _ .-__ __ 2i _ _ __s _ ____ • - i~s

410  -4 7

51 100

107~

1 .7 -7

" 1- _ _--1 11'

410 -0 10 4 10 40 100 6

100 404 0 0

%FREQUEN•CY (Hz) = 0 -FREQUENCY (Hz)= 10

I (KI ' hI KS IT

,' 10.2 10- --

~10 100" 1 " 1
Iz

"j-3 -0

Fiur 4Ci.3.5

4* --
"'~1 105 07

•1 .6 166• 0 l • 1 .

5

1- " o5-

107 -107 -

10• _ lo.-

"..'' 1 4 10 40 100 14 10 40 100
-A.,ZK (KSI V/7) &•K (KSI vý-)

Figure 4.9.3.5
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TABLE 4.10.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
"OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.10.3.1 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION:
ENVIRONMENT: R.T. LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2 :

A B C D

: RR+0. 10

A: 7.20 : .185

DELTA K B:
MIN e,:

D:

"8.00 : .291
9.00 : .496

10.00 : .819
13.00 : 2.65
16.00 : 5.25
20.00 : 9.70
25.00 : 22.0
30.00 : 48.0

A: 33.04 : 61.9
DELTA K B:

MAX C:
D:

ROOT MEAN BGUARE 21. 73
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.1',

,::'1 4.10o-4



CONDITION/HT: TI TAN.
SFORM: EXTRUSION YIELD STRENGTH 147. 2 KSI ALLOY

. SPECIMEN TYPE: CT ULT. STRENGTH: 159. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 300"
FREQUENCY: 20.00 HZ SPECIMEN WIDTH: 1. 400" TI-5-2-
"ENVIRONMENT: R.T.. LAB AIR REFERENCES:UD001 46

AK (MPA Vm) AK (MPA Vm)
4 10 40 100 4 10 40 100"':• • 1oo

STRESS RATIO= -o0. 10 STRESS RATIO =

162 _____ 
1602 0*

~1OF3
S.2

10 - Z
4 ,o

10,' 0-

.0 110S

;a 10
"" 10.4 104

166 ld~66..

-.- 010"s -- _10_.5

10 10 10
--- 1 4 10 40 100 14 10 40 100

10-1 10.

elk0o-o3 
10"3

- 0100-10*2

>. l_ _-10_'

10,•0-3 E
z E

4.1 • - 10.40- 10.

1.050

S- .. 10.. 
. 1 .

10 - 107 -

... 10.6 -- 10.6

0 0

110

16 1 1 ,o hilIIIo 168 1 1o 40 I J
... . (Ks, I ) AK (KSI %/on)

Figure 4.10.3.1

4.10-5

C..

-. . . . . . . . . . . . .



TABLE 4.10.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4-10-3.2 INDICATING EFFECT

OF STRESS RATIO
4- -----------------------------------------------------------

MATERIAL: TI TANIUM TI-6-2-4-6

ENVIRONMENT: + BOOF. AIR

DELTA K DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

A BC D,

: Rin+0. 10 R-+0. 30 R-+0. 50 R-+0. 70

A: 8.67 1.05
DELTA K 9: 5.52 :.654

MIN C: 3.54 :.661
D: 4.B9: .815

5.00 :.819
6.00 .747 .977 .976
7.00: .984 1.31 1.31
9.00 :1.28 1.77 1.83
9.00 : 1.14 1.65 2.37 2.53 -

10.00 : 1.69 2.09 3.11 3.42 ~
13.00 : 3.27 3.96 6.30 6.81
16.00 : 5.65 6.77 10.9
20.00 : 10.1 12.3
25.00 : 17. 1 22.51130.00 : 24.7 36.9
35.00 :55.4

A: 33. 38 : 29. 7
DELTA K 3: 35.34 :56.8

MIAX C: 19.33 :16.9
D: 13.67 :7.59

ROOT MIEAN SQUARE 10. 51 7. 69 4. 42 9. 94
PERCENT ERROR

-----------------------------------------------------------

LIFE 0. 0-0. 5

(NP/NA) >20

4.10-6



CONDITION/HT: TITAN.
FORM: EXTRUSION YIELD STRENGTH:147.2 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 159. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 300"
FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 1. 40" TI-6-2-
ENVIRONMENT: - 800 F. AIR REFERENCESUD001 46

&K (MPA 'V/•) AK (MPA Vi")
4 10 40 100 4 10 40 100*., I 'I I'r' -r 'I ' 'I"'' 'I' "" ---

G STRESS RATIO =0. 10 5U STRESS RATIO -o-0. 30

1063 107

0 10.2 10.2 •

.-4, _4 _________

lO- 1I 4 O10' 10- E

z 
E

10- Js O- z

10"-4 107-4

16 41 00 @6 ,6.7
10 100

.77

106 o-

106 101" 8

STRESS RATIO -0. 50 STRESS RATIO --0. 70 1o0

"102 102

10.1 10.1

i -- 10.2 10."-2
44 U

10- 103 -

-- 1 5 _.___0.____ 110
104 107 0

1 10

- 106 .6100

10 I 1 10. 61 I I l 11 -

1;. 1 4 10 40 100 1 4 10 40 100:K (K SI vn) AK (KSI ViTn)

Figure 4.10.3.2

4.10-7
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TABLE 4.10.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS .,.:,

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.1o.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1690F 2HRS AC, 1550F 2HRS 00, 110F 8HR8

AC

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN"a1/2)

A B C D

. E-+ GOOF
AIR

A: 5.05 : .43
DELTA K B:

""IN C:
D:

6.00 .587
7.00 : .816
8.00: 1.12
9.00: 1.52 ..
10.00 : 2.03
13.00 : 4.36

A: 14.76 : 6.43
DELTA K B:
MAX C:

D:

--------- - ---------------- ----------------------------- *

ROOT MEAN SQUARE 5.79
PERCENT ERROR

- --------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0. 8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.10-8

:• 4.1i0-8

.6-



CONDITION/HT: 189SF 2HRS AC. 1558F 2HRS OQ. 110SF SHRS AC TTN
FORM: 1.80"TH FORGING YIELD STRENGTH: 185. 5 KSI
SPECIMEN TYPE: CCP ULT. STRENGTH: 180. 6 KSI
ORIENTATION- C-R SPECIMEN THK 0. 077?"

STRESS RATIO: *GS 08 SPECIMEN WIDTH: 1. 750" TI-8-2-
.FREQUENCY: 30. 00 HZ REFERENCES:PW002S4-8

A K (MPA A/m) AK (MPA N/i-)
4 10 40 100 4 10 40 100

ENVIRONMENT: 8 100 - ENVI ONMENT:

lO2 , lO.__ 2 _ _ _ _ _

S10-0 101

110 10'2

a;lO.2 
10.2 _•

.4 _04-- 10-4 -- 4.)
-10.3 -10 E

z-" .S _ _ _"_ -5 --

10 10 
o

4- 107

10 ma-1*A -

S- 10 -10 10 _ 10.

101-10 -- *2j;'
ENIOMN:10 o NIOMN:10 '""10 .2' '2'

. i - - -z
10-13 103-

•"10 _ _ a. 10 _4

10 'U•1"3- 1"c

- 10150

6 1 4 1 4 10 10.40- 100.

io i

11010

5* 5

1.7 , -10-7
10•_ 1 . _-" o

1 4 10 40 100 1 4 10 40 100
•.&K,, (Ks, /m) &K (Ks, V'•?i)

Figure 4.10.3.3

"4.10-9
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TABLE 4.10.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR -

DATA ASSOCIATED WITH FIGURE 4.10.3.4 INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1690F 2HRS AC, 155OF 2HRS OQ, 11OOF GHRS AC

I DELTA K DA/DN (10a4-6 IN. /CYCLE)
(KSI*IN*-ii1/2) A B C D

E-+ 60OF
:AIR

A: 13.85 4.87
DELTA K B:

MIN C:
D:

16.00 : 7.10
20.00 : 12.0
25.00 : 19.6
30.00 : 29.6
35.00: 43.1
40.00 : 61.6

A: 47. 39 103.
7% DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 8. 21
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
UIMMARY 1.25-2. 0

(NP/NA) >2. 0

4.10-10

I,.,

L " ' -S .* " % " . * " . - ' .• -.. . .. ,,,., .. ,'.,I '-•,.".", ' .. ,." .",",• ' ', ."• . ,:.:, .•''" .'' .'••" -,'''[•'4 .•, ':;""": .$.$.:,



CONDITION/HT: 1690F 2HRS AC, 1550F 2HRS OQ, 11OOF 8HRS AC TTITAN.
FORM: 1. 80"TH FORGING YIELD STRENGTH: 185. 5 KSI ALLOY

. SPECIMEN TYPE: CCP ULT. STRENGTH: 180. 8 KSI
ORIENTATION C-R SPECIMEN THK: 0. 074"
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 1. 750"

,,.'., FREQUENCY: 2 MIN. HOLDTIME REFERENCES:PW002 4-6

TRAPEZOIDAL WAVEFOR~M4-

AK (MPA -,/-m) AK (MPA ,/'•)

4 10 40 100 4 10 40 100

,, .ENJONMENT: I 0 ' 100 E dNVION'M NT:

162 10-2

."101 10-10 1

o1010 1.-3

10,2
l• %o

,13 E

.s 10
z, • -E- -

4 -

1010 z

10 - 10

10-5 10sF

10 1006

1 4 10 40 100 4 10 40 100

ENVIRONMENT: 0° @ ENVIRONMENT: 100

"" 1- 10.-
10. 10_

,1, 2 10
100-

4 _ _ _ _ _-z__ _ _

1oE
10 E

16 110'

*6 1-8,-
10 - 10mm101

.o7 .7

10-6 06

1 4 10 40 100 1 4 10 40 100

AK (KSI v/'i) AK (KSI vrTh)
Figure 4.10.3.4

4.10-11



TABLE 4.10.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.10.3.5 INDICATING EFFECT

OF ENVIRONMENT
-----------------------------------------------------------

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1690F 2HRS AC, 155OF 2HRS 00, 1100F BHRS

AC
*--------------------------------------------------------

DELTA K : DA/DN (10t4-6 IN. /CYCLE)
(KBSI*1N4*1/2)

A B C D

: E-,+ 800F

: AIR

A: 4.73 2.46
DELTA K 8:

MIN C:
D:

-6. 5.00 2.48
6.00 2.81
7.00 3.43
8.00 : 4.31
9.00 : 5.40

10.00 6.71
13.00 : 11.6

A: 14.43 : 14.3
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 5. 34
PERCENT ERROR

------ F-- 0----5------- ------------------ a--------------------------LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.18-1.25
-ISUMMARY 1.25-2.0
(NP/NA) >2. 0

4.10-12
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CONDITION/HT: I ZOF 2HRS AC. 1550F 2HRS OQ. I IOOF 8HRS AC ITITAN.
FORM: 1. 80"TH FORGING YIELD STRENGTH: 155. 5 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 182. 8 KSI
ORIENTATION C-R SPECIMEN THK. 0. 083"
STRESS RATIO: +--0.70 SPECIMEN WIDTH: 1. 750" TI-5-2-
"FREQUENCY: 0. 16 HZ REFERENCES:PWO02 4-6

AK (MPA VN/') AK (MPA N/'•)
4 10 40 100 4 10 40 100

ENVIRONMEN 0 10 ENVIRONMENT:

10' 
10"1

103 
103

" -10.2 10-2

.410 10 3

70 1010 :

--- 10-1 --

6,*6 ____10-5 5-_10-

-~~~~17 10" 1 -i 11 ,i, 11 0

"11 4 10 40 100 4 10 40 100
ENVIRONMENT- 100 ENVIRONMENT- 10o

10? -2

100110. 103

10 -- 2 *2

" 10 10.-- -- _ _10__210-

-3 -1-6
3

c 10 10.3 E

z __ 

E_

0 -10. 10- 4

010 10

""107 -1-7 -

10.6 
10.6

108

1 4 10 40 100 1 4 10 40 100
A K (K S I 7/) AK (KSI V,•7)

Figure 4.10.3.5

4.10-13
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TABLE 4.10.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.10.3.6INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1690F 2HRS AC.1550F 2TR. 00, 1100F 8HRS

AC

DELTA K : DA/DN (10*-6 IN./CYCLE)
(KSI* IN**1/2) "

:A B C D

: E- R. T. E--÷ 600F E-+ 1300F
:LAB AIR AIR AIR

A: 4.8E7 •.09

DELTA K B: 8. 23: .71
MIN C: 8.51 1.09

Dw

5.00 : .105

6.00 : .185
7.00 : .314
9.00 : .496
9.00 : .718 .991 1. 36

10.00 : .985 1.41 1.87
13.00 : 2.44 3.20 3.49
16.00 : 6.41 7.28

A: 14.06 : 5.88
DELTA K B: 17.43 : 8.91

MAX C: 17.28 : 11.0
D:

ROOT MEAN SGUARE 5. 96 3.55 6. 28
PERCENT ERROR

---------------------- ----------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2. 0

(NP/NA) >2. 0

V-.10-1
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CONDITION/HT: 1BG8F 2HRS AC. 1550F 2HRS 0Q. 1100F BHRS AC TITAN"
FORM: 2.80'"TH FORGING YIELD STRENGTH: 166.0 KSi!ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH 182. 3 KSI
ORIENTATION- C-R SPECIMEN THK:. 0.0Z78- o. o82".

STRESS RATIO: +0. 10 SPECIMEN WIDTH: 1. 750 TI-7-2-
,.,FREQUENCY: 30. 00 HZ REFERENCES:PW002 4-6

AK (MPA M) AK (MPA %/m)
4 10 40 100 4 10 40 100

ENVIRONMAENT: R. , 100 ENVI ONMENT:- 600 F. -.

LAB AIR AIR*- o2 _______ _ _ -o2 - ..______ _________

10-0 10.1

" -- 10. 2 
10- 2

10' 
10.3 E

1 , - 1 0 s 1 0.__ _ _ _

.... 10. 
s 0

1. 10? 010"

.C.) :10. 
.40 3 -- _----__ _ __ _ _ __ _ _ __ _ _ _

,-,. _ _ __,_ -- 1100-4
.l°io74

:=- -- 103 -- 0°

16-6 Z6_ 
_ _ _ _

10 - 10-

"4,' 10.4 
- 1 .

IJ, lO.6-J - 108 ---

-? __ __os___- _ ___ _o-5__

10 
10

lo- 10.1

10..: - io-

1"8 2 108

1.-- 4 10 40 1 10 1 4 10 40 100

¢-,-

IA II IL I-i _

10 io100

10 - 0-1

i:.%11'6 1 0 io

- 110

10600
-8 -3

1 41040 1 0 10- 4 04 0

41' 
Fiue410.6

I' 4.10-l



TABLE 4.10.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.10.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1689F 2HRS AC, ISSOF 2.RS 00, 1100F SHRS

AC

DELTA K : DA/DN (10*--6 IN. /CYCLE)
(KSI*IN414/2)

A B C D

: E-+ 60OF E-+ eOOF

:AIR AIR

A: 10.60 1.71

DELTA K B: 13.03 4.20
IMIN C:

D:

13,00 : 2.58

16.00 : 4.56 6.96
20.00 : 9.04 11.5
25.00 : 17.6 18.9
30.00: 28.0 29.3
35.00 : 44.4

A: 32.52 : 33.1
DELTA K B: 39.00 : 61.4

MAX C:
D:

r..~~~~~ ~ -------------------------------- ------ - --------------------------
ROOT MEAN OGUARE 12.22 7.08

PERCENT ERROR
---------------------------------------------------------

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 3

RATIO 0.0-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4.10-16
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CONDITION/HT: 11O5F 2HRS AC. 155SF 2HRS OQ. 110OF 9HRS AC 'TITAN.
FORM: 2. 80"TH FORGING YIELD STRENGTH: 188. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 182. 3 KSI
ORIENTATION C-R SPECIMEN THK: 0. 079- 0. 081"
STRESS RATIO: *0. 10 SPECIMEN WIDTH: 1. 75" TI-8-2-

FREQUENCY: 0. 16 HZ REFERENCES:PWO02.. ",4-8

AK (MPA N/7) AK (MPA V/m)
4 10 40 100 4 10 40 100

ENVIRONMENT: 8 0 * 1NVIRONMENT:. 800 F.
"6 AIR AIR

S 102 __ _ _ _1 _ _ _ _ _ _ _ _ _

10 -1 
10 "'

60.3 163

101 100

S 164 16'
E 10.3 10.3

:4z 5o 1 o5

10. 
104

1 1 I0"S

-:l 7 .- .7, __ _ _ __ _ _

0 1010

106 10*

1 4 10 40 100 4 10 40 100

:ENVIRONMENT: 10 ENVIRONMENT: 00o

S10' .2 1o"2
," 10"

10, 101

.- 1I030" --_20z•-i° ,o3 }
10'

14 o z

1O6- 6
- 010" 10.

S1 ,- 10-7-5-

im. --. _ 1 " -- 10"___

a 1 401 10 4 1-
, g e . 3

t. 4.i0 1
.7 .10 10,6

071F 111 1 106 1F0

v1 4 10 40 100 1 4 10 40 100
&K (KSI &,T~ K (KSI V/Th)

Figure 4.10.3.7
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TABLE 4.10.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.10.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1690F 2HR8 AC, 1550F 2HRS 0G, 1100F 9HRS

AC---- ----------------------------------------------
DELTA K DA/DN (10*4-6 IN. /CYCLE)

(KBI*IN**1/2)
: A 8 C D

E-+ 600F E-. 800F
:AIR AIR

A: 7.88 1.35
DELTA K B: 8.16: 3.26

MIN C:
D:

8.00 : 1.51
9.00 : 2.80 3.82

10.00 : 3.80 4.67
13.00 : 8.96
16.00 : 18.1

A: 12.83 : 7.75
DELTA K 3: 16.58 : 20.9

MAX C:
D:

---------I -------------- -----------------------------
ROOT MEAN SQUARE 6. 25 4. 12

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.0-0.8

RATIO 0.8-1.25
SULMARY 1.25-2. 0
(NP/NA) >2. 0

61.-
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CONDITION/HT: 1a8Q0F 2HRS AC. 155SF 2HRS OQ. 110F 9HRS AC TTITAN.
FORM: 2.80"TH FORGING YIELD STRENGTH: 16B. 0 KSII ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 182.3 KSI
ORIENTATION C-R SPECIMEN THK: 0.080- 0.081"
STRESS RATIO: *0. 50 SPECIMEN WIDTH: 1. 750"

.FREUENCY: 1.16 HZ REFERENCES:PWO02 4-B

AK (MPA V/m) AK (MPA •V/?)
4 10 40 100 4 10 40 100

SENVIRONMENT: ; 100 NvR ONM NT:1 00 F.
10. 10.

AR AI 10"1 AR 101

10- 10- 1

"lu
10.2 -2

•,i10 100" 0.

c. z." 10 .3 10 -3 E1 -

'ti 1o * 10_ Vp 04d-•-1.
*0 (U 0

V 1 66  10.o166 1

-1 10s6

1. 4 10 40 10 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 1o

10 2 
10'102

.3 ___--__--1100 101

10.2 1o-2

o .1 64 1- U
S10 10 E

165 10'sz-
1010"

10.'10.10..7 -
70 7

- - 10 10"

-I f, 1 10 1 1 1 l h -

-, 1 4 10 40 100 1 4 10 40 100
&K (KSI -/In) AK (KSI i/n)

Figure 4.10.3.8
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TABLE 4.10.3. 9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.10. 3 .9 INDICATING EFFECT

OF ENVIRONMENT
-- -------------- ------------------------------------------------

MATERIAL: TITANIUM TI-6-2-4-6
CONDITION: 1&90F 2HR8 AC, 155OF 2MRS0S , 1100F 8HRS

AC

DELTA K : DA/DN (10*1-6 IN. /CYCLE)
*, (KSI*IN**l/2)

A B C D

S E- R.T. E- R.T. E-+ 600F:LAB AIR LAD AIR AIR
16HZ 999. 99.Z . 16Z

A: 3.89 : .31
DELTA K B: 1.86 : .00

MIN C: 4.41 : .79
D:

2.00 : .0130
2.50 : .0636
3.00 : .121
3.50 : .17
4.00 : .317 .237
5.00 : .524 .460 1.12
6.00 : 1.53 1.65
7.00 : 4.73 2.18
8.00 : 12.2 2.80
9.00 : 3.61

10.00 : 4.74
13.00 : 12.5

A: 8.59 : 18.9
DELTA K B: 5.84 : 1.48

MAX C: 14.50 : 22.0
D:

------ ----------- ------------------ -------------------------

"ROOT MEAN SGUARE 12. 54 20. 47 7. 74
PERCENT ERROR

--- IE -. 0. ----------------- ~------------------------LI[FE 0.0--0. 5

PREDICTION 0. 5-0.8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.10o.

4%-
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CONDITION/HT: 1800F 2HRS AC. 155SF 2HRS OQ. 1 100F 8HRS AC
FORM: 2.80"TH FORGING YIELD STRENGTH: 188. 0 KSI
SPECIMEN TYPE: CCP ULT. STRENGTH: 182. 3 KS!
ORIENTATION- C-R SPECIMEN THK: 0. 079- 0.L081"

"- STRESS RATIO: *.0 70 SPECIMEN WIDTH: 1. 750" TI-8-2-
FREQUENCY: REFERENCES:PWO02 4-8

AK (MPA Av') AK (MPA ,V/-m)
4 10 40 100 4 10 40 100

~~~~~~:ENVIRO10- NME48WNT: 'R.'Tl.'&'
W RA.AIR LAB AIR

10 
.2  1 Z 162- Q9.9HZ ....

10"10
i10-

0 -10.2 _O -1.20

10- 3- 3 .
-- 10.- --

-10. - 10- 4

1166
1 10. 10.

107
•_ ~~10-1 1-10.6 10.6

164 10 40 100 10 4 10 40 100

E' ' ' 1 0 '3 Ei '

I'I''I i €l -~'.' - 1o VIRONMENT: I' ' '' 100
--E tI•ONMENT:/~8 -* 100 Illl 'I ] "

I10.2 .1t6HZ 0-2___________

010

10.3 10....1 -

1 o 07
10 

i0_--

. 1 0  10. U1

0-- 1.
_ _o ._ _- 1 _ _O_ __-_ _ _. ,

10"5 
5

100

7 .710 -104 -----

10 106

4 10 40 100 1 4 10 40 100
,L •K (KSI Vr•) & K (KSI V7)

Figure 4.10.3.9
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TABLE 4.11.3.1

FATIQUE CRACK GROWITH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION:

--- ------- ---- ------------------

DELTA K DA/DN (10.*-6 IN. /CYCLE)
S(KSI*IN**1/2)

A B C D

E R.T.
:LAB AIR

A: 6.09 : .129
DELTA K B:

MIN C:
D:

7.00 : .238

8.00 : .340
9.00 : .37210 .0O0 : 1-36" -'

A: 12.31 : 2.80
DELTA K B:

MAX C:
D:

---------- --------------------- -----------------------------------
ROOT MEAN SQUARE 12.09

PERCENT ERROR
-------- -------------------------- ------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
4 SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

4.11-50
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CONDITION/NT: TTN
FORM: YIELD STRENGTH: ALLOY
SPECIMEN TYPE. ULT. STRENGTH:
ORIENTATION SPECIMEN THK: 0. 0•1
STRESS RATIO: +O. 10 SPECIMEN WIDTH: 2. 500" TI-8AL-
FREQUENCY: 30. 00 HZ REFERENCES:PW0S3 4V

AK (MPA %m) ZK (MPA /)
4 10 40 100 4 10 40 100

"LAENVIRONMENT: R.10 NVION NT:
LAB AIR o

l 2 _____O____ __________________ __

1 0 __ _ - __-10 10I 10-1 lo0'

io 3  
oF-3

10.2 10" z

4-

Z. _310 E

z *0 
E

_.,______ - 10.4 10.10.
.4 1 00

10s 10"

1 0 7 
1 0 .6

10.la1_ _ F --1_1 2

1 4 10 40 100 4 10 40 100I 'I' I'I'I I ' I' I'I'I -•@ : I 'I II' ' ''

@ ENVIRONMENT: 100o ENVIRONMENT: 10o

10 10"1 10-1

10.2 -1
-10;

1.) .4 Z.4

-A ti1010

.
3

o 10 
100

10* - z

1-- 
10

10 

10

~~ 10

10 108
-- 10.6-

"9r
... .L I.L I I-8 iI l* - I I I I 1 1

• 1 0 4 0 1 0 0 10- '

1 4 10 40 100 4 10 40 100
- ', AK (KSI V/,n) 6K (KSI 'Tn)

Figure 4.11.3.1
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TABLE 4.11.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION:
ENVIRONMENT: R.T. ,LAS AIR

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN"-1/2)

: A B C D

R+O. 10 R-+0. 30 R=-O. 50 R-0. 70

A: 11.07 1.31
DELTA K B: 7.27: .201

MIN C: 5.18 : .0893
D: 3.07 : .0336

3.50 : .0473

S.00 : .0707

3. 00 .152
e6.00 : .165 .300 -.

7.00: .334 .544
8.A 0 .400 .656 1.049.O00: .904 1. 14

10.00 1 .6b5 1.91
13.00 : 2.86 4.586 5. 34
16.00 : 5.86 8.5D2 12. 1

20.00 : 10.4 17.0
25.:02 : 17.8
30.00 : 31.2
35.00 : 58.9
40. 00 : 121.

A: 41.03 ; 142.
DELTA K B: 21.70 : 20. 4

EAX C: 18.T2I : 18.-
DRT 8.0. : 1.-0

ROOT MEAN SQUARE 12.5•3 16. 74 28. 71 1;2.5•6
PERCENT ERROR

LIFE 0. 0-0.5•
PREDICTION 0. 5-0.89

RATIO 0. 8-1. 25

SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-52
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CONOITION/HT: T ITAN.
FORM: YIELD STRENGTH: ALLOY
"SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION: C-R SPECIMEN THK: 0. 280- 0. 299"

: FREQUENCY: 20. 00 HZ SPECIMEN WIDTH: 2. 590" TI-SAL-
, ENVIRONMENT: R.T., LAB AIR REFERENCESPWO03 4V

i• . "
"AK (MPA /) AK (MPA -/-m)

4 10 40 100 4 10 40 100- I 'II I-T• ' o ®'I '"""100'"

"STRESS RATIO -÷0. 10 STRESS RATIO :-0. 30

62 Z io2

=3 ____ _ lO-_ _ _ _ _ _101 
0.

S102 10 -.

4- 1

Vld 10' 10'10 100 10

10. 1

'3I6=- I°6 1d

" ~IF i

1 4 10 40 100 _____ _4 __ 1___ 40__ 10__166 : ' ', ',,, I ' ', ,'I "-

0 101

-10" 10-

""io 3  10 10,,

110"2

1 110
STES RAT= " -0 10

162~

S10"6 -- '= - * -- • •"

10.o1
1-6hh

10* 10-

10- z. 1

711 4 1 0 40 10O0 1 4 10 40 1O00
-. ,AK (KSI -v'•) AK (KSI V•)

• " Figure 4.11i.3.2
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TABLE 4.11.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS --
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.3 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-&AL-4V
CONDITION:

DELTA K :DA/DN (t0**-6 IN. /CYCLE)
(KSI*IN**1/2) :

:A B C D

•..: : E- R.T. E-a. 300F
.:LAB AIR AIR

A: 8.55 : .799
""•DELTA K 8: 8.26 : .885
-;- MIN C::

D:

9.00 : .349 .976
10.00 : 1.13 1.26
13.00 4.02 3.60
16.00 : 12.1 9.07

A: 17.54 : 20.1
DELTA K B: 19.42 15.0

MAX C:
D:

-------------------------------------------------------
ROOT MEAN SQUARE 11.07 23. 47

PERCENT ERROR
PECN ERROR ------------------------------------- --------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.1."; .• 4.11-54
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CONDITION/HT: TA
SFORM: YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
"ORIENTATION C-R SPECIMEN THK: 0. 207- 0. 301
"STRESS RATIO: -1. 00 SPECIMEN WIDTH: 2. 500" TI-SAL-
FREQUENCY: 0. 18 HZ REFERENCES:PW003

.4 •. 
4V

AK (MPA V/m) &K (MPA V-m)
"4 10 40 100 4 10 40 100

""NVIROMENT: R. AIR® ATR

! 162- -- 162'U -2 -.
____10"_ 

-- --___--10-_

10. 10"

"10 '2 
10 2 -

.3 _ _0__- __ _ - 2O' _ _ _ _ _

13 03

S110.2 
10

lv 10 -104

- 16 I*J Id . ,J

___1o'5 1 _ 1o
10- 6 1 0

-- lo e I I Ifi l I 11" - I I I l, lJ 1 1 1 1 ,1 1-1 1

1 4 10 40 1001ENVIRONMENT: 10ENVIRONMENT: 10o
IQ 

-7_ _ __2_ _ _ _ _

-) - -_ _1 0 " _ __I 0 "_

1 0 6 
1 006 E

1a 4 10 
100 .

, E VI ONM NT 100_ ENVIRONMENT:z10

rI .5 .s
1010

So 10'

10.6 
10.6

,%•..=10"8 ._ 1 1 1 lilt I I I I II - 10"e7,I6I I l , iL J [ -

4 10 40 100 1 0 40 100-
A.K (KSI -v" n) AK (KSI -V/z)

•4 "•Figure 4.11.3.3
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TABLE 4.11.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.4 INDICATING EFFECT

OF ENV IRONIIENT
--------- - - - --------- --------------- ----------- ----------------- -------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION:

DELTA K . DA/DN (10*41-6 IN. /CYCLE)
(KSI*IN*1/2)

: A B C D

: E R. T. Eo- 300F
:LAB AIR AIR

A: 8.19 : .424
DELTA K 8: 8.12 : .208

MIN C:
D:

9.00 : .695 .495
10.00 : 1.14 .971
13.00 : 3.68 2.95
16.00 : 11.3 6.42

A: 16.5. 14.2
DELTA K B: 18.48 : 13.6

MAX C:
D:

ROOT MEAN SQUARE 17. 73 27. 56
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 r
8UMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-56
:o:
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CONDITION/HT: TITAN.
FORM: YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION- C-R SPECIMEN THK: 0. 301- 0. 302"
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 2. 500" TI-OAL-

<. FREQUENCY: 0. 18 HZ REFERENCES:PWO03 4V
K4V

AK (MPA Vm) AK (MPA V/)
4 10 40 100 4 10 40 100

FLR. I.YN100 'looENVIRONMENT.; 31Z 0
AIR

10- 10"1 10"1

103 10o3 -
102 10-2

•.lo.3 
10-3 E:

- E"___10______10"4__ .

1o'5 10 1

104

10 - 10.0-

6 0.-6

10 "7 I8I i I I I , 1 , - 1 0 8 1 I , I l l t I I I ,I I lI -

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10 oENVIRONMENT: 10oo

10. 10.3-
111

10* __ _ __ _ .0. __ ______ _10.2_____

~~0 2O O010"

- '3

10 • 104 10- -3 E

S 10 .. L.±aI~. L...LA.6_I- -- 10.6-

1 4 10040_•100

10© V IzMN :E V R N E T 0

10. 10

--- •10.1 . 10.1
10~ 1

16 72 10

~11010

1018 10"e I o I 101 1 , I .I , I

1 1 00 40 1 00 1 4 1 0 40 1 00

".;.:. , K (Ks, v';') ,&K (Ks, N/'i)

Figure 4.11.3.4
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"TABLE 4.11.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITTH FIGURE 4.11.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-&AL-4V
CONDITION: ANEALED
ENVIRONMENT: R.T. LAB AIR

- ------ -------------------

DELTA K : DA/DN (10*•-6 IN. /CYCLE)
(KSI*IN*U1/2)

: A B C D

"R-+0. 02

A: 9.04 : .135
DELTA K 8:

"fIN C:
D:

10.00 : .270
13.00 : 1.30
16.00 3.67
20.00 9.49
25.00 21.3
30.00 38.2
35.00 : 60.1
40.00 e97.2

A: 44.93 : 120.
DELTA K B:

MAX C:
D:

------------- ------------

ROOT MEAN SQUARE 24. 21
PERCENT ERROR

LIFE 0. 0-0.3
PREDICTION 0.5-0.8 1

RATIO 0. 0-1. 25 1
SUMMARY 1.25-2. 0
(NP/NA) >2.0

*4
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CONDITION/HT: ANNEALED TITAN, I
FORM: B.00"TH BILLET YIELD STRENGTH: 123. 0 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 135. 0 KS!
ORIENTATION: L-T SPECIMEN THK: 1. 250"
FREQUENCY: 11. 00- 20. 00 HZ SPECIMEN WIDTH: 5. 000"
ENVIRONMENT: R. T. o LAB AIR REFERENCESMA003 4V

AK (MPA %/Wm) AK (MPA M/)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 02 10o STRESS RATIO =

1 0, 10"
010 10.1

1 02 10-2 0

112 __ _ _ _- o•1 _ _ _ _ 10"3__10"3 I
U1 0 "1 .4 _

1 0 r *lO l-
10-

10 100
10.6 16 0.

1 4 10 40 100 100 100

. i ' I ' l . I I 1 II'l 1 I" 1'1"
SA. TRESS RATIO 100 STRESS RATIO = 100o

S0-2 -2

10 10'""61 10•0 -- _

10110"

102 1 10 -

4 100 40• 10 4>0,0 0

10_ __ _ _ _ .u
S100 10

-- E

1o os - z

:1 ,-2 1062. 0.

10-• ~-1-1 1- -

10.6

"p 63

-6~- 16__ __ _ _ *8

10 1 4 0100 1 0 3s
100 E0

10..4
!4164164 0

10'1

4.11-59
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TABLE 4.11.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.6 INDICATING EFFECT

OF STRESS RATIO
-- - - - ---------------------------------------

MATERIAL: TITANIUM Tl-bAL-4V
CONDITION: ANNEALED AT 1375F, 3"RSo AC
ENVIRONMENT: R.T. , LAB AIR

DELTA K DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R4•0. 02

A: 8.52 : .0853
DELTA K B:

MIN C:
D:

9.00 ; .131
10.00 .283
13.00 : 1.41
16.00 : 3.88
20.00 9.70
25.00 21.7
30.00 40.8
35.00 70.2
40.00 : 116.

A: 42.37 : 145.
DELTA K B:

MAX C:

-. --- --------------------------------------------------

ROOT MEAN SQUARE 25. 31
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8 2

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4..*

4.11-60
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CONDITION/HT: ANNEALED AT 1375F. SHRS. AC TITAN.
FORM: 2. 75"TH PLATE YIELD STRENGTH: 121. 0 KS! ALLOYSPECIMEN TYPE: WOL ULT. STRENGTH: 139. 0a KS I

ORIENTATION: L-T SPECIMEN THK: 1. 250
FREQUENCY: 10. 00- 20. 00 HZ SPECIMEN WIDTH: 5. 000" TI-BAL-"" ENVIRONMENT: R.T. LAB AIR REFERENCESM4A0•3 4V

AK (MPA -/m) A K (MPA -,/-)
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 02 100 STRESS RATIO=-6 =_l2 _ __ _ _ _ _ _ _ _ _ _ _ _ _ __

10 10

_10.2 10.2

_____.____ .4 _________

10*3 13 E

:• o'S 10"s Z

0 010 107

1 -

10* 1-1 0 10.6 - - 10.6

10 40 100 1 4 10 40 100I ' l ' " l' l' l ' ' ' l ' I ' C "• @1 T ~ T T - * T * * T 1 I.
-STRESS RATIO =o -1010

16 TES AI:1 STRESS RATIO- 100
162 -162

10"1 10"1

1110-3 -- ~-3 03-

10. _3 E

16 6 ._, _-__ -a __

-- .• 1s _10-5

o7 U6
S -A _ _ -__ _ 10o

-- 10"1

~10-8I.Ls*, I e* - lC)"8 -- I-I z 11

1 4 10 40 100 1 4 10 40 100

AK (KSI io.5) &K (KSI VIM)

Figure 4.11.3.6
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TABLE 4.11.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.7 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-bAL-4V

CONDITION: BA
ENVIRONMENT: R.T. , LAB AIR

- - - - - - - -- -- -- -- - -- -- - - -- -- -- -- -

DELTA K : DA/DN (10*--6 IN. /CYCLE)
(KS•IIN**1/2)

A B C D

"R-n+0. 10

A: 5.13 1.45
DELTA K B:
MIN C:

D:

6.00 : 1.91
7.00 : 2.47
8.00 : 3.10
9.00 3.82

10.00 : 4.66
13.00 : 8.443
16.00 : 15.4

A: 19.19 24.2
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 1&.,. 35
PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

S--.

4.11-62
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CONDITION/HT: BA TITAN.
FORM: 0. 05"TH SHEET YIELD STRENGTH: 130. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: 0. 050"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 3. 940" TI-SAL-
ENVIRONMENT: R.T., LAB AIR REFERENCESNLOI1 4V

AK (MPA A/•) AK (MPA -/-m)
4 10 40 100 4 10 40 100

STRESS RATIO =-0.10 STRESS RATIO
lO.2 1 6O2 ,

101 10.1

101

l •- " 10.2 -1°2-

i1"o. . 1d0_ E
10-* 03 1. E

1 051.5_ , Z010'

-6 __._. _,____l_ -6 _ _______ ___ _ _ _ _ _ _

S-10' 10,

-10

' - -s - 10"6-3- 10"6

10

10 160_. L- l.. l l. LL IJ l. l L J -10__ __ 100

STRESS RATIO:= 100 STRESS RATIO ST__=_ 110 o

0 1001 6

101 1110

1 -410.2 1 40 0214 0

. I 1-111 _ _11 1 1 1 1
S 1062 10.T 2

"10- o 1

-- 10-
103 10 0510.2 --

_-_ __._ 10"
0 1 EJ10

10, 10

10.6 166

100 40 i6 ooJ'..AJ .iLIl

4 10 40 100 1 4 10 40 100
"AK (KSI V7n) AK (KSI V/'T•)

Figure 4.11.3.7
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TABLE 4.11.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.8INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONMENT: R.T. ,LAB AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2) A

;,:A B C D

R-+0. 10 Rm+O. 30 R-+O. 70

A: 9.98 : 1.84
DELTA K B: 17.87 : 10.4

MIN C: 9.03 2.34
D:

10.00 : 1.86 3.90
13.00 : 4.87 9.31
16.00 : 8.71 14.6
20.00: 14.5 15.1 24.4
25.00 : 22.7 26.9 53.8
30.00 : 32.7 40.7 150.
35.00 : 45.7 59.7
40.00 : 63.2 89.2
50.00 : 121. 224.
60.00 : 238.
70.00 476.

A: 71.29 521.
DTA K B: 59.74 :43.

MAX C: 33.00 : 311.
D:

-- - ---------------------------------------------.-----------

ROOT MEAN SQUARE 9. 11. 51 15.91
PERCENT ERROR89 

15 59

PERCENT ERROR -------------------------------------------------
LIFE 0.0-0.5

PREDXCTION 0. 5-0. 8 2 1
RATIO 0. R-I. 25
SU.MRY 1. 25-2. 0
(NP/NA) >. 0

4.11-64



CONDITIONHT: BA ALLAY
FORM: B05"TH SHEET YIELD STRENGTH: 130. 0 KSI ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH:
ORIENTATION: SPECIMEN THK: . 050"
FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 3 150" TI-SAL-

%%-: ENVIRONMENT: R.T.. LAB AIR REFERENCESNLBOI 4V
,..,

AK (MPA N/7) &K (MPA ,/-F.)
4 10 40 1CO 4 10 40 100

STRESS RATIO =IL 10 19o STRESS RATIO .. L 30

10 103

-O 2_l2 _ _ _. .. .._ _ _ _ _ _ _ _ __ _

-10' 10.1

.:1 10"-

S -"10. E
'o 10"5 10.5- Z•

1 -m

10 
Z 0

I05 ": 
100--

10.6 1010.6

14e.10 40 100 4 1 , I ,© .I oJQ,
STRESS RATIO = .0.70 STRESS RATIO =

i 3 010"? ia 10"

1 0 0- 1 2

• -- i @10"210- I02
10-

10 1073
2E

110 1U-"-10 
--

16 
z 6

1 04 1:-- 10 - E__ _ _ _ _ _ _ _ _

"1010.

1 0 t o,- ...-.. ... 10-8 - z.

- , 1.)4u 100 1 4 10 40 100

& K (KSI %r n)
Ja Figure 4.11.3.8
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TABLE 4.11.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.9 INDICATING EFFECT

OF FREQUENCY

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONMENT: R.T. ,3. 5% NACL

S--------------- ---------nnnn--------------------- -----

DELTA K . DA/DN (10*l-6 IN. /CYCLE)
(KSI*IN.*1/2)

A B C D

. F(HZ)- 10.00

A: 9.65 .46
DELTA K B:
MIN C:

D:

10.00 : .625
13.00 3.62
16.00 : 9.15
20.00 : 17.6
25.O00: 26.5D
30.00 : 33.4

A: 34. 71 : 39. 3

DELTA K B:
MAX C:

D:

ROOT MEAN SQUARE 4.39
PERCENT ERROR

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: BA TITAN.
FORM: 0. 83"TH PLATE YIELD STRENGTH: 124. 5 KSI ALLOY
SPECIMEN TYPE: PTSF ULT. STRENGTH: 130. 4 KSI
ORIENTATION: T-S SPECIMEN THK: 0. 872"
STRESS RATIO: *0. 10 SPECIMEN WIDTH: 1. 500" TI-SAL-SA. ENVIRONMENT: R.T. 3. 5% NACL REFERENCES:90981 4V

AK (MPA -,/) &K (MPA VF/)
4 10 40 100 4 10 40 100

SFREUENC (H) lB gB 100

1 FREQUENCY (Hz) 10. 00 102 FREQUENCY (Hz) =

010.2 10- l 2 -

107,-- 1 " -3 1"

10"3 i 10"

w- 10-2 10"2 Z

10.5 10-

10 10. E
z z

o0 10- 101.

., 0.1 100 -

*~J 7 7-7 _______10 107

AI*-11. io.6
14: 10-8 I I I II.LL I I I ilt 7110L -h

1 4 10 40 100 10 40 100

F100
FREQUENCY (Hz) 10 FREQUENCY (Hz) 100

. 162 o2 _16

100 10-

10" - 10'2

10.2-3 10-3

u 0 10

0 10-

.5, 5
00 10

106 10-
1... -- 1 10.d I I I10s108

.. 10. ,. ~ -i 10 -... i.LLL'.....-...LLL

1-4 10 40 100 1 4 10 40 100

"AK '1I n) hAK (KSI V/Ti)
Figure 4.11.3.9
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TABLE 4.11.3.10

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELB
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.10INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA

DELTA K : DA/DN (10*41-6 IN. /CYCLE)
(KSI*IN•H•I/2) :

: A B C D

E- EUR.T. E- R.T.
:DRY AIR 3. 5INACL

A:
DELTA K B: 8.24 • .237

MIN C:
D:

9.00 : .574

10.00 : .985
13.00 : 2.65
16.00 : 2.65
20.00 : 13.8
25. 00 : 22.6

30.00 : 31.4
35.00 : 41.7
40.00 : 55.9
50.00 : 109.
60.00 : 245.

A:
DELTA K : 68.19: 517.

MAX C:
D:

------ - - --- --------------------------------.............

ROOT MEAN SQUARE 0.00 18.95
PERCENT ERROR

----------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMIARY 1.25-2.0 1
(NP/NA) >2. 0
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CONDITION/HT: BA TITAN.
FORM: 0. 83"TH PLATE YIELD STRENGTH: 124. 5 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 130. 4 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 550"
STRESS RATIO: .0. 10 SPECIMEN WIDTH: 2. 550- 2. 554" TI-SAL
FREQUENCY: 10. 00 HZ REFERENCESG0981 L4VI

AK (MPA -/-m) AK (MPA V/•1
4 10 40 100 4 10 40 100

"A F ENVIRONMENT: R. .. - 0  ENVIRONMENT: R.
DRY AIR3. 5ZNACL

lO" lO__ _ __ _ _ __ _ _ _ __ _ _- ___ _ _ _ _ __ _ _ _ _,__ _ _ _

102

iO.i
10"-1 100 -_

10"3 1063 .

- IL
• v ,* 

2 1

S10 
0

.. ,164 164/

100 

10 --.-t %0 10" --

10.0

1 4 10 40 100 1 4 10 40 100

1 0 l l tl I I I 1 1 III'

ENVIRONMENT: 10 o - ENVIRONMENT: 100

10.2 --
_1062

10 101"103 10 .3

10'0

10 10- 3 E
* - E

10. -- j 10• - "- 10. ,

10"s - 7104

"1-0-0
1-10'

•S 10 4-10 0 10 10-6 --. _

"I• I0 " f i li al! I I 1I 1 1 1h -1 1 0 "7 1F I , 1, 1, 1• 1 1 1 11

1 1 4 10 40 100 4 10 40 100A, -."ZK (KSI v'"n) AK (KSI ,V!T)
AK. (K"I /in)Figure 4.11.3.10
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TABLE 4.11.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.11INDICATING EFFECT

OF ENVIRONMENT
------------------------------- -------------------------------------------- ----

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA

------ -. -----------------------------------------------------

DELTA K DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN*U1/2)

A B C D

: E- R.T.
S: . T. W.

A: 15.85 : 11.7
DELTA K 3:

"MIN C:S~D:

16.00 : 11.9
20.00 .: 1.6

02.00 : 28.3
• °30.00 : 39.2

35.00 : 51.3
40.00 : 84.5
50.00 : 94.3
60.00 : 129.
"70.00 : 168.
90.00 : 213.

A: 67. 57 : 252.
"DELTA K B:

MAX C:
D:

---- - -0-0-T-ME-AN S0L0A-RE-------------2--------------------- ------------ ------------ 0f f f

S ROOT MEA SQUARE 10. 42

PERCENT ERROR
--------------- -------- - -- -- - - ---------------------- ------------

LIFE 0. 0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0

.- '.(NP/NA) >2. 0
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CONDITION/HT: BA TITAN.
- FORM: 8. 53"TH PLATE YIELD STRENGTH: 124. 5 KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 136. 4 KS!
ORIENTATION- T-L SPECIMEN THK: 0. 880"
STRESS RATIO: *-. 10 SPECIMEN WIDTH: 2. 554" TI-6AL-
FREQUENCY: 10. 00 HZ REFERENCES.90981 4V

AK (MPA M) AK (MPA %/")
4 10 40 100 4 10 40 100

T R. '" 0 1 "'""
.JV-=MENT: 10 NVIRO NM NT:

O-2 1o02 _
10" i C '

10"3 - 103

10.2 10,2.z

4 416> - .4 1_ _
103 10.3E

lO.. .l- 10 -

E- 10"0
zE

-- _____--__--_--__--__10"6__-- --6 ________ __10

10

100 10

'• -- 10" 10-5

.7

1;. -.io -_0

10-

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 @ ENVIRONMENT: 100

-101 10.1

& 10 .2 10 •

>I- 10' 4
3U 

10
10.3 10.3

z-.__ _ --
V. 10Z

10' 0O

•.'~~~* 10 - 0-
-6 .6

- 110

.. .5:'*1 -- "*- 51

-- I

S,.. 1 4 10 40 100 1 4 10 40 100
"AK (KSI v/'1) AK (KSI V"7n)

Figure 4.11.3.11
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TABLE 4.11.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.12INDICATING EFFECT

OF ENVIRONMENT
---------------------------------------------------------- -----------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA

-----------------------------------------------------------

DELTA K : DA/DN (10-*-6 IN. /CYCLE)
(KS I*1**1 /2)

. A B C D

S E- R.T. E- R. T.
:3.5X•NACL S. T. W.

A: 10.21 : .250
DELTA K B: 18.51 : 30.5

"PIN C:
D:

13.00 : 5.35
16.00 : 16.0
20.00 : 38.5 35.3
25.00 : 66.4 73.3
30.00 : 83.1 95.4
35. 00 : 100. 103.
40.00 : 136. 112.
50.00 : 291. 192.
60.00 : 489.

A: 57.34 : 342.
DELTA K 0: 69.64 : 1087.

MAX C:

ROOT MEAN SQUARE 17. 39 15.35
PERCENT ERROR

-------- -----------------------------

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO O. 8.-I. 25 1
SUMMARY 1.25-2.0 1
(NP/NA) >2.0
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CONDITION/HT: BA TITAN.
FORM: 0. 3"TH PLATE YIELD STRENGTH: 124. 5 KSI ALLOY 1
SPECIMEN TYPE: CT ULT. STRENGTH: 13B. 4 KSI
ORIENTATION T-L SPECIMEN THK: 0. 850"
STRESS RATIO: l0. 10 SPECIMEN WIDTH: 2. 550- 2. 554" TI-BAL-
FREQUENCY: 1.00 HZ REFERENCES90B1

4V

&K (MPA & AK (MPA VAm)
4 10 40 100 4 10 40 100

ENT -&10 ---ENIRNMEN21T: 'R".'-
-VT RS. T. W.

1io2 1 -2

10 "1 10 .1

1o.3 10-lO3 1 -

I'l14104 __ ___ __ _ U

"103 - 10.3 E
E

1074'

1 06 0-- 1 06

10, 10.- 6

1 4 10 40 100 1 4 10 40 100

" © ENVIRONMENT 100 ENVIRONMENT: 100S_ 10100
102 ______O"______ ______

10 10.1 10 10.1

.2 1 --

S10l __103 I-
C10 1,

z . ________os_ _______ _ - O-5
p4:. 10 -I_10.4_ _"

-8-- ____10. 1

> I06 1 06 -

- 10-1 10,3 E

z -5

10-

10.6 10-6

1t' ,,.. 4 10 40 100 1 4 10 40 100
&K (KSI I) &K (KSI V7T)

Figure 4.11.3.12
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TABLE 4.11.3.13 -'

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELSOF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE 4.11.3.13INDICATINQ EFFECT

OF ENVIRONMENT

MATERIAL:TTANIUM --- -T-6AL-4V
CONDITION: BA

DELTA K :DA/DN (10*--6 IN./CYCLE)(KSI*IN*N./2)

A B C D

E- R.T.
.9. T. W.

A: 9.81 : .55
DELTA K B:

MIN C:
D:

10.00 : .581
13.00 : 1.31
16.00 : 2.73
20.00 : 6.43
25.00 : 16.2
30.00 : 36.1

35. 00 : 72. 9
40.00: 136.
50.00 : 400.

60.00: 987.

A: 69.91 : 2127.
DELTA K 8:

MAX C:
D:

ROOT MEAN SQUARE 43. 57
PERCENT ER.ROR
PERCENT- ERR-OR------- --------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0 1
(NF/NA) >2. 0
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CONDITION/HT: BA TITAN.FORM: 0. 63"TH PUATE YIELD STRENGTH: 124. 5 KSIALO

SPECIMEN TYPE: CT ULT. STRENGTH: 134. 4 KSI PLOY
ORIENTATION T-L SPECIMEN THK: 0. s0e"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 55" TI-AL-
FREQUENCY: 0. 10 HZ REFERENCES:-90981

% .-... ,4

AK (MPA A AK (MPA 1 mi)
4 10 40 100 4 10 40 100

ENVIRONMENT: R.- - 100 ENV®RONMENT.®-=_S. T. W. ---

1 -1_
110- 100. _

4 4

-' .3
10z. -- _-

-5 E___ _ __ _

1010- Z
ic4  4

10s,10
"I 1 • C --- 104 -

7-10." 10--
S10iO.6

1 4 10 40 100 4 10 40 100• @ = " ' '"0 ' '
ENVIRONMENT:, 10 ENVIRONMENT: 100o

-02 r,0162

10- 10 10.1

__0.__ ___ _ - 1 -3, -

10' _
4 U

S1003 
.0

IO~-~0 S

z __ _ _ _ _ __ _ _ _ _ _

010 10.4

10 -104
101, 10.

10 10-6
-- 10.--- 10.6

10"8 1h ill I I 1,1L 1 LL
1,4 10 40 100 1 4 1G 40 100

.*.. t•K (KSI v'W ) AK ýKSI ,",
Figure 4.11.3.13
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TABLE 4.11.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.14INDICATINO EFFECT

OF STRESS RATIO

SMATERIAL: TITANIUM T I-6AL-4V
CONDITION: BA
ENVIRONMENT: R.T. DRY AIR

---------------------------- -----------------------------------------
DELTA K : DA/DN (1O**-6 IN. /CYCLE)

(KSI*IN*U1l/2) :

: A B C D

: R-+O. 10 R-+0. 30

A: 7.64: .106
DMLTA K B: 9-89 : .284

MIN C:

8.00: .113
9.00 .150

10.00 : .227 .302
13.00 : .937 1.79
16.00 : 3.17 4.90

20.00 : 9. 1, . 75
25.00 : 19.6 18.5
30.00 : 33.0 32.2
35.00 51.5 52.4
40.00 : 79.0

A: 45.52 : 122.
DELTA K B: 3-.92 : 80.2

MAX C:
D:

ROOT MEAN SGUARE 16. 21 10. 73
PERCENT ERROR

-4 --- - ------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0 1
S(NPI/NA) >2. 0
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CONDITION/HT: BA TITAN.
FORM: 0TP7:"TH PLATE YIELD STRENGTH: 115. 3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 125- 7 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 747- 0. 748"
- FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: 4. 995- 5. 008" TI-6AL-

SENVIRONMENT: R.T.. DRY AIR REFERENCESS8575
4Vi -.

"&K (MPA •V) &K (MPA x/'•)
4 10 40 100 4 10 40 100

100
STRESS RATIO o1. 10 STRESS RATIO -0. 30

10.2 10.0 --

10"3 10",10 10.1
i! • I0210.2

104 /64

€1 0 -3 1 0 3 E
10 E

4 44• 10o' 10' -0

"10. 10.u

100
106 10o7 1 _

"""4 10 40 100 14 10 40 100

STRESS RATIOC 100 STRESS RATIO: 100

o.2
10- 10.

10. 10 -1

- io_ . _

a. --- 0 3 z 1 .

.4 ,- .-14 >.0" '

*~1 10G 0

,1 16
o-. 11 -- E

4 ,... 106

-p 4 -
"-101 40 --

10 40 l00 4 10 40 100
.- K vi ' &K (KSI '

-. 11c



TABLE 4.11.3.15

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.15INDICATING EFFECT

"OF STRESS RATIO
---- ----------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONMENT: R.T. oS.T.W.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2) A

:A B C D

. R+0. 10 R=+0. 50

A: 11.43 .30
DELTA K B: 24.08: 53.3

MIN C:
D:

13.00 : .730
16.00 3.08
20.00 : 11.1
25.00 : 27.6 61.5
30.00 : 48.0 86.0
35.00 : 70.5 119.
40.00 : 95.9
50.00 : 163.

A: 59.09 : 264.
DELTA K B: 36.06 134.

MAX C:
D:

ROOT MEAN SQUARE 16. 76 3. 81
PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0. a
RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0 2
(NP/NA) >2. 0
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CONDITION/HT: BA TITAN.
FORM: 0. 75- 0. 78"TH PLATE YIELD STRENGTH: 115. 3 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 125. 7 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 745- 0. 751".

FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 4. g99- 5. 019" TI-SAL-
* .. ,ENVIRONMENT: R. T.. S. T. W. REFERENCESB9575 4V

AK (MPA %/Fm) &~K (MPA
4 10 40 100 4 10 40 100100 %.00

STRESS RATIO -0. 10 10 STRESS RATIO +0. 50

101 -0_
0-3

1 100710.
I0*;="10. I0-'

-2-2
10 lozI4

S010. 103

zP"_____-6_ I 10 -5

m 4 4

10.' 10- 1

10i •_0- 1-0 104 : - 1o-_

108 -1106

- 4 10 40 100 4 10 40 100

KSTRESS RATIO 10 STRESS RATIO~ 10o

10-1 10 2

S10-

!1o" 10 zo•

-4 z1 0* 10-1

_ _ _ _ _ _ ,o" -S - -_ _

-- 0 - 10" - -- Z02•

i~l10

16 

V

106 10.0
1 07.- 10-•

"�1 - 10

1'- • - = 10._" 10"6

""10" "J~. 1 10- --J~ 10

S4 13 40 100 4 10 40 100
AK (KSI 17n) &K (KSI %/Ti)
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TABLE 4. 11. 3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR
¢4'

"DATA ASSOCIATED WITH FIGURE 4.11.3.16INDICATING EFFECT

---- OF FREQUENCY

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONIENT: R.T. ,S. T. W.

-------------------------------------------------

DELTA K . DA/DN (10t*-6 IN. /CYCLE)
(KSI*IN,**/2)

A BC

F(HZ)1 0.10

A:
DELTA K B:

MIN C:
D:

200.00:

A:.
DELTA K B:

MAX C:

--------------------------------------------------------

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NPINA) >,2. 0

dos
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CONDITION.'HT: BA TITAN.

FORM: 0. 75"TH PLATE YIELD STRENGTH: 116. 3 KS1 ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 125. 7 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 750"-

STRESS RATIO: +0. 50 SPECIMEN WIDTH: 5. o00" TI-GAL-
ENVIRONMENT: R. T.. S. T. W. REFERENCES:88575"-4V

•'.;"AK (MPA N/m) &K (MPA V'•)

4 10 40 100 4 10 40 100

FREQUENCY (Hz) 0. 10 10° FREQUENCY (Hz) :
-2 1-2 - -

____ ___."_ 10.1 -- 10 "'
10.10 10-

22_- 10' 1104 Z

o.' lO m - "0

4-.

E Em W, 
ja4m*E

-6 .66________""10. 10.1

";,1 4 10 40 100 104 10 40 100
01 400 @ 10 4L 10 40 00

•' ". - I 'jf 'lll@lUl I'q J '~

FREQUENCY (Hz)= FREQUENCY (Hz) 100
10'- l. -- 10
•_- 10"1 _ 10-'

¶o• - -- io-
"11' 110- 201

>* 4 _ __1o_ _ - 10 '- ;-A10 1

163

,.. " •10.4 
10.-2'

,C ..- --
E

..- z
m - 10.4

71". 1 5010- 10i7

100.

% - 4 10 40 100 1 4 10 40 100

&K (1<51 /in) &K (KSI 'in~)
V. Figure 4.11.3.16
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- TABLE 4.11.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.17INDICATING EFFECT

OF STRESS RATIO
--------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONMENT: R.T. ,DIST. WATER

S------------ -------------------------------

DELTA K DA/DN (10*--6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

2 1o0 R+0.o50

A: 26.53 : 15.5
DELTA K B:

MIN C:

30.00 : 26.2
35.00 : 45.2
40.00 67.8
50.00 126.
60.00 : 218.

.A: 3.96 271.

DELTA K B:
MAX C:

D:

---------------- ------------ --------------------------------------
"ROOT MEAN SQUARE 5. 71 0. 00

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
$SUMMARY 1. 25-2.0
(NP/NA) >2. 0

4• ..

4-.414

4.11-32
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CONDITION/HT: BA
FORM: 1. 00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION: T-L SPECIMEN THK:
FREQUENCY: 0. 10 HZ SPECIMEN WIDTH:
ENVIRONMENT: R.T. D01ST. WATER REFERENCES:98140 TI-4AL-

4V

&K (MPA ,/m) AK (MPA v/m)
4 10 40 100 4 10 40 100

@ 11 ,1 I111 f -nlhI ' ' ''l "

1 STRESS RATIO = ÷0. 10 10(o STRESS RATIO -s-.0. 50

1 j

1101 
101

10 - 1-0.2
S- 1- 2- -2

10 3  10°` - i 310

-- 0•-- __ _ __ -- z
10-'3 10.- E

"_ _ _ _ _ __ _ _ _ _ 10.__ _ _ _ _ _10.4__ _ _

106-106-
-- ~17 z 0s- ••1"

10-710- 
10-0- 4

g0 10.6 1006
I0" I I I, ,I I, I liltl, - 10- e I , I 6, ,l l

1 4 10 40 100 1 4 10 40 100

STRESS RATIO = STRESS RATIO!

10.1 1
10" 10

" 10 -

4 O 10-3

E

z 
1-0" E

• _04 
_

S10:6 10.1' - 1- 4

10 10. 1 10-s

10., 10- ___ ____0

1• 10. 10 .6

10" WLW WJ ,LL -1 10"8 wwt t l ,i -

1 4 10 40 100 1 4 10 40 100lo

.-.AK (KSI •) AK (KSI V/in)
Figure 4.11.3.17
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TABLE 4.11.3.18

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.18INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONMENT: R.T. , H.H. A.

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R-+0-. 10 R-+O. 30 R.+O. 50

A: 12.84 : .965
DELTA K B: 10.82 : .451

MIN C: 10.92 1.47
.•,.- D ::

13.00 o .929 1. 15 1.62
16.00 : 1.19 3. 13 3.85
20.00 : 4.10 9.31 12.0
25.00 12.4 23.5 27.6 %
30.00 - 25.3 38.6 44.0
35.00 : 41.9 52.8 78.0
40.00 6 62.0 84.8 182.
50.00 : 115. 1010.60. 00 : 208.

SA: 66.20 • 454.
-. \ DELTA K B: 49.80 : 210.

MAX C: 50. 10: 1013.
•.'•'•-D:"

"ROOT MEAN SQUARE 15.43 11.45 16.49
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8RATIO 0.8-1.25 1

SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.18

S~4.11-84
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CONDITION/HT: BA TITAN.
FORM: 2.25"TH PLATE YIELD STRENGTH: 117. 0 KSI ALLOY
SPECIMEN TYPE. CT ULT. STRENGTH: 129. 4 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 749- 0. 753"
FREQUENCY: 0. 10 HZ SPECIMENWIDTH: 5.009- 5.013" TI-6AL-
ENVIRONMENT. R. T. H. H. A. REFERENCES:GD007 4V

&K (MPA '/m') &K (MPA V'm)
4 10 40 100 4 10 40 100

"STRESS RATIO -0. 10 10 STRESS RATIO .0. 32
O.2 _ _ _ _ _ _ -O2

10-1100

S10.' 10.1

102 -- 0102

4-
1 3 -3
10 1010

C0 10
_4. l S ______-___- 10O-S

10.' 41'o

101R0•. 10.
'S.. 5

1100 10-o
10. 1

10 106

10,.1 J I1 10 10
1© 0 4 100~F~1TF 0 10RESR0 10 0

STRESS RATIO -0. 50 STES AIO1

10" 101 10.

-'.. ----- .- . -.- 1041.
10.5

/ ~2 -
.' 1 . 10, 10- -

S4,

S lo-- 10 0 E-E
zE

lo~ 16 i 5  z

-- -8 1 .

-- a10"1 I 1 I l I ,l h - 10" I10 .I l I 1•I~ J -

ioo- 4-10

100

4 10 40 100 1 4 10 40 100
"'"'":; K (KSI v%/Tn) tiK (KSI •J•)1078 1 1°• li t I I 1 1 1

"Figure 4.11.3.18



TABLE 4.11.3.19

FATIGUE CRACK gROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.19INDICATINg EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA
ENVIRONMENT: R. T. , DRY AIR

---------------------------------------------------------------------------
DELTA K : DA/DN (l0**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

Rm-+0. 10 Ro+0. 50

A: 9.56 : .04
DELTA K B: 7.43: .40

MIN C:.•. D::

"8.00: .538
9.00: .826

10.00 : .0692 1.19
13.00 : .482 2.85
16.00 : 1.62 5.49
20.00 : 5.42 10.9

ell 25.00 : 15.7 21.5
h;. 30.00 : 32.2 39.1

35.00 : 51.7 62.5
40.0 0 : 69. 3
50.00 8 5.6

A: 50.68 : 85.7
DELTA K B: 36. 97 : 74. 9

MAX C:• ~D::
-- - - --- - - -- - - - - - --- - - --- - - - - ----------------------D

ROOT MEAN SQUARE 22. 63 47. 03

PERCENT ERROR

".. LIFE 0. 0-0. 5

"PREDICTION 0. 5-0.8
RATIO 0.8-1.25
SUMMARY 1.25-2.0 1 1

(NP/NA) >2.0

r4.1'.1-

'•'• 4.11-86



Er %% CONDITION/HT:BATAN

FORM: 2. 79"TH PLATE YIELD STRENGTH: 116. 3 KSI IALLO j
SPECIMEN TYPE: CT ULT. STRENGTH: 125. 7 KSI

ORIENATION L-TSPECIMEN THK: 0. 760- 0. 762"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 4. 993- 4. 9961" IBL

Zp ENVIRONMENT: R. T. ..DRY AIR REFERENCES:9B575 T-A
ze 4V

AK (MPA V~ K (M PA NAM)
4 10 40 100 4 10 40 100

STRESS RATIO= -0. 10 10STRESS RATIO ~-0. 50

10 02 10602

iolo

10 10

101.6

1 4©0 0 10

STRES RATO: SRESSRATI:010

1010' 10'1

107 .4s IL I II I [

10

62 1162

z _____ _ ____- 1010- 1

~~10 10Zi

1-4 1- 1 4 o -1

110
10103

105 16 0

1~~~~~U 410 4 101 4 10 4 0

7 .7
16 1



-w

TABLE 4.11.3.20

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.20INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-8AL-4V
CONDITION: BA

-------------------------------------------------------a

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

O E- R.T.
:S. T. W.

A:
DELTA K B:

MIN C:
D:

200. 00

A:
DELTA K 8: :.-v

MAX C:
D:

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.--1.25
SUMMARY 1. 25-2.0
(NP/NA) >2. 0

oI .

4.1ii-88

. - . . . -



CONDITION/HT: BA TITAN.
FORM: 2. 79"TH PLATE YIELD STRENGTH:116. 3 KSI ALLOY
"SPECIMEN TYPE: CT ULT. STRENGTH: 125. 7 KSIORIENTATIONý ,-L. SPECIMEN THK, 1.00B2"KS

STRESS RATIO: -0. 10 SPECIMEN WIDTH: 1. 998" TI-BAL-
FREQUENCY: 1. 00 HZ REFERENCES:8575 4V

AK (MPA /m) AK (MPA %/m)
4 10 40 100 4 10 40 100R' ENRNET N0 11 i'MENT
IONMENT: 100ONMENT:S,.W.

102 -- 210"

U 10"3 10.3

S10. 10.1 -
10m. _=0- 10.3

10 i.4 ________________

- 10 -
10 3 310-E

S,00

-, 3

"0 10 10.3 E

IE

104

-4 10-

10.6 10'

-1 4 10 40 100

10. 1 10 -

-2 ______ __ -06 ______.____ __0°_

10 - 10 1

I3  l1o
.2 -2

* .-. 1010;

.- 4), _K(S ' )A K IV•

)l... -•_ _ _ _10-

u 10 . 10.i 3

04 1 108
.67

10-6 10 .6

-08 106
1 4 10 40 100 1 4 10 40 100

AK (KSI V17n AK (KSI v'Thn

Figure~ 4.11.3.20
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TABLE 4.11.3.21

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WjTH FIQURE4.11.3.21INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

: E R.T. E= R.T. E= R. T.
:LAB AIR JP-4 FUEL SIM SEA WATER

"A: 10.25 : .0872
DELTA K B: 12.23: .115
MIN C: 10.06 : .219

13.00; .2•4 .165 .779
16.00 : .20 .566 1.94
20.00 : 2.55 2.08 4.82
25.00 7.52 6.89 11.6
30.00 17.1 16.1 23.8
35.00 : 31.9 28.9 43. 1
40.00 : 51.9 44.6 70.5
50.00 102. 89.2 149.
60.00 : 13. 169. 254.
70. 00 : 356. 339. 438.
0O. O0 : 794. 736. 933.

90.00 : 2039. L726. 2619.
100.00 : 4343.

A: 9.83 : 5976.
't DELTA K B: 101.83 : 5178.
_ MAX C: 99.'93 : 9645.

D:
--.4-- -

ROOT MEAN SQUARE 26. 01 24. 42 25. 45

"".' PERCENT ERROR

",'- LIFE 0. 0-0. 5

* ,. 44 PREDICTION 0. 5-0. 6
RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

, •.. 4.11-90



CONDITION/HT: BA I
FORM: 1.30"TH FORCING YIELDSTRENGTH:11210- 111.5 KSI
SPECIMEN TYPE: WOL ULT. STRENGTH. 122. 5- 127. 5 KSI
ORIENTATION L-T SPECIMEN THK: 1. 250""" STRESS RATIO: -0.02 SPECIMEN WIDTH: 5. 000" TI-BAL-

"FREQUENCY: 0. 10- 20. 00 HZ REFERENCES14AO05

:i~ii::AK, (MPA -,/m) AK< (MPA VIM)
4 10 40 100 4 10 40 100

NVA RIET 1. i.l l 100 ® NVRONMFNT: R.
LAO t JP-4 FUEL

162• 
_

J01 0 0 -

-, ~ 10 1 0 .5 10

... ,,:1"6 Q d
1* 10-3 E

- 10.5

010" 101.

10.6 
10.6

1 4 10 40 100 4 10 40 100
1' I 'I'I' I I' II

FNVIROM•FN-TT R4. 1.1 100 ENVIRONMENT: 100
-.i-.d 1"2 1002

1 10"_ 10-1

1-* -110-2 t1 3  - 2__.._ __ -_,__ ___--_ ___ __ - 0 _

1 10

"104 104 -

10.. .- 100.
',0, z_ --

10.60l
9074 10 00W

;-1- -• 16 -7- 1 .

;,,10 1010- ; , I i l i1 . I,1 1 1 1

% 4 10 40 100 1 4 10 40 100
• :,. ,,. K (KSI i•n) AK (KSI v/' n)

Figure 4.11.3.21
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TABLE 4.11.3.22

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.22INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BA

DELTA K DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

* A B C D

E E R.T. E- R.T. E= R.T.
":LAB AIR JP-4 FUEL SIM SEA WATER

A: 10.97 .0750
DELTA K B: 11.53 : .0872

MIN C: 10.11 : .177
D:

13.00 : .226 .204 .651
16.00 • .743 .741 1.66
20.00 : 2.27 2.40 4.09
25.00 : 6. 15 6.63 9.39
30.00 : 13.1 14.0 18.0
35.00 " 24.3 25.6 31.2

40.00 : 41.5 42.9 50.5
50.00 " 103. 103. 119.
60.00 227. 224. 250.
70.00 " 467. 457. 499.
80.00 : 918. 903. 959.
90.00 • 1746. 1743. 1789.

100.00 " 3242. 3259.

A. 104.34 4214.
DELTA K B: 99.96 3302.

MAX C: 102.34 3739.
D:

ROOT MEAN SQUARE 27.58 29.08 34.70
PERCENT ERROR

-------------------------------------------------------------------- ~----- a

LIFE 0.0-0.5
PREDICTION 0.5-0 8

RATIO 0.8-1 25
SUMMARY 1.25-2 0
(NP/NA) >2.0 0:

4.11-92



CONDITION/HT: BA TI TAN.
FORM: 1.30"TH FORGING YIELD STRENGTH:110. 0- 110. 5 KS! ALLOY

ORIENTATION- T-L SPECIMEN THK: 1. 250

STRESS RATIO: -0. 02 SPECIMEN WIDTH: 5. 000 TI-BAL-
FREQUENCY: 0. 10- 20. 00 HZ REFERENCES:MA005

'-.. 4V

AK (MPA %/'m) AK (MPA %,/'m)
4 10 40 100 4 10 40 100

91SVIR~yENT: R*.. 10 ~ dNVIONWNT: R
LAB JP-4 FUEL

102 10" 10-1

10.1 
10._

202 10o

_10.3 10 .3E

z -

10 10 10

106 1066'
I -/10'

Ip Id I or$-D 1 7 *-'7- OI

- * W J L Wl

1 4 10 40 100 1 4 10 40 100

-IR TER 100 ENVIRONMENT: 100

1 *2 ¶0- -
10 101

.2 210' 10*'i lL'

10 10.3 10

100

1 01 6 1. ,

mz

-- 10.6 -- 1-- '-

ior7

1O73 1 i l I I I il 0 e I I IIl l 1 1 fill

4 10 40 100 1 4 10 40 100
,C.•". K (KSI.V/i) AK (KS5 I/')

Figure 4.11.3.22
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TABLE 4.11. 3.23

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.23INDICATING EFFECT

JF ENVIRONMENT
------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: BETA PROCESSED-MILL ANNEALED

---- A---------------- ANNEALD----------------- -----------------------

DELTA K : DA/DN (l0**-6 IN. /'YCLE)
(KSI*IN**I/2)

. A 3 C D

E- R.T.
:DRY AIR

A: 23.05 5.27
DELTA K B:

MIN C:
D;

25.00 6.45

30. 00: 10. 3
35.00 : 15. 7 l
40.O00: 23. 4
5 0.O00: 48. 8

A: 59.48 94.0
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 7. 55
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.0-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.19

4.11-94
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CONDITION/HT: BETA PROCESSED-MILL ANNEALED TITAN.
FORM: 0. 13"TH SHEET YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION L-T SPECIMEN THK:
SiRESS RATIO: -l. 10 SPECIMEN WIDTH:
FREQUENCY: 10.00 HZ REFERENCES.91332 TI-BAL-

4V

AK(MPA Im) AK(MPA V')

4 10 40 100 4 10 40 100

"VI- ENT: R. ,,
' F. S4+R'(•EN R• .. 100 ENVIRONMENT:

m2 _ _ Z.2 _ __

10 10

10.110-

-3)100 113
S-,,

,,- 104 .4

10" 3 -10"3 E

10 .......... 10"' Z
10 67-0

,, 
10-0 -

. 10" 
10-

10 10_

4~0' 20 4 1*10

S1 4 0 40k 100 1 10 40 100,. ~ ' ENVIRONMENT: 100o ENVIRONMENT: 100o

.*- o 2 ._ _ __ _ _ _16-2

10- 10.310 E,•10.2 10-2?

15 .4 .0 4 .

10 10.10

1'V
4

S10"s 10"s m Z

I07 -1-7-
10 100

-6

S10 
10-6

1 4 10 40 100 1 4 10 40 100
AK (KSI NV"7) &K (KSI V"•)

Figure 4.11.3.23
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TABLE 4.11.3.24

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.24INDICATING EFFECT

OF ENVIRONMENT

I MATERIAL: TITANIUM T I-6AL-4V
CONDITION: BETA PROCESSED-MILL ANNEALED

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

: E= R.T.
;DRY AIR

A: 23.71 • 5.76
DELTA K B:

MIN C:
D:

25.00 : 6.20
30.00 : 9.23
35.00 • 14.6 .. _
40.00 22.9

1. 50.00 : 48.7
80.00 : 82.7

A: 60. 18 : 83. 4
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 15. 14
PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
"RATIO 0.8-1.25
SUMMARY 1. 25-2 0
(NP/NA) >2. 0

16

4.

4.-

4.11-96
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CONDITION/HT: BETA PROCESSED-MILL ANNEALED TITAN.
FORM: 0. 30"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION- L-T SPECIMEN THK:

STRESS RATIO: *0. 10 SPECIMEN WIDTH: TI-GAL-
FREQUENCY: 10.00 HZ REFERENCES:91332 4V

AK (MPA %,/FM) AK (MPA %/7)
4 10 40 100 10 40 100

%?ýTNENT: R. dh100ooVIO T:

10 _ -_ 10"_ - -__10"_

10 10.' 10.1

NI 10' 103
1 .'s 10 12 10 .2

.4 
z_________

S1010 
1-

-•-- 
_ 0. _• 

0"
* z

10-5 10-_ -- z

_• _ • 10"74 
10.61075 ,o' s

16 10

10 10"1 I I

-e1 4 10 40 100 1 4 10 40 100

ENVARONMENT: 10o ENVIRONMENT: 10 o
_____°_ ____IO 2 _ _ _ _ ___ _ _

--- 1 100

,.b 10", 10"-

63 10.2

c 0, 10;3

Z 10. 1 10-5 E

101 E
"1a 10-- - Z

010_
.6- 

-- 
V"

1001
1 0. - 1 . --' ..__ _ _ _ _1 0 "'__ _ _ _

10.7.0. 10

-e10". L.L.L L L ,I,,, I , 110.8 W I W, .I J , 1,1,I J*,~

1 4 10 40 100 1 4 10 40 100
AK (KSI V•Ti) AK (KSI V'T)

Figure 4.11.3.24
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TABLE 4.11.3.25
.b .

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4 .11.3.25INDICATINQ EFFECT

OF STRESS RATIO

---------------_L:------------------------------- TI-6AL--4V-----------------------------------------
-MATERIAL: TITANIUM T I-6AL.-4V

CONDITION: BETA PROCESSED-MILL ANNEALED
ENVIRONMENT: R.T. ,DRY AIR
-------------- ---------------------------------------------------------------

DELTA K DA/DN (10**-6 IN./CYCLE)
(KSh*IN**l/2)

: A B C D

. R-+0. 10

A: 17.02 : 2.69
DELTA K B:

MIN C:
D:

20.00 : 4.51

"25.00 : 9. 81

30.00 : 16.8
35.00 : 28.4 p;U

A: 35.59 : 31.4
DELTA K B:

MAX C:
0:

--------------------- ---------------------------------------------------------------
"ROOT MEAN SQUARE 7. 19

PERCENT ERROR

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 6

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

* ..:-

4.11-98
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CONDITION/HT: BETA PROCESSED-MILL ANNEALED TITAN.
FORM: 0. 50"TH PLATE YIELD STRENGTH: A
SPECIMEN TYPE. CT ULT. STRENGTH:
ORIENTATION: L-T SPECIMEN THK:
FREQUENCY: 10.002 HZ SPECIMEN WIDTH: "
"ENVIRONMENT: R.T.. ORY AIR REFERENCES:91332 T A

4V

AK (MPA V/•) AK (MPA4Vrh)
4 10 40 100 4 10 40 100

STRESS RATIO= -0. 10 STRESS RATIO

1 -2 
z _

10'2.1"

S-- 0.3 10 E
010 10 E

10_5 10. 5 -

1064 - z 10,

1.6
S108 'j 4 J J"1j 1 * '10 91081 ' [ j itJ'J'J I 14 JJ .j 11!.

1 4 10 40 100 4 10 40 100

10 @ 1~1'7  1101 1I 111 _
STRESS RATIO STRESS RATIO= 10o

162 z 162

""10' 10 10.1

10.3 10"3 -

10.2.
Q64 16

S01°3 -- 3 Elo'75 -O Z

S-10. _

100

106 10+6
1i0 I , II, L1 .LI I -- 10"8 -- 1 ,l I, l

1 4 10 40 100 1 4 10 40 100
-A-K (KSI V/7 AK (KSI v/"7)

Figure 4.11.3.25
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TABLE 4.11.3.26

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.26INDICATING EFFECT

OF ENVIRONMENT

. MATERIAL: TITANIUM TI-6AL-4V
* CONDITION: BETA PROCESSED-MILL ANNEALED

"DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

E- R.T.
:DRY AIR

A: 16.77 : 2.51
DELTA K B:

MIN C:
D:

20.00 " 4.66
25.00 " 9.56
30.00 : 16.9
35.00 : 27.8

A: 36.12 : 30.9
DELTA K B:

MAX C:
D:

-----

ROOT MEAN SQUARE 6.21
PERCENT ERROR

-,-

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25

SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.1 -10

4. 11-100

.- C C* ~ %~'*



SCONDITION/HT: BETA PROCESSED-MILL ANNEALED TITAN.
FORM: 0. 50"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
"ORIENTATION L-T SPECIMEN THK:
"STRESS RATIO: +0. 10 SPECIMEN WIDTH: TI-GAL-
FREQUENCY: 10. 00 HZ REFERENCES:91332 T L4V

AK (MPA &/•) AK (MPA V•'m)
"4 10 40 100 4 10 40 100

"", '% • •-_ ! 1 I' I'I'i I R l_[ 'I'I l 0t• -- I I l ll ! III l, '

-- 4 R-- R ENT: R. 10 ENVIRONMENT:

10 100 o

116

.3.E,"10' -1 1 - 3 EO"
:010 E

o 10- _ . 10.-.,'6 _6 _ _ _ __ _ _ _ _ _ _E__ _ _

14 _ 1 0 -

1 .'e0- - 1 106

"1 4 10 40 100 1 4 10 40 100

W ENVIRONMENT: 1 0 ENVIRONMENT:

1-2 
162 _ _ _ _

10. -j 10 •1.

10.1 101

:10 1~.2-

--- •10. 1062'Z

> 1© 1oo 10 4 0 0 4 0

-31
10. -N E

z.'E

.;10.2 10' -

SlO-_-16610

-6 ____-6

10. "1,

: 1 I0"10"

"e.> 168 1 -10 _1aI d 1S1 4 10.8 1 4 1060

..- _- 10 _.........LL -

AK (1" Figr &K (10SI "e -

4.11-101
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TABLE 4.11.3.27

FATIGUE CRACK GROWTh RATES AT DEFINED LEVELSI OF STRESS INTENSITY FACTOR
.5

DATA ASSOCIATED WITH FIGURE 4.11.3.27INDICATING EFFECT
I.

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4Y

CONDITION: BETA PROCESSED-MILL ANNEALED

- ENVIRONMENT: R.T. ,LAD AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C DI
. R�+0. 10 R-+0, 50

A: 14.50 : .518
DELTA K B: 6.57 : .0730
MIN C:

U,

U,' 7.00 : .133
U, 8.00 : .387

9.00 : .827
10.00 : 1.47

* 13.00 : 4.96
16.00 : .593 13.6
20.00 : .917

25.00 2.12
30.00 : 6.90
35.00 : 25.7

A: 38.26 : 43.2
DELTA K B: 16.76 : 17.6

MAX C:

- ROOT MEAN SQUARE 13. 98 18 96
* PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. �J
RATIO 0.9-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

J

.9



CONDITION/HT: BETA PROCESSED-MILL ANNEALED TTITAN.
FORM: 3. 00"TH PLATE YIELD STRENGTH: 130.4 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 138. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 000"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 2. 550" TI-SAL-
"ENVIRONMENT: R.T.. LAB AIR REFERENCESUD006 4V

AK (MPA %/-m) AK (MPA ,/-)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 10 0 STRESS RATIO 0. 50
T102 102

10 "1 10"1

L-113

U i

UU.10 100 E"
4. 110. • 1 .3

z -
zz

lu - io-1010 10.6

"10 -

1, 4 10 40 100 1.. 4I04 100I

TF11z1fTF 100 0

SSTRESS RATIO = 1°STRESS RATIO = 100

-o2 ______ ________ 2 _ ______ ________010 ,
10 10"1

"4 10 40 - 0 -
ul0- -- 10-

v101 -- 10.1

pi 63 103
-10 10.S

_- 1 064

10. 10.3 E

-. L WW D -=

165 z10s o" z
010

V ioo
-- 10"5 -

.':~or 101 _ 1-s-

-- -= 10",_ 10"6

,- or ",1 8

4- 4 10 40 100 1 4 10 40 100
_K (KSI V'i) LK (KSI V"7m)

"Figure 4.11.3.27
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TABLE 4.11.3.28

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.28INDICATING EFFECT

OF FREQUENCY

MATERIAL: TITANIUM TI-&AL-4V
CONDITION: DB
ENVIRONMENT: R.T. , L. H. A.
---------------------------------------------------- --------.--------

DELTA K : DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

. F(HZ)- 6.00

A: 13.23 : 14.0
DELTA K 8:

MIN C:
D:

16.00 : 21.7

20.00: 33.1

23.00 : 61.3
30.00 : 144.

•ys 35.00 : 415.

A: 37.82 : 1316.
DELTA K B:

.- MAX C:
D:

--t ------------ -----------.----------------------- nn n n n n n n

ROOT MEAN SGUARE 12. 23
PERCENT ERROR

---------- ------------------------------------------- -----------

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1. 25 1
SUMMARY 1.25-2.0
(NPINA) >,2. 0

00
•" %

4.11-104-I-- ",".•. " '," ,, "•"• "" " '," "-. '," ÷"" " ; , r . -.. ,-- -••.• '"'''. ,• • '• - '-•, '



CONDITION/HT: 0B TITAN.
FORM: 0. 83"TH PLATE YIELD STRENGTH: 153. 9 KSI ALLOY h
SPECIMEN TYPE: CT ULT. STRENGTH: 165. 0 KSI
ORIENTATION: T-1- SPECIMEN THK: 1. 000"
"STRESS RATIO: ÷0.39 SPECIMEN WIDTH: 6. 000" TI-BAL-
ENVIRONMENT: R. T. . L. H. A. REFERENCES:88579 4V

-•- --- 4V

AK (MPA v-') A K (MPA N/Vm)
4 10 40 100 4 10 40 100

FRQEC (Hz 10010 FREQUENCY (Hz) 60.00 FREQUENCY (Hz)
10 162

/102 _ 10.2

_,___1__ i Ii 10.

1 lo

100 10 . 2

-06 __. _ __ __10. _ --

10:- 105 _________I0"-

1: 07- 10- -

.- -1°
-10 100

1 0 1 0 "

* 10 -8 lO 1 o o
1 RQU4 C 10 z) 40 100--1 4 ' 'I"10 I 40 I 100'

--FEQ E CY (z) FREQUENCY (Hz)= - 10

10 10
10'10'm

10~ 10-

1010_ 
106

0 

40

>"R E UE3 -- ___ _--_10 
0

" -2lO lOd 2

10 
1 0

3 E

~ 10.5 -- 10.-- -

S0. 
10-1

.- 10 10 ___ 10

ioý3

10 
107

--10.6 -10.6

".. .:.AK (KSI VI• h AK (KSl v/'n)

"" Figure 4.1ii.3.28
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TABLE 4.11.3.29

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE 4.11. 3.291 NDICAT ING EFFECT

OF ENVIRONMENT
-----------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DB

--------------------------------------------------- W-------------------------------
DELTA K : DA/DN (10*e-6 IN. /CYCLE)

(KSI*INe*t/2) :

A B C D

E- R.T.
L. H. A.

A: 7.98: .139
DELTA K B:
MIN C:

D:

8.00: .147
9.00 : .242

10.00 : .397
13.00: 1.52
16.00 : 4.41 T-v
20.00: 12.1
25.00 25.6
30.00 : 35.2

A: 32.73 : 36.6
DELTA K B:

MAX C:
D:

- ----- ----------------------------------------

ROOT MEAN SQUARE 17. 52
Ali PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0

4.11-106
4. f

V. , "tLe: , -•,, ' .. ''- .. t -, ., ,. - ,•.. . ,• ,• ', .. • '•, • • . , .. ,• , • -.. ,, , . .{ "-". ' . ,. ".". ". . ... .



CONDITION/HT: 09 TITAN.
FORM: 1. 50"TH PLATE YIELD STRENGTH: 115. KSI ALLOY
ORIENTATION- T-L SPECIMEN THK: 1. 000"

STRESS RATIO: *-3. 08 SPECIMEN WIDTH: 4. 940" TI-SAL-
.,. FREQUENCY: 8. 00 HZ REFERENCESSS579 4V

&K (MPA v'm) AK (MPA %/'M)

4 10 40 100 4 10 40 100

tENVIRONMENT: R.* 100 NO T
10 2 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _2 _ _ _ _ _ _ _ _ _ _ _ _ _ __

- 10".1. 
= 10"1

101010.1 0.1 _

-iI or -- " 10"0 .

10. 10,

1 10210"1 10.1

2 2

zz

10" 10

* 10

" - 10.

i 10s4-- 10.'
10. - . =I~Ii 10-

_.1 1 00

N1 4 10 1 4 ENVIRONMENT: 100
103 10.1:

-.11 10 ' 10"0

10 102 - - 0l•

S10'-ld -

'C =- = -_0.3 i
S• -• 0"3 10

S10.s 1--

S1 0 " ___ _ _'__ _, 
_

4 ..7• 04 = !

10 10"1 ---

10"7 ,- 1010.6-
-. 10.6 --

-4,10_00110
1I4 1 4 0 4 10 40 100

10 ~ K(KSIurTh4.11.3.:29

4.11-107
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TABLE 4.11.3.30

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.30INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V

CONDITION: DR
--------------------------------- --------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
: A B C D

E- ER.T.
.9. T. W.

A: 12.21 : .149
DELTA K 3:

MIN C:
D:

13.00 : .469
16.00 : 1.98
20.00 : 6.20
25.00 : 22.2
30.00 : 41.4
35.00 65.8
40.00 : 99.3
50.00 : 214.

A: 54.03 : 294.
DELTA KI

MlAX C:

0:

.- - - - - - - - - --------- --------------

ROOT MEAN SGUARE 19. 51
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. I

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NPtA) >2. 0

4. 1-0

•.44 -O

o'4

m-



CONDITION/'HT: 0D TITAN.
FORM: 9. 00"TH PLATE YIELD STRENGTH: 119. 0 KSI ALLOYI
SPECIMEN TYPE: CT ULT. STRENGTH: 122. 0 KS!
ORIENTATION- T-L SPECIMEN THK: 0. 992"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: S. 000"

. FREQUENCY: 1. 00 HZ REFERENCES.85837 T A
... • 4V

AK (MPA "/m) AK(MPA V')
4 10 40 100 4 10 40 100

E VI O MTMENT: R.
.+ lO"o _ _ lO.WY_ -

1 - 10-1 10'

-102 10-2

"0 4 140_4_0.

10 1016
z 

E

oN10' 10 o;a 100

106d = -106

10* 1o~

10 .7 -0F 107- 1 "

106 01"

17L I sil IO 1 1111.O-11 111 111-

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10ENVIRONMENT: 1

l oi
10 -•1. 10 --

10.1
w107 100 71 0

T -110 -

10-3 E

S1 --
10- 10- -10

010- 1064

10"10.6 106

104 10 40 100 14

4.1-10
4 10 40 100J 1 4 10 40 100

.,,-.. ,, K (KS, I 7.,v AK (KSI %/in-)

%-Figure 4 11.3.30
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TABLE 4.11.3.31

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.31INDICATING EFFECT

OF ENVIRONMENT
-------- - -- ------- -------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DD

-------------------------------------- -----------------------------------
DELTA K . DA/DN (10t*-6 IN./CYCLE)

(KS1*IN**1/2) A
:A B CD

E- R.T.
S. T. W.

A: 9.39 : .371
DELTA K B:

"- MIN C:
D:

10.00 : .782
13.00 : 4.03
16.00 : 11.4

20.00 : 21.3
25.00 : 31.5
30.00 : 46.2
33.00 : 77.1
40.00 : 151.

A: 47.98 : 497.
DELTA K B:

MAX C:
D:

---------------------------------------- ----------------------- --------------- eee

ROOT MEAN SQUARE 9. 26
PERCENT ERROR

w ---------------------- --------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

.i&

4.11-110

* '2*.. . . " ° . . . .... ° " " °" - " , " ' ' * " "" " • " " "

'71 ',.'v . ".. ' .• o ". .. %.,,.,.m % "..,• ' . % ,'.% - % , % -"% "., .• ... ., % , , . ' ,.. - . -. . .



CONDITION/HT: 08 TI TAN.
FORM: 9.80"TH PLATE YIELD STRENGTH: 114.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 128. 0 KSI
ORIENTATION- S-T SPECIMEN THK: 0. 993'
STRESS RATIO: .0. 08 SPECIMEN WIDTH: 4.940" T9-4AL-
FREOUENCY: 1. 00 HZ REFERENCES:85837 4A

4V

&K (MPA %/M) AK (MPA /-M)

4 10 40 100 4 10 40 100

.0_MEN 100 NVONMN

t-- 0- 10"1
_ _ _ _ _ _ __10 -- 2 _ _ ____ __,_ __10 "_ _ _ _ _ _

100

10-1 10.1

lt. -- -? ,,
"-.-- 10-2 10?

.1-" 4__40 140 4 10440 100

10.3101E

"10-3 E

10.3 : 10"
10.-

S10. 10

•10.6 10.

'"10 - - l8

1 4 10 40 100 4 10 40 100

\' ENVIRONMENT: 100 ENVIRONMENT: 0

? 10.10 10 10_

10-0*

16.4

: -- 1O' 10"

a10. '3
10~

10 0 1

".4o- 441- i

1010F

*0

10 10107o 0, 11 11l l

1 4 10 40 100 1 4 10 40 100
a~ *~ K (K SI 7n) AK (KSI yl/n)

Figure 4,11.3.31
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TABLE 4.11.3.32

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.32INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: DD + TR ------------ ------------------------------MATERIAL: TITANIUM T l-&AL-4V

CONDITION: DB + TR

DELTA K . DA/DN (1O**-6 IN. /CYCLE)
(K8I*IN**1/2)

A B C D

Em R.T.
:8. T. W.

A: 10.12: .176
DELTA K B:
MIN C:

D:

13.00 : .448
16.00 : 2.01
20.00: 9.78

25.00 : 29. 1
30.00 : 50.6
35.00 : 83.1
4Z40.00 155.

A: 44. 78 : 337.
DELTA K 9:

MAX C:
D.:

------------------------------------------------------------------------------------------------------------------------

ROOT MEAN SGUARE 15.89
PERCENT ERROR

0----------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0. 8-1. 25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-112

mfp
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CONDITION/HT: OB - TR TITAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 111. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 128. 0 KSI
ORIENTATION- S-T SPECIMEN THK: 1. 000"
STRESS RATIO: +0. 08 SPECIMEN WIDTH: 5. 000" TI-BAL-

• "• FREQUENCY: 1. 00 HZ REFERENCES:88579• "• 4V

AK (MPA %/-m) &K (MPA V/*)

4 10 40 100 4 10 40 100

TV 4RMENT: R. 100 oENVIRONMENT:
-o2 __________ ___-________________ _________

10-- 10-1

•"•10".--"- 10".1•

110

0 10 10S

•- 16 1064 1.10 
I0 E

1 10. 10 -
-4- 4-..

010.1 100

.u7 .7

"10. 1 10-I

1 4 10 40 100 1 4 10 40 100

w ENVIRONMENT: 100 @ ENVIRONMENT: - 10

NVoONMN, io*'-012 o-22
10010

c1- 3 •-1

10.110.3 E

I 104 -"

U a4S10 ;' 10. --

S-- • 10.5 5 041 10 1E--

10". 107 --

S010.6 o6

1 0 "0 1 I i a 1 0 -8 I I1 1 I l6 1 1

" 1 4 10 40 100 1 4 10 40 100"AK (KSI v'") AK (KSI N/rT)

Figure 4.11.3.32
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TABLE 4.11.3.33

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.33INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DD + 2DBTC

DELTA K : DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E ER.T.
:S. T. W.

A: 13.92 : 1. 11
DELTA K B:

MIN C:
D:

16.00 : 2.14
"20.00 : 7.93
25.00 : 23.1
30.00 45.2
35.00 : 74.0
40.00 : 112.
50. 00 : 244.
60.00 : 545.

A: 62.46 : 671.
DELTA K U:

MAX C:
D:

ROOT MEAN SQUARE 6. 56
PERCENT ERROR

- -- - -e ---u - .- - -------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

ON

4.11-114

'-I



CONDITION/HT: 9B * 2DBTC ITiNS
FORM: 8.0B"TH PLATE YIELD STRENGTH: 114.•0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0 KST
ORIENTATION T-L SPECIMEN THK: 9. 998"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: a. 000" TI-SAL
FREQUENCY: 1. 00 HZ REFERENCES:85837 4V

AK (MPA VF/m) AK (MPA N/-m)
4 10 40 100 4 10 40 100
111,111 1 1 ' Rt 4n 1001 1 N IO~~~T I t I

i% o% -

G) NVrýNMENT: R- I'.T..ý18NET-

1102
"1o 0 -3 Z

> 64I ,o
S' 103 10 E

1 -- I E
1.. __,o-__ __I___° I' z • °

S1i0~ V0

166 4 10 40 100 4 10 40 100
\.v N I ON E T o E VR N E T 1005

7 10
100'

,p..6

... -1 -

10's II I I L,78 A I . ,

1'?" 4 10" 40 10"0 4- 10 40- 100•

162 102

_I-.:
10 101-io°3 -iv , -

10' 12
1 "1 0

0 4100 1 4 10010"10 106--.. 4

"'";AK (KI •, /, I : K °(K-I -/7°'

:•.:Figure 4.11.3.33',-,.-. 4.11-115
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TABLE 4.11.3.34

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.34INDICATINQ EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM T-I-6AL-4V
CONDITION: DB + 2DBTC
--------------------------------- ------------- --------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

: E- R. T.

L. H. A.

A: 14.18 : 2.57
DELTA K B:

MIN C:
D:

16.00 5.81
20.00 : 8.36
25.00 : 30.9

A: 26.83 : 31.9
DELTA K B

MAX C:
D:

ROOT MEAN SQUARE 16. 76
PERCENT ERROR

---------------------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0.5-0.8
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

. V.

4.11-116



CONDITION/HT. OB - 2DBTC TITAN.
FORM: 8.f "TH PLATE YIELD STRENGTH: 114.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 128. 0 KSI

ORIENTATION- S-T SPECIMEN THK: 0. 083"
STRESS RATIO: -0. 093 SPECIMEN WIDTH: 4. 950" TI-SAL-

- FREQUENCY: 8.00 HZ REFERENCES.85837 4V

AK (MPA %,/M) AK (MPA V/-n)
4 10 40 100 4 10 40 100

ENVIRN ENT: R. o 100° ENVI ONMENT:

S• 10 "1 10 "1

io- 3 _103
p2 10" 10-2

"10.2 10 E

-- 10 10 -I
0".10*z _ -

010" 10

- 10 "' 10 8 101

1 4 10 40 100 1 4 10 40 100
I I' ='' I , I 1lI' 111 1 1''' 1 ' T

ENVIRONMENT: 100 ENVIRONMENT: 100

110.• 0

S1"10-1 1 "

* 010"
_ -6

100 10
4 161

lO*•10  -- o10 - - z'

- -1 - 5 100 10.

'- 10" 10.6

10- .LL 1,L1L , I ~ ~ . I0" I ,.,,I..I , III -

1 4 10 40 100 1 4 10 40 100
A K (KSI %V/7) &K (KSI v/')

Figure 4.11.3.34
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TABLE 4.11.3.35

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.35INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DB + 4DBTC

DELTA K " DA/DN (10**-6 IN. /CYCLL')
(KSI*IN**1/2)

. A B C D

E- R. r.
S. T. W.

A: 11.85 • .262
DELTA K B:

MIN C"
D

13.00 : .473
16.00 2.26
20.00 : 9.02
25.00 2".2
30.00 4B. 5
35.00 " 77.4
40.00 " 112.
50. O0 209.

A: 54. 46 270.
DELTA K b

MAX C"

--- ,- - - - - - - - - - - - - - - - - - - - - -

ROOT MEAN SQUARE 13,83
PERCENT ERROR

LIFE 0. 0-0. 5
'" ~, PREDICTION 0. 5-0. 8

RATIO 0.8-1 25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2 0

4.%1 1,

4.11-118
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l" CONDITION/HT: D8 -t 4DBTC TTN
to FORM: 8. 00"TH PLATE YIELD STRENGTH: 115. 0 KSI

SPECIMEN TYPE: CT ULT. STRENGTH: 125. 0 KSI
ORIENTATION T-L SPECIMEN THK: 0. 9903"
STRESS RATIO: +0. 08 SPECIMEN WIDTH: 5. 000 TI-BAL-
FREQUENCY: 1.00 HZ REFERENCES:85837 4V

AK (MPA %/7) AK (MPA %/'M)
4 10 40 100 4 10 40 100

TV R_'4M1401R.10 '.-/ ENVIRONMENT:

102 102

, 1001 10.1

"221-",

>. 1.4 so4 _____________________

11 1

S-1 0 -- 1°s io "- I°'.10 _ _ __z

10 _ _ _ _ 10_ _

166

0-5
•"lO7 - t .7 ---___ __

10. 10 10"06

1- 4 10 40 100 4 10 40 100
ENVIRONMENT: 100o ENVIRONMENT:

10 .
10 2

100 10o-

aa3
%,,,--• 02 .--2

'..' • - %--*- 10.

10'4 _
C 10 0 E

1075 - 10--

. -. 10

S166 10o -,
--

10.

010 
10

1111,1, 1 L I 1 168 1 1 1 1 1 1, -

4 10 40 100 1 4 10 40 100

"&K (KSI Vr'm) &K (KSI v/in)
Figure 4.11.3.35
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TABLE 4.11.3.36

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4-11-3- 3 6 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DBT + PC

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T.
S. T. W.

S

A: 10.37 : .256
DELTA K B:

MIN C:
D:

13.00 : .631
16.00 : 1.82
20.00 : 11.2
25.00 : 30.5

A: 27. 18 • 41. 3""
DELTA K B:

MAX C;
D:

ROOT MEAN SOUARE 24. 25
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8 1

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

,%

4.11-120
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CONDITION/HT: 0BT * PC T I TAN.
FORM: 2. 50"TH PLATE YIELD STRENGTH: 122. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 135. 0 KS!
ORIENTATION- T-L SPECIMEN THK: IL 350"

STRESS RATIO: +0. 08 SPECIMEN WIDTH: 7. 400" TI-SAL-
.. . FREQUENCY: 1.00 HZ REFERENCES.08570 4V

AK (MPA %/M AK (MPA ,/_m)
4 10 40 100 4 10 40 100

4' E~TV{RP W ENT: R..100VIO NT

162110

10.3 10.1

- 102 10. T

>ý 10"6 4.U:• i :lO6' _- 
10-a -_________ _ _______ __zz

10. 10E

010' 0"'V

-0 10 1 00 5

1O'1

ENVIRONMENT: 100 ENVIRONMENT: "lo
10 2-i 1  10

, 0 _ .2 102-1

-10. 10 - 2

°'.V.

10.

*.6.-, I K0*V•)ZK W IV•"107 -

1016

1 4 140 100 14 100 10
&K (KSI m)A SI%)

Figure 4.11.3.36
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TABLE 4.11.3.37

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.37INDICATING EFFECT

OF STRESS RATIO

- MATERIAL: TITANIUM TI-bAL-4V
CONDITION: DITC
ENVIRONMENT: R.T. , L. H. A.

DELTA K : DA/DN (104*-b IN. /CYCLE)
.,• (KSI.IN**1/2) :

A 3 C D

: R-0. 06 R"+0. 30

A: 13.74 : 3.40

DELTA K 9: 9.83: .53
HIN C:j 0:

10.00 : .626
13.00 : 3.62
16.00 : 6.58 8.93
20.00 : 16.4 19.4

25.00 : 29.4 44.3
30.00 : 51.4 108. WIW

35.00 : 95.1 296.
40.00 : 191. 683.
80.00 : 753. 2161.

A: 590.30 : 1602.
DELTA K : 56.14: 4400.

MAIkX C;
0:

ROOT 5RAN SQUARE 11.57 11. 54
PERCENT ERROR ----------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.0

RATIO 0.6-1.25 1 1
4. 'U'IARY 1.25-2.0
(NP/NA) >2. 0

4.11-122



CONDITION/HT: DBTC TITAN.
FORM: 0. 62- 0. e3"TH PLATE YIELD STRENGTH: 13B. 0- 140. 0 KS1 ALLOY

S SPECIMEN TYPE: CT ULT. STRENGTH: 148. 0- 150. 0 KS!

J ORIENTATION: L-T SPECIMEN THK: 0. 498- 0. 500"

FREQUENCY: 1.00 HZ SPECIMEN WIDTH: B. 000" TI-BAL-
ENVIRONMENT: R. T. o L. H. A. REFERENCES:88579. 85837

**v -%'*..; 4_________

AK (MPA & AK (MPA V/FW)

4 10 40 100 4 10 40 100
IE I I Fl', l I I 1I 1 , l l 1 1 11- I I I 111 - -1 1- 1 1- 1 11

STRESS RATIO -0. 0B 100 STRESS RATIO = -0. 30

2.
110. 10"U

ul10.20.10- 2
100.

010.'35 10.310 110
10-2 10.2

1 4 10 40 100 1 4 10 40 100 o
'..STRESS RATIO = STRESS RATIO =100

103103

-U 0.2 10.2

100-
10 10.1

10~¶5 - o4  
--104 - 1 10 1U

lo6 --_______ ________ l 6 -_______

10 101"' 105~

10-o- 10-7 -

-- .• ~~10"6_- 0

lO4 1 .I ,1 ,1,1. - 10. a •,= I •I,~
1 4 10 40 100 1 4 10 40 100

'7-I Ip~ fiK IKS I~ IK IK fill

Figure 4.11.3.37
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TABLE 4.11.3.38

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

-I DATA ASSOCIATED WITH FIGURE 4.11.3.38INDICATING EFFECT

OF ENVIRONMENT
-------------- ---------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DBTC

----------n--------------------------------
DELTA K : DA/DN (10*-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

E- R.T. E- R.T.
:L. H.A. S.T. W.

A: 10.00 .359
DELTA K B:
MIN C:

D:

13.00 : 1.30
16.00 : 4.77

20.00 : 13.1
23.00 : 26.2
30.00 43.1
35.00 : 69.0
40.00 : 110.
50. 00 : 285.

A: 59. 95 : 750.
DELTA K 9:

MAX C:
D:

--------- -----------------------------------------------

ROOT MEAN SQUARE 29.20 0. 00
PERCENT ERROR

---------------------------------------------------------------------------------LIFE 0. 0-0.5
PREDICTION 0.5-0.8 1

RATIO 0. 8-1.25

SUMII'ARY 1. 25-2. 0
(NP/NA) >2. 0

4. 1- 2

4.11-124
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CONDITION/HT: DBTC TITAN.

FORM: 1.25"TH PLATE YIELD STRENGTH: 125. 0 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 137. 0 KS:
ORIENTATION- L-T SPECIMEN THK: 0.9g90- 2.000B"

STRESS RATIO: .0. 30 SPECIMEN WIDTH: B. 0" TI-SAL-I
FREQUENCY: 1. 00 HZ REFERENCES88579. 85897 4V

AK (MPA Vj/) AK (MPA V/A )

*4 10 40 100 4 10 40 100

F[.VIgNM NNT: ON"N:".10
I .S. T. .

l 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 _ _ _ _ _ _ _ _ _ -

10

101 10"1

10 - )I A

10.3 
10-3

.4005
10 101- .• 1"

10016, 1O" 1 111"•-10"e ¶ 0.

• -, • 10" I 1 , I~s~ i I .... l.L.W , -1,0t - 'II ~

10 40 100 10 1 40 100-•114 4 110 4 0] 10

w' EVRO T 10 0
ME 10 ENVIRONMENT: 10o

10 
102

10.1 010 -1

l02 10"*

10 10.'3,

10 10"m

10 .
'

Q 
1

10, 10.10. -

10"

S1 4 10 40 100 1 4 0 40

AK (K9 ,T) 
.K (KSI 

%4m')l) 
1

Figure 4.11.3.38
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TABLE 4.11.3.39

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.39INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUtM TI-6AL-4V
CONDITION: DBTC

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

Em R. T.
L. H. A.

A: 9.182 .564
DELTA K 3:

MIN C:
D:

10.00 .567
13.00 1.45
16.00 4. 82
20.00 12.5 A

25.00 24.0
30.00 41. 1
35. 00 69.5
40.00 114.
50.00 278.

SA: 56.48 : 685.
DELTA K 3:

MAX C:
D:

a-4 ROOT MEAN SQUARE 14.29

PERCENT ERROR
---------------------------------------------------------------

,. LIFE 0.0-0.5
PREDICTION 0. 5-0.

RATIO 0.8-1.25 1
SUMMARY 1. 25-2 .0
(NP/NA) >2. 0

4.11-126
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CONDITION/HT: DBTC TITAN.
FORM: 1.25"TH PLATE YIELD STRENGTH: 128. 0 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 139.0 KS!
ORIENTATION- T-L SPECIMEN THK: 1. 000"
STRESS RATIO: 00. 30 SPECIMEN WIDTH: 5 .0" T0-0AL-

• x, FREQUENCY: 1. 00 HZ REFERENCES:88579.',%'.,4V

AK (MPA m/'m) &K (MPA %/7)
4 10 40 100 4 10 40 100

ENyVIRONMENT: R. 100 o NVI ONMENT:

10 _ ___ ___- ___ ____ ___10

10.1 10.

io03 .103
* 10.2 10.2

"1"1--

"C 10s .. 10-3 10-3 E

S10 ." 10.' 1 _ 0 10.

1- -66 -
S101 10

107i 10-7 1

10.6 10.6

1 4 10 40 100 1 4 10 40 100

* ENVIRONMENT: ENVIRONMENT: 10o

.2 1062
-1010' 10"1

10.3 i 10"3 _-

. 02 10"2

S10.4

10"

10' -3 10ez 1.7 ._-- 10E-
'o s10. 10 z

Id 4I* V 10

10 10"

10* 100

10'6 10

1 4 10 40 100 1 4 10 40 100
"AK (KSI F/q'in) &K (KSI V/i')

Fiqure 4.11.3.39
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TABLE 4.11.3.40

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4 - 1 1 -3-4 0INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DBTC
---------------------------------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

S E= R.r.
S. T. W.

A: 6.24 : .115

DELTA K B:
MIN C:

D:

7.00 .122
8.00 .192
9.00 : .349
10.00 : .629
13.00 2.52
16.00 6.33
20.00 : 13.9
25.00 : 27.4
30.00 48.6
35.00 : 84.4

A: 36. 57 : 100.
DELTA K B:

MAX C:
D:

4- -------------------------------------------------------------

ROOT MEAN SQUARE 33. 64
PERCENT ERROR

----------------------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION O. 5-0. 9
RATIO 0. 8-1.25 2
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0

4.11-128



CONDITION/HT: DBTC TITAN.
FORM: 1. 50"TH PLATE YIELD STRENGTH: 117. 0- 124.0 KSI ALLOYI
SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0- 138. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 21 910- 1.0001"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" TI-'AL-

..,- FREQUENCY: 1. 00 HZ REFERENCES:8857o. 85637 4V

U":'i• AK (MPA &/m) AK (MPA v'%/)

4 10 40 100 4 10 40 100
"T'.VERVNMENT: R. 4. 100 1 ENVOMF1 JINT:

__2 162 t
10-1 - 10

1O.3 10- 10

4 4

_i - -= O._ ..= lO.

S10 .3 .3--- _ _ _ _ _ _ _ _ _ __

S10. -- 10 -
z . _Z__10"____-- 110.4""D. Jo's . 0

m z -

4 0 4 10lo 100

-- EVIOMNT6-61 - 1 ENIOMET0o 5

-- 10" 1 "

.7.____-_____1-"110_ __ _ _ _ ___:_ __

10F - 10-6

16 .1 . ..L. L. I O -0.
1 4 10l 40 .-

17N.. 10. I I I I III I 1 11 1 1T I
, *.. 103

w ENVIRONMENT: - 1

10.1 10.1

•,:,10-0- 2 lOe - .

-- _ 10"
10 4 04

1-, - 0.3 -
* ~.;.~i11

*• _1I --_O _~ _ lO-
"1"e I Il I II,, - . 10-- V JH J11

10 -10, z

10.0"
.7

10 10 _____ ___10

1014 10 40 100 1 4 10 40 100

A.K (KSI VT/n) AK (KSI V1/'T)

Fiqure 4.11,3.40
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TABLE 4.11.3.41

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGVRE4.1l.3,41INDICATINO EFFECT

OF ENVIRONMENT

U MATERIAL: TITANIUM TI-6AL--4V
CONDITION: DBTC

% - -------------------------------------------------------------

DELTA K : DA/DN (10**-& IN. /CYCLE)
(K8I*IN*el/2)

. A B C D

• E- R. T. E- A. T.

:L. H.A. S.T.W.

A: 12.3• . 99
DELTA K 9: 9.01 - 1.16

MIN C:
D:

10.00 : 1.83
13.00 1.31 4.86
16.00 : 3.42 9.41
20.00 : 7.70 18. 4

25.00 15.2 37.3
30.O00: 26.0
35.O00: 41. 9
40.O00: 66. 5

50.0 : 169.

A: 57. 13 : 336.
DELTA K 3: 29.65 : 68.3

MAX C:
D:

4 ---------------------------------- m ------------------------------- -----------

ROOT MEAN SQUARE 8, 90 14.34
. PERCENT ERROR

---------------------------------------------------- ----------------------
"LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
"RATIO 0. 8-1. 25 1 2
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.1 -13
r.

-'

-* 4.11i-130
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CONDITION/HT: DBTC TITAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 119. 0- 125. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 134. 0- 135. 0 KSIORIENTATION- T-L SPECIMEN THK: 0. 960- 09. 94"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 390- 7. 450" "--A-

., FREQUENCY: 1. 00 HZ REFERENCES:88579. 85837 4V

AK (MPA %/-) &K (MPA %/m)
4 10 40 100 4 10 40 100

' (•) ck°Vg 00,aENT R. 1 -NVIRONMENT: R.T..
12s. T. w.

- 10. 1 10-1

. .3 10" _______--______O___10

10 10.2 10-2 _-

10 " 100.3 10-3 ______

o10 1

1 0 . 0-4

S 1 6 _16 __

100 10¶0m 10-60.
%..,ji -4 -

1 4 10 40 100 101 4 10 40 100

~' ENVIRONMENT: 10oENVIRONMENT: -_1

1o"2 _16o2_ -
10"

10"-2 103-- 10.-- 02_ l10

.. __ _ __ _ ______0-3_____10

10-6 10.6

1 4 WO 40 100o 4 10- 40 100

A '• K (KSI v')~ AK (KSI V•)

Figure 4.11.3.41
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TABLE 4.11.3.42

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11-3. 4 2INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DBTC

-------------------------------------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2) A

:A B C D

E- R.T.

:STW/JP4

A: 9.95 : .448
DELTA K B:

MIN C:
D::

10.00 .450
13.00 : .892
16.00 : 2. 13
20.00 : 5.48
25.00 14.0
30.00 : 27.0

A: 32.61 : 33.8
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 9.81
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.11-132
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CONDITION/HT: DBTC TITAN.
FORM: 2. 50"TH PLATE YIELD STRENGTH: 119. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 132. 0 KSI
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: -0& 08 SPECIMEN WIDTH: 4. 940 TI-BAL-

. FREQUENCY: 1. 00 HZ REFERENCES:68579 4V

A•K (MPA A/•)ZK (MPA V•

4 10 40 100 4 10 40 100

ES/%R3 TENT: R.10 0 ENVIRONMENT: T
1 M 10_-0

10.2 1 2

102 
10._ 

-
2

>ý .64 
164 z-

S- 1o3 10-3 Ee

S10 1-0-- -

z 
E

lo 
E

~ 100 - 100 Z
4~4 7

S10. 10.

;2;10"6 
166 -

--5V

,r, i-- 10 ' 10"'
17

S- 
1 0

1078 1 IEIRILLE -7 10, 1 --

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: @ ENVIRONMENT: 10 e

162 162

10"1 112

'- 'C _ _ _ _ _ - -o *_.•.• 1.3 10.

,a).-• 
1- 10.2 

10.2 _.

I 104 

. )

-.
0  - 10" 

- 2 I

1610

.. _ _ _ _-_ _ I0"_ _ -'0

-,_, 
- 1 6 0 --

10 _ 

-0. 3

1 
1 00 

-

10, 10- z 
0•=-• 1.

! 4 10 40 t0 1 4 10 40 100

:.. ,:. K"(SI .y'•) Z•K (KSI viTh)

"•'•" •"""Figure 4.11.3.42
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TABLE 4.11.3.43

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE 4 "1 1*-3 4 3 INDICATING EFFECT

OF STRESS RATIO

------------------------------------------------------------------------------------
MATERIAL: TITANIUM TI-6AL-4V
CONDITION: DBTC(RA)
ENVIRONMENT: R.T. , L. H. A.

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*l-/2)

A B C D

Rm+0. 30

A: 30.88 : 57.1
DELTA K B:
MIN C:

D:

35.00 : 116.
40.00 : 182.

A: 40.98 198.
DELTA K B:

MAX C:

-------- -------- -- - - ---- m mm k - ---- •mm m mm -- - m - ---------------------- -----------min---

ROOT MEAN SQUARE 13.89
PERCENT ERROR

----------------------------------------- --------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1
BUIMIARY 1.25-2.0
(NP/NA) >2.0

-".11-13
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CONDITION/HT: DBTC (RA) TITAN.
FORM: 0. 63"TH FLATE YIELD STRENGTH: 134. 0 KS!I ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 145. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 500"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 0. 000" TI-BAL-

.. ENVIRONMENT: R. T. L. H. A. REFERENCES:8857Q 4V

AK (MPA %/r) AK (MPA %/m)
4 10 40 100 4 10 40 100
I• -- 1 111 i'l ' AN I I "1,I 1 17 1 1111

STRESS RATIO +0. 30 STRESS RATIO=

10 10 -

1002 100

S• 10-/--- 10 -

3" E

10. 10

1 10 1

.7 _ __ _ __ _ __ _ __ _ _ __o____-___o__
10 10 10
1 0T!O7-

S10e I , I,, I iLI -~ 0° 1010 40........L.LL -0

. 1 4 10 40 100 4 10 40 100

STRESS RATIO 00STRESS RATIO =10
1.2 162

2 10
10.1 10'1"

102 103 E
1 -10.-
10"3 0" z--S. --- O _

4. 107_ 10.4

._ __105- 166
,'. •.__10 --

11 7 167-

10 4 , 100 0-.10- Z 0s•1"

1 4 10 40 100 1 4 10 40 100

& KKSI '-I) AK (KSI • /-•)

Figure 4.11.3.43
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TABLE 4.11.3.44

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.441NDICATINQ EFFECT
.VIP

OF STRESS RATIO
------- --- -- ----------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

ENVIRONMENT: R.T. ,L. H. A.

DELTA K DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**1/2) A

:A B C D

: R-+0. 06 R-+O. 30 R-+0. 50

A: 7.65 : .624
DELTA K B: 6.62 : .529

MIN C: 8.06 : .930
D:

7.00 : .504
8.00 : .755 .790
9.00: 1.21 1.44 1.53

10.00 : 1.79 2.24 2.30
13.00 4.27 4.98 5.34
16.00 : 7.75 7.91 9. B87
20.00 : 13.7 21.1
25.00 : 23.2
30.00 : 34.8

A: 30.60 : 36.4
DELTA K 9: 17.28 : 9.32
MAX C: 20.31 : 22. 4

D:

---- e-e-e--------------------------------------e---e---------------------
ROOT MEAN SQUARE 12. 56 13.85 4. 35

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.9-1,25 2 1 1
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4,11-136



CONDITION/HT: MA TITAN.
FORM: I. 10"TH SHEET YIELD STRENGTH: 137.0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 147. 0 KSI
ORIENTATION: L-T SPECIMEN THK. I 0•3- 0. 101"FREQUENCY: 85.00 HZ SPECIMEN WIDTH: 2a. 980r- 24. 2>20" TI-5AL-

(. ENVIRONMENT: R. T.. L. H. A. REFERENCESS8575 4V

,'%

AK (MPA N/?-i) AK (MPA %/-M)
4 10 40 100 4 10 40 100S_- I ' ~~~ ~~III1' I I I'1 -I __- fill'q I I I'

STRESS RATIO -0. 08 10° STRESS RATIO *. 30
* 10. 10"

01.13 103

"" 10'2 10.2

0. 4 .4

103 1010 - 3 E

l o-10 4 1 0 " 4 (a"...._ E0 .• 1 "

9.'...* 1 ; 10--
.10. -'" 1

100- ,o 10.

1 0 0 1 064 1 4o10

STRESS RATIO +-. 50 STRESS RATIO

16212
, 10-1 10"1

- 01023 103
S10 .2 1-

" 164 .4

103  10 3 E
".z E

S1104

"•;10. --- 10- -- __ __ _ _ _ _ _ _ --

10.6 10.6

1 4 lo 40 100 14 10 40 100

AK (KSI vT') AK (KSI V't)

Fiqure 4.11.3.44
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TABLE 4.11.3.45

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS "."-
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4. 1 1 . 3 . 4 5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TX-6AL-4V

CONDITION: MA
------- -------------------- --------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KS8*IIN*1/2)

A B C D

E- R.T. Em R.T. E- R.T.
:L. H.A. JP-4 FUEL S. T. W.

1HI 6HZ 1HZ

A: 9.64 : 1.36
DELTA K B: 8.051 : 1.10
MIN C: 5.167 : .45

D:

6.O00: .505
7.O00: 743

8.00 12.12
9.00 : 1.23 1.91

10.00 : 1.57 1.47 3.22
13.00 : 4.02 2.88 35.0
16.0OO : 7.47 5.92 30.2
20.00 : 12.9 12.9
25.00 : 24.2
30.00 : 30.2

.:A: 24. 57 : 19.3

DELTA K B: 30. 58 : 30.3
MAX C: 19.01 : 37.1

"• ~D::
L4

--------------------------------------------------------------------------------------------------------------------------

ROOT MEAN SQUARE 7.29 21. 15 6. 77
PERCENT ERROR

------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0. B-1. 25 1 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

4,
L; 4.11-138
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__ CONDITION/HT: MA TMTAN.
FORM: 0.10"TH SHEET YIELD STRENGTH: 137. 0 K(9 ALLOY

. SPECIMEN TYPE: CCP ULT. STRENGTH: 147. 0 KSI

ORIENTATION- L-T SPECIMEN THK: 0. 092- 0. 090"

STRESS RATIO: 40. 08 SPECIMEN WIDTH: 24. 000" TI-1AL-
.. * FREQUENCY: REFERENCES:86575*J :..- .

AK (MPA %/M-) AK (MPA V'-)
4 10 40 100 4 10 40 100

' I-ENVIRONMENT: R. 10 10 10 ENVIRONM NT: R.T.o
,L P-4 FULL

1 62 10-062 
CZ

10. 10.

10 Or
10 20, - 0"z

10'3 10"1

10 alp__ 10's_ Y___

11004

IRfI -10 NVIRONMENT: - 00

102

10 4 10 40 100 4 10 0 100

-' .4' _-_"__K (KSI _'_) A (K I-•
16:

1104,1 -1]'

10.1 10'1

10 0'3
106 10

10 .3 1063

10.

1 4 10 40 100 1 4 10 40 100
a K (K SI /7)AK (KSI v/1~)

i' AJu' 
4 1.3.



TABLE 4.11.3.46

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3. 461NDICATING EFFECT

OF ENVIRONMENT
------------- -----------------------------------------------------

: IATERIAL: TITANIIUMI TI-&AL-4V
,••CONVITION: I'A---•, -• . . .-- ---- -.. . . . . ,--; . -, -, -,- --- ---- ---- --

DELTA K DA/DN (10**-& IN. /CYCLE)
(KSI*IN**1/2) :

: A B C D

E- R.T. E- R.T.
:L. H.A. 8. T. W.

A: 11.52 2.24
LDETA K 3:
"I"IIN C;

D:

13.00 3.06
14.00 5.19
20.00 : 9.22
29.00 : 14.7
20.00 : 23.0
39.00: 44.3
40.00 067.5

A: 44.54 : 99.0
DEL.TA K I3:

MAX C:

I ROOT MEAN ISQUAE 3. 77 0. 00

PERCENT ERROR
-- -- - - - - - - - - - - ----- ----- ----- ----- ----- ----- ----- ----- -- -

4 e IF 0.0-0.5
PREDICTION 0. 5-0. 5

".., RATIO 0.8-1.25
** MAR 1.29-2.~0 1

(NP/NA) )2.0

4.11-14C
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CONDITION/HT: MA TITANi |
FORM: 0. 10"TH SHEET YIELD STRENGTH: 143. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 151. 0 KSI
ORIENTATION- T-L SPECIMEN THK: 0.098- 0. 097"
STRESS RATIO: *2. 08 SPECIMEN WIDTH: 24. 000" TI-BAL-

- FREQUENCY: 8. 00 HZ REFERENCES.80575 4V
.4 

4V

&K (MPA •Vm) &K (MPA )
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 100 ENVIONMENT: R.
H.A S. T. W.

1-62 _2
10- i 10"1

16.3 .. _ o 1°"3
10

10 0 110

z 0-m E

I1 10"

Jo' -- lO"m 2

-0- 4-

- .._ _10s5 -- _ 10-s

10- 10106
. _10 70 1 8 1- 1 1 0.

10 40 100 1 4 10 40 100

I•ENVIRONMENT: 10o o ENVIRONMENT: lo00

102 10

I Z -_10-1 - lo-'
10"3 "-03 -

.710 -72________

0 1010

>, 164 4 100

-- _10 .-3_ 
1 0 0

10-2. 108 - 0

11 1o- 3 E

0107- 1 -

-- 010410I

10" 10 Ci
10-1 10-

-7 -7

10- 10 .

1 4 10 40 100 1 4 10 40 100"AK (KSI V%) AK (KSI /'T)

Figure 4.11.3.46
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TABLE 4.11.3.47

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4 .11. 3 . 4 7 INDICATINQ EFFECT

OF STRESS RATIO
-----------------------------------------------------------------------------------

MATERIAL: TITANIUM T I-&AL-4V
CONDITION: MA
ENVIRONMENT: R.T. •LAB AIR

DELTA K : DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN*4I/2•) :

A B C D

: . R"+O.02

A: 4.82 : .0166
DELTA K B:

MIN C:
D:

5.00 : .0193
I6.00 : .0414
7.00 : .0822
8.00 : .152
9.00 : .266

10.00 : .442
13.00 : 1.59

16.00 : 4.34
20.00 : 12.4
25.00 : 33.5
30.00 : 71.4
35.00 : 129.

A: 30.83 : 185.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 27. 55
PERCENT ERROR

------------------ ----- - - ---e -----------------------------

LIFE 0. 0-0.5PREDICTION 0. 5-0. 8
RATIO 0. 8-1. 25 2
SUMAR 1.25-2. 0
( NP/NA ) >2. 0

4.11-142



"CONDITION/HT: MA T ITAN.

FORM: 0. 38"TH PLATE YIELD STRENGTH: 137. 0 KSI ALLOY

SPECIMEN TYPE: CCP ULT. STRENGTH: 145. 0 KS!

"ORIENTATION: L-T SPECIMEN THK: 0. 241- 0. 242"
.- FREQUENCY: 0.10B- 30.00• HZ SPECIMEN WIDTH: 3.9052- 3. 953" TI-BAL-

" " ENVIRONMENT: R.T.. LAS AIR REFERENCESA02 TAAL

4.4V

"A K (MPA NAM-) AK (MPA %/ 100

,% 4 10 40 100 4 10 40 100

1002 _ _ _ _ _

STRESS RATIO= -0. 02 STRESS RATIO

10.2 
10.2 . , _
010- - -

1--4 . .. .

110.5 
10.

..101 . 0")"

"4 0 4 . . 1 0 0

W-.. lO. 10"0

!4 .",o ._ _ _ _ _ _ _ _ _

'?•\sSTRESS RATIO,-•1 STRESS RATIO •1

11°1 lo"
1113 

101.

"2 
2

U 4

:e . ,• .40._____10"__

', lo.* 3•

z

V0.10 10"

"1 0 , ,_ 
_ __"_1_"_ _ _ _ _ _

10o1 1 O10

".I orq r• 4.1 3. 7

10's io6S 10 JJ~L~J L4~U~i 100.

107 I'll1 1008 to 1 tillJ, - ¶
4 10 45 0 0 1 4 10 40 100O

A K I I~n AK I'II 100n-

.•, 4.11-143
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TABLE 4.11.3.48

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.4BINDICATINQ EFFECT

OF ENVIRONMENT
-----------------------------------------------------------------------

MATERIAL: TITANIUM TI-&AL-4V
CONDITION: MA

DELTA K . DA/DN (10..-6 IN./CYCLE)(KEI*IN**1/2) :

: A B C D

E- R.T. Em R.T. E- R.T.
:L.H.A. L.H.A. 8. T. W.
SP. THK. -. 670 OP. THK. a. 50" SP. THK. -. 49"

A: 26.05 : 144.
DELTA K 3: 11.30 : 4.69
MIN C: 10.36 : 21.1

D:

, 13.00 6.27 33.8
"16.00 : 20.4 47.9

"20.00 : 72.6 97.5
25.00 : 452.
20.00 313. 226.;. 35. 00 479.

_ A: 39.74 : 1469.
DELTA K U: 33.26 : 3547.

MAX C: 23.71 : 199.
D:

--- ----------- - - - - - - --- - ---- ----------

ROOT MEAN GQUARE 7. 55 17.55 22. 03
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.6

RATIO 0.1-1.25 1 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11- 144
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CONDITION/NT: MA TITAN.
FORM: 0.1 3"TH PLATE YIELD STRENGTH: 138. 0 KSI ALLOYi SPECIMEN TYPE: TCT ULT. STRENGTH: 14B. 0 KSI

ORIENTATION L-T SPECIMEN THK:

STRESS RATIO: -0. 30 SPECIMEN WIDTH: 8. 000" TI-SAL-
FREOUENCY: 1. 00 HZ REFERENCES:B8579 4V

AK (MPA Vm-) AK (MPA NAM/)
4 10 40 100 4 10 40 100

VIRNMENT: R 10 N NMET: R. T.
L. H.A L. H.A.

1,2 SP. THK. 57. 72 SP.THK.-.50"
10

"10"' 10.1

16 010"3 10.

0 10"0. 10 1

9".3

10106 10,

© V•8.$NMENT: -. -.. 100 ENVIRONMENT: 100

"_"*102 -- SP. THK. -. 49" ¶ ,102

- 1010

10,

"10

10 40 10.' 4 10.4 100

_.-l 6 - 06 __

10 
10 1 0..1 

10-1

.7 N V...00 @7

"10- 
10-1

•-,o73

'6 

1 0

4 w4t -

10,L-W-JJ0L-L 

10

Ti 4 10 40 100 1 4 10 40 100

•. .. AK (KSI ylfn) 
A•K (KSI ./ )

='S 
Figure 4.11.3.48
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TABLE 4. 11. 3.49

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.49INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA
ENVIRONMENT: R.T. ,LAB AIR

DELTA K . DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

:. R÷O. 05 R-+0. 30

A: 11.31 : .313
DELTA K B: 6.768 .342

MIN C:
D:

9.00 : .429
10.00 : .995
13.00 : .568 3.46
16.00 : 2.98i20.00 : 6.97
25.00 : 9.80
30.00 : 13.8
35.00 : 25.4

A: 38.24 : 45.0
DELTA K B: 14.23 : 4.08

MAX C:
D:

--------------------------------------------

ROOT MEAN SQUARE 24. 23 22. 40
PERCENT ERRORI ---------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 2
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

41 -4

4. 11-146



CONDITION/NT: MA TITAN.
FORM: 0. 75"TH PLATE YIELD STRENGTH: 135.3 KSI ALLOY

o'..- SPECIMEN TYPE: CT ULT. STRENGTH: 137. 5 KSI
ORIENTATION: L-T SPECIMEN THK: 2. 250"
FREQUENCY: 29L 00 HZ SPECIMEN WIDTH: 2. 500"
ENVIRONMENT; R.T.. LAB AIR REFERENCES:88488 4V

I' %E....4V

&K (MPA &') 4 K (MPA V 1m)
:., 4 10 40 100 4 10 4 0

111,111 140 f l TI f 1 0011

10"STRESS RATIO= -0. 05 100 STRESS RATIO= g.o 3 "

10-2 102

10"3 10-i

2 -- 1

.10 10

~> 10.4 . 0 4..

106

S•..' z • 10 .3 10.3 EE

010 101

. STES AI SRSA iO

10-5 
10"s

10 107

- 10.6 10.6

• '1- 1 '10 40 10 4 0 40 100

/.-'STRESS RATIO =1°STRESS RATIO =1

•-.,6 02 1062_.

1 0 -1 1 0 - 1

:"0 l or0 I"••

._ _ _ _ __0-_0- 102

S103 103 3E

,\ z 
E0s-1"

,1. 
10 E

"". - 101

10 106

1604 1 1 11, , ,I h -10"e 1 , fiJ ll ,I I

4 10 40 100 1 4 10 40 100
AK< (Ks, %/7-) &K (K9, %/7'4)

F igu re 4. 11. 3. 4'j

4.11-147



TABLE 4.11.3.50

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.5OINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

DELTA K : DA/DN (10-*4-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E= R. T.
:LAB AIR

A: 31.29 : 17.0
DELTA K B:

MIN C:
D:

35.00 : 25.5
40.00 : 39.8
50.00 : 96.5

A: 59. 30 : 220.
a,,ELTA K B:

D:

ROOT MEAN SQUARE 8.28
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

4.11-148
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"CONDITION/HT: MA TITAN.
FORM: 0. 75"TH PLATE YIELD STRENGTH: 135. 3 KSI ALLOY•=•' SPECMEN YPE:CCPULT. STRENGTH: 137. 5 KSI
ORIENTATION- L-T SPECIMEN THK. 0. 290"

STRESS RATIO: *0. 04 SPECIMEN WIDTH: 8. 011" TI-6AL-
FREQUENCY: 20. 0 HZ REFERENCES:884TA

4V

AK (MPA %,/") &K (MPA v%/)
5' 4 10 40 100 4 10 40 100

-" ENVIRONMENT: R. .. 10 o NENVI ONMNT:
LAB AIR

_,10"2 -10 2 ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_10.1 10.1
1z

- 10-3 10-
z

.__4l ' - -__ __ __ ___'
10 -

103 10-3 E
E

.-.. _ 0I0
'o-10 10

.. 4 140
105 1010'

1 10- 6  10.

-_. 10-8 - J jo-1•J--
1001 0 0 4 10 40 I1I00

10 -20 
16

101 0*

"" -31-103

-10 10

" " 410 1034 E
10E

r _� I0.__ ___-- 
10.s_10.

Vz

'010-4 10 .m

-6

106 10.

105 1 0*5

15 .ý7 -
7

10 - 10 40 10 .6

40 100 1 4 100

1,JFigure 4.11.3.50
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TABLE 4.11.3.51

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
"OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4-11- 3 .51INDICATINg EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA
ENVIRONMENT: R.T. ,LAB AIR

-------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DELTA K : DA/DN (1O.*-6 IN. /CYCLE)
(KSI*IN**l/2)

: A B C D

R--1. 00 R+O. 50

A: 8.85: .632

DELTA K B: 5.43 : .380
MIN C:

D:

"6.00 : .7347.00 : 1.77

"8.00 : 3.40
9.00 : 688 5.65

"10.00 1.14 8.52
13.00 : 3.27 21.2
16.00 : 6.55 41.9
20.00 : 12.8 92.4
25. 00 : 24.8 9206.
"30.00 : 44.0 316.
35.00 : 75.3 381.
40.00 : 127. 524.
50.00 : 328.
60.00 : 724.
70. 00 : 1345.
"0O.O0 : 2115.
90.00 : 2858.

.. .A: 92.48 : 3016.
DELTA KB9: 49.27 :1698.

MAX C:
D:

-------------------------------------------------------------------------

ROOT MEAN SQUARE 10. 15 18. 86
PERCENT ERROR

---------------------------------------------------------------------------------------
LIFE 0.0-0.5

, PREDICTION 0. 5-0. B
RATIO 0.8-1.25
SUMMARY 1.25-2.0

4.1.1-150
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CONDITION/HT: MA TITAN.
FORM: 1.00"TH PLATE YIELD STRENGTH: 132. 5 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 138. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 250"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 4. 000" TI-DAL-

..- , ENVIRONMENT: R.T.. LAB AIR REFERENCES:MA00B8 4
.•.,:;4V

AK (MPA %/Tm) AK (MPA '%/•)
4 10 40 100 4 10 40 100

V100 STRESS RATIO : -1.0 100 STRESS RATIO = -0.. 50
lO2 ________ _ * 02 _________ _______ __

S100 10

10,3- 10
10?io

S 3

S,. 104 -- 1 .4 _

S10 103 E
E

-:.-:,IO1 Is z
" 4 10-4

idl 11610-6-, -6 "

10 - 10
16710 15

1010 10-6

1- 4 10 40 100 4 10 40 100
,,.,'" .' - I 1 I 1 '1'1 1 1 1 1 I 111II -t -- 1 ' I 1 '1, 1 I "1 ' 1 1 I -

@ STRESS RATIO 10° @ STRESS RATIO- 100

-2 -Z_0"- 10_1

1010
10 100- E__ _ __ __"_ __ _ __-=__ __ _ -3 -__ __ _10__ _

z --
-V - 1- 10-5---

z z
j .

-- 5 10"1

10-10- 116 - 6

10-7 - 0.7 --J •1o2 1_ ao

10"0 .lz ,, I , II I 0e - ,I I I I

1 4 10 40 100 4 10 40 100

• %, Figure 4.11.3.51

"v 4.11-15

_ __,_ _.. . ._ _ . . . . . . . .. . . . . . . . . . . .



TABLE 4.11.3.52

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.52INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

DELTA K . DA/DN (lOe*-6 IN. /CYCLE)
(KSI*INe*1/2)

: A B C D

S Em- 6SF E-+ 175F
:AIR AIR

A: 25.62 26.3
DELTA K B: 17.93 8.57

MIN C:
D:

20.00 : 11.7
25.00 : 20.6
30.00 : 55.6 31.8
35.00 : 158. 46.5
40.00 : 1500. 66.6
50.00 : 135.
60. 00 : 280.

A: 41.96 : 5475.
DELTA K B: 65.73 : 429.

MAX C:
D:

ROOT MEAN SQUARE 39.40 11.29
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. S

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/N^) >2. 0

6-4

el.

4. 11-152



CONDITION/HT: MA 
ITAN.

FORM: 1.00 "TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH;
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: .o.S. 10 SPECIMEN WIDTH: 2. 550" TI-SAL-

, FREQUENCY: 0. 1 0. 00 HZ REFERENCES:99144 4V
o. .. ',

AK (MPA %/X) AK (MPA V)
4 10 40 100 4 10 40 100

ENYTONENT: -4i io 100 ANON -NT:
Air AIR

'V0'1

S101 1001*

do 
lord 16 ' 

0

' - .

10"• to1

-ENIR~N NENT: 100 ENVIRONMENT:10

101- 10101

1 0". 
1 0 ' '

-• 010-"

16'- -
1 -- l 10

10" 1 1"100s 10'

la, 
10"11

10 -0-
pe10.1 100L

10' 1 10" .= 0z

10"4 - 1*' _
_0 1L0"..J i . . 0.

-- 10 40 100 1 4 10 40 100

AK' K(KSI %.'ln) AK (KSI %/Tsn)

p.. viqur(e 4.11.3.',2

l.p'4. 11- O. 3

ILI 0.



TABLE 4.11.3.53

FATIGUE CRACK GROWTH RATE9 AT DEFINED LEVELS
OF STREIS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE 4.11. 3. 53INDICATING EFFECT

OF ENVIRONMENT

1MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

------- ----- T-------------- ------------------- -------- ----------DEL.TA K . DA/DN (10e..-6 ]IN. /CYCLE)

. A a C D

Em R.T. E- R. T.
sL, H. A. 

S. T. W.
1-bHZ 1HZ

A: 4.95 : .123
DELTA K : 1.19: .441

4 IqMN C:

7.00 : .127
6.00 .203
9.00 : .286 .43

10.00 : .415 .589
13.00 : 2.22 2.89
16.00 9.87 11.3
20.00 : 24.7 31.5
25.00 : 20.2 59.6
30.00 : 49.7 77.6
35.00 : 60.7
40.00: 109.i50. 00 : 402.

A: 55.67 : 771.
DEILTA K5 I: 32.79 : 84.7

MAX C:
0:

ROOT MEAN SQUARE 14. 03 22.37
PERCIENT ERRORi

LIP1 0.0-0.5

PREDICTION 0. 5-0. 8 1
RATIO 0.8-1.25 2 1
SUMMARY 1.25-2 0
(NP/NA) >2.0

%. 4.11-154
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CONDITION/HT: MA TITAN.
FORM: 1.25"TH PLATE YIELD STRENGTH: 12&. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 134. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. B90- 0. 997"
STRESS RATIO: -0. 30 SPECIMEN WIDTH: 6. 030- 6. 010" TI-BAL-
FREQUENCY: REFERENCES:85837 4V

v,.. 4V"

AK (MPA A/'m) AK (MPA Nr•)"

4 10 40 100 4 10 40 10011 ,1 lO 1o 'F 11o .o
= V.RýNMENT: R. -100 o % NV, ONMENT: R.4.'.1 ''sU.H T. W. "

10-2 0- HZ 1-2 1HZ ,_ _-_,
10 10

110 10.1

1> , 1_3

110. 2-
4 U

,10 10
., 10.3 10.3 E
z -

10-1 -* -z

164 ail
1- 16• 1

10-0

S_ 106 _- 0"

16 IaeI i II I , II -1 " I I I li1 ft. I I I, L~ L, -
4 10 40 100 4 10 40 100

ENVIRONMENT: 10o8 ENVIRONMENT: 40 1 10 o

1O2 IO2 -
-10. __ 10.1

101 1 -

10.? 10. la
1414 z

tO'S0 "3 "E-1"S" 10 1
- l .. . . 10C--,

-- 107 10.5
10710

z~~ .5 __ __ __

0105 10 z 5
- = 10° _ 10. :.V

.10 -10

10
10-e 1 ~~, ,•~ 0"eI'{ I •III

1 4 10 40 100 4 10 40 100AK (KSI v1o) &K (KSI V17)

Fiqure 4.11.3.53
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TABLE 4.11.3.54

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE 4 . 1 1.3 . 5 4 INDICATINO EFFECT

OF STRESS RATIO
---------------------------------------------------------------------------------
MATERIAL: TITANIUM TI-&AL-4V
CONDITION: MA
ENVIRONMENT: R.T. ,L.H.A.

-----------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: R-+0.30

A: 6.36: .14
DELTA K B:
MIN C:

7.00: .147
6.00 : .195
9.00: .293

10.00 : .460
13.00 : 1.63
16.00 : 4.30
20.00 : 11.2
25.00 : 26.4
30.00 " 48.3
35.00 : 75.9
40.00 : 113.

50.00 : 255.

A: 53. 57 : 557.
DELTA K B:

MAX C:

----------------- ------------------------------.--------------------
ROOT MEAN SQUARE 12. 47

PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

4. 11i-5E6



CONDITION/HT: MA TITAN.

FORM: 1. 5"TH PLATE YIELD STRENGTH: 120. 1 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 134. 1 KS!
ORIENTATION: L-T SPECIMEN THK: 1. 000"
FREQUENCY: 1. 00- e. 00 HZ SPECIMEN WIDTH: 8. 000 TI-SAL-

* -,. ENVIRONMENT: R. T.. L. H. A. REFERENCES:8438e 4V

AK (MPA Vm)AK (MPA %/-M)
4 10 40 100 4 10 40 100

1-2 STRESS RATIO 0. 30 100 STRESS RATIO•

d. 
10•i ' 10'1

10.1 
101

2 
10 

10,2

,.10.3

,10_ 
10 . ;0

1 4v. 10.40 10 4 ,, I l h 0' 1 0 40 10, 0 -
10 410. 6 40

10 STRESS RATIO STRESS RATIO ¶00

,•10" 10.1

10 - ~ r

3 .-

z 
10* iV0

I•0 100"'.3 -_ _ _ _ ,o- ,o ,

- 10's - i0't

¶0' ' ,4

10 --- 10"-o

10.8 11are

1 4 10 40 100 1 4 10 40 100

AK (KSI VhA 18 v~
Ficlure 4.11. 3.,4

S 
.1 -'

. . . . . . . . .. . . . . . . . . . . .



TABLE 4.11.3.55

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4. 1 1 . 3 . 5 5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA
ENVIRONMENT: R. T. D LAB AIR

DELTA R DA/DN (10*,-6 IN. /CYCLE)
(KgleZN**1/2•)

A C D

R*0. 02

A: 5.91 : .0335
DELTA K 8:

"MIN C:

6.00 .0340
7.00 .0448
6.00 : .0653
9.00 : .0996

10.00 : .154
13.00 .554
16.00 : 1.71
20.00 : 5.92
29.00 : 19.4
30.00 : 46.1
35.00 : 86.0
40.00: 133.

A: 44.29 : 171.
DELTA K 3:MAX C:

D:

MROOT M SGUARE 35. 86
-. PERCENT ERROR

pP

SLIFE 0. 0-0.5S
PREDICTION 0.5-0.9

RATIO 0.6-1.25 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

"ri

~. ..

4.11-15R

p.'. . . ' o . - . . . 'o • - - . • o - P * o . O - - , " o -o • " . ' . . - . . *



CONDITION/HT: MA T I TAN.
FORM: 1..50"TH PLATE YIELD STRENGTH: 133. 0 KSIAL
SPECIMEN TYPE: CCP ULT. STRENGTH: 142. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 186- 0. 191"
FREQUENCY: 0. 10- 30.00 HZ SPECIMEN WIDTH: 3. 957- 3. TI-6AL-
ENVIRONMENT: R.T.. LAB AIR REFERENCESMA002 4V

AK (MPA V/'m) AK (MPA VN•')
"4 10 40 100 4 10 40 100

STRESS RATIO = -0. 02 10 STRESS RATIO

10O _10"__

S310"1 10

10.2 
10.2

.64 
2________ 

______

10 -E

£ 10 10
l E

105 .5__ __ _,... -- 0-10 - 0.-- 4 10 
10--4

6 66 1-6

10 10

10-7 170.

t,) - 0" --• 10"6

0 4 1 ey r I~ l l l l,1, -- 1n o 1 1 1 1 16 8 I~ l Z * I L -

" 1 4 10 40 1001 4 10 40 100

STRESS RATIO= 10 o STRESS RATIO= 100

10-01__10-_10
10"1 10.1

S io" 10'
h:. -. 10.2

~~~~0 -Q- 1 " .)i -

.14 4 1.4

' 4 0 4 1 0 11 4. P

z E

10-5
116-

17 1 0Sr

10 10

10.6 1 loe I0 i6

1 4 10 40 100 1 4 10 40 100
77AK (KSI %/1) AK (1<51 v/7)

Figure 4.11.3.55

4.11-159

.................................

.. . *
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TABLE 4.11.3.56

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS .,
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4 . 1 1 . 3 . 5 6 INDICATING EFFECT

OF STRESS RATIO
------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: NA
ENVIRONMENT: R.T. •L.H.A.
---- ------- -- ------------------------------------------eeeeeeee

DELTA K : DA/DN (10*4-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

. R-+O. 08 R-O. 30 R-+O. 50

A: 7.76 : .147
DELTA K B: 11.48 : 1.20

MIN C: 10.32 : 1.70
D:

8.00: .161
9.00 : .241

10.00 : .373
13.00 : 1.36 3.31 5.53
16.00 : 4.04 9.32 9.75
20.00 : 11.7 16.9 17.3
30.00 : 36.2 66.0 94.0

"A: 34.01 : 36.7
DELTA K B: 30.00 : 66.0

MAX C: 30.83 : 94.6

ROOT MEAN SQUARE 21.28 14.01 8.00
PERCENT ERROR

LIFE O. 0-0. 5

PREDICTION 0.5-0. 8
RATIO 0.8-1.25 2 1 1
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.11-160

.. "..



CONDITION/HT: MA TITAN.
FORM EXTRUSION YIELD STRENGTH:122. 0- 123.5 KSI ALLOYSPECIMEN TYPE; CT ULT. STRENGTH: 135. 5- 130. 0 KS I

ORIENTATION: L-T SPECIMEN THK: 0. 893- 0. 907"
FREQUENCY: 6. 00 HZ SPECIMEN WIDTH: 3. 770- 4. 040" TI-SAL-
ENVIRONMENT: R. T.o L. H. A. REFERENCES858S7 4V

• -'.4V

-P.• AK (MPA -,/M) AK (MPA %,/m)
4 10 40 100 4 10 40 100

STRESS RATIO * 0, 08 STRESS RATIO •0. 203
102 -0 2 10 -1

- 10"

•10 2 10* .

1.10' 101

10" 10'

-10 1 ,._ __"

%d.. 1 0 .6 1 0.6

"10 0 0 10110-

1076 I I i II'
Io I l] I, I ,'

STRESS RATIO * 0.50 STRESS RATIO" 100
10 2 ST0S .AI2•1

*2 __1_______ ___________________0._

.101 10"1

_10"4_-__ _"_-_ _ 0
61'

103 10.32

_ = E
10 --. --- 3 0"

. 10"'0--

10.510.

10 -10.. .1
I0-• -1_ -I0

10 10 40 100 4 10 40 100
AK (KSI %/in) &K (KSI v/Th)

" ". Fiqure 4.11.3.56

4.11-161
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S.TAbL.E 4.11.3.57

' ""FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.57 INDICATING EFFECT

OF ENVIRONMENT
-----------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

- - -- - - - - - - --. .----- ------------------------------------

"DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSt*IN**1/2)

, A B C D

E- R.T- E- R.T. E- R.T.
:L. H.A. J.P.4 S.T. W.

A: 13. 17 : 1. 51
DELTA K B: 19.10 : 8.27

MIN C: 11.48 1.35
D:

t3.00 1.82
16.00 3.07 3.04
20.00 : 13.9 12.0 14.3
25.00: 28.7 25.1 32.4
30.00 46.5 43.5 53.9
35.00 • 68.2 68.4 80.4 "
40.00 : 97.1 103. 117.
50.00 :266.

"A. A: 42.59 : 116.

DELTA K B: 46.81 : 171.
MAX C: 51.63 : 308.

.----------------------------------------------------------

ROOT MEAN SGUARE 13.77 3. 38 8. 04
PERCENT ERROR

--- ---------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0.5-0.9
RATIO 0.8 -1.25 1 1
SUMMARY 1.25-2.0

(NP/NA) >2. 0

o,.

S°.°

*0 4.11-1(,2



*•: -... . . . . ... . .. . . .... , ...... . . . .. . , - ..- ,.--...-.. .-. '...... s -, *. . .

CONDITION/HT. MA TITAN.
FORM: EXTRUSION YIELD STRENGTH: 123. 5- 127. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 135. 5- 139. 0 KSI
ORIENTATION L-T SPECIMEN THK: 0. 994- 1.000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 3. 770"
FREQUENCY: 1.00 HZ REFERENCES:85837. 88579 TI-6AL-

. -4V

&K (MPA frr') AK (MPA Vr/)
,. 4 10 40 100 4 10 40 100

ENVIRONMENT: R. Y.T.11 - 100 E2 NI ONM 18 NT:R.T
L. H. A. J. P. 4

1010
--.10_ 10• - ic10

10 20-

110-3 102

>. .4 o-

100 
10" E

10 E

10 - lo2 - .

, 1 " 100

-6'._ _ _106 !

•_,- .,, 10I1 II.II 1 l l.0, I fiJlllI -

1 4 10 40 100 4 10 40 100

.4R,,NMENT: 1 ENVIRONMENT: 100

10~ .02

10.21
~ .4 _ _____ _ -10

z 
11, EU

--. E
0 10, - 10. -z

10' 10. ;6

10- - -11

100

10 106

A 10 40 100 1 4 10 40 100
AK (KSI / K S'vh

*24 j.1--I Iln



TABLE 4.11.3.58

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.58INDICATING EFFECT

OF ENVIRONMENT
------------------------- v ------------ -----------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

*--- ---- ---- ---- --------------------- -- -

DELTA K : DA/DN (10**-6 IN. /CYCLE)
"(KSI*IN**1/2)

A B C

S E- R.T. Em R.T.
L. H.A. S.T.W.
6HZ 6HZ

A: 13.91 : 1.76
DELTA K B: 9.22 : .428

MIN C:
D:

10.00 .620
13.00 1.97
16.00 : 5.21 4.67
20.00 : 12.7 11. 1
25.00 15.9 24.8
30.00 : 36.0 45.1
35.00 : 71.6

A: 32.77 : 90.6
DELTA K B: 39.27 : 98.5

MAX C:
D:

ROOT MEAN BQUARE 16. 43 6. 59
'1i PERCENT ERROR

------------ --------------------- --------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

"" RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

p. %

I%?*,*

Io. ,• ,
V:.A•..:,

l ., ... • -•''



CONDITION/HT: MA TITAN,
FORM: EXTRUSION YIELD STRENGTH: 125. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 142. 0 KSI
"ORIENTATION- T-L SPECIMEN THK: B. 994"
STRESS RATIO: *0. 08 SPECIMEN WIDTH: 31. 770" TI-BAL-
FREQUENCY: REFERENCES:95837 4V

&K (MPA ./rm) AK (MPA ,/_')
4 10 40 100 4 10 40 100

ENVIRONMEINT: R .. 100 dNVONM! NT: R.

T.AN-S. T. W.
102 8HZ 62- 8HZ

10-1 -- 10.1
i a

ia

- 10.2 _0O2Z

1644
• - • 10.3 3 E 0"

10" 10"..: s

10*• 10-10~ 10

10 
10.

4 10 - 1I. ,10 " 8 I , I , J i l l I I I 1 l 1 1l 1 -- 10 " 8 I 1 I , lI J . I i I i Li= : -

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT. 10o ENVIRONMENT: 100
._ _ __ _ __ _ _ _lO_ __ _ _ 2 __ _ ___ _ _ _

10 -.2 10. --

I " i0"2-"•1210".1 100.1•

__ _ __ _ _ .o4 __ _ _ ___ l "
". 10. -- 10" -

.'. __ _1-__ 1 o4

2 • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

::.-... - - 1 "5_101 .

.... 1 .7 --___ __._ --__--___

100

..-- ,=10"6- • 10.6

D;, 10- o .. ... L L L , I I . . L .. A L ..L Ih - I0" I ...,I .L..L...L IILLL

2I 
E

Il0e0%001 10 40 10

Il,

).-.4 ,m 1- ,'



TABLE 4.11.3.59

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.59INDICATINQ EFFECT

OF ENVIRONMENT
--------------------- w-------------------- --------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

----------------------------------------------

DELTA K . DA/DN (1Oe*-6 IN. /CYCLE)
(KSX*IN*.1/2)

. A B C D

E= R.T. E- R.T. Em R.T.
:LAB AIR S.T.W. SIM. SEA WATER

1-20HZ 1-10HZ 1-10HZ

A: 12.95 : .690
DELTA K 9: 10.86 1.21
MIN C: 10.22 .987

D:

13.00 .712 2.42 2.42
16.00 3.12 5.16 4.84
20.00 : 9.50 11.2 9.69
25.00 : 21.0 23.9 19.3
30.00 : 35.6 43.9 34.5
35.00 55.1 73.8 58.5
40.00 : 83.7 116. 95.9
50. 00 : 202. 254. 242.
60. 00 : 548. 496. 580.

70.00 : 1660.

A: 74. 17 : 298.
DELTA K U: 60.69 : 518.

MAX C: 66.66 : 1019.

------------------------------ --------------------- ------------------------ --- -
ROOT MEAN SGUARE 18. 14 27. 52 31.04

PERCENT ERROR
----------------- --------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.9-1.25 2 2 2
SUMMARY 1.25-2.0
(NP/NA) >2.0

4..l - f(



CONDITION/HT: MA TITAN.
FORM: 1. S"TH EXTRUSION YIELD STRENGTH: 124. 4 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 195. 3 KSi
ORIENTATION L-T SPECIMEN THK: 1.000- 1.003"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 4. 500" T'I-AL-
FREQUENCY: REFERENCES;NCO02 T A

/ 
4V

AK (MPA %1M) AK (MPA V-/)
4 10 40 100 4 10 40 100
111 10 /•-

S . _ ý,NT: R io dNV148NWYNT: _,o,_

_ _1 0._ _ _ _ _ _ _ _0 
"41 4

I. e: 10 20h-I0-'0" 16' 1

10.' 10.'

0 101 10"

lo , 0's -o

II

10.2 102-

-.-. --1 010*6 1 .

or : I 1 1 f-

mE

~104'- 10.7 -- z

106- 10 1

100'

1 O 101,

10" - AI1 ,I, , I0' (K,, , , h

L...L...--

10 40 100

,.,I4 10 40 100 1 4 10 40 100

."~4 
11 1,Y, "•



TABLE 4.11.3.60

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4 .11. 3 .6bNDICATINQ EFFECT

OF ENVIRONMENT
----------------- --------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
".'. CONDITION: "A4

CON-ITON:-----------------------------------------------------------------

DELTA K DA/DN (10**-6 IN./CYCLE)
(KSI*IN*91/2) :

• ":A B C D

S Ef R.T. E- R.T. E- R.T.
:LAB AIR S.T.W. SIMI. SEA WATER
5-20HZ 1-10HZ 1-10HZ

A: 11.73 : 1.23
DELTA K B: 10.58 : 2. 31

MIN C: 10.52 : 2.98
D:

13.00 : 2.34 4.93 3.88
16.00 : 6.39 11.3 9.08
20.00 : 13.7 25.9 18.0
25.00 : 24.8 47.7 31.2
30.00 : 39.5 67.3 47.3
35.00 : 81.7 90.6 69.1
40.00 : 9.8. 128. 100.
50.00 : 281. 324. 220.
60,00 : 538.

A: 59.40 : 863.
DELTA K 3: 56.74 737.

MAX C: 63. 55 : 874.
D:

. :. .. . . . . . . . . . . . . ..
~ .- ---- --- ----------------------------------------------------------------- eeeeeeeeeeeeeeeeeeeeeeee

ROOT MEAN SQUARE 11.97 17.66 28.94
PERCENT ERROR

LIFE 0. 0-0,5
PREDICTION 0.5-0.8 1

RATIO 0.'-1.25 2 2
SUMMARY 1. 25-2.0 1
(NP/NA) >2. 0

.*. ..

.g 0-fl

4.1.10



CONDITION/HT: MA TITAN.
FORM: 1.80"TH EXTRUSION YIELD STRENGTH. 126. 6 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 139. 6 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 000- 1. 003
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 4. 500" TI-GAL-
FREQUENCY: REFERENCES.NCO02 4V

AK JMPA V"•) AK (MPA V'm)
4 10 40 100 4 10 40 100

G _ - ,ý,RONNEN'T: 1. 1.00 ENVI, RONMENT I . T..LA S. T. w.

0-2_- 5-20HZ _610.2-- 1-10HZ --

Io- 10--- 01" --

10.2 
- 2

3 .10

'U/---1410
-- 10__ 10"310 E

10- -1.7--

2

--- . 10.4

1001 10-

10, h 1 i6 III[
1 10 40 100 1 4 10 40 100

-. T..OVKT 2- ENVIRONMENT: -100

WATER 10 @41
2 -10 •0HZ 62_ Z2

10 -.- -- I -

10"1 10*1

S- 0 -_010-.

0- 1,_10

10"' - o3 E

107 -z

b.i _______o "_ _-6-
--)--. 101

1 0 1 -s

_ --- 110.
0 10.a l I I,I0

1 4 10 40 100 1 4 10 40 100
- K (KS I %/7) AK (KS I 7•7)

* ''r, '1. 1 .It . '



5,

"TABLE 4.113.61

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11. 3 .61INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

DELTA K DA/DN (10*#-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

E= R.T. E- R.T. E= R.T.
:DRY ARGON DRY AIR SIMULATED FUEL
10HZ .0e-10HZ .0-10HZ

A:
DELTA K B: 15.25 5.87

MIN C: 13. 51 2.61
D:

18.00 7. 15 5.95
20.00 15.8 14.2
25.00: 30.9 31. 1

30.00 : 55.5 63.1
35.00 : 99.4 130.
40.00 • 183. 280.
50.00 : 696. 1513.

A:
DELTA K B: 51.67 : 882.

MAX C: 51.36 1932.
D:

ROOT MEAN SQUARE 0.00 59. 69 39.37
PERCENT ERROR

LIFE 0.0-0.3
PREDICTION 0.5-0.8

RATIO 0.8-1 25
SUMMARY 1. 25-P 0

(NP/NA)

1 T?

4. i1- 74



CONDITION/HT: MA TITAN
FORM: 2. 00"TH FORGING YIELD STRENGTH: 127. 0- 145. 9 KSI ALLOY 4

SPECIMEN TYPE: DCB ULT. STRENGTH: 130. 0- ISIS. 0 KS.
SORIENTATION- L-T SPECIMEN THK: 0. 750"
STRESS RATIO: +0. 02 SPECIMEN WIDTH: 5. 500" TX-CAL-
FREQUENCY: REFERENCES:B4304

4V

, AK (MPA V~m) AK (MPA /'M)
- 4 10 40 100 4" 10 40 100

-02 10HZ _ I_-_ . - 1BHZ_

10- 101•10

1 -2-

10 10"0

0 0- 10,2'Z
1 0- 1

-. 10.3 I0" E,z __ _ __ __10 z
JV

10"1 010.

or I0" II0

,__________O__0 *o.0(• -- to

1 -010 "1 106
100

E 10 NVIRONMENT

40 2 0 31 0 _ _ _ _

105,,10"' .I i I L W L I
40 • - 100 114 10-40 1 0 o "

lo'l

-0 . 102

10. -, - . 10. -

-- • 0.6 _,--•10e

10• 104
'44

ulOd

_ _ 1 _ _ 71iE

10~ 103

10. 0 '
.7

10 t

10.6

&K (KSI AK (KSI ./n
Fiqur'. 4,11.36

4. 11 -171
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TABLE 4.11.3.62

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESB INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3. 6 2 INDICATINO EFFECT

OF ENVIRONMENT
--------------------------------- -----------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

DELTA K .DA/DN (1,**-6 IN./CYCLE)

V(KSI*IN**1/2) 0S.WTR 3 %NC
A B C D

E- R.T. Em R.T.
: DIST. WATER 3. 5% NACL

IOHZ I-1OHZ

A:
DELTA K BU 21.94 13.3

PIN C:
D:

25. 00 29. 1
30.00 : 61. 4
33.00: 93. 1
40.00 : 123.
50.00 : 197.
60. 00 : 342.
70. 00 : 694.
80.00 : 1657.

A:
DELTA K B: 02.01: 2010.

MAX C:
D:

ROOT MEAN SQUARE 0,00 41.05
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.11-17.
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CONDITION/HT: MA TITAN.
FORM: 2.00"TH FORGING YIELD STRENGTH: 145. 0 KSI ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH: 158. 0 KSI
ORIENTATION L-T SPECIM':N THK: 0. 750- 0. 875"
STRESS RATIO: -0. 02 SPECIMEN WIDTH: 5. 500" TI-8AL-

"... FREQUENCY: REFERENCES:84380

4V

AK (MPA V/i) AK (MPA V/m)
4 10 40 100 4 10 40 100

0 ENVIRONMENT: R. .100 ENVIRONMENT: R. T..
DIST. WATER 3. 5% NACL

10-2 10HZ __0-__1- 
10HZ_1

110' 01,

3• F _ _ _ _ _ -_ _0__ _"-_1 
"_

10u3
2 -

-, 10 10-2

C-)

Z 0. im -0 1" - 1

4-

/ __1 0- ,o__o10.

~16

1016

10 10l

80" • = I I I, J i , I l,10 81 I I II, I t II !

L10 A 10 40 100 17, 1

" 1 : 10 40 100 14 10 40 100
S i*I1***NME T: r r 1 (1' 1 I'I'Il ' I -t

EVONMENT: 100 ENVIRONMENT: 100

10_ 10 10."_ __-3 !I _ _ _ _ _ _ o,
1 3

10

101- 2

10 10 E

1,''D lo - L , ,~ ,J iI - 10.5 I z~, ~~

X 4 100 1000

-10 Z_ _ 4_ _ -6

-. l .7 10- 10.5

AK(KSI'F 1 70

.4K



TABLE 4.11.3.63

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11-. 3 6 3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-&AL-4V
CONDITION: MA
ENVIRONMENT: R.T. , LAB AIR

DELTA K DA/DN (10*l-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

. R-.O.02

A: 18. 15 : 6.34
DELTA K B:

MIN C:
D:

20.00 : 8.18
25.00 : 15.7
30.00 29.2
35.00 : 53.0
40.00 : 95.0
50.00 : 292.
60.00 : 857.

A: 60. 61 : 914.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 13. 19
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. S 1

RATIO 0.8-1.25 1
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

--.p

4. 11-174



CONDITIONfHT: MA TITAN.
FORM: 4. 50"TH FORGING YIELD STRENGTH: 130. 0 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 139. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 553- 0. 555*'
FREQUENCY: 1. 00- 30.00C HZ SPECIMEN WIDTH: 4. 999- 5. 000" TI-5AL-

ENVRONENT R. T.. LAB A,'IR REFERENCES:MA002 4

4 10 40 100 4 10 40 100

STRESS RATIO: -0. 02 10ol STRESS RATIO:

*10-1 10-1

__ __0__ _ -3 ______ _ _ _ _ _ _

'U - 10-
102 102

u_ _ -31.C1 10~ 10 . E-

z Z___ E 0~
:10' 01 4 l~0a

10."

10, lo1

10* 1007

1 0.6 *- 10.6

108 16 4 0 4 101 1 0 4 0 4 10 40 100

10 I ' I '' I ' I ''
STRESS RATIO 10STRESS RATIO 100

10 2 102m10.1 10.1

i0 - i2 o1- 10 .2

> .4 7-4

10' z 10 3ý

10- 10~ -10

~ 1010.4 10E

'0

1- 106

106 10.6

1 4 10 40 100 1 4 10 40 100
A K (K SI -in) LK (KSI v7'M)

1i iuro 41.!1. C3

1 * I- 17 ;



TABLE 4.11.3.64

FATIGUE CRACK GROWTH RATES AT DEFINED LCVELS
OF STRESS INTENSITY FACTOR

-. DATA ASSOCIATED WITH FIGURE 4.11.3.64INDICATING EFFECT

OF STRESS RATIO
------------------------------------- m------------ ----------------

"" MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA 1300F 2HRS AC
ENVIRONMENT: + 300F, AIR

------------------------- ----- - -----------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KBI*IN**1/2)

A 9 C

Rm0. 00 R"+0. 25 n"+0. 54

A: 10.32 .610
DELTA K 3: 10.79 1.01

MIN C: 7.74 .569
D:

6 00 .621
9.0O0 . 925

10.00 1. 19
I,13.00 t .29 2.58 3.77

16.00 2.79 6.11 9.6,9
20.00 6.72 13.5
25.00: 16.1 26.1
30.00 31.4
35.00 3 2.2
40.00 76.4

A: 44,22 97.6
DELTA K i: 27.30 : 37.7

MAX C: 19.93 : 20,8
D:

*- ------------------------------------------ -----------

ROOT MEAN SGUARE 20. 23 20. 07 43, 8
PERCENT ERROR

------ PERCEN-ERROR-- - --------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0.5-0,8

RATIO 0.-1. 25
SUMMARY 1. 25-2, 0
(NP/NA) >2, 0

4.14-1 ,

4.11-1 7h



"CONDITION/HT: MA 1300F 2HRS AC TITAN.

FORM: 1. 75"TH DISK YIELD STRENGTH: 120. 0 KS! ALLOY
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION: L-R SPECIMEN THK: 0. 244- 0. 250"
FREQUENCY: 0. 33 HZ SPECIMEN WIDTH: 1. 000- 1. 005" TI-6A.-
ENVIRONMENT: - 3000 F. AIR REFERENCESSE007 4V

AK IMPA N/7) AK (MPA -,/-M)

4 10 40 100 4 10 40 100

STRES RATO--0010 __STRESS RATIO = 0. 25

1010
-STRESS RATIO = •-0. 00 STRES RAI -0-.2

10 12 1101-. -_ _ _ _ _ _ _3o- ,__ _ _ , -__ _o-
101010

1-6'° - -
*o"- 

1"_ ,
4.3

- 10*' 10- 2

- 10

10.3 10-3

10 10I I ,Ilh -

10.6 10

1 4 10 40 100 1 4 10 40 100SI -Im ' Ill IF ' !1'T11h (') "-rm • 'Tllq m m '1 ' " -

*STRESS RATIO. 4-0. 54 10 STRESS RATIO 100
- 10

RTO

O-1_ 1o-'

10* 102 Z.. _ _ _ _ __o"_ _.. .. "4 -__ _ _ _

1010 0, U

E

0, 10", z.• 1.

-" %, 
10 4l - om

.10 -Z,P 7~ --
,5, 0 10.' - -

10 010.07 1 4 -
1610

10"8 I .. 1.L LI h - 10.0 I I II h 1-i
4 I d 10 A10 100 1 4 10 40 100

AK (KSI A/'•) AK (KSI V/')

,iqure 4.11.3.64

, 4.11-177

. ,4, ,, ' . .- ," - , , -, _,a..: .,"---.•,_:• -,: -L:L• :,-••._._.-._..-• ---. ,'-'-"' '""•-"-" -'- -- -.-- "' "



TABLE 4.11.3.65

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11. 3 . 6 5INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA 1300F 2HRS AC
ENVIRONMENT: + 600F, AIR

DELTA K " DA/DN (10**-6 IN/CYCLE)
(KSI*IN**I/2)

• A B C D

: R+0. 00 R-+0.25 R=+0.54

A: 10. 19 : 1.49
DELTA K B: 8.78 " 1.23

MIN C: 8.13 : .684
D:

9.00 : 1.21 .964
10.00 : 1.24 1.46
13.00 " 2.32 2.08 4.75
16.00 " 3.90 4.36 12.4
20.00 " 7.83 11.2 30.9
25.00 : 18.0 2e. 1
30.00: 39.4
35.00 : 81.4

40.00 160.

A: 41.78 : 202.
DELTA K B: 28.82 : 46.2

MAX C: 20.36 • 32.9
D:

ROOT MEAN SOUARE 21.78 23.65 26.02

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. B

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.1 -17
p. .

p.

S~ 4.11-178

_=,

d-•• •••••",• .' ',••:'•:•'''"" •" ".•-.-".' . -"" "" < .""."'''." ""• : .•



CONDITION/HT: MA 1300F 2HRS AC TITAN.
FORM: 1.75"TH FORWARD SPOOL YIELD STRENGTH: 120. 0 KSI ALLOY
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
"ORIENTATION: L-R SPECIMEN THK: 0. 249- C. 253"
FREQUENCY: 0. 33 HZ SPECIMEN WIDTH: 0. 995- 1. 003" TI-8AL-

" . ENVIRONMENT: - 81000 F. AIR REFERENCES:GE007 4V

AK (MPA ,/m) &K (MPA -,/")
%:- 4 10 40 100 4 10 40 100

STRESS RATIO= *0. 00 100 STRESS RATIO= -0. 25

10 _ _ _ _ _ _ _ _ 1 _ _ _ _-. _ - - lO_- - lO-107

10 ' 10.1

I 1 02 i 102 _-

z

S 0 1- 3 101 - 3
E E

•'• 10" 10"610-- 1-5
.. 10. 10.0

7 6

10- -- 10•--"_010-6 10__

1 4 10 40 100 4 10 40 100

- STRESS RATIO = -0. 54 10LSTRESS RATIO: 10

10 .ldi0

-2= __ _ _ __ _ _ _ _ _ _ _ __ - O" 10.11 l01
10- 10"- _

".4 -• 10.4 -• 1.4'

63 10.3

V_, __ _ _ __ _ _ 10.'• -- 10"j'
10 - 10

uO 10.

0 0.•- 10.
•t• 1 -- . 1- o

:. .1 10l 40 100 1 4i 10 40 100
A::/ K (KS, '•) h K (KSI •)T

5Figure 4.11.3.65

04.1

,• 4.11-14
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TABLE 4.11.3.66

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSIrY FACTOR

DATA ASSOCIATED WITH FIGURE4.-L. 3 .66INDICATING EFFECT

OF STRESS RATIO
-------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. NH.H.A.

------------------------------------------------------------------------
DELTA K DA/DN (10e*-6 IN. /CYCLE)

(KSI*IN**1/2)
A 3 C D

S RI+0. 10 R-+0. 50

A: 8.50 2.47
DELTA K B: 4.96 : .295
MIN C:

0:

5.00 : .326
6.00: .699
7.00 : 1.21
9.00 : 1.95
9.00 : 2.81 2.65

10.00: 3.57 3.63
13.00 : 6.90 0.44
16.00 : 12.0 19.2
20.00: 23.8 64.9
25.00 : 51.6
30.00 : 105.
35. 00 : 203.
40. 00 : 379.

A: 42. 13 : 467.
DELTA K B: 22.81 : 169.

MAX C:

ROOT MEAN SQUARE 8.97 13. 03
PERCENT ERROR

--------- ~-------------------------------------- ---------------

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.9-1.25 1 1
SUMMARY 1.225-2.0
(NPINA) >2. 0

vp 4

.4'.

4.11-180

"'SI
%



CONDITION/HT: RA TITAN.
FORM: 0. 13"TH PLATE YIELD STRENGTH: 149. 1- 149. 2 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 156. 2 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 124- 0. 125"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 5. 000"

"- ENVIRONMENT: R. T.. H. H. A. REFERENCES:9098i T4I-AL-
:- 4V

AK (MPA y/-M) &K (MPA ./'m)
4 10 40 100 4 10 40 100

STRESS RATIO +*0. 10 -- o STRESS RATIO -0. 50
"10i2 ° 10o

"101 10••1

1O3  1O3

10.?

10-3 .3________ E

107i 10
z E

* ,• •_ _ _-t -/-_ _ __o_

S-o /- zo-J o0 10".

10.0- =, I1 "- 1 10- 1 ,! Il, I lh _-
10"_ 10
16 16 1

L10"..LLJ_ 101• 4-0 4 0

0o 1410010

STRES RATI STRES:RAT O:O-0

1 -2 _ _ _ _ _ _ _ _ io 2
1010 6

10.01

1 4 4 100 4 1 100

100. 10.-

'.'. _• 10.5 -•10
10. . _ _ _ _ _.__1- 10-

- 10"' E

zV

11 0

-1005

101 10.8 I W, I ,IIJ• i , ,I -- 10.8 I • I L , 11, 1 ,1W IJ ,

S .... 1 4 10 40 100 1 4 10 40 100

-w'•, A',"ZK (KSI1 VT ) AK (KSI1 V'T)
. ,•,"F~gure 4.11.3.66

"04. -181
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TABLE 4.11. 3.67

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.67INDICATING EFFECT

OF FREQUENCY

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. .3. 5% NACL

DELTA K . DA/DN (10**-6 IN. /CYCLE)

(K$Z*IN*1/2) A
:A B C D

. F(HZ)- 0.10 F(HZ)= 10.00

A: 8.36 2.00
DELTA K B: .72 2.33

MIN C:

9.00 : 2.47 2.79
10.00 : 3.50 4.86
13.00 : 9.45 15.6
16.00 : 21.1 32.6
20.00 : 44.7 63.0
25.00 : 74.0 111.
30. 00 : 168.

-'- 335.00 : 237.
40.00 : 321.

A: 26.41 : 79.4
DELTA K 8: 42.50 " 370.

MAX C:
• ",'.'.D ::

• ROOT MEAN SQUARE 9. 04 9. 11
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8 1

RATIO 0.8-1.25 1
SUMMARY 1. 2o-2. 0
(NP/NA) >2. 0

)i•-•4.11-182

V-. . ."' ."- '-• - '•-"•••# ';_'• •-' 3 -,-[•• • ""',.•- -- .. -" ''".,•.. . .



"CONDITION/HT: RA
FORM: 0. 13"TH PLATE YIELD STRENGTH: 149.2 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 156. 2 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 125"
FREQUENCY: -0. 10 SPECIMEN WIDTH: 5. 000" TI-6AL-
ENVIRONMENT: R.T., 3. 5% NACL REFERENCES9eQ81 4V

AK (MPA Vr•) AK (MPA VIM

4 10 40 100 4 10 40 100(•tg* = I I I'" IT III'" t •

STRESS RATIO= 0.10 10 STRESS RATIO = 10.00
10-_ O2 _ _________

10 10.1 10"1

10.3  1 ? 10.3 _

10.2 _10.2

1.4 
A4 0

--10 - 100

V 10-" -6 _ _ ____o.4 _ _ _ _ _ _ _ _ _ _

10* 105 - 5

-7 10.7
10 10-6

106 -8 1 40 1
...e L,..L± LI ,II, I J.±J, ,I -- 10" .- ,J-- - - - i -.II I J...A, 1L!, -

4 10 40 100 1 4 10 40 100

STESRTO100 STRESS RATIO 10STRESSRESSRATIO 
10o

101 10.1
310.1

.410. -- 
0-

S10 102

S10" - 10- E
_ E

10 10 10

:J% 10 -l 104 - 10.

-- 5 -• 10.5 _ 10.5

S- 
7

10" 
, 

10

S- 010.6

'- 0lI 1

1 4 10 40 100 1 4 10 40 100
AK (KSI V17n) &K (KSI V/in)

Figure 4.11.3.67

4.11-183
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TABLE 4.11.3.68

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.68INDICATING EFFECT

OF FREQUENCY

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. .HUMID AIR

DELTA K " DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

: F(HZ)- 10.00

A: 8.50 : .637
DELTA K B:

MIN C:
D:

9.00 .792
10.00 : 1.18
13.00 : 3.12
16.00 " 6.30
20.00: 12.125.O00: 19.9 I

30.O00: 26. 1
35.00 : 29.2

A: 37.14: 29.6
DELTA K B:

MAX C:
D:

----------------------------------------------------------
ROOT MEAN SQUARE 12.83

PERCENT ERROR
----- ------------------------------------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. e

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.1 -18

.j_• 4.11-184



"" CONDITION/HT: RA TITAN.
FORM: 0. 38"TH PLATE YIELD STRENGTH: 119. 1 KSI ALLOY
SPECIMEN TYPE: PTSF ULT STRENGTH: 1398. 1 KSI
"ORIENTATION: L-S SPECIMEN THK: 0. 378"
STRESS RATIO: .0. 10 SPECIMEN WIDTH: 5. 000" -
ENVIRONMENT: R.T. HUMID AIR REFERENCES:90981 TI-4AL-

AK (MPA %/-m) AK (MPA *)

4 10 40 100 4 10 40 100

"FREQUENCY (Hz) 10. 00 10o FREQUENCY (Hz)
1O2 lO-16.
110 o1

1-0*110.2

4 4

"•.. • 1020

u: 10 10 U

c -3 .
10 10-0 E

Z z
10- - 10 .6

10 1-010
1665

1166

""." 10 10"c

I_ 10.0 _r,_rT10"

10 - 10
. 10. 10.1 f1

1.. d - _____ __- -1 4 10 40 10.0 -- 4 1040.15

4 Ekl10/ -10" - 0
•, ,1O62 10-6 -

_-_ - .~ _

100

10I 10-
10 _-_- 10-__ -- _ _ --

-10.6 106

10"•10 10 3 E'•, I • I I I 08 , ,• l ' l l h -

4 10 40 100 4 10 40 100

A.. K (KSI v'T ) AK (KSI v' )

•,•% 4.11i-185
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'•,• •','•." "- • "• ','••,, ,,"-"V"".,:-,","-':.,:-'"...," .".".," " ,"..".."..'.."-" . ."-" -.... "'." """ ""'."'."." '"v""..4," ." .'.



TABLE 4.11.3.69

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.69INDICATINg EFFECT

OF FREQUENCY

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. .3.5% NACL

--------------------------------- ---------------------------------------------------
DELTA K : DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

F(HZ)- 10.00

A: 15.77 : 37.3
DELTA K B:

MIN C:

D:
16.00 :-37.-9

20.00: 49. 7

25.00 67.2
4430.O00: 84. 6

35. 00 : 99. 2 .:

A: 35.80 : 101.
DELTA K B:

MAX C:
D:

-------------------------------------------------------
ROOT MEAN SQUARE 22. 70

PERCENT ERROR
-------- ------------------ - - -- ------------- - ----------

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.11-186



CONDITION/HT: RA TITAN.j
FORM: 0. 38"TH PLATE YIELD STRENGTH: 141.7 KSI ALLOY
SPECIMEN TYPE: PTSF ULT STRENGTH: 151.6 KSI
"ORIENTATION: T-S SPECIMEN THK: 0. 377"
STRESS RATIO: .-0. 10 SPECIMEN WIDTH: 5. 00" TI-GAL-
ENVIRONMENT: R. T. . 3. 5X NACL REFERENCES:90g81 4V

&K (MPA N/'m) AK (MPA -,/'m)
4 10 40 100 4 10 40 100

- I , l m i nl I I 1 1 1 -1 - I I ' l ! [ , l r " "

FREQUENCY (Hz) 10. 00 100 FREQUENCY (Hz)

162 
102

10.1 1.10.

10.' 102

10F - E'

-- m1010 10-- 10.5 -- Z

"o _ __ 10.'--- 10" m

-6 _O.
10 ___,r_ _

% 10. 5  10"

10 16

10. 6 0 
10 6

-p10"68 1 ,1 ! 1 , 1 1 1 16"8 1 1 1 I ~~

.r.:.1 4 10 40 100 4 10 40 100

" "FREQUENCY (Hz) 1 FREQUENCY (Hz) 100

10- - 10 2

1010 101.3-

.$. B ---= ~10' . 0
"-l-

.4 64 -

10 U

S--10 -- 1 10-3 E

lO.1 - _ 100o E

v 10 10

1o - 10.,

.'.• _0- I 6 1 6

810- I - 108 I
10 1 4 10 40 100 1 4 10 40 100

6K (KSI VTh) AK (KSI V11n,
Figure 4.11.3.69
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TABLE 4.11.3.70

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.7oINDICATING EFFECT

OF STRESS RATIO

-------------------------- -------- -------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. H. H. A.

-- ------ --- --------- -----------------------------

DELTA K : DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN*4i/2)

A B C D

. R-0. 10 Rm+O. 50

A: 10.10 : 4.77
DELTA K B: 5.41 : .99

MIN C:
D:

6.00 : 1.54
7.00: 2.63
9.00: 3.84

9.00 : 5.12
10.00 : 6.45
13.00 : 6.51 10.9
16.00 : 9.27 16.7

20.00 : 14.4 26.8
25.00 : 23.2

A: 28.25 : 27.0
DELTA K 3: 23.27: 33.7MAX C :

D:

-------------------------------------------------------------------------
ROOT MEAN SQUARE 5. 20 12. 89

PERCENT ERROR
-----------------------------------------------------------------------------------

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-188
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% CONDITION/HT: KA T I TAN.
FORM: 0. 38"TH PLATE YIELD STRENGTH: 141. 7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 151. 8 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 370- 0. 371"

FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 5. 000" TI-OAL-
ENVIRONMENT: R. T.. H. H. A. REFERENCES.90981 4V

K (MPA V/'•) AK (MPA N/'•)

4 10 40 100 4 10 40 100

STRESS RATIO= -0. 10 10° STRESS RATIO = 0. 50
lO-2 _ __ __ _-2 _______ _ _ _ _ _ _ _ _

___ __ ___1°__ __ __ -10"

10 -' 10 "1

1-2 
10.2

10- 
10. .--

.o 1 - 10 " E

"' 1 "__ _ _ _ _ _- 0'- 
.

-
0"

,_________ __ _ __ _ _ __ _*6_ 
_ __ _ __ _ _

-. 6" __ _ __ _ _10.__ _ __ _ __ -1 
10.

.
1 0 

1 0"1

.1 

10 .6 E._- 

E 
0 -• 

1"

.1I ' 1 , 1 , 1 ' I I 1 0

001 

0! io
1 -=04 100 

10"4

10-! 3 
11 3

0102 
10-

S10. 
1 

103

10-2 2

:z:: _- 
-2 ,

i 10*• - - 1 0' --
V 10"' 10- -

,0 10 10
101 6

1 -7 

1.7

10 

-1

-'- 108 1i l.l I6 I1 11 "r I i 1h

1 4 10 40 100 1 4 10 40 100
.K (KSI 7nf•) AK (KSI v/an)

Figure 4.11.3.70
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TABLE 4.11.3.71

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OP STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.71INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-bAL-4V
CONDITION: RA
ENVIRONMENT: R. T. ,3. 5% NACL

---------------------------------------------------------------------- ----------------------------------

DELTA K . DA/DN (10@e-6 IN. /CYCLE)
(KSI*IN**1/2)

A 3 C 0

. R"+0. 10 R-,O. 50

A: 17.57 : 38.5
DELTA K U: 6.24 : 15.2

MIN C:
D:

7.00 : is.'
9.00: 22.0

4p. 0026.4
10.00 : 33.7
13.00 : 51.4 ..
16.00 : . ,.,
20.00 : 56.9 163.

25.00 : 36.0
30.00 : 132.
35.00 : lo1.
40.00 : 206.

A: 42. 67 : 209.
DELTA K I: 2J.07: 497,14AX C:

D:

-- - -- - - - - - - - - - ------------------ -- -- --- ------ --- -- -- -- - --

ROOT MEAN UARE 11. 25 18. 49
"PERCENT ERROR

" LIFE 0.0-0.5
PREDICTION 0. 5-0. 0

RATIO 0.6-1.25 1 1
UMlAY 1.25-2.0

(NP/NA) >2. 0

%4

41-9

4,I1- 190
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CONOITION/HT: RA TN
FORM: .39"TH PLATE YIELD STRENGTH: 141.7 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 151. 8 KS1
ORIENTATION: T-L SPECIMEN THK: 0. 372"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 5. 000" TI-SAL--
"ENVIRONMENT: R. T. . 3. 5X NACL REFERENCES90S"li

AK (MPA %/-M) AK (MPA %/-m)
4 10 40 100 4 10 40 100

100
STRESS RATIO . 11 10 STRESS RATIO -0. 5010" -= -__ ___ ___

S10-1 
10"1

S10- 
10

id's 01' 100' E

_ _,..,_ _1 0 .4 1 0 .4

010-
0"_10-�_21

id., _ =

10¶1005 10-s

""-"4'' IU 10'

1061'

1 4 10 40 100 40-0.0

_, 0 r''0"s -r m m mm'
"1 "_4.' --- A1"

STRESS RATIO *00STRESS RATIO s10

104 00

102 '-o

10"3 E
Z -E

.,' - 10-

10- 10-4 ¶0r

~~1010

10 4 10 40 100 1 4 10 40 100

A, AK (KSI V/7n) AK (KSI %/T")
Figure 4.11.3.71

3%
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TABLE 4.11.3.72

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRES8 INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.72INDICATING EFFECT

OF STRESS RATIO
----------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. ,S. T, W.

---- - --- --- --- ------------------------------------

DELTA K " DA/DN (10.*-6 IN. /CYCLE)
(KSI*IN*u1/2)

: A B C D

: R-+0. 08

A: 5.67 .224
DELTA K B:
MIN C:

D:

6.00 : .262
7.00 : .437
8.O0 .747
9.00: 1.26

10.00 : 2.08
13.00: 7.51
16.00: 19.9
20.O00: 48. 7

A: 23. 65 81.2

DELTA K B:
MAX C:

D:

ROOT MEAN SQUARE 22. 66
PERCENT ERROR

------------------------- -------------------------------------------------------

PREDICTION 0.5-0.8
RATIO 0. 8-1.25)

SUMMARY 1.25-2. 0 1
(NP/NA) >2. 0

4.11-192
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CONDITION/HT: RA
FORM: 0. 38"TH PLATE YIELD STRENGTH: 129. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 140. 0 KS1

.. " ORIENTATION: T-L. SPECIMEN THK: 0. 410•"

" " FREQUENCY: 1. 00 HZ SPECIMEN WIDTH, 7. 400" TI-BAL-
- .. ENVIRONMENT: R. T. o S. T. W. REFERENCES:89579

" *~.* a4V

&K (MPA "/,o) &K (MPA - o ,oM
4 10 40 100 4 10 40 100

"STRESS RATIO= --0. 10o STRESS RATIO

10-1 10-

10?2 102

,.j_ T_ - 10,

16 10-

10 1 4 100 E

10STRESS RATIO 10

-lo2 __ _ _ _ __ _ _ _ _ _-__ _ _ ___ ___ ___ __

010" 1id 10"

"10.2 10 .6

10--•

1 4--04-1 0 " -- 10 4 10"0

1.1' 1 10._ _ ,_ -- 10"s -- z

•.. "- 10.4- 01 "

, 10 "2

10,0
., 10 . . .

161 16

4. 10.6 10. 2

1c 0 1 1 1

I10I 4 10 40 100 4 10 100

"A.'•,ZK (KSI Ar) K (KSI V/"n)

S~Figure 4.11.3.72
4.
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TABLE 4.11.3.73

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.1.3.73INDICATINO EFFECT

OF STRESS RATIO
------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONIENT: R.T. ,8. T. W.

DELTA K : DA/DN (10#*-b IN. /CYCLE)
(KBI*IN**1/2) :

A B C D

R-+0. 10

A: 29.01 : 1405.
DELTA K B:

1I1 N C:S~D:

30.00 : 1418.
35.00 : 1800.
40.00 : 2531.
"50.00 : 3951.

U A: 52.51 : 4043.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 13. 89
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.0-1.25 2
SUMMARY 1. 25-2.0
(NP/MA) >2. 0

,'4

ft.'
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CONDITION/HT: RA TITAN.
FORM: I& 38"TH PLATE YIELD STRENGTH: 1421.7 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 151. 8 KSI
ORIENTATION: T-L SPECIMEN THK: 0. 374- 0. 375"
FREQUENCY: I. 10 HZ SPECIMEN WIDTH: 2. 550" "--
ENVIRONMENT: R. T. o S. T. W. REFERENCES:90981 T L"'"'" 4V

AK (MPA A) AK (MPA %/-)4 10 40 100 4 10 40 100

STRESS RATIO -0. 10 10° STRESS RATIO=l _________ _ ______ _ lO

10.1 1 -10

~~ lO•_ .2
1 10

10 10

z0 
E

1d.5 10"s .--

1100 1 •

10- 7 10F,

g 4 ~~1 0 8 1 .6 10 1 0 L J.LL L .. .. L L"16 A-. - I= hid I 1 111116
•~ ~~~~ 10I•tIlI I!!1 -1" I I I hl~l I I I II1lAl

1 4 10 40 100 1 4 10 40 100
; STRS I A I 1 10° --

STRESS RATIO STRESS RATIO 100

10-2 102 Z

110-1 1.

10~
'= 102 2

16 4 z.103 10.3 -

_ 10.3 ._• 1lO
10 * m0- z 04 04.

10.

10 10

- 10. I II I l h -- 10 III i I1

1 4 10 40 100 1 4 10 40 100
* ..�*/AK (KSI vTn) hAK (KSI V1h)

Figure 4.11.3.73
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TABLE 4.11.3.74

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.74INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K : DA/DN (10*t-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

E- R.T.
:LAB AIR

A: 13.05 : 4.93
DELTA K B:

MIN C:
D:

16.00 : 11.0
20.00 : 21.3
25.00 : 41.9
30. 00 07.4
35.0O0 : 205.

A: 36.63 : 279.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 9.02
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

.°3%
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CONDITION/HT: RA TTN

FORM: 0.93"TH PLATE YIELD STRENGTH: 149. 2 KSI
SPECIMEN TYPE: CT ULT. STRENGTH: 158. 2 KSI:'' ORIENTATION. T-L SPECIMEN THK: 0. 372"

STRESS RATIO: -0.10 SPECIMEN WIDTH: 2. 54" TI-8AL-
FREQUENCY: 10. 00 HZ REFERENCES:90981.4V

A K (M PA A'• ZK (MP A -,/-m)

4 10 40 100 4 10 40 100
NA

A. ENVIRONMENT: R. .1 %51 EN NMENT:•,• _ LAB IZ - 0

- 101 10.1

.163- 10"3

-10 -2 102
104 104

3 E
>:2" '. -- -A10.3 -- _10.3 ,

10 0E
0. 10.. z

"o _ 1 4 _ 1 0.4

6 10'

0 10-10-

10.6 10-6

10....L.LLW.....LL.

1 4 10 40 100 1 4 10 40 100
1I -1 7 1 1 1 00 ENVIRONMENT: - @ ENVIRONMENT: 100

.- 102 10"___ __ _ 10. _ _ -.__ _10'__

10 10

10.- 10.

3 ___a_ __ _ _ __ _ _ _

2 - 21010.2 11 0

.4
10 - 3

10 E
4.: z 1°• I05 - z

-10.1

00- 103
1100 1

-1-6 110.

-67 167
10 10 10

107 1 -= 10.6 1 1 10.6

1 4 10 40 100 1 4 10 40 100
AK (KSI V/'in) AK (KSI v/7)

V. Figure 4.11.3.74
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TABLE 4.11.3.75

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.75INDICATING EFFECT

OF ENVIRONMENI

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

• E= R. T. E- R. T. E- R. T,

:DIST. WATER 3. 5% NACL S.T.W.

A: 9•44 " .241
DELTA K B: 8.60 • .341

MIN C: 9.40 : .364
D:

9.00: . 405

10.00 .434 .646 .646
13.00 • 2.66

A: 11.75 : 1.32
DELTA K B: 13.55: 3.37

MAX C: 12.61 2.09
D:

ROOT MEAN SQUARE 15.71 16.16 11.43
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.9-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4. 1--

1 4.11- 198
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CONDITION/HT: RA TITAN.FORM 1. 00"TH PLATE YIELD STRENGTH: ALLOY
"" SPECIMEN TYPE: OCS ULT. STRENGTH:

ORIENTATION T-L SPECIMEN THK:
STRESS RATIO: .I. 00 SPECIMEN WIDTH:
FREQUENCY: 15. 00 HZ REFERENCESBS140 TOAL-

4V

&K (MPA N/,) AK (MPA %/--)
4 10 40 100 4 10 40 100

VIONMN R.,.. 100 =)1NV,1ONMT: 1 ..R' 4'.lWI lotjo 3. 5Z NACL
10. 101 10_

10.1

. 3 0" 10-3S102 10 .

E I0 10"- E

z E0-
10.' 1

- 1Oo 0,oo.
-. .o7 ________ ________ 0.7

10 -106 ,04

:., " ., , I , I-aIo , .i ..... J .., i J , -
1010 40 100 01 4 10 4 0

(•) T T I'lWlVl I'-[l',l 1 r" rT~Tl"FF 41[0
VfRNE TR..e 1000. ENVIRONMENT: 100

V7

109.~eT -R 101010 10
7. Zo o .

010 10. 2

- 1 10.- z

1 41, " 4

1 0 10-'

IO6 .6 _ ___-_ _ __

..V+ ENIoNMNT lO.o

010.1

.. 2

1010 lOl 10

44 10 40 100 1 4 10 40 100

* • *.", AK (KSI V•) AZK (KSI v/Th)
-,, Figjure 4.11.3.75
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TABLE 4.11. 3.76

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.76INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-&AL-4V
CONDITION: RA

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

" E- R.T. E- R.T. E= R.T.
•:DRY AIR H20 STAURATED DIST. WATER

JP-4 FUEL

A: 12.23 : 1.04

DELTA K B: 28.27 " 32.7

MIN C: 26.64 : 30. 5
D:

13.00 " 1.45
16.00 " 3.88
20.O00: 9. 08
25}.00 : 18.530.0" 31.5 36.7 44.5 ;-v

35.00 : 49.5 51.9 67.7
40.00 : 74.9 75.9 96.3
50.00 : 164. 179. 197.
60. 00 : 465. 455.

70.00 : 1304. 1228.
80.00 : 3814.

A: 58.67 : 322.
DELTA K B: 71. 17 1476.

MAX C: 81.31 : 4465.
D:

ROOT MEAN SQUARE 25. 19 10. 30 22. 32
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: RA TITAN.
FORM: 1.00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK:
STRESS RATIO: .6. 10 SPECIMEN WIDTH:
FREQUENCY: 1.00 HZ REFERENCESSB140 TI-8AL-

4V

AK (MPA AVr/) r, (MPA .%/-)
4 10 40 100 4 10 40 100

ENVIROMENT: R. &. 00 48NMENT: R.LDRY AIR WATER STAURATED JP-4
2 -2 FUEL

10
10-1 10"1

10"-il;10"
S10.2 10.2

010- 100 3 Ez E
m 10 - 05 z

4 7
10.0, 10.0-

10 107

10610-510* 100" 1 • I

1 10 40 100 4 10 40 100

R. 100 ENVIRONMENT:
lO2 lO-2

10. 10
•"-- 10"2_ 10.2

63 13 1

10- 1.2 
2 2•

10-3~
z E4S 10" 10" -.

1 0-- 10 E--
1", 107 -5_ z

-- 1010'
10 -1661

-7 -710o 10 __ _ _ _ _ __ _ _ _ _

10. 6 1 -6

1 "8 I - 0.8 1 1 l I i I h
1 4 10 40 100 1 4 10 40 100

K (KSI V•) •AK (KSI v'in)

Figure 4.11.3.76
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TABLE 4.11.3.77

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.77INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

-------------------------------------------------------------

DELTA K . DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

E= R.T. E- R.T.
:3.5% NACL S. T. W.

A: 14.96 " 14. 1
DELTA K B: 28.42 8 94.9

MIN C:
D:

16.00 : 16.3
20.00 28.6
25.00 " 54.7
30.00 97.2 100.
35.00 : 161. 144.
40.00 251. 187.
50.00 : 526. 310.
60.00 : 943. 604.
70.00 " 1504. 14156.
90. 00 - 4302.

A: 72. 43 : 1660.
DCLTA K B: 81.35 " 5050.

MAX I:
D:

ROOT IE4,N SQUARE 14 68 8. 17
PERCENT ERRO3R

-------------------------------------------------------------------- -----------------
LIFE 0 0-0.5

PREDICT'ION 0. 5-0. 8
RATIO 0.8-1 25
SUMMARY 1.25-2.0
(NP/NA) >2.0

F..
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CONDITION/HT: RA TITAN.FORM: 1.00 "TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DC8 ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -.0 10 SPECIMEN WIDTH:
FREQUENCY: 1. 00 HZ REFERENCESS8140 TI-SAL-

4V

&K (MPA %/m) AK (MPA -/M)

4 10 40 100 4 10 40 100

-;•o•&•T: R. T.. 10o ® ENVIONMWNT: R'. ..

12 AO _ Z T. W.

10 - 010
10. 100"1 -= 10"3

0 10- 10,3 E,° .u 10 1- 2 10

1 o~ E
Z _ _ _ _ _ _ _ _ l O l O . Z

"" 101 10" 10

510 -- 10

1or% 10F 11

.10s 1 10".' 10-8 -- - 10. 10. -- "

.. 10-0 1 1 1 ,1 , I ,lol Od I i IL1 11 II8 I 1 ,11 1 I 1--111

* 4 10 40 100 1 4 10 40 100

.-.. ENVIRONMENT: 100 ENVIRONMENT: 100

16"• o2 1.2
S10"1_ .. 100

1 2 -- • 10.1 10.1

3- 10-
1 20 1---

.4 4 0
>,. -' in -

10 11-

o -- _r4 10"_

10 10
10

16,~10 ,,- 10.7 - 0.

10.6

10",10U -- 1--40" ,-aII I,~ [ 0 100 ,Il 1 •I l l
77 4 10 40 100 1 4 10 40 100

AK (KSI -/T') AK (KSI )
Figure 4.11.3.77
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ON TABLE 4.11.3.78

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ABSOCIATED WITH FIOURE4.11.3.78INDICATING EFFECT

OF ENVIRONMENT
-- - -- - -- - -- - -- - - m -- -- -- -- - m --- -- -- -- -- -- -- -- -- --

MATERIAL: TITANIUM TI-6AL-4V
CONDITION; RA

DELTA K DA/DN (10*-6 IN. /CYC.LE)
(KSI*ZN*.1/2)

A 9 C D

Es R.T. Em R.T. Fs R.T.
:DRY AIR H20 SATURATED D01T, WATER

JP-4 FUEL

A: 27.66 26.5
DELTA K 3: 26.99 42.6

MIN C: 14.90 3.43
0:

16.00 6. 3
20.00 :19.0
25.00 34.4
30.00 37.9 47.2 63.3
35.00 66.1 70.6 105.
40.00 101, 99.2 152.
50g.0O0 224, 204, 254,

60.00 562. 507. 462,
70.00 1547. 1243,

A: 62.76 767.
DELTA K 3: 79.39 5230.

MAX C: 76.93 : 9143.
D:--- ~~---------------------------------------------------------------------------ROOT MEAN SQUA•RE 7. II 13. 75 16. 77

PERCENT ERROR
4------------------------- m------------------------.--------------------------------------------------------- -- --

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4
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CONDITION/HT: RA TITAN.
FORM: 1.,0"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK:
STRESS RATIO: *.I 10 SPECIMEN WIDTH:
FREQUENCY: L. 10 HZ REFERENCESSOIB43 4V

AK (MPA %/m) AK (MPA V/)
. 4 10 40 100 4 10 40 100

... MIaI YhI' 11NT: ' 'R.T 1 NVI ON NT:
*2 _ _ _ _ _ _ _ _* F U E L __ __WAR ItA i SAoR * j ]-4

10 1 0 10 .

as0p 10- 20"- No_-] _!o,.
lo'L 1"

lO_ ___--

10" 110"'40 100 10
1- 10"

-T: 4 10 0 00 1O'* _ 1o40Sz

-' I *1 J• W.=. .W .L W. W L

-- E 9~~ y~ u R e 1005- -

- 10

10 - 101- - 10_ .

10 -1 10"' 1 .. 10.

10 ; lI- 1 0- 1 10'

.1 4 10 40 100 1 4 10 40 100
AK (KSI %/i) AK (KSI %/on)

Figure 4.11.3.78
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TABLE 4.11.3.79

"FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

2-. ." OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.79INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K • DA/DN (10**-6 IN. /CYCLE)I. (KSI*IN411/2)
A B C D

S E- R.T. E- R. T.
:3. 5% NACL S. T. W.

..4 A: 26.28 : 363.
DELTA K B: 30.23 : 143.

MIN C:
• ~D::

.. 30.00. 642.
35.00 984. 286.
40.00 : 1262. 449.
50.00 : 1852. 905.
60.00 : 3042. 2145,
70.00 : 6176.

A: 75.42 : 9991.
. DELTA K B; 60.36 : 2225.

• MAX C:

ROOT MEAN SQUARE 18. 75 15. 79
PERCENT ERROR

LIFE 0.0-0.5
"- • PREDICTION 0. 5-0, B

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

I p.
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CONDITION/HT: RA TI TAN.
FORM: 1.00"TH PLATE YIELD STRENGTH: ALLOYSPECIMEN TYPE: DCB ULT. STRENGTH: 3y

ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: ÷0. 10 SPECIMEN WIDTH: TI-8AL-
FREOUENCY: 0. 10 HZ REFERENCES:8814B 4V

&K (MPA •V/') AK (MPA ')

4 10 40 100 4 10 40 100

?2 . So To W.

1001 101

0"1 92 10t 2
C 10. 10'-_

_ _ _ __1.5 1 016 1E4

3V

" 10 1 10"0

10"' __ _ _ _ __ 10"1 --

10 • 0 ..... ±..j.Li .. ~±.L 10.6 -- • 10.6

1 4 10 40 100 1 4 10 40 100

©E

ENVIRONMENT: 100o ENVIRONMENT: 100o

10o 101-

161 16

10 102 _

74 7

1 _ .6O ._ 10- 6

z 0.-8 - IO I I z11 il

1 4_- 10 0 100 10 40 10.

1d ,. 117 7. -111111

10"z ,_--_10- -2

10. 10.1

106 -2

100

.7 .3

11 4 0 40 100

-'•ZK (KSI V/'•) ZSK (KSI V'Tn

"" Figuire 4.11.3.79
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TABLE 4.11.3.80

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.80INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

* A B C D

: E= R.T. E- R.T. E= R.T.
DRY AIR H20 SATURATED ALT JP-4 FUEL

JP-4 FUEL & DIST. WATER

A: 7.95 .364
g*i DELTA K B: 8.65 . 789

MIN C: 7.94 1.07
D:

8.00 .381 1.07
9.00 .840 .950 1.16
10.00 o 1.52 1.53 1. 55
13.00 4.71 4.57 6.24
16.00 9.13 9.49 19. 1
20.00 17.2 18.4 35.4
25.00 34.7 35.1 51.4
30.00 71.5 64.4 80.0
35.00 157. 120. 157.
40.00 278.

A: 37.05 : 220.
DELTA K B: 45.45 : 2354.

MAX C: 39.99 : 396.
D:

ROOT MEAN SQUARE 16.89 17.75 23.26
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

-L 4.11-208
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CONDITION/HT: RA TITAN.

SPECIMEN TYPE: DCB ULT. STRENGTH: [ 1
ORIENTATION- T-L SPECIMEN THK:

STRESS RATIO: .0. 50 SPECIMEN WIDTH:
FREQUENCY: 1. 00 HZ REFERENCES:88140 TI-SAL-

4V

AK (MPA -%/) AK (MPA -,/-)m
4 10 40 100 4 10 40 100 %;

-R' gNVI: R. NT: R1.
WATER SATURATED TP-4

10.2 -2 FUEL10 10-1 -- 10"

103 10.1
1010

0i.2 .2J

10 
10

Z 10 "6_ _ _10-z

-4 
10Y

100

1 .7 __ _ _ _ __ --___ _ _ 10-7 ___________

10 ___0._______ 10.6
10- _

1 10 40 100 1 4E10 40r100

© NVIRONMENT R.T. 100o @ EVRNMN;1

ALTER.NATING JP-4 FOEL EVRNET
10*2 ---AND DISTILLED WATER -- 102---

10 - 100

1" - 10"2 1102 •"

lOT' - / C)

10"

11. 10 10

*d6 ________ 10 V

1F 5 10- 5
id 

7

1 100" 10-
1 0l

10 ...10.6L..L.LI 10.

1 4 10 40 100 4 10 40 100

•A•- K (KSI V/') AK (KSI viTh)

Figure 4..1.3.80 T
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TABLE 4.11.3.81

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITHA FIQURE4.11.3.s1INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RAI ----------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

: E=÷ 175F E=+ 175F E-+ 175F E=+ 175F
:DRY AIR JP-4 FUEL DIST. WATER 3. 5% NACL

A: 15.65 : 6.24
DELTA K B: 16.60 : 10.4

MIN C: 15.44 : 13.0
D: 16.62 : 39 9

16.00 : 6.72 15.2
20.00 : 13.3 16.9 29.6 266.
25.00 : 24.8 27.0 43. 6 477.
30.00 : 41. 7 40.7 60.8 537.
35.00 67.2 64.2 93.6 698.
40.00 107. 109. 166. 1277.

A: 42.30 : 133.
DELTA K B: 45. 72 : 219.

MAX C: 44.48 : 314.
D: 46.18 : 4629.

ROOT MEAN SQUARE 9.95 6. 80 6. 53 36. 25
PERCENT ERROR

---------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-210
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CONDITION/HT: RA TITAN.
FORM: 1.00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: 1CB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 50 SPECIMEN WIDTH:

-. FREQUENCY: 1.00 HZ REFERENCESS8140 TI-SAL-
4V

AK (MPA Vm) AK (MPA V'm)

4 10 40 100 4 10 40 100

E8"RONFNT 1 W.° 100 ®5, ENWIENT: 1  41, -t

12 RAJP-4 
FUEL

,10-10

10-' 10.

107 1 o3

10.2 
- 2
10'

., "_10 -3 
_ 10 .3 E

1 E

- 111-0
z

''jI9N ___ ___ 10/ - -_. 10"i oj
1 0- 11 

0- 6

-- -= 10"*_ 10"5

". 07 -- 16-7-

10 .LLLIJ I 'l ,I ,

1 4 10 40 100 10 40 100

100 1@-2 _ 010
ErfaNT +I-50o

10 10
10101

11

"10"2 .2

10;
'o1 , 10.4

N; 10. -. E

-- 

10

.5~6 __ _ _ _ _ _ _ _ _

1 100 1010

•-"=10"-- 
-= 10"

10 6

10 I0.
161

100 10

1 4 10 40 100 o 4 10 40 100
AK (KSI V'n7) AK (KTh V/'•)

Figure 4.11.3.81
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TABLE 4.11.3.82

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.82INDICATINQ EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K : DA/DN (10-*-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

: E- R.T, E- R.T. E- R.T. E- R.T.
:DIST. WATER DIST. H20 3.5% NACL S.T.W.

CRACK SPRAYED
WITH LPS-3

A: 8.08 .507
DELTA K B: 15.22 11.9

MIN C: 8.86 1.02
D: 9.27 1.21

9.00 1.26 1.15
10.00 2.64 2.65 2,02
13.00 10.3 20.3 9,56
16.00 20.9 11. 1 63.4 24.9
20.00 36.8 22.8 117. 52.5
25.00 61.9 42.7 165. 93.6
30.00 102. 65.0 236. 149,
35.00 177. 121. 401. 235.
40.00 394. 369. 838. 384.

A: 44. 55 : 1764.
DELTA K 3: 44.64 : 8433.

MAX C: 44.53 : 1937.
D: 40.49 : 403.

ROOT MEAN -SUARE 15.72 32.49 30.11 12.99
PERCENT ERROR

---------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0.5-0.9
RATIO 0.8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4" .

a.
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CONDITION/HT: RA TITAN. J
FORM: 1.00"TH PLATE YIELD STRENGTH: ALLOy
SPECIMEN TYPE: OCS ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: *0. 50 SPECIMEN WIDTH: TI-BAL-

.-d FREQUENCY: 1. 00 HZ REFERENCESSB14A

I 4V

"A-K (-PA %/) AK (MPA %/"M)
4 10 40 100 4 10 40 100

R-. DN . HWNT: -

.R. 10 01t* ~ V~N~ -. 100DIST. H420 C AdK
-2 2 SPRAYED WITH LPS-3

:-I10

10 ' 
1 0..'

4; . ___..__ _. .3" __ _ _ _

010s

,1• 07 - /.i : o-

2- 10j

100-3

1::"/• - I I!I I ' ''' o. 3  E =

-z 
10 0E-

i •/- .••~O .•T .. .10o' 10o'

10 10 0
'a 110

V 10" 10.4

I o-05 -10.5

.h10. 
10.1 10- -- o--

.• 1010

1 --0 10.61,8 lO- 1 1 1 1,11, 1 1 1 ,1 1l, 1- 10e Is I ~ I a i ll,1 1 -

F g .1

lo~

o. 10-- 2
A 4

".' '" "

10 10'3

100, z0

10~~17 mLJ.LI.

.44.11-213

Fiur 4.1..8



TABLE 4.11.3.83

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.83INDICATINQ EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K DA/DN (1O**-6 IN./CYCLE)
(KSI*IN**1/2)

E•nA B C D
0 -, E=iS

":NITROGEN & AIR

A: 17.05 5.84
DELTA K B:

MIN C:

!t..

20.00 12.2
25.00 21.7
30.00 37.0
35.00 83.7
01J

A: 39.00 209.
DELTA K B:

MAX C:

ROOT MEAN SQUARE 13.05
PERCENT ERROR

"LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-214
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CONDITION/HT: RA T ITA
FORM: 1. 00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK:
STRESS RATIO: -0. 50 SPECIMEN WIDTH: TI-SAL-

SFREQUENCY: 1. 00 HZ REFERENCES:8B1404:,•. .•.4V

' &K (MPA -v/'m) &K (MPA V~m)

4 10 40 100 4 10 40 100':•~~ 1 0 4 0•T ~ t- Z 1 0 0 1 1 1 1 1- 'J"f'i ' , l 'l '

E 100 ENVIRIONMENT: I_

-.. , 12 E6a4.. _AIR

10- 
0102

1.- 1. 10.

10 
-

, 

1"-- 2

-
. 10

.. : 10.5 10. U

0. 0.10.

"10- as 10-7

10 - 10.6 10.6

1,, 1 4 10 40 100 1 4 10 40 100•" 111 I 1 Tll'l I 0 1'' ' _1 11 1 1 1 I 'll 1 11 11' : t 0

©Z ENVIRONMENT: 10 o ENVIRONMENT: 100

-'1 2 16__ _ _ __ _ _ _ __ _ _ _ _ 2 __ _ _ _ _ ___ . -__ __ __

1--- 10-1

10.

'101 

10

.44

"'-- 10- 10

-16

S,• 10 " 10e-"-

"10 
10

-'1 4 10 40 100 1 4 10 40 100
AK (KSI in) AK (KSI /'In)

Figure 4.11.3.83
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TABLE 4.11.3.84

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.84INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

---------------------------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**I/2) :

A B C D

E- R. T. E= R. T. E- R. T.
:DRY AIR H20 SATURATED DIST. WATER

JP-4 FUEL

A: 8.99 : .930
, DELTA K B: 15.67 : 12. 1

MIN C: 14.81 : 9.45
D:

9.00 . .930
10.00 : 1.08
13.00 : 2.57
16.00 6.86 12.3 12.2
20.00 : 20.4 17.0 21.8
25. 00 48. 6 36.3 43.6
30.00 : 70.2 70.5 117.
35.00 : 128. 391.
40.00 302. 1251.

A: 31.84 72.2
DELTA K B: 46.00 2006.

MAX C: 40.19 : I .96.
D:

ROOT MEAN SQUARE 92. 37 14. 73 12.84
PERCENT ERROR

LIFE 0.0-0o5

PREDICTION 0. 5-0 8
RATIO 0. 8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.11..16
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S CONDITION/HT: RA TITAN.
FORM: 1.00"TH PLATE YIELD STRENGTH: ALLOY
"SPECIMEN TYPE: DCS ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:

" STRESS RATIO: *.0 50 SPECIMEN WIDTH:
' " FREQUENCY: 0. 10 HZ REFERENCESS8140 TI-aAL-

4V

AK(MPA 's) AK (MPA -,/"M)
4 10 40 100 4 10 40 100

I VR•IRYENT: R.Y..' "= "' IFI ' '/' R '1'..
• 0oEV NMN:RT, WATER SATURATED JP-4

__ _ _ __10-__10-2 FUEL
0- 101 10

610.3 10

1-.,-
10-2 10.2

4,10 .4__ 10.4 I0-._

10"1

0"10 10-3E
E

100 4 10

10-5 10-z

104 m4.

10 10

10"8 10.8 1

;'-;-".• 10"

12 10 1

"10"1 10.6

© 'IiI' IRI. 1  ,(o~ _1IrT

100 '•' ENVIRONMENT: 10

10•-- 1

101 102-10.2 i02
4

5 11"e 10I - U
zi* .5

r0 - 0' 6o, z

i~- 4 10.

100

10.. 4 10 40 100 1 4 10 40 100
'•:"" ,:.-AK (KSI %/'•) AK (KSI %/'n_)

Figure 4.11.3.84
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TABLE 4.11.3.85

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS ..
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.85INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
----------------------------------- ----------------------- ----- --- e --------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KBSI*IN#1/2)

: A U C D

E- R.T. Em R. T.
:3.5• NACL 6.T.W.

A: 7.97 .992
DELTA K 3: 22.18 : 77.7
MIN C:

D:

98.00 : 1.02
9.00 : 1.82

10.00 : 2.55
13.00 : 5.07
16.00 : 14.8
20.00
25.00 3.160.e30. 00: 209.

A: 19. 93 : 31.4
DELTA K B: 34. 79 ;2;62.

MAX C:
D:

------------------------------------------------------------------------------------
ROOT MEAN SQUARE 21.59 10. 99

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.6

RATIO 0. S-1. 25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

..
:...

'.e,
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CONDITION/HT: RA TTAN.
FORM: 1. S"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: OCS ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: 4'0. 50 SPECIMEN WIDTH;
FREQUENCY: 5. 10 HZ REFERENCES:88140 TI-SAL-

4V

AK (MPA 10m) AK (MPA 0/m)

- 10 40 100 4 10 40 00

10P F-T o-

16, ••, 
,

, o1-01 10*. ,

.10"

10". 100" E o

or- 04 10.4 Te)

,10

@X ENT 00 l -

SENVIRONMENT:

0•2 1.'0 2

So'~ 2 . .. ' ,' '* ' ,, ',J , ,, *

1012101 3E
* .*, 1010 10

•.10"._ 10 .5 _

10.4 10-4
1,6 110"5 10-1s~

7 ::',____ _.- = lO"10ls lO*s - o"6

1 % 10.0 106

•fI I I i Ol 17

1 4 10 40 100 1 4 10 40 100
A, AK (KSI %7) AK (KSI o)

Figure 4.11.3.85
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TABLE 4.11.3.86

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.86INDICATING EFFECT

OF STRESS RATIO
~-- - - -- ---------------- ------------- --------------

MATERIAL: TITANIUM TI-6AL-4V
"CONDITION: RA
ENVIRONMENT: R. T. , L. H. A.

--------------------------------------------------------------------------
DELTA K : DA/DN (10*•-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

: R-+0. 08 R-+0. 30 R=÷0. 50 R-+O. 70

A: 5.98 : .0135
DELTA K B: 6.12 : .109

, MIN C: 6.39 : .226
0D: 5.11 : .146

6.00 : .0139 .375
7.00 : .0485 .229 .371 .798
8.00 : .127 .464 .726 1.40
9.00 : .270 .839 1.25 2.17

0 10.00 : .499 1.39 1.94 3.12
13.00 : 1.84 4.24 5.08 7.33
16.00 : 4.30 8.75 9.54 14.9
20.00 : 9.42 15.9 16.6
"25.00 : 19.0 23.2
30.00 : 32.7
35.00 : 52.2
40.00 : 79.4
50.00 : 171.

A: 52.96 : 213.
DELTA K 9: 25.92: 24.1

MAX C: 20.65: 18.1
D: 19.21 : 30.8

V ROOT MEAN SUARE 33. 97 20. 34 21. 38 6.79
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8 1 1

RATIO 0.8-1.25 2 1 1
"SUMMARY 1.25-2.0 3
(NP/NA) >2. 0

4.11-220
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CONDITION/HT: RA TITAN.

FORM: 1.59"TH PLATE YIELDSTRENGTH: 13. 0- 121.0 KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 127. 0- 135. 0 KS[

ORIENTATION: L-T SPECIMEN THK: 01. 990- 1. 000"
FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: 7. 400- 7. 410" TI-8AL-
ENVIRONMENT: R. T.. L. H. A. REFERENCES1SB57G. 85837 4V

AK (MPA N/'m) AK (MPA Vm-)
4 10 40 100 4 10 40 100

STRESS RATIO -0.0 100 STRESS RATIO = s0. go

10"101 10

- 10.3 1073

S10.- 10

? i Vz
>- 10-4 10"s >

"10- 10.4
1 z

4-,.
16

1064 10.4

1007 6_____ _____10- 1 -

! •, 0"1- I '4 10 I 40 1 00'I•X 4 1" I I 10 I 410 I100I.I

10 RSRTO_._10 @

RESS RATIO -0.50 STRESS RATIO = . 70 100
10" 102

010.

S-- • 10.3 1 .3 E•

10 - 0 E
z 1.5V 1  -- 10 1. 1-

110"
•1 10.*40

-- • 10.65 10,5

10 -81 1-8
1 4 10 40 100 1 4 10 40 100

7- A K (KSI VIMT) AK (KSI V,/i)

Figure 4.11.3.86
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TABLE 4.11.3.87

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE 4.11.3.87INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. S. T. W.

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

S R"-+O. 08 R-+0. 30 R=+O. 50

A: 9.35 : .340

DELTA K B: 7.37: .385
MIN C: 5.97 .293

D:

6.00: .300
7.00 1..649
8.00 .784 1.32
9.00 : .423 1.37 2.46

10.00 : .590 2.27 4.23
13.00 : 1.52 7.32 13.5
16.00 : 3.49 15.3 24.6
20.00 : 8.98 24.5
25.00 : 23.4
30. 00 : 50.6
35.00 : 94.6
40.00 : 158.
50.00 : 344.
60.00 : 591.

A: 66.77 : 772.
DELTA K B: 22.54 : 26.4

MAX C: 17.45 : 28.0
D:

ROOT MEAN SGUARE 58. 58 11. 40 10. 86
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8 2

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0 2
(NP/NA) >2. 0

4.11-222
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CONDITION/HT: RA TITAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 11. 0- 124.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0- 138. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 966- 0. 998w
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 7. 400" TI-SAL-
ENVIRONMENT: R. T. .. S. T. W. REFERENCES:85837. 68579• ,•',..4V

AK (MPA ,m) &K (MPA -Vm)
4 10 40 100 4 10 40 100

STRESS RATIO = -0. 08 10 o STRESS RATIO +.0.:30
1 2_________ _______ _ lO2 _ ______ ________

10"1 10.1

10.3 10-3 --

10.2 102 -

z E10,, 110.4

1 01W
Bz

;ý Z4071"s 
- Z

7 7
'A _- _ _ ___ _ _ _ _ _ _ _

10

10 16 106
%- 10. ---- 110"611 1

- 8 ,10"8 f I I I It, I I I fi ll[
6ý14 10 40 100 4 10 40 100

.- STRESS RATIO = o0.50 10STRESS RATIO 100

* 10`2 12

10"1 10"1

.3  103

-102 10
U 16 4  .4 z

S1010 --

110

10.-- 10-5
io4 0-

-10.6 
1 10

1 4 10 40 1o0

""K (KSI in) AK (KSI Vr7)

Figure 4.11.3.87
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TABLE 4.11.3.88

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
"OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FICURE4.11.3.88INDICATING EFFECT

OF ENVIRONMENT
------------------------ W --------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

----------------- -------------------- - ----------------------------------------- --p DELTA K DA/DN (10O*-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E-- 65F E- R. T.
:L. H.A. L. H. A.

A: 12.57 2.09
DELTA K D: 5.98 : .0135
MIN C: :

• ,•, "-D::

j'. 6.00: .0139
,.;•,,7.O00: .0485

8.0: .127
39. 00 : .270
10.00 .49913.00 : 2.46 1.84

16.00 : 5. 6l 4. 30
• -20.00 : 11. 1 9. 42

25.00 : 20.6b 19.0
30.00 : 36.8 32.7

35.O00: 52. 2
S~40.O00: 79. 4

50.00 : 171.

"A: 31.93 : 46.2
DELTA K B: 52.96 : 213.

MAX C:S~D::

%. --- -------------------------------------------------------------

ROOT MEAN SQUARE 4. 90 33. 97
". IVVPERCENT ERROR

-------------------------------------------------------------

LIFE 0.0-0.5
~ PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 2
SUMMARY 1.25-2.0 3
(NP/NA) >2. 0

Air, -.,-22
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CONDITION/HT: RA TITAN~.
FORM: 1.50'TH PLATE YIELD STRENGTH: 113.0 - 121.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 127. 0- 135. 0 KSI

ORIENTATION- L-T SPECIMEN THK: 0. 990- 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400- 7. 410" TI-8AL-

-. ,FREQUENCY: 65. 00 HZ REFERENCES:85637. 88579 4V

AK (MPA -,/m) AK (MPA -V/m)
4 10 40 100 4 10 40 100

-ENVOMENT: E00NVIRONMENT: R. ll
LL. H. A.20z -______ _ 1 -2 _ _____-___

-' 101 0"
10-

10' +10
az

, 10 _ 10

10 20"
E

Sl _ _ _ _ _o"4 _ _ _

_ _ __IO _ _-_ 10. _ _ _
Z

10.' Jo* -. 10'oo

i 2 10"2

10" 10 - 1'

"=lord 10 a ,10-

10. -- ,~J - O6

10.6 10

I f f ll I I I J -

-10

-1 1

U3 10. - -

010 10".1

z 0 I~ ,__,_____,_II_ - 10"l 1 • ,1 ___,__1,__ --

S01410 10' .-60 10E
105 1 65

"10

-" 10', . '- . 100*

.'v1 4 1 0 101 4 10 40 310.6

Figure 4.11.3.88

4.11-225



• ' ,,., . -m J 8* • •, • e ' .*•- .• 'e *. V~w "'. . . o- .*. •~~* ~ p f r. .. ....... US

-°,

TABLE 4.11.3.89

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.89INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-dAL-4V
CONDITION: RA

DELTA K . DA/DN (CO*-6 IN. /CYCLE)
(KSI*, N*1/2)9

: A i C D

S Em R. T. E-+ 265F
:L. H.A. L.H.A.

A: 6.22 .230
DELTA K U: 14.47 3.05

MIIN C:
D:

9.00 : .401
10.00 .726
13.00 2.59
16.00 : 5.76 5.05
20.00 : 11.3 11.6
25.00 : 18.6 21.6
30.00 : 36.6

A: 29.43 : 23.2
DELTA K !1: 32.07: 45.8

MIAX C:

0:

ROOT EMAN SQUAE 13. 20 5. 62
PERCENT ERROR

LIFE 0. 0-0. 3
PREDICTION 0.9-0.6

RATIO 0.8-1.25 2 1

SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

4...5.1
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CONDITION/HT: RA TITAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 118. 0- 121.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0- 134.0 KSI

t• ORIENTATION- L-T SPECIMEN THIK: 0. 254- 0. 990"

STRESS RATIO: -0. 08 SPECIMEN WIDTH: 5. 000- 7. 400" TI-'AL-
FREQUENCY: 5. 00 HZ REFERENCES:85837. 88579 4V

IK (MPA -%/m) &•K (MP A NAM)

4 10 40 100 4 10 40 100

LHANVIRONMENT. R. . -100 E ENVIRONNT: a F.
L. H. A.

10o2 1_ 02 - ----------

10"1 10"1
10. 1010-3

10"10-3 102

12 10'

m- 4

--_ _ _"__ _010 _ _ _ _ _ .. - _ 10.

10 10

10.6( 10.8

"loe I ,1,1J. I . 1 , 11,1 - 107e I
1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10o ENVIRONMENT: 100

10 -2• 
0•_.•1-

10.1 10.11

-2 W
10 20.

-- • 10"__ _____ 100z~ z

-10.3 - 3

.. 10-10--

"" 010

1 10--

10.

10 10 40 1 1 4 10 401

1001

;,: .•. ', AK (KSI v'T ) , K (KS: vl )

'% Figure 4.11.3.89
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TABLE 4.11.3.90

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.90INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*4W1/2)

A B C D

E- R.T. E- R.T. E=+ 150F
:L. H. A. ,J. P. 4 S. T. W.

A: 24.00 : 14.4

DELTA K B: 7.83 : .107
MIN C: 12.49 2.27

D:

8.0O0 : . 126

9.00 : .308
10.00 : .663

13.00 : 3.00 2.7316.00 : 6.83 5.97

20.00 : 12.8 11.8
25.00 : 16.6 20.2 24.4
30.00 : 30.7 53.4
35.00 : 50.0
40.00 : 74.7

A: 41.69 : 84.3
DELTA K B: 26.71 : 22.7

"MAX C: 33.71 102.

ROOT MEAN SQUARE 4.34 20.62 16.88
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1 1 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-228
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CONDITION/HT: RA I I TAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 117. 0- 121.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0- 135. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 992- 1.0001"

STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" TI-6AL-
FREQUENCY: 1. 00 HZ1.00 HZ REFERENCESS5837. 68579 4V

AK (MPA N/Vm) AK (MPA N/_m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R 100 NVIRONMENT.R. .
LH.A J. P. 4•:l -2 _________ _______ _ _ _____.______ __________

100 0 --O10- - 10"' 10.1

10" 2
10- 10.4

- 1" __ _ 1

,10- 100 E
z

S 1  10.- z

!a : -- 1r 4 10"4

la0 1010

1 or 
17I I I

10 -. 17 100

.::.10 "e I I I 1 1 l ol l, 10 "16 8 4 1040d0
1 4 10 40 100 0 1

=I 1_11 1_1_1_1________1__11_1_1 __1__1_ 1

.E•Vt•qNMENT: 10 100 ENVIRONMENT: 100

* 62 
10________ 62 

i 0'______10 --.. 10

1•10- 
10'

•. ~~- 10.•-- 1.

4 64
S-= -' -= -

10.5 10 E

10 - 04

- I0010.

.9 10' 0

10 "8 LI . .LiJ i - I0 E . l.l Wi iL .I I W L

1 4 10 40 100 1 4 10 40 100
""., AK 0(KS vI'n) AK (KSI V//n)

Figuro 4.11.3.90
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TABLE 4.11.3.91

"FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
7-" STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.911INDICATING EFFECT

OF FREGUENCY

------------------------------- -------------------------------------------------
MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RAENVIRONMIENT: R. T. S8. T. W4.
E M ..----------------------------------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)
44% (KSI*IN*.1/2)

A B C D

: F(HZ)I 0.10 F(HZ)- 1.00

A: 11.17 : 1.07

"DELTA K B: 8.35: .340
"IN C:

D:

,6.% 9.00 .423
10.00 : . 590
13.00 2.24 1.52
16.00 4.15 3.49
20.00 : 11.0 8.98
25.00 21.4 23.4 L:1

* . 30.00 49.0 50.6
35.00 : 94.6

, 40.00 : 158.
50.00 : 344.
60.00 : 591.

A: 32.56 8 9.9
DELTA K 3: 66. 77 : 772.

MAX C:
D:

ROOT MEAN SQUARE 12. 74 58. 58
PERCENT ERROR

-- ----- - -------- ------------------------------------------

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8 2

S RATIO 0.8-1.25 1
SUMMARY 1.25-2. 0 2
(NP/NA) >2. 0

4.11-230
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CONDITION/HT: RA TI TTAN,
M FORM: 1. 50"TH PLATE YIELD STRENGTH: 118. 0- 124.0 KSI IALLOY!

SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0- 138. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 988- 1. 010"
STRESS RATIO: -*.-• 0.8 SPECIMEN WIDTH: 7. 390- 7. 400" TI-6AL-

, ~'" ENVIRONMENT: R. T.. S. T. W. REFERENCES:88579. 85837
~ 4V

&K (MPA ,V/') &K (MPA v'F)
4 10 40 100 4 10 40 100

( I' i ,I , I , , l,,l -, ( ) 00

*_FREQUENCY (Hz): 0. 10 10 FREQUENCY (Hz)z 1.00
,062 1 2

10' 1010 3 io-F -
i 102 -12

10?s 1. 3  10_

4 _ _ 4 _ _

10 10.30-

- 10"3 10 E

i10.7 10"7 , 0-

10.1 F0"

4010 40 10 10 40 10

lO° (1 I'I'I) ' I' i'I' I ' I ,'
* RQEC H)1 FREQUENCY (Hz) : 100

10 01 1010

oh 10. 001

71 7

•. ,02 =10.2 •

410 (U

.10"6 10

16 i 1O, s

1 41 10" 4 4

10" , 1.,

10 10'

103

101010

S1 .6 610.6

U- 0-6 I ,1 1 1 - l- -L lil - 10.8 1 ll l 1 l l
• . ,,. 1 4 10 40 10O0 1 4 10 40 1O00

• -•,AK (KSI V7'T) A•K (KSI •'•

Figure 4.1.1.3.91
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-4, TABLE 4.11.3.92

"FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.92INDICATING EFFECT

OF ENVIRONMENT
--------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

------------------------------------ --------- ----- ---------------
DELTA K : DA/DN (10*4-4 IN./CYCLE)

(KBSI*IN*1/2)
A B C D

En R.T. E1 R.T. E- R.T.
:L. H.A. J.P. 4 8. T. W.
NHZ IHZ 1HZ

A: 8.94 : .231

DELTA K 3: 7.99 .22
"IZN C: 6. 08 .0803

0:

7. 00: .175

8.00 : .226 .346
9.00 : .244 .375 .404

10.00 : .537 .717 .964. 13.0 oo: 2.45 3.5 2 . 78
14.00 : 5.74 7.91 5.93

20.00 : 11.4 14.2 12.7
25.00 : 20.2 26.3
30.00 : 32.0 47.6
35.00 : 49.9 79.4
40. 00 : 79.5 126.
50.00 : 208. 29.
0.0O0 : 609. 592.

70.00 : 1160.

A: 83.39 : 993.
DELTA K 9: 24.76 : 25.7

MAX C: 71.06 : 1242.

0:

--1 ------- -- ---------------------------------- ------

ROOT MEAN SQUARE 27. 79 12. 87 33. 81
PERCENT ERROReee

LIFE 0.0-0.5PREDICTION 0. 5-0.8 1 1

RATIO 0.8-1.25 1 1
SUMMARY 1.25-2.0 1 1
(NP/NA) >2.0

L• 4.11-232
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CONDITION/HT: RA TITAN.
FORM: 1. 50"TH PLATE YIELD STRENGTH: 122. 0- 125.0 KS! ALLDY
SPECIMEN TYPE: CT ULT. STRENGTH: 134. 0- 135.0 KS!
ORIENTATION T-L SPECIMEN THK: 0. 501- 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" TI-6AL-
FREQUENCY: REFERENCESS5837. 88579 4V

/.. .%',

AK (MPA -/-M) &K (MPA v/'s)
4 10 40 100 4 10 40 100

VIRRNMENT: R.' T, 100 9 ENVIRONMENT: R. T..
J. P. 46HZ " 1_'2 1HZ

102 10 10"1 -- _ _10-1

102 10_2S* °'i_ = 1"

1 14__ _-.4_ __ _- •

1'03 1103 E
it,, Ez'105 _ 10E-AI

10- 10"

101 
6

10.6 1-

I. _I IIl l , 1_0

1~ 4 10 40 100 101 4 10 40100

- :-NMENT: ENVIRONMENT: 100

-- 1HZ 1 10
100 10.1

-- -- 10"6_ --•110.

10 .2 i2~
100

Iz
2U

'0 0 I - _

10' 10.' E

16 10 10.

V 
4

10 106 10,6

1 4 10 40 1001 4 10 40 100
AF K (K•SN I 7N ) &K (KSI VIM1

Figure 4.11.3 92
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TABLE 4.11.3.93

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.931NDICATING EFFECT

OF ENVIRONMENT
------- ---------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

- -------- ------------------ ----------------------------
DELTA K : DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

E ER.T.
F. C. 8.

A: 13.81 3.33
DELTA K B:

MIN C:
D:

16.00 : 4.56

20.00 : 9.72
25.00 : 16.8
30.00 24.7

A: 30.21 : 24.9
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 4. 69
PERCENT ERROR

------------------------------------------------ ------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0. a-1. 25 1
SUMMARY 1.25-2. 0
(NP/NA) >2.0
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CONDITION/HT: RA TITAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 117.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 133. 0 KSI
ORIENTATION T-L SPECIMEN THK: 1. 380"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 4. 000" TI-SAL-
"FREQUENCY: 1. 00 HZ REFERENCES:S857G 4V

AK (MPA -'m) &K (MPA Nv/')
4 10 40 100 4 10 40 100

.R100 NVIRONMENT:

-12

010-1 10.

o73 1O3
.- 10 100

.10 10_3 E

z1 E

10-. 10 1
110o -- z

1: l601..__

1 10 4 10 "5 4 1 10"063" 
110-

10-2
10'

10"e10I 1,, E '"1 ) , 1, *, 0

14 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100

_____ ____ 1010

olO-2l"

1 1o6 --
10-1 _ 10

1078 101 4

i n . L .."L L L . . L . . L . L L L - 0 1 0 -.. .. _. 1 0 .2J.. .. .1

"1 4 10 40 100 1 4 10 40 100
K~ '." K (K SI A~ AK (K SI 7n"T)

Figure 4.11.3.93
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TABLE 4.11.3.94

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.94INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-&AL-4V
CONDITION: RA

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KS1I*IN•1/2)

: A B C D

S E R.T.
: L. H. A.

A: 11.70 : 1.48
DELTA K B:

MIN C:
D:

13.00 : 2.98

A: 15. 81 : 5.79
DELTA K B:

MAX C:
D:It

ROOT MEAN SQUARE 10. 94
PERCENT ERROR

--- LI---.-. -------------------------------------------------LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1. 25-2.0
(NP/NA) >2.0

7'S
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CONDITION/HT: RA TITAN.
FORM: 1.50"TH PLATE YIELD STRENGTH: 121. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 135. 0 KSI
ORIENTATION- T-L SPECIMEN THK: 1. 013"
STRESS RATIO: -0. 50 SPECIMEN WIDTH: 7. 380" TI-6AL-

.:- FREQUENCY: 6. 00 HZ REFERENCES:85837~. 4V

AK (MPA V.) AK (MPA v7•)
4 10 40 100 4 10 40 100

VI.VRýNMENT: R.T.. E10 NVONM, NT:

162 102

- 10 .1 
10 "1

"10 1
1.2 .2

100
16 4  _ _1__ _

4.1110__40_ 100 0 1____4 10 40_0_=

0 10-3 E

1-. 0•-- 10-

.- 10._0
-6 E

110

1 0-4l 10 .

10- 10.6

1,;-: 1z 1°" - 1Os 1 z11 1 1 1 1 1

1 0-1 o

WL-:..JJ WW-JJ _
.I.V" -- ' .., 10..L..LL10-4-

100 .______00

1•0 __10F3_ 
_ _ _10 "S

4100 -- 10.7 -- --

:-.' - • 10"

1.- 4000 .

ENV IONMENT: 100 NVIONMET: 101 10. 10 10 30

107, 102
1010;

U 4. 4 ii23
o0- 1015

-6- 66

1078 1 111 10 10.111

0710 4 10 40 100 1 4 10 40 100
'A '... K (K SI VIM)h 6K (K SI V/ -in

Figure 4.11.3.94
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TABLE 4.11.3.95

a' FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.95INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K : DA/DN (10*--6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

E- R.T. E-+ I1OF
:L. H.A. S. T. W.
6HZ 1HZ

A: 15.66 : 1.74
DELTA K B: 12.77 : .99

MIN C:
D:

13.00 : 1.06
16.00 : 2.12 2.71
20.00 : 7.830 9.37
25.00 : 17.5 31.9
30.00 : 87.8

A: 29.18 : 45.5

DELTA K B: 34.28 : 93.1
MAX C:

D:

ROOT MEAN SQUARE 12. 60 11. 76
PERCENT ERROR

-------- ------.-----------------------------------------------

-&4 LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1 1
SIJMMARY 1.25-2. 0
(NP/NA) >2. 0

'1
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- CONDITION/HT: RA TITAN.
FORM: 2.00"TH PLATE YIELD STRENGTH: 119. 0- 122. 0 KSI ALLOY

PECIMEN TYPE: CT ULT. STRENGTH: 131. 0- 133. 0 KS1
ORIENTATION- L-T SPECIMIN THIK: 0.998O- 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" TI-SAL-

A .• FREQUENCY: REFERENCES:85837. 88579

AK (MPA V/') AK (MPA vý-M)
4 10 40 100 4 10 40 100

ENVIRONMENT: R.T.. 100 NV,.ON NT:- 150 F.
p L. H. A. w

10. 10 '

~.310"
"102 10"

0 ,6401
" i0 .3 .3

10 _10"E

io o to -9 -" -10 _

100.
S~a .0 _____ __________

10

Ida• 10"

S10"5 10"1

010' 100

1 10" I0"0
1010 41

.• 1"• 1_ - 1 10,o

_N1 ENVR10:10'3 10.1

v 104 1
100

10"0

16 10 1- -t11

104 10 40 10 1 4 10 40 100
A " AK (KSI V•) AK (KSI I')

Figure 4.11.3.95
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TABLE 4.11.3.96

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FPIURE4.11.3.96INDICATINQ EFFECT

OF ENVIRONMENT
----- ---- ------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KS][INN1./2) :

A B C D

E R.T.
8:. T. W.

'4

A: 13.83 .788
DELTA K 3:

"MIN C:
,- ~D::

14.00 : 2.13
20.00 : 8.98
25.00 : 27.5

IAA: 26.33 33.2
DELTA K 2:

MAX C:
D:

ROOT MEAN SQUARE 10.04
PERCENT ERROR

*in ~ ~ o~fbo--------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0.6

RATIO 0. S-1. 25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: RA
FORM: 2. 00"TH PLATE YIELD STRENGTH: 125. 0 KSI ALLOYI
SPECIMEN TYPE: CT ULT. STRENGTH: 135. 0 KSI
ORIENTATION- T-L SPECIMEN THK: 0. 997

.,STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" TI-8AL-'.'-"FREQUENCY: 1. 00 HZ REFERENCESB58J37",. 4V

AK (MPA &K (MPA ,V•')4 10 40 100 4 10 40 100

IT NONMENT: R. .10 ENVIRONMe.NT:

10--

1
- 10.2 10-2

> 164' -4'Z

lo. 10'

10"4 10. E

Cm

166 Z ~

10 10
10

4 10 40 100 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 10o
1O2 1, O210"1 1 . 10'

10.3  10.3

S 10.'O10-2
4 4 U

= 1

010 --. , 3

z E
: 10.-6 .__lO -,1, _ -

10"5 ' 0"

1010

10 10
-71 7

101

1 0. Ii-1 i~ . WI I 0 10"0 I w I 1,j ,l -

1 4 10 40 100 1 4 10 40 100
AK (KSI v/Th) AK (KSI /-m)

Figure 4.11.3.96
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TABLE 4.11.3.97

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.97INDICATINO EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. , S. T. W.

DELTA K . DA/DN (1O.*-6 IN./CYCLE)
(KSI*IN**1/2) A

:A C D

• RR+O. 08

A: 7.60 : .142
DELTA K B:

MIN C:
D:

8.:.00 .215

9.00: .594
10.00 : .778
13.00 : 1.31
16.00 3.25
20.00 13.4
25.00 37.5

A: 29.44 : 54.6
DELTA K B:

MAX C:
D:

-- - - -- - - - - - - - - - - - --- - - - - -

ROOT MEAN SQUARE 22. 56

PERCENT ERROR
--- - ------------------------------------------------ ----------------

LIFE 0.0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.11-242
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CONDITION/HT: RA TITAN.

FORM: 2. 50"TH PLATE YIELD STRENGTH: 120. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 131. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 000"
FREQUENCY: 1.00 HZ SPECIMEN WIDTH: 5.000" TI-0AL-
ENVIRONMENT: R. T. S. T. W. REFERENCESS8579 4V

AK (MPA VX'/) AK (MPA v'i')
4 10 40 100 4 10 40 100

SI 1 I ' I'llq I I I I I f l ]l'"1

STRESS RATIO% +0.08 100 STRESS RATIO

P162 10.1_ lO.2 101

lO'' .. ..___ __ __ _- 10.''"1021 10-

-4____ 
- o•-'-010' 2 0._ - 2

_________-_"_n 
-- __ _ _ _ _

-10 .5 10 3 E
lo 

1

16 1

_____10____ 
10-4- 1010-4 

-'

E10 
16..10

STR SSL 1L L L 10 6 _ - . L A J 1=0"6

4 10 0 
0100

F -- I ' I /-I I 

o-1 
0

STRESS RATIO =10°STRESS RATIO lo0

S102 2101

i 3  
- 1 0"1. --. 10-1

..- ___._10"3_ _ _, , 03

010' '"

10_3
*., *6 

-- - 10.
"% "10" 10

".'7. I __ __ _ __ 104O
7  1 ."- 1 0 

- 1 0.1 0
V - 10- 

,- 1 .

:".i. 07 

10. " 
07 _

10•. 4 10 40 100 1 4 10 40100

• . N-% &K (KSI Vrh) &K (KSI v/•)
Figure 4.11.3.97

..o 4.11-243

. Ij



TABLE 4.11.3.98

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE 4.11.3.98INDICATINQ EFFECT

OF ENVIRONMENT
--------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

-----------------------------------------------------------

DELTA K DA/DN (104*-6 IN. /CYCLE)
(KSI*IN,*1/2)

A B C D

S E- R.T. E- R. T.
:L. H.A. S.T.W.
6HZ 1HZ

A: 11.40 : .581
DELTA K 8: 11.39 .991

MIN C:
D:

jý. )0 : .811 1.70
I..00 4.76 3.96

"2 0. 00 10.4 9.34
25.00 : 19.9 28.1
30.00 : 34.8

A: 32.Ak-- 42.9

DELTA K B: 2r768 34.6
MAX C:

D:

------------------------- -------------------------------- --------------------
ROOT MEAN SQUARE 13.29 15.40

PERCENT ERROR
------------------ ----------------------------------- -----------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25 1 2
SUMMARY 1.25-2. 0
(NP/NA) >2.0

4p

4.1-4

4.11- 244



CONDITION/HT: RA TITAN.
FORM: 2.50"TH PLATE YIELD STRENGTH: 122. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 135. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 990- 1. 000"
STRESS RATIO: +0. 08 SPECIMEN WIDTH: 7. 390- 7. 400" TI-BAL-

. . FREQUENCY: REFERENCES:88579

AK (MPA ,M) AK (MPA %/m)
4 10 40 100 4 10 40 100

SI 1 11 1 yIII1 1 1 1 1 1_

ENVINMENT: R. t10 - ENVONMENT: R.--410
L. H._ S. T. W.

1-2 5HZ 1-2- 1HZ
10 " 103 _ __ _ __0 ,__ _ __ _ _ _ _ __ _ _ __I0

10"-03

10 04
10;

.--. 0 100 1.olO•- , 10"___ 10" U

1 .o 3 oe10: -
z .3

. . . 10
10 4

4 10-44-6a

*1a 100

10.6 L i -
10 8 I ' I 'I 'I,], I ' I I II I 1111il' I ' 1 .' I ''11 1 11

14 10 40 100 1___4_10 _40 _100

"•,'- EVENVIRONMENT: • @ oRONMENT 10

01 0 0"l

",100-
10.2 10 2

4 4

C 10.3 10.3 E

- 10E

10"4 z 10'

1 7O" 10F• 7
10 1.

10..1010

1,.., 10

SI t

101 4 10 40 100 1 4 10 40 100

AK (KSI &K (KSI V'Tn)

Figire 4.11.3.98
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TABLE 4.11..3.99

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.11.3.99INDICATINQ EFFECT

OF ENVIRONMENT
---------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

--------------------------------------------------------------------------------
DELTA K . DA/ON (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

E ER-.T. E- R. T.
:L. H.A. S.T.W.

6HZ IHZ

A: 10.70 : .357
DELTA K B: 10.73 : .743

MIN C:
4:

lp
13.00 : 1. 12 1.37
16.00 : 3.51 3.28
20.00 : 9.89 9.12
25.00 : 20.7 23.1
30.00 : 40.6

A: 29.26 : 27.4
DELTA K B: 31.56 : 45.4

MAX C:

ROOT MEAN SQUARE 9.23 15. 54
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. B 1

RATIO 0.8-1.25 1 1
SUMMARY 1. 25-2. 0
(NP/NA) >2.0

4.11.246
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CONDITION/HT: RA TITAN.
FORM: 2. 50"TH PLATE YIELD STRENGTH: 122. 0 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 135. 0 KS!
ORIENTATION T-L SPECIMEN THK: 0. 990- 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 7. 400" TI-AL-
FREQUENCY: REFERENCES.8579 T -""- 4V

AK (MPA Av'• K (MPA V-m)

4 10 40 100 4 10 40 100

ENVIRONMENT: 1R , -I 10NV ENT: R
L. H.S. T. W.

102 8HZ 10 12 1HZ

- 10.1 10.1

1._-10- 100.

6 " - '5 3 -E 1 3
110. -_ 10

z -510 1. 10 z

q v10a 10- 4

1 4 10 40 100 11 4 10 40 100

I'l Ida'

ENVROMET:100o ENVIRONMENT: 100o
10"5 100"

10 10"1 _-- 101

10.o3  -10. ,-
10-z610.2...0.

li>, Id 10 1>1" lA 1

-4 --

1 4-14 10"0 4 10. 40 10
-ý ENIOMN:Eo@ EVRNET o

10" 10 -

1or 163~~

4_ 10.100 1

16 -6 -
-- • 103 -- - E

0 1010

101 " 10.7-'.-

-- E 06- • 1.

.106

101 4 1 405 10 --. J5~i. .... L..LJJ
1 4 074 100

F'igure 4.1]..3.99
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TABLE 4.11.3.100

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.1oaNDICATING EFFECT

OF ENVIRONMENT
--------------------------------- ------------------------------------------------
MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
---------------------------------------------------------------------------------

DELTA K . DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

S E- R.T.
:L. H. A.

A: 18.54 : 2.02
DELTA K S:

MIN C:
D:

20.00 : 3.34
25.00 : 10.6
30.00 21.5
35.00 : 36.3
40.00 : 57.6
50.00 145.
60. 00 405.

A: 62.29 : 521.
DELTA K 8:

MAX C:
D:

S- - - - - - --------------------- --------------------------------------------

ROOT MEAN SQUARE 8. 69
PERCENT ERROR

e, ----------------------------------------------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1

SUMMARY 1. 25-2. 0
(NP/NA) >2.0

4.11-248
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CONDITION/HT: RA ITiTAN..
FORM: 3.50"TH PLATE YIELD STRENGTH: 119. 0 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 129. 0 KS!
ORIENTATION- L-T SPECIMEN THK: 1. 000"
STRESS RATIO: -0. 08 SPECIMEN WIDTH: 8. 000" TI-6AL-"
FREQUENCY: 6. 00 HZ REFERENCESSB579 4V

4V

.
".

AK (MPA vrm) &K (MPA v"m')

4 10 40 100 4 10 40 100

"ENyVIRONMENT: R. 100 oNVIONMENT: Ii L.H.A

___o.______ ________ -_ -O2 ________-_ _________

10

10"1 10"1

% 110, 102

/ 10

% 10.3 10 3 E

'I'D 10 Oz 0 --
". 1 -- _ _ _ 

_ _ _ _ 
___ ___ __ 0_ z

m 10.'4 104

100 1 0_-

10_ I1 
o

10" 
010" -6

1 4 10 40 100 14 10 40 100

"_• ENVIRONMENT. 10o ENVIRONMENT: 100

____" _ _- - -1 -2 -- 1

10.3 10.3 --

,• 10.2 10-2 •-

-4 164

10 10-
3 3

1..10"10 !

S-- 010. Ez E
IO.•10 z

4. . -- 10* 1 10*---

6 7 .7

OR 
7

10.6 -- -
--- --- 10-

• 10 .0 I , I I ,I il l I d alh -1 " l l , ,

1 10 40 100 1 4 10 40 100
6 K (KS!I V/7) AK (KSI V/T)

Figure 4.11.3.100
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TABLE 4.11.3.101

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.101INDICATINQ EFFECT

OF STRESS RATIO
-- - - - - - - - - - - - - -- - - ----------------------------------------OF TR S RA I

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. S. T. W.

DELTA K DA/ON (10**-6 IN. /CYCLE)
(KSI*IN**1/2) A B C D

R,,+0. 08

A: 6.72 : .356
DELTA K B:

MIN C:
D:

7.00 : .384
8.00 : .573
9.00 : .957

10.00 : 1.6513.0O0 : 7.2;4 .'
16.0O0 : 20. 0
20.00 : 36.8

A: 21.08 : 38.2
DELTA K 8:

MAX C:

---------------------- ----- -- --------------------------------

ROOT MEAN SQUARE 9.22
PERCENT ERROR

-------------------- ---e------------------------------------LIFE 0. 0--0.5

PREDICTION 0.5-0.8
RATIO 0.8-1.25 1
SUMIIARY 1.25-2.0
(NP/NA) >2. 0

4.1-5

4.11-250



CONDITION/HT: RA TITAN.
FORM: FORGING YIELD STRENGTH: 12.0 KS! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 138. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 900"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 5. 000" TI-BAL-
ENVIRONMENT: R. T.. S. T. W. REFERENCESS857 TIV•',' ",'"'.4V

&K (MPA V"/) &K (MPA V-m)
4 10 40 100 4 10 40 100

= I I' I',l 'lI I , I'l li -',' 0' ' ~ ~~t I ,I l l -

STRESS RATIO= .0. 08 10°STRESS RATIO 7-O2 ______O_ ________ ________ ___.____

0 10" 1

10.1 10711°. ----

:.;1- ,2 10-2.0-
-010"

-% "A

"•' " - B103 .03 E

•_.. o _•_10"'•_ 10" E•

z --
V"10 1 1 -10

10 -- 10-0 -

• 1 " I , f l I ,10I, , - 6 10" I .16 • m , -

-16

-'. 1 4 10 40 100 14 13 40 100

1STRESS RATIO - 10 STRESS RATIO -oo

.-. 10. 1.2 0.
1000

© 0

6"o 100

" 10• - 10-
.-- 10" _. 10.

.•,. •- _ -

z 
E,

"-0.5 105 -

- 00*

,,10•d _ 10V-
10 16

10s -05

.7,'''10'7 --- 10 -

10.6 1.6

10 4 10 40 100 1 4 10 40 100

&K (KSI V%/i) AK (KSI v/'h)

S"..Figure 4.11.3.101
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TABLE 4.11.3.102

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.1o2INDICATING EFFECT

OF STRESS RATIO
S ..-------------------------------------------

MATERIAL: TITANIUM TI-6AL-4Vr" CONDITION: RA
ENVIRONMENT: R.T. ,S.T.W.

----------- - ------------------------.--------------------------------------
DELTA K . DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
* A B c D

: R+0. 08

A: 10.96 : 1.07
DELTA K B:
MIN C:

D:

13.00 2.50
16.00: 6.47
20.00 : 16.1

"". 25.00: 36.1
* 30.00 : 64.4

35.00 : 99.4
40.00 : 139.
50.00 : 225.

A: 54.52: 264.
, DELTA K B:

MAX C:
D:

% .0*

ROOT MEAN SQUARE 22. 85
PERCENT ERROR

SLIFE 0. 0-0. 5
"PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25 1
SUMMARY 1. 25-2. 0 1

(NP/NA) >2. 0

4.11-252
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CONDITION/HT: RA TITAN.

S FORM: FORGING YIELD STRENGTH: 119. 0- 124. 0 1(9! ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 132. 0- 1365. 0 KS!I
ORIENTATION: T-L SPECIMEN THK: I. G1B- 1. 010"
FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 5. 000" TI-AL-

S.. ENVIRONMENT: R. T. v S. T. W. REFERENCESSM70 4V

AK (MPA %/m) AK (MPA -,./)
4 10 40 100 4 10 40 100

STRESS RATIO '0. 08 STRESS RATIO L

0 10.1 10.1
t..

00'.0 •

-10" 
10"

o 00.10.

"- 10"00

..- ros - - _ 10.

10 10"

4 0 40 0 10 40 100

© STRESS RATIO '10TRESSRATIO 100

10 10" 10"

'10. 1.-•2

i.,- 10.3 10-3

.5 10.6100

1w.: _,o._,o,_-,o.

_,10"• .- =

Io - 10"
10.6 106

10+8 ,LA.L. L .... L..LLI - , 10'. ... L...LJLJ .L U . A. -- -- lor0e - " 10

;r 1 4 10 40 100 1 4 1o 40 100
AK (KSI A AK (K S I

Figure 4.11.3.1.02
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TABLE 4.11.3.103

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.10ONDICATINO EFFECT

OF STRESS RATIO

MATERIAL.: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. ,L.H.A.

----------------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

R"÷0. 09 R"+0. 30

A: 10.40 • ,132
M, DELTA K 3: 9.44 .86

MIN C:
D:

10.00 : 1.22
13.00 : .618 4.26
16.00 : 1m93 8.77
20.00 : 6.76 16.2
25.00 • 13.9 28.2
30.00 : 23.3 45.4
35.00 : 72.4
40.00 : 117.
50.00 : 324.

A: 34.94 : 36.0
DELTA K B: 57.20 710.

MAX C:
D:

R-0-----------E---G-Q--A-R-------------- -1---7-------------------------------------------l-7-------------------------------------ROOT MEAN SQUARE 12. 27 8. 17

PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0,8
RATIO 0,8-1.25
SUMMARY 1.25-2.0 1
(NP/NA) >2.0

4.11-254
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CONDITION/HT: RA TITAN.
FORM: 4.00"TH FORGING YIELD STRENGTH: 121.0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 132. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 1. 000"
FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: 7. 400" TI-GAL-

v. ENVIRONMENT: R. T. , L. H. A. REFERENCES:88579 4V

AK (MPA V/'m) AK (MPA V-m)
4 10 40 100 4 10 40 100

STRESS RATIO = ÷0, 08 STRESS RATIO -,-. 30
1-22 .2

10 .10

603 13 Z.

10.2 10.2
101._

• . ,.3

Z -- ol-10 10 E-

0 ~10,

61 -7 Z

6 10 10
- ~10.7

1 4 10 40 100 1 4 10 40 100

,- -' STRESS RATIO = 1 STRESS RATIO= 10

16 l2 161

ii _ ,-• 10-1 
1 "

10210

4) 102 100-

0 -3 __10_3 -'-• 10.

4 "4• - 0, 04
S 10 1

10.2 10-3 E
1 E

__0_5 z

4 10 40100 
164 0

100

~ -~ 0.6 ~106

7-1 1 4 10 40 100 1 4 10 40 100-
v AK (KSI &AT) AK (KSI V'•)

.N "Figure 4.11.3.103
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TABLE 4.11.3.104

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

"DATA ASSOCIATED WITH FIGURE4.11.3.10,4NDICATING EFFECT

-*,I OF ENVIRONMENT
-- ------------------------------------------------------------

- MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
-----------------------------------------------------------------------------------

"DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2) :: , •A B C D

-ER.T. E- R.T.
:L. H.A. J. P. 4

A: 9.37 • .349
DELTA K B: 12.53 : .933

MIN C:
"D:

"10.00 .388
"13.00 " .844 *B12

16.00 : 2.04 1.38
20.00: 5.79 5.54
25.00 : 15.9 14.2
30.00 : 34.1 26.6
35.00 60. 1
40.00 91.3
"50.00 : 166.

A: 58.69 341.
DELTA K B: 32.23 " 34.8

MAX C:
hJD:

S ROOT MEAN SGUARE 25. 76 17. 89
"PERCENT ERROR

LIFE 0.0-0. 5
PREDICTION 0. 5-0. e

RATIO 0.8-1.25 2 1
*:i SUMMARY 1.25-2.0

(NP/NA) >2. 0

evil'

W%=%
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CONDITION/HT: RA TITAN.
o FORM: 4. 00"TH FORGING YIELD STRENGTH: 121. 8 KSI ALLOY
'I SPECIMEN TYPE: CT ULT. STRENGTH: 132.0 KSI

ORIENTATION- L-T SPECIMEN THK: 0. 950- 1. 000"o

STRESS RATIO: +0. 08 SPECIMEN WIDTH: 7. 400" TI--AL-
FREQUENCY: 1. 00 HZ REFERENCES:88579 4V

.-$ .. 4V

.Z

•" ZAK (MPA %/m) AK (MPA v )

4 10 40 100 4 10 40 100

"!!F NIRNNT:O R.0 o &NIA814WNT: R.T..
J. P. 4

10.2
10-' 10"1

"1l.3  1__ _ __ _ _ _3__ _

-2 -2
_. 10 10E

z E
u 10., - 104 -__ _ _ _ _

N 10 z

S1o- _ O.3

-4v 01 o10•s 100

10 10

1-' 1 "1 1Os- 1O'lsIII l
p..

1 4 10 40 100 1 4 10 40 100
•" ENVIRONMENT: 100 ENVIRONMENT 100

10 10.- 10"

1 id

101 10-2

165 10's -

10.4
10~~1 .* -* 07 -1 '

"10 10.

.41-

le *d _--- *-'e A10- - .- 10 -
Ii110e

.; - -__.- _ _-_= _ _0_

1.....', A... . 1" I0" - I , I I ... I... L. =l. LL -

1 4 .) 0 ' . 1 4 10 40 100
: .''-' • ' ' K (KSI •/ )

'4. Ficgjuro 4.11,3.104

/" 4,1 1-/5"/7

"o". .......... • ..........="".,._ '.,'',; ':'. _ ,''.•''. ".''..", '".. .'' ;.:• '. .;".' . ". ". *.. _ ' . *._ - • : .._ .*.; .".. .', ., .,.- *.'. ..'" .. j'.".. ,* ;. " ;. f~ ".L.. - '"



"TABLE 4.11.3.105

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

- OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.10oNDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R. T, H. A.

-------------------------- --------------------------------------------------------
DELTA K DA/DN (O1**-6 IN./CYCLE)

(KSI*IN**1/2)
. A B C D

: R-+O. 0o R-+0. 50

A: 12.73 : .837
DELTA K B: 9. 49 : 2. 14
MIN C:

D:

10.00 : 2.68
13.00 .920 6.78
16.00 : 2.53 11.9
20.00 : 7.65 19.8
25.O00 : 19. 1 32.7 t..Ap
30.00 32.8 51.6
25.00 3 9.1 32.7 3

A: 68 69 : 88i.
DELTA K 3: 37.30 : 101.

MAX C:
D:

;OOT MEAN SQUARE 13.63 7.38
PERCENT ERROR

LIFE 0.0-0.3
PREDICTION 0. b-0. 0

RATIO 0 0-1 25 1 1
6 UMMARY 1 25-2 0
(NP/NA) >-2. 0

4. 1
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CONDITION/HT: RA TITAN.

FORM: 4.00"TH FORGING YIELD STRENGTH: 119. 0- 128. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 127. 0- 138. 0 KSI
ORIENTATION: T-L SPECIMEN THK: 1. 000"
FREQUENCY: 8. 00 HZ SPECIMEN WIDTH: 7. 400" TI-GAL-
ENVIRONMENT: R. T.. L. H. A. REFERENCESS8579 4V

AK (MPA N•) AK (MPA Vm/')
4 10 40 100 4 10 40 100

SSTRESS RATIO = -0. 08 10° STRESS RATIO = *I.5010-lO2 __o.2 •

-. 10- 1101031

~1- lOI_ 0.3

102 2 10-2

4 .4

010-0

1° - -10- 1 10'

10108

1 4 10 40 100 1 4 10 40 100:/0^
STRESS RATIO STRESS RATIO= 10 o

162 - 162
-- • 10"1 10-1

opI

?, % 6- -2

10* 10- 102 -

1' - 100"-4

E-

1.10.

.10" 10.
-., -- . _ "

. 10- 10"I.- 10- -'

-,.8~ .010*

. 1 0 "8 
1 0.L

1 4 10 40 100 1 4 10 W IOO
&K (KSI V) 1K (K10 S 0

.'I

4. 
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TABLE 4.11.3.106

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.1o0NDICATINQ EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA
ENVIRONMENT: R.T. ,S. T. W.

- -----------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*INU*1/2)

A B C D

R-4-0. 50

A: 7.69 : 1.88
DELTA K B:

MIN C:
"D:

8.00 : 1.81
9.00 : 2.19

10.00 : 3.39
13.00 " 14.7
"16.00 : 33.8
20.00 61.3
25.00 103.
30.00 : 171.
35.00 : 277.
40.00 : 426.

A: 40. 43 : 440.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 15. 31
PERCENT ERROR

LIFE 0. 0-0. 5
"."' PREDICTION 0. 5-0. 9

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0.9" Pt R . S 2
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CONDITION/HT: RA TITAN.

FORM: 4. 00"TH FORGING YIELD STRENGTH: 128. 0 KS ALLOY1

SPECIMEN TYPE: CT ULT. STRENGTH: 135. 0 KSI
ORIENTATION: T-L SoECIMEN THK: o. aaoB"

FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: 7. 401" TI-SAL-
ENVIRONMENT: R. Ts & S. T. We REFERENCES88579 4V

AK (MPA V) AK (MPA %v/'m)

4 10 40 100 4 10 40 100

STRESS RATIO= -o0. 50 STRESS RATIOlO.2 • l.2
100-_ _--_ _1010

10' 100

10 10
S2 -2

10~ 0

.J. _

U4

r10.' _ 0 .-

10 17

10.- 10.6

1 4 10 40 10010

0 STRESS RATIO =STRESS RATIO 1o

•10 62 _16o2 -_
S: • 10"1 .10"1

10 
103

. 10, 102

.5 10_3 10. E

lo5 - 0' - z

10' - - "2_ 10.'

: . O 6 -o -e -__ _ _ _ _ _

108
10' 10".

1,I• -0?

... 10"

10"" r-..LL~ - -o .1..j..-~
6 1 4 10 40 100 1 4 10 40 100

AK (KSI V',n) AK (K8I #/• )

=". l'iguro 4.11.3.1()6"S..

• "n;-•.4.11-261
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TABLE 4.11.3.107

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.1oINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: RA

~------- ----- ----------------------- ------------------------------------------
DELTA K : DA/DN (10*1-6 IN./CYCLE)

(KBI*IN**1/2)
A B C D

E- R.T. E- R.T.
:S. T. W. S.T. w.

"SP. THK. -. 77" SP. THK. -1.04"
.4

"A: 9.95 .707
DELTA K B: .02: . 186
MIN C:

D:

9.00 : .398
"10.00 : .694 .742
13.00 : 1.60 2.75
16.00 : 5.77 6.48
20.00 : 14.0 14.9
25.00 : 29.9 33.5
30.00 : 51.9
35.00 : 79.6
40.00 : 112.
50.00 : 192.

A: 58.05 270.
DELTA K B: 29.61 : 56.2

MAX C:
D:

----------------- ~~--------------------- ------------ W-------- ---------------------------------------

ROOT MEAN SQUARE 10.30 25.37
PERCENT ERROR
-------------------------------------------- -------- -------------------------

LIFE 0. 0-0,5
PREDICTION 0. 5-0. 8

RATIO 0.9-1.25 1
SUMMARY 1.25-2.0 1
(NP/NA) >2.0

a41 2
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CONDITION/HT: RA T I TAN.
FORM: 4. 00"TH FORGING YIELD STRENGTH: 119. 0- 128. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 127. 0- 138. 0 KSI
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: ÷0. 06 SPECIMEN WIDTH: 7. 400" TI-SAL-

*.- FREQUENCY: 1. 00 HZ REFERENCES:88579 4V

AK (MPA _M) AK (MPA VIM)
4 10 40 104 10 4010

ENVIRONMENT: R.T.. 100 ENVI ONMEN .

162 SP. TP.77" 162 THK. -1. 0"

10 -
10.1

163  1 oF12 2

100. 10-0

Z, .4 4 _ _

1 0 1 0 1 0

C"=il _~ _ lO.

Ez _° __-_ 10Z4 -
, 110. 1.

"010.4 10

*616 101
_ _ _ _ _ 10s_•I"

107 -0.7
10 100

10e l0l 11 --

11 4 10 40 100 4 10 40 100

:.,'-ENVIRONMENT: 100 0 ENVIRONMENT: 10o

-q .2 162 10

-z10 10"2 10.1

10 -

.10

.•10 10.- 103 E0

•E

.. 10 .. z1. - 0b~ir __ __ _ i,

-10-
mV

1-_ _ _ _ - 10"• 10 10•

11-5 -

10•6 -] t0B

0 ioJ •.l~lLho '- 10 I I I I, hill I Il
1 4 10 40 100 1 4 10 40 100

AK (KSI %/n) AK (KSI /'n)

"FtrJurO 4,11.3.107
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TABLE 4.11.3.108

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.1OBINDICATING EFFECT

OF ENVIRONMENT
-- ---------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: STOA
CONDITIO: SA---- --- ----------------•- ------------------ ------------

DELTA K : DA/DN (10*-6 IN. /CYCLE)
(KSI*IN"1/2)

: A B C D

E ER.T.
L. H. A.

A: 11.82 : 9.43
DELTA K B:

MIN C:
D:

13.00 : 9.10
b16.00 : 20.2

A: 18.56 : 37.1
DELTA K B:

MAX C:
D:

--- - ---------------- - ---- - ----------------------------

ROOT MEAN SQUARE 10.90
PERCENT ERROR

~~---------------------------------------- -- ----------------------------
LIFE 0.0-0.5

PREDICTION 0.5-0.8
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(N/NA) >2.0

4..
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CONDITION/HT: STOA TITAN-
FORM: 0. 152"TH PLATE YIELD STRENGTH: 140. 0 KS! ALLDY

SPECIMEN TYPE: CT ULT. STRENGTH: 150. 0 KSI

ORIENTATION L-T SPECIMEN THK. 0. 491"
STRESS RATIO: -0. 30 SPECIMEN WIDTH: 6. 000" TI-BAL-

•.. ', FREQUENCY: 1. 00 HZ REFERENCES:85837 4V

AK (MPA ,/M) AK (MPA ,/M)

4 10 40 100 4 10 40 100

'' ENVIRONMENT: R. ".0 ENl JMENT:
L. H. A.1-,I0 0- _ ___-

10.1 010.1

1 ' _ 2 -• o2

10--3 1.3 -

0- 
102

-4. ,_ _ 14 Z .)

•'10' 100-3 E07-
lo u - 10

1000 1 0, 140
10-1

S10" 100

10*6 100 -

0 10.1 1 100

-"_-_ .- _ = _ _ _ .__ _-10.1

10-2 1 02

"T 10 
10

10o'" 10' E

-, O0 __ _ _ _ _ _ 10s .. 10

16, 101'

4.io" -
0 10 -

10, 10.

106 106

.0 I ,I I I ,hl l 10 I A1...L1. L l ]]ill

1 4 10 40 100 1 4 10 40 10c

AK (KSI &Kh jK $s ,v /')

4.1 

.
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TABLE 4.11.3.109

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.B.logNDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: STRES8 RELIEVED E.B. WELDMENT (WELD ZONE)

DELTA K . DA/DN (10*-6 IN. /CYCLE)
(KSI*IN*e.1/2)

: A B C D

E- R.T. E- R. T.
:LAB AIR DIST. WATER

A: 15.48 : 2.20
DELTA K B: 25.76 5.22

MIN C:
D:

16.00 : 4.77
20.00: 10.1
25.00 : 24.6
30.00 : 63.5 19.2
35.00 : 175. 78.6
40.00 : 1080. 273.
50. 00 : 2053.
60.00 : 9009.

A: 40. 52 : 1462.
DELTA K 8: 68. 14 : 21786.

MAX C:
D:

61,. ROOT MEAN SQUARE 39. 26 111. 76S~ PERCENT ERROR
P-RC-N ERROR-------------- --- --------------------------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 9

RATIO 0.8-1.25
SUIMARY 1.25-2.0
(NP/NA) >2. 0

Wo
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CONDITION/HT: STRESS RELIEVED E. B. WELOMENT (WELD ZONE) TITAN.
FORM: 1. 00"TH WEL1MENT YIELD STRENGTH: ALLOY I
SPECIMEN TYPE: CT ULT. STRENGTH: "i.
ORIENTATION- T-L SPECIMEN THK: 1. 65"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 000 TI-SAL-

• "FREQUENCY: 0. 10- 10. 00 HZ REFERENCES:S8144 4V

AK (MPA %'-) AK (MPA V/'m)
4 10 40 100 4 10 40 100

,NVR ,,,,NT: ,R .. 100, ENV)RONMNT: R.:.
DIST. WATER

10- 1 10"
10, 10"2

4.

102 1 00.

- 10 lo J .
z ---.- 

_ 0"

V 10 10- - -

10.' 10.' :i

1010" 10

NVIR N- 100 1 ENVIRONMENT: 100I

" 1 0l - 1 

0 1 
•

10"J 
10.1

!0'

i 

.0 
I0"s

106

10' 
10'"

10 10 .1

-- _ 
ioo I

lor• 
lOS

-- 
-- - 1

10 
10

1 4 10 40 100 10 4 10 40 10

AK (KSI VPo) AK (KSI v/'n)

1"iyure 4.11.3.109
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TABLE 4.11.3.110

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.110INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDIT.ON: STRESS RELIEVED E. B. WELDMENT (WELD ZONE)

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A a C D

. E- R.T. En+ 175F
:3.57. NACL 3.57. NArL

A: 21.95 : 17.8
DELTA K B: 28.50 : 31. 1
MIN C:

D:

25.00 120.
30.00 : 854. 53.6
35.00 : 2746. 179.
40.00 : 5987. S-5.
50.00 : 18134.

A: 51.09 : 20210.
DELTA K 9: 46.69 : 8328.

MAX C:
D:------------------------------------------------

ROOT MEAN GOUARE 74. 94 39 82
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1. 25
SUMMARY 1.25-2 0
(NP/NA) >2. 0

4.1- .~



CONDITION/HT: STRESS RELIEVED E. B. WELOMENT (WELD ZONE) ITITA
FORM: 1. 00"TH WELDMENT YIELD STRENGTH:I ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: *0. 10 SPECIMEN WIDTH: 2. 550 TI-6AL-
FREQUENCY: 0. 10- 10. 00 HZ REFERENCES:88144

AK (MPA V_) AK (MPA V)
4 10 40 100 4 10 40 100

R-- ENVlO .:NMENT: . 175].',F.
ENVIRONM1NT: 0 F

12 .5% rNCL- 12 3. 5% NACL

010 10"

10 -- 1 
T0 3

10 -2 
10.2

10 
110

1012
0 100. Z

10 -_0_

R 100 - 10-10 - 6

11 L- 1O-1 1 100-

10" ,ill L lh-- 10"1 ~~l ~~,

14 10 40 1 4 10 40 100

ENVIRONMENT: 100 @ ENVIRONMENT: 100

1- 
2 _________ _________

010101 0._ _ _ __ __- _ _ __

1o.,10.- "-100 - 0

10.- 2 10' 2

10"3 E

-o s10 10 Z
-. 

-.
'I0"- 

10' 0"

100-5

10 --_10
10 106.7

S•10' -- -_ 106

|Z 0 L , ••lo- • 1 ,li l1 " I I I Aill I I I I, ILh -'

I 1 4 .0 S0 100 1 4 10 40 100

I..:. •K~ .(sl �.�,~ ,AK (KSi V/if)

""iqure 4.11.3.1l.
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TABLE 4.11.3.111

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.11,INDICATINO EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: STRESS RIELIEVED E.B. WELDMENT (HEAT

AFFECTED ZONE)
--------- ------ ---------- ------------------ ------------ ------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

E- R.T. E-+ 175F E=+ 175F
:3. 5% NACL 3. 5% NACL 3. 5% NACL

.1-10HZ 10HZ . IHZ

A: 19.78 14.6
DELTA K 8:

MIN C:
D:

20.00 : 13.9
I 25.00 17.730.00 : 84.5

35.00 2: 66.
40. 00 : 4909.

A: 49. 52 172725.
DELTA K B:

MAX C:
D:

---------------------------------------------------- -------------- -------------------
ROOT MEAN SQUARE 113.68 0.00 0.00

PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.11-270



CONDITION/HT: STRESS RELIEVED E. B. WELOMENT (HEAT AFFECTED ZONE) TITAN.
FORM: 1. 00"TH WELOMENT YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT STRENGTH:
ORIENTATION, T-L SPECIMEN THK. 1. 000"
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 550" TI-GAL-
FREQUENCY: REFERENCES:881 44

AK (MPA %/'M) AK (MPA %/-M)
4 10 40 100 4 10 40 100S®Z

ENVIRONMENT: R. 100 NVIRONMENT:. 175 F,
3.5% NACL 3.51 NACL

10-2 1-10HZ - 12 10HZ
___.___-_-: 10 --- 1 "

.. 10-3-.10- 1

11
- 10? 1

1-•- -- U

,:10 lO- . z

, 010
4 4010- 10- m

... 10 40 10 10 1 40 1010 - 10.

U1 10 10"6

:.,, -0 m - _0 -I, J....i±..I
1 4 10 40 100 1 4 10 40 100

-':::-:~ ~ Ip, - oz-t• I

E' lo 10 ENVIRONMENT: 100

1- lHZ- _ -
_.2

S10-1 10.1

16_ 3 6 3 -. "

10 10* 2
-. -4

.:10 10*

E
"-l 10.5 - z

-4 .
l..- v _v -

_. O6 . . .- ,-6
D - 10 10

""10 10-6

10.6 6

_ 10"8F , I I I~, I I hllh 7 1078 1 ., I [1,lh -

4 10 40 100 1 4 10 40 100
AK (KSI Vn) AK •KSI VIM)

Figure 4.11.3.111
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TABLE 4.11.3.112

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.11ZNDICATING EFFECT

OF ENV IRONMENT
---------- -- ------------- ----------------------- OF ENVIRN-EN -- -----

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: STRESS RELIEVED E.D. WELDMENT (HEAT

AFFECTED ZONE)
----------------------- ----------------------- ------------

DELTA K : DA/DN (10*-6 IN. /CYCLE)
(KSI*1N"1/2)

A B C D

"E- R.T.
:LAS AIR

A: 15.64 : 3.64
r-L.TA K B:

MIN C:
D:

16.00 : 4.27
20.00 : 14.2
"25. 00 : 29. 9
30.00 : 47.5
35.00 : 71.9
40.00 : 113.
50. 00 : 344.

A: 52.34 1326.
DELTA K8

MAX C:
0:

-----------------------------------------------------------

ROOT MEAN SQUARE 34. 88
PERCENT ERROR

-------------------------- -----------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0.8
RATIO 0.18-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

412

S~4.11-272
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CONDITION/HT: STRESS RELIEVED E. B. WELDMENT CHEAT AFFECTED ZONE) TITAN.
FORM: 1. 00"TH WELDMENT YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:ORIENTATION T-L SPECIMEN THK" 1. 000"
STRESS RATIO: ÷0. 10 SPECIMEN WIDTH: 2. 000" TI-6AL-
FREQUENCY: 0. 10- 10I 00 HZ REFERENCES:88144-. '- 

4V

AK (MPA %/m) &K (MPA V'/)
4 10 40 100 4 10 40 100= R" . • ' R . ') o Z

R*100 NVIRONMENT:

.•102 ________o._ 
2 = 

-_______

102

10"1 10"1

10.2 10.2

,.- 10" ,1.4 
--_________

z.. 10.3 10.3 E_ E

" 100 10

110-5

107 
10 

.

i 10" 10"6

%.1 4 10 40 100 4 10 40 100

ENVIRONMENT: l ENVIRONMENT: 10o
"16lo2 

10 .2

10 10- 10"

10-2 10-2
- • ' ,1 0 10 

-3 -E0 .- p., -
.-

S.4 .410 
- 0. 

-

~166 16-6

100' 10'.5V

•--. ____10"_ 10=1

106 1 10 --
1 0- - 1 0 " {-- 1 0 .6

-. i..... L LI ..... L..AL I - 104 1_4 0

14 10 40 100 1 4 --
A 1 AK (KSI %1-n &K (KSI V/ 7I)

Figure 4.11.3.112
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TABLE 4.11.3.113

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.113INDICATINO EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: STRESS RELIEVED E.B. WELDMENT (HEAT

AFFECTED ZONE)
-------------------------------------------------------- ------------

DELTA K . DA/DN (10-'*-6 IN. /CYCLE)(KBI*IN*•1/2)

: A B C D

: E"- 65F E-+ 175F E- R.T. E-+ 175F
:AIR AIR JP-4 FUEL DIST. WATER

A: 29.03 : 59.9
DELTA K B: 16.93 : 4.81

MIN C: 18.23 : 5.47

M D: 29.99 : 46.8

20.00 : 8.82 9.65

25.00 : 15.2 16.8
30.00 " 56.6 22.0 22.4 46.9
35.00 : 143. 32.1 43.5 85.6
40.O00: 461. 49. 8 145. 192. tn.i
50.00 : 150. 1561. 952.
60.00 : 1058. 3157.

A: 43.08 : 585.
DELTA K B: 61.62 : 2449.

MAX C: 56.28 : 2319.
D: 67.44 : 5530.

ROOT MEAN SQUARE 54.47 24. 73 75. 15 53. 19
PERCENT ERROR

-- IE---00-. ---------------------------------------------------LIFE 0. 0-0. 9

PREDICTION 0. 5-0. 8
RATIO 0 8-1.25
SUMMARY 1. 25-2.0
(NP/NA) >2. 0

4.11-274
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CONDITION/HT: STRESS RELIEVED E. B. WELDMENT (HEAT AFFECTED WE) TI
FORM: 1. 00"TH WELDMENT YIELD STrENGTH:
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"

... STRESS RATIO: 0. 10 100 ZSPECIMEN WIDTH: 2. 550" TI-5AL-
. .. FREQUENCY: 0.10- 10.00 HZ REFERENCES:88144 4v

4V

AK (MPA -'/) &K (MPA V/)
4 10 40 100 4 10 40 100

I 1 1111 1' = 1
ENVIRONMENT:- -j5o0 '-..10 ENVIRONMENT:. 175- F

AIR -AIR
1-2 1________ 2 _ ______

.10"_ 100

l 102 10 -1

> 4 -4

C----1_1oE-6

10 1010
10* 10* z 0

lo o101o 1o00 1o
E10O6T:"106-'1

1 4 10 40 100 1 4 10 40 100

0 100 0.4.. ~ ~ @o 3 50

16 102 2_10-1

,o7 _- ,o4IO .2100 10

64 -- .
S1 0-3 1 3 E

,,10• -5 10- 10. _ 1.

10 10c1

100

10- 0lI I 0- 10"0 100

1 4 10 40 100 4 10 40 100
&K (KSI V'Tn) AK (KSI V/T7)

Figure 4.11.3.113
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TABLE 4.11.3.114
p

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

4° DATA ASSOCIATED WITH FIQURE4.11.3.114NDICATING EFFECT

OF ENVIRONMENT
----------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: AS WELDED E.B. WELDMENT (WELD ZONE)
------------------ ----------------------- ------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)
I (KSI*IN**1/2)

: A B C D

: ER.T.
:LAB AIR

A: 16.39 : .700
DELTA K B:
MIN C:

D:

20.00 : 5.94
25.00 : 18.0

A: 25.00 : 18.0
DELTA K B: :

MAX C:
D:

PERCENT ERROR
--------------------- --------- -----------------------------------------------

LIFE 0.0-0.5
PREDICTION 0.5-0.8RATIO 0.8S-1.25e

SUMMARY 1. 25-2. 0
(NP/NA) >2.0

4-1

4.11i-276
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CONDITION/HT: AS WELDED E.B. WELDMENT (WELD ZONE) TITAN.
FORM: 1. 00"TH WELDMENT YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"STRESS RATIO: +0. 10 SPECIMEN WIDTH: 2. 000" TI-OAL-

• %°:, FREQUENCY: 10. 00 HZ REFERENCES:68144 4V

AK (MPA Vl) AK (MPA N/m)
4 10 40 100 4 10 40 100

EI ENT:II .~II ENV1148NWYN?~T:I I1' i

162 _ lO2 -

-10.1 101

, 10.2 1 03

_ _ __,_ __ - _ ____ _ _,_ _ _ _ 11 10 -2

-sO10 
100

z E

1010 - z

101.S
S10 104

1 6 6 _ , O

10-7 -..... .- -07...

10.8 1 I~l IL .lI, -i00 I , 1 ,1 I I l l -

1 4 10 40 100 1 4 10 40 100

'-W EVRONMENT: 100TITrrF (T1 11rIl F'T,'TT7T (
" "ENVIRONMENT: 100 o ENVIRONMENT: 10o

10-2 1012

10-1
- o710"

_ _0._ _ _-- 1 .4 _._--

-- o 10"2 _ E 0. •102 10
"a _10O 1 _ 1

z
a -10' 10_ E
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TABLE 4.11.3.115

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.11INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: AS WELDED E.B. WELDMENT (HEAT AFFECTED

ZONE)

DELTA K DA/DN (10*--6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

S E- R. 1.
:LAB AIR

A: 15.35 : 1.98
DELTA K B:

MIN C:
D:

16.00 : 2.50
20.00 : 6.52
25.00 : 13.2
30.500 : 24.7
35.R00 : 50.2-

A: 35.R34 : 52.29
DELTA K 8:

MAX C:
D:

OCT MEAN SQUARE 7.47• PERCENT ERROR

;-

%1 LIFE 0. 0-0. 5
SPREDICTION 0.5•-0. 8

RATIO 0. 8-1. 25
• •SUMMARY 1.25-2. 0
"- (NP/NA) >2. 0

Zv
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CONDITION/HT: AS WELDED E. B. WELDMENT (HEAT AFFECTED ZONE) TTITAN.
FORM: 1. 00"TH WELDMENT YIELD STRENGTH: ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH:
ORIENTATION T-L SPECIMEN THK: 1. 000"
STRESS RATIO: ÷0. 10 SPECIMEN WIDTH: 2. 000" TI-6AL-

- FREQUENCY: 10. 00 HZ REFERENCES:se144 4V
.- ;. .. ',.4V

AK (MPA -) AK (MPA VAr•
4 10 40 100 4 10 40 100-. IZ - I I I,,Iq 1 .' 'l."1' - I 'I ', ,q -

ENVIRONMENT: R.1 100 EI NVIRONMENT:
LAB AIR

_________ 2 ______

10" __10
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-2_______ ____ _ ___ - O1_ &oPS;•lo•o l o
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Figure 4.11.3.115
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TABLE 4.11.3.116

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.11INDICATING EFFECT

OF ENVIRONIENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: WELDED & STRESS RELIEVED 1100F 2HRS (HAZ)
--------------------------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

- A B C D

S E- R.T. E- R.T.
:L. H.A. S.T.W.

A:

DELTA K B:
MIN C:

D:

200. 00

A:
DELTA K B:

MAX C:
D:

--------- - ----------------- ------------------------------

ROOT MEAN SQUARE 0.00 0. 00
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
SUMAY 1.25-2.0
(NP/NA) >2.0

0 %I
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CONDITION/HI: WELDED & STRESS RELIEVED 110OF 2HRS HAZ) TITA
FORM: WELDMENT YIELD STRENGTH: 131. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 139. 0 KSI
ORIENTATION L-T SPECIMEN THK. o. 0o1- 0. 10"
STRESS RATIO: -0. 09 SPECIMEN WIDTH: 24. 000" TI-6AL-
FREQUENCY: 1.00 HZ REFERENCES:88575 4V

&K (MPA v'm) AK (MPA V'm)
4 10 40 100 4 10 40 100

L. H. A. S. T. W.-ENVIRONMENT: R. .. 100 Ný184M IN:IR. T
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Figure 4.11.3.116
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TABLE 4.11.3.117

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.11lNDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 1550F 4HRS FC, 1000F 4HRS, ARGON COOLED

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

. E- R.T. E- R.T.
:ARGON ARGON

A: 9.68 : .15
DELTA K B: 10. 56 : . 26

MIN C:
D:

10.00 .195
13.00 : .886 .854
16.00 : 1.94 1.96
20.00 : 3.81 4.08
25.00 " 7.97 9.01
30.00 : 18. 1 21.0
35.00 : 46.8 54.5
40.00 : 137. 158.

A: 44.83 434.
DELTA K B: 41.26 209.

MAX C :
D:

ROOT MEAN SGUARE 29. 57 29. 88
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

V.o
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CONDITION/HT: 155OF 4NRS FC. ISOOF 4HRS. ARGON COOLED ITL.j
FORM: FORGING YIELD STRENGTH. 140.9 KSI

SPECIMEN TYPE: WOL ULT. STRENGTH: 150. 1 KGI
ORIENTATION R-C SPECIMEN THK: 0, BOO"
STRESS RATIO: -0. 10 SPECIMEN WIDTH. 2. 550" TI-SAL
FREQUENCY. 10. 00 HZ REFERENCES:UMO I 4V

AK (MPA V/'7) AK (MPA -V/•)
4 10 40 100 4 10 40 100

X ON R0ARGON

2 _ 162 10
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10-- 10.6 Z10I

S~~6 1010-4i ~WU -1
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• ~Figure 4.11.3.117

S4.11- 28310 ' i



TABLE 4.11.3.118

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.118INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-8AL-4V
CONDITION: 1750F 4HRS ARGON COOLED, l00OF 4HRS,

ARGON COOLED
-----

DELTA K : DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T. E- R.T.

:ARGON ARGON

A: 10.46 : .20
DELTA K B: 10. 57 : . 15

MIN C:
"-ID:

13.00 : .850 .539
16.00 2.04 1.54
20.00 o 4.05 4. 13
25.00 8.51 10.5
30.00 : 20.4 23.1
35.00 59.1 48.0
40.00 : 207. 97.7

A: 42. 45 : 407.
DELTA K B: 43.64 :163.

MAX C:
D:

ROOT MEAN SGUARE 31.31 41.13
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

412
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CONDITION/HT: 175-F 4HRS ARGON COOLED. 100OF 4HRS. ARGON COOLED T TAN.
FORM: FORGING YIELD STRENGTH: 135. 7 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH' 144. 9 KSI

ORIENTATION R-C SPECIMEN THK: 0. 800'
STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 550" TI-OAL-

-. FREQUENCY: 10. 00 HZ REFERENCES:UM001 4V

.K (MPA V/•) &K (MPA -/M)
"4 10 40 100 4 10 40 100

ENVIRONMENT:R. , 10 NVIONMUNT:RR.T.
ARGON ARGONlO2 _______O. _________ 2 _ _______ _________
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TABLE 4.11.3.119

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.119INDICATINQ EFFECT

3F ENVIRONMENT

--------------------------------------------------------------------------------
MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 1750F 4HRS ARGON COOLED, 1000F 4HRB

ARGON COOLED

DELTA K . DA/DN (10**-b IN./CYCLE)
(KSI*IN**1/2)

A B C D

I E- R. T.
:ARGON

A: 10.71 .231
DELTA K 3:

MIN C:
D:

13.00 .681
16.00 : 1.81
20.00 : 4.61
23.00 11.7
30.00 : 27.1
35.00 : 60.7
40.00 : 229.

A: 40.42 : 360.
DELTA K B:

MAX C:

D:

------------------------------------------------------------------------------------

ROOT MEAN SQUARE 23. 92
PERCENT ERROR

------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2.0
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CONDITION/lT: 175F 4HRS ARGON COOLED. 1000F 4HRS ARGON COOLED T ITTAN.
FORM: FORGING YIELD STRENGTH: 135. 7 KS1 ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 144. 9i KS1
ORIENTATION C-R SPECIMEN THK: 0. 800"
STRESS RATIO: .0o. 10 SPECIMEN WIDTH: 2. 550"

* .. FREQUENCY: 10. 00 HZ REFERENCES:UM001 TV-BAL-
... • 
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I.,
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TABLE 4.11.3.120

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.12OINDICATINQ EFFECT

OF ENVIRONMENT
--------------------------------------------------------------------------------
MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 1775F 1HR WO, 1675F 1HR WG, 100OF 4HRS

AC, 900F 5HR AC
--------------------------------------------------------------------------------

DELTA K • DA/DN (10**-6 IN. /CYCLE)
(KSZ*IN**1/2)

A B C D

E- R.T. E"+ 200F
:LAB AIR AIR

A: 30.47 : 37.2
DELTA K B: 30.79 48.5

MIN C:
D::

35.00 " 58.5 96.8
40.00 83. 9 167.
50.00 : 152. 356.
60. 00 : 290. 745.
70.00 : 625. 1817.
80. 00 " 1545.

A: 80. 58 : 1635.
DELTA K B: 74. 44 : 2874.

MAX C:
D:

---------------------------------------------------------------------------------
ROOT MEAN SQUARE 7. 07 7. 10

PERCENT ERROR
--------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8 1

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: 1775F 1HR WO. 1875F IHR WQ. 1000F 4HRS AC. 90OF 5HR AC TTN
FORM: 0. 50"TH DISK YIELD STRENGTH: 120. 0 KSI
SPECIMEN TYPE: CCP ULT. STRENGTH: 130. 0 KSI
ORIENTATION C-R SPECIMEN THK: 0. 120"
STRESS RATIO: .0. 05 SPECIMEN WIDTH: 1. 980 T-"
FREQUENCY: 0. 33- 10. 00 HZ REFERENCES:GEBO3 TI-4ALV-

P K (MPA %/m-) A•K (MPA Vlr'•)

4 10 40 100 4" 10 40 100
111,14 10 4011 100llj

-ENVIRONMENT: R. .. 100 Nýi4ONM .NT: 4201 F.
AIR

10O2 162 _

10" 10.l

10.2 10-3
4 10

10o 0 10310,o_ 1o-3
E~ lO _ = lO - z

110. 10.4

106 - l06
S. -• 10.5 -• 0

4D 106 E 10.6

1 4 10 40 100 4 10 40 100

ENVIRONMENT: 10 ENVIRONMENT: 100

6102 10.2

10"l 10.1
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1 - io~1

10-3 10 -- >E

zz
* 0 100 z10" 0. 10

.7 10.7
10 10

10--6 10.6

- 4 1 4 10 40 100
• .*- &K (KSI vlth) AK (KSI %Tn,)

Figutre 4.11.3.120
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TABLE 4.11.3.121

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.121INDICATINO EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 1775F IHR WO, 1675F 1HR WQ, IO00F-1200F

2-8HRS AC
ENVIRONMENT: R.T. -LAB AIR

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*INu*1/2)

: A B C D

R-+O. 03 R-+O. 25 R=+0. 54

A: 9.85 : .788
DELTA K B: 10.87 2. 71

MIN C: 10.48 : 3.11

10.00 .865
13.00 : 3.13 4.91 6. 16
16.00 6.22 9.51 11.5
20.00 11.0 18.9
25.00 18.9 37.5
30.00 : 32.1 66.2
35.00 : 57.0
40.00 : 107.

A: 44. 18 : 191.
DELTA K B: 30.68 71. 1

MAX C: 19.06 15.7
D:

_ ROOT MEAN SQUARE 15.-97 10.- 1 14. 72
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

41-9
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CONDITION/HT: 1775F 1HR WQ. 1575F 1HR WO. 1OOF-120OF 2-SHRS AC TITAN.
FORM: 0.•94"TH DISK YIELD STRENGTH: 150.0 KSI ALLOY
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION: C-R SPECIMEN THK: 0. 251- 0. 252"
FREQUENCY: 0. 33- 0. 50 HZ SPECIMEN WIDTH: 0. 989- 1. 000" TI-SAL-

.': -, ENVIRONMENT: R.T.. LAB AIR REFERENCES:E007 4V.,• ... 4V

AK (MPA rm/) AK (MPA '/-m)
4 10 40 100 4 10 40 100

STRESS RATIO +-0. 03 10 0.STRESS RATIO ,. "0. 25162 1O6 _

10 .2 -1 0

10110.1 10.1 16
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"Figure 4.11.3.121
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TABLE 4.11.3.122

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.122mNDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-8AL-4V
CONDITION: 1775F IHR WQ, 1675F IHR WO, IO00F-1200F

2-SHRS AC
ENVIRONMENT: + 300F, AIR

--------------------------------------------------------------------------
DELTA K : DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

R-+0. 03 R-+0. 25 R=+0. 54

A: 9.83 .6B87
DELTA K B: 10.90 1.46

MIN C: 11.42 3.45
D:

10.00 .746
13.00 2.32 3.46 5.10
16.00 4.94 6.98 8.22
20.00 10. 1 11.9
25.00 19.7 20.9
30.00 33.4 39.9
35.00 52.7
40.00 79.8

A: 41.12 97.2
DELTA K B: 32.83 . 60.4

MAX C: 19.98 : 11.5
D:

ROOT MEAN SGUARE 15.61 21.04 6.65
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 9-1. 25
SUMMARY 1. 25-2. 0
(NP/NA) >2.0
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CONDITION/HT: 1775F 1HR WO. 1875F 1HR WQ. 1000F-1200F 2-BHRS AC TITAN.
FORM: &. 94"TH DISK YIELD STRENGTH:150. 0 KSI ALLOY
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION: C-R SPECIMEN THK: 0. 252"•,•,• FREQUENCY: 0. 33 HZ SPECIMEN WIDTH: 0. 99l- o. ggg" -- AL

ENVIRONMENT: 4 300' F. AIR REFERENCESCE007 4V'" 4V

AK (MPA Al AK (MPA Vm)
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TABLE 4.11.3.123

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.12-INDICATINQ EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 1775F 1HR WO, 1675F 1HR WGO IOOOF-120OF

2-8HRS AC
ENVIRONMENT: + 600F, AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*n1/2)

A B C D

SR=+O. 03 R-+0. 25 R-+O. 54

A: B. 19: .501
DELTA K B: 9.26 1.84

MIN C: 8.94 • 1.96
D:

9.00 : .715 1. 96
10.00 1.05 2.04 2. 12
13.O00 • 2. 57 3. 70 4. 38.:;S16.00 : 4.99 6.86 8.94

20.00 : 9.87 13.3
25.00 : 19.2 22.6
30.00 : 32.9 28.3
35. 00 52. 0
40.00 : 77.9

A; 42.82 • 95.8

DELTA K B: 30.82 : 28.7
MAX C: 19.48 : 13.6

DI

ROOT MEAN SQUARE 11.62 14.03 14.72
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0. 8-1. 25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

-'4 ,12.-

•a.
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CONDITION/HT: 1775F 1HR WO. 1875F 1HR WQ. 10011F-1200F 2-9HRS AC TITAN.
FORM: 0. 94"TH DISK YIELD STRENGTH:150. 0 KSI ALLOY
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION: C-R SPECIMEN THK: 0.251- 0.253"
FREQUENCY: 0. 33 HZ SPECIMEN WIDTH: 0. 995- 1. 002" -
ENVIRONMENT: 8090 F. AIR REFERENCESGE007 4A

AK (MPA %"M) AK (MPA -/"M)
4 10 40 100 4 10 40 100®5)

SSTRESS RATIO= +• 10°\ 1 S RAI STRESS RATIO:= ÷0 25

-- 10"1 10"1

110"3

S102 10"2

4-16.4

S 1 0 .3 1 0 -3 E
z E

10, 105 z
-- 10.4 10"

,66 
- 1 0"6

1 0

_10.6 - 10*
S,...O- ..L.,..,.,.,L..,ui .J.....L .±...-.L

t"110 40 100 4 10 40 100

4STRESS RATIO s0.54 10 STRESS RATIO 100o
o-2 lO__ _ __ _ _ __ _ _ 2 __ _ __ _ __

- 0 10•10
010. _1

10 
10'-

- -o 1 0 
1 0 2 _1 -

.-. o _ _ _ _ _ 1 00 -C

10~1 ___3__ 220 
10

•'1 10. -5 1 6" 5- _- "

:--8
10, 

10,-

1-6 O. -0-

10- • 1 -L-L 106 .6
;8 10- 1 , hJl~h l I I I 1l l --11 1 a" __I I, 'll, I I I I I~l h -

1 4 10 40 100 1 4 10 40 100
*A.... AK (KSI 7n/•) AK (KSI /T-n)

Figure 4.11.3.123
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TABLE 4.11.3.124

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.124I NDICAT ING EFFECT

OF STRESS RATIO

MATER IAL: TITANIUM TI-6AL-4V
CONDITION: 1775F IHR WO, 1675F 1HR WO, 1000F-1200F

2-SH-RS AC

ENVIRONMENT: + 600F0 AIR
-------------------------------------------------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2) A
:A B C D

R=+0. 03

A: 8.01 : .906
DELTA K B:

MIN C:
D:

9.00 : 1.29
10.00 : 1.77
13.00 : 3.e85
16.00 : 6.94
20.00 : 12.6
25.00 : 21.6
30.00 : 32.2
35.00 : 43.5
40.00 : 54.6

A: 42.55: 60. 1
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 7.35
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: 1775F 1HR WQ. 1575F 1HR WQ. 1OOF-120BF 2-BHRS AC TITAN.
FORM: 1. 15"TH DISK YIELD STRENGTH: 145. 0 KSI ALLOY
SPECIMEN TYPE: KB BAR ULT. STRENGTH:
ORIENTATION: C-R SPECIMEN THK: 0. 251"
FREQUENCY: 0. 33 HZ SPECIMEN WIDTH: 1. 000" TI-SAL-
ENVIRONMENT: - 6000 F. AIR REFERENCES:GE007-.. " 4V

AK (MPA NAM) AK (MPA %/'m)
4 10 40 100 4 10 40 100

STRESS RATIO -0. 03 1STRESS RATIO:
1-2 _ 10.2

-010 1

S10. 10

z 102 o 10"2

c ,0. - 10 -

STES R l1056~-

10..6/-11

10 10U

10 10" 10-6
44

T10 10

lO.2 jf 10.6I

102 10-

10.30* 10- 0.6-

1 7 1 0 2-

S~ _ _ _ _ _10-_ 1
-" 1E41""-

1• 4 10 40- 103 40 "-0 0 .

S0 _ ____0"_-__ 0.1100 --10 .- 1 -

10- 1 -0-

1010-2 10
10-6 10. E

S4 10 40 100 1 4 10 40 100

• r C, AK (KSI "v'T ) AIK (KSI .%'•

Figure 4.11.3.124
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TABLE 4.11.3.125

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.125INDICATING EFFECT

OF ENVIRONMENT
--------- -------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 195OF 4HRB W0, 1000F 4HRS ARGON COOLED

DELTA 9 : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

. A B C D

: E. E R.T.
" ARGON

A: 10.04 .179
DELTA K B

MIN C:
D:

13.00: .508
16.00 : 1.08
20.00 2.38
25.00 5.58
30.00 " 12.3
35.00 26.6
40.00 : 56.9
50. 00 : 257.

A: 50.06 260.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 57. 10
PERCENT ERROR

LIFE 0. 0-0. ,5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: 195SF 4HRS WO. 1000F 4HRS ARGON COOLED TITAN.

FORM:FORGING YIELD STRENGTH: 138. 4 KSI ALLOY

SPECIMEN TYPE: WOL ULT. STRENGTH: 147. 9 KSI

ORIENTATION- R-C SPECIMEN THK: 0. 800"

STRESS RATIO: -0. 10 SPECIMEN WIDTH: 2. 550" TI-SAL-
FREQUENCY: 10. 00 HZ REFERENCES:UM001 4V

AK (MPA %~/-M) AK (MPA %/-M)
4 10 40 100 4 10 40 100

E.VN INMENT: R. *. 100 - NVII2ON___ NT:' '__,

10- N O10"

"l " - 0310. -

-2 -2
T 10.? 10 Z;

>..4 _1

-10 _
E

z it

1a - 0-
106 101-

100 5 1010 5

" 10. 106 10 .6

.. 1 4 10 40 100 1 4 10 40 100

ENIRONMENT: 10o ENVIRONMENT: 100
_______,__ _____o'___- ____o_____

,.,. 
10"__ _ _2_ 

_ ___0

""10" 10 1 10-

la, 1O.Y3

, 10.4 -0"10" ___ _ _ _ _ ____10._
44>

100 10 10E
.4.. 10 --- '

:,. _ -.- :_10.4

z ._ _ _ _ _ _ _ _ i - 20 ,
• lov 

E °s•1"107 10' 0. 10.

67 
7

10-6

10 
*10.6

"1 4 10 40 100 1 4 10 40 100
,,, .

-'?'

""A.' AK (KSI %/'n) AK (KSI V'i•)
*d* j

Figure 4.11.3.125
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TABLE 4.11.3.126

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR NIq

DATA ASSOCIATED WITH FIQURE4.11.3.12(ZNDICATINQ EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: 195OF 4HRS WQ, I00OF 4HRB ARGON COOLED

*1 --------------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

E- R.T.

:ARGON
IS

A: 11. 18 : 159
DELTA K B:

MIN C:
D:

13.00 " .442
16.00 : 1.31
20.00 : 3.37;25.00 8 . 4;2 "

30.00 : 20.3
35.00 : 51.3

A: 35. 49 : 56. 4
DELTA K B:

MAX C:
D:

------------------------------------------------------------------------------------------------- ---------

ROOT MEAN SGUARE 39.65
PERCENT ERROR

----------------------------------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

.d

4

.o4

'.44
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CONDITION/HT: 195OF 4HRS WO. 100OF 4HRS ARGON COOLED TITAN.
FOMFORGING YIELDSTRENGTH:13a.4 KSI ALLOY
SPECIMEN TYPE: WOL ULT. STRENGTH: 147. 8 KSI
ORIENTATION C-R SPECIMEN THK: 0. 880
STRESS RATIO: *0. 10 SPECIMEN WIDTH: 2. 550" TI-SAL-
FREQUENCY: 10L 00 HZ REFERENCES:UM11014V

AK (MPA %/-M) AK (MPA /)
4 10 40 100 4 10 40 100

EE{fIfINME NT 0.. 100NIN NT:

10• -__ _ _ l10. _ _ _ _ 10
10"1 -10"1

10.3 _10.':;, -- o"3o

110" 100

1010.e

100- L1.0 - L--
z _

1 4 10 40 100 104 10 40 100

© ENVIRONMENT: 100o- ENVIRONMENT: "•100o

,1- 10 -

,"10-

10 10. - >

1_ _ _ '_ _ 10S__ _ ____

1 id I 1 1 1 1~ 1o 1 A EIih l

-- 10" 40 100 4 0 40 1 0"

I -wI 1 1
10-. 10-1

110 - .,- 1. --

2 .2
100* 10

4 I 10 40 100o 4 10 40 100
',• .*. A•K (KSI V'•) AK (KSI •7)

Figure 4.11.3.126
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TABLE 4.11.3.127

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.127INDICATINO EFFECT

OF ENVIRONMENT

MATERIAL. TITANIUM TI-6AL-4V
CONDITION: EB WELD, STRESS RELIEVED (HEAT AFFECTED

ZONE)

K MAX DA/DT (10**-6 IN/HOUR)
(KSI*IN**1/2)

A B C D

E=. Em
3. 5% NACL;'75F AIR; 175F

A:
K MAX B:
MIN C:

D:

200.00

A:
K MAX 3:

MAX C:
D:

ROOT WAN BGUARE 0. 00 0. 00
PERCENT ERROR

4.11-302
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CONDITION/HT: EB WELD. STRESS RELIEVED CHEAT AFFECTED ZONE) TITAN.
FORM: 1. 0"TH WELDMENT SPECIMEN THK: 1. 000" ALLOY
SPECIMEN TYPE: CT SPECIMEN WIDTH: 2. 550"

ORIENTATION:T-L CRACK LENGTH (Ao):

YIELD STRENGTH: 132.0 KSI Kgscc: 33.00 KSI (SQRT IN) TI-6AL-
.. ULT. STRENGTH: REFERENCES:e8144 4V

.4V

K max (MPA Vi) K max (MPA V•)
4 10 40 100 4 10 40 100I, I II' I '. ''l ® I , ' ,,,,,I I , 1., ,, ",

ENVIRONMENT: 10 ENVIRONMENT:

3. 5X NACLv75F 
AIR, 175F

100 100
10' 100

.100 1010
""•- 100 100

.. O 2 10 .2 a m __

0-: i10- - 1 103 --

"" '• -- • ~102" 100102
100

NIROMNT10 NIRNM 100

"3_.._ E 10.3 -_ -__ 1010

0100 10.

11-2 1- 10

10 000

10 10

- -- 0
0 104 ---1

.44

.•,14 10 40 loo 14 10 40 100

.111.1 1 1 1 11'1 ,' ' ' -,, t I I
•.,-ENVIRONMENT: 10 @ ENVIRONMENT: 10 2

9:10

10.:0 K aoO1:__ __ _ _ _ _ _ _ _ _ _ __ E10 10-

1102 
0

10 104 1

•.10"1- 0 3

_ -. I0. .

S1064 10 -

.. :,, I~s10.5

-- • 10.4 -.• 04

Ill!1 [0f I i ll, I iI~ l l 1 10-1 1 ~ ~i I I Ii l, -

S:,:,14 10 40 100 1 4 10 40 100
i!!;K max (KSI v,'-'n) K max (KSl v•T7•)

• • Figure 4.11.3.127
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TABLE 4.11.3.128

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.128INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: EB WELD, STRESS RELIEVED (WELD ZONE)

K MAX . DA/DT (10**-6 IN/HOUR)
(KBI*IN**1/2)

A B C D

: Em Em
3. S%. NACLj 75F AIRj 175F

A: 36.00 : 171.
K MAX 9:
MIN C:

D:

40. 00 : 724548.

A: 44.00 : 964781.

K MAX B:
MAX C:

D: -

ROOT MEAN SQUARE 48. 35 0. 00
PERCENT ERROR

I I.-

'4.'
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CONDITION/HT: EB WELD. STRESS RELIEVED (WELD ZONE) TTN
FORM: 1. 0"TH WELDMENT SPECIMEN THK: 1. 000"
SPECIMEN TYPE: CT SPECIMEN WIDTH: 2. 550"
ORIENTATION:T-L CRACK LENGTH (Ao):
YIELD STRENGTH: 132.0 KSI Kiscc: 30.00 KSI CSORT IN)

",, ULT. STRENGTH: REFERENCES:88144 TI-6AL-
"4V

:1
K max (MPA %/m) K max (MPA V'-m)
4 10 40 100 4 10 40 100

ENVIRONMENT: 10 ENVIRONMENT:
3.5% NACLs75F AIR, 175F

100 100

0 - 10 10

100 100 E
.1 1o--, o -

0" 10 EE
1-2

10 1-2,

10.4 10.4
103  0O3

10 1 03I0"s 
10-s

10o4  10"4

10 4L1 10. 6 1
1t 1 4 10 40 100

ENVIRONMENT: 102 ENVIRONMENT: 102

100 100

-- 10-- 10

10 _ --rT -P r( 10 2:: -- _ _ __ _ _ __ _ _ -- 20

10 
10

O0 10 _ 1-2 0

10 10

- 101 , 10 E
S 0-3 -- E

10-"v -- 5 103 5• 0

' 1--10 40 0 10 .-
-. - ..j 10.*_ 10 .4

110 40 100 10"1 4 10 40 100Kmax (KSI \/in) Kmax (KSI v/,n)

Figure 4.11.3.128
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TABLE 4.11.3.129

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.12INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

E= R.T. E= R.T.
0.6M KCL 0.6M KCL -1000 MV
-500 MV

A: 22.00 240.
K MAX B: 23.00 232.

MIN C:
D:

25. 00 542. 266.
30.00 854. 299.
35.00 933. 341.
40.00 1059. 474.

A: 45. ;0 1499.
K MAX B: 45.20 867.

MAX C:
D:

ROOT MEAN SGUARE 13.23 13.95
PERCENT ERROR
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CONDITION/HT: MA TITAN
FORM: 0. 2"TH SHEET SPECIMEN THK: 0. 200" ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH:
ORIENTATION:T-L CRACK LENGTH (Ao):
YIELD STRENGTH: Kiscc: TI-BAL-

- ULT. STRENGTH: REFERENCES:81221 4V

K max (MPA v%'m) K max (MPA V-m)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T.. 10 ENVIRONMENT: R. 1 T
0.80M KCL -500 MV 0.BM KCL -1000 HV

10, 102

%10 10'
% m m D

10 101

102 10,

0106 100 __ _ _ _0

0100 10EOAF E

S10" m 0" 10-

10-2 10-

1 - -310-' 10-'

-- - 0-2 10-

10 I l10.2 I I l I I I I ,Ill

1 4 10 40 100 1 4 10 40 100

@, ENVIRONMENT: 10 @ ENVIRONMENT: 104

10 - 102

103 10'

10' 10 -- 10 100

1•0 0 -1 00 o _ -

-10, 10' 10'

S- -' ______-___ _____E___* iv 10 0, 10 - 0
. -- -1 l0o-- .,0

""0
10 100 "0 a

10-- 10-3

10-3 ___10"-1

--. •10-1 -- lO-e

10-4 1 lo., I • ! , •I -1 " I I I~ , • l ,I , , , -
,?.4 10 40 10O0 4 10 40 1O00

,,r rK max (KSI -,/in) K max (KSI V 'in)

Figure 4.11.3.129
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%t TABLE 4.11.3.130

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.13oINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

K MAX DA/DT (10**-3 IN/HOUR)'€' (KSI*IN**I/2) "

. A B C D

E= R.T. E- R.T. E= R.T. E= R. T.
:5M KI +1000 MV 5M KI +500 MV 5M KI 0 MV 5M KI -500 MV

A:
K MAX B: 17. 50 970.

MIN C: 18. 50 1202.
D: 19.20 1271.

20. 00 17493. 6645. 3216.
25.00 26009. 15774. 9982.
"30.00 30482. 27636. 15327.
35.00 42504. 21875.
40.00 56727. 30115.

A:
K MAX B: 34. 00 52976.

MAX C: 44.80 659"?8.
D: 44.70 40011.

ROOT MEAN SQUARE 0. 00 29. 55 12. 77 12. 68
PERCENT ERROR

4. 0

4., .1 - 0
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i CONDITION/HT: MA TITAN.
FORM: 0. 2"TH SHEET SPECIMEN THK: 0. 200" ALLOY
SPECIMEN TYPE: UCB SPECIMEN WIDTH:
ORIENTATION:T-L CRACK LENGTH (Ao):

.. YIELD STRENGTH: K scc:
IULT. STRENGTH: REFERENCES:81221 TI-6AL-

• 4V

K max (MPA V-m) K max (MPA V-m)
4 10 40 100 4 10 40 100(A) '1 11 I , I' ' ' I ' l 1l1l1 1 , I'1'1'1 -1

' - ENVIRONMENT: R.T.. 104 ENVIRONMENT: R. T..
SM KI +1000 MV 5M KI o500 MV"

102 1 102
10310

S 4p 103

- , 10
U102 101

o 1002 104 0
10-s

10-- 110-

L•.- I , IIII ........ l.l..l.l-J., -- 1¶0'll~ .L± .L l L...l.l~lJ --"1 4 10 40 100 1oo 4 10

10--2 I IE7 T - 10' 1® E0pMP F R.T. - 10*

1001 102

10 - 10- 2 10 10-

-p___ zf ____-1'
10-4 10-2

104' 10'

1 T 0-@ 1-01 -0_ 1010
" 1 - 10 4100 1 4 0 100

J,.,
11"2 _ _10,

0 _0 100 10'- -_ 0-

10": ,- 10" 10_

1 1 -- 01--• 1 -

10,,2, 10 4 1O01 4 040 1O

"K max (KSI -Tn) Kmax (KSI v/',)

Figure 4.11.3.130
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TAB'.E 4.11.3.131

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.11.3.131INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

E= R.T. E= R. T.
5M KI -1000 MV 5M KI -1500 MV

A: 30. 00 1328.
K MAX B

MIN C:
D:

35. 00 2562.
40. 00 9680.

A: 44.00 10010.
K MAX B:

MAX C: '."
D:

ROOT MEAN SQUARE 11.47 0.00
PERCENT ERROR
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CONDITION/HT: MA TITAN.
FORM: 0. 2"TH SHEET SPECIMEN THK: 0. 200" ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH:
ORIENTATION*-T-L CRACK LENGTH (AL%-
YIELD STRENGTH: KIscC: TI-6AL-

• . ULT. STRENGTH: REFERENCES:81221 4V

"K max (MPA V/m) K max (MPA Vm)

4 10 40 100 4 10 40 100

0 ENVIRONMENT: R. T., 10' ENVIRONMENT: R. T.
-5M KI -1000 MV - 5M KI -1500 MV

10- 102

100 10

" 010' 1010' 10.

"" 10' 1 10' E

10,-1 lO 10- lO100-=

100 1•1

10-2 102 1- "

10-' 10-1

1CO-- 10-1

* ., I102 102

S104 -10

10' 0'E

_____ __ _ _____ _ - 0-0

100 10-

10.2 1002

10~1 10-'E

1 0-2 10-2

* o'.....0..L.L J - 2 10e

4 10 40 100 1 4 10 40 100
K max (KSI -.,-i) Kmax (KSI -,'Thn

Figure 4.11.3.131
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TABLE 4.11.3.132

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3.132INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

E= R. T. E= R.T. E= R.T. E= R.T.
:6M KF 3M KF 1M KF DIST. WATER

A: 30.00 • 461-
K MAX B:
MIN C: 35.00 30.0

D: 31.40 :196.

35.00 " 1075. 381.
40.00 " 2121. 207. 485.

A: 44. 50 " 3590.

K MAX B:
MAX C: 44.20 : 529.

D: 45.O00" 522..

ROOT MEAN SQUARE 11.57 0.00 11.33 2.17
PERCENT ERROR

4.1 -31
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CONDITION/HT: MA T I TAN.

FORM: 0. 2"TH SHEET SPECIMEN THK: 0. 200" ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH:
ORIENTATION:T-L CRACK LENGTH (Ao: .

-. ,. YIELD STRENGTH: KIsCC: 35. 00 KSI (SQRT IN) TI-6AL-
'*'ý-ýAULT. STRENGTH: REFERENCES:81221 4V

K max (MPA V/-m) K max (MPA %/"m)

4 10 40 100 4 10 40 100I'I'1'T1 I III1'1 1 t1 '1',1 1 1 141 11 1

ENVIRONMENT: R. T.. 10 ENVIRONMENT: R.T.,
BM KF 3M KF

10- 102
% 103 10'

"" 10' 101

10• 101

0f-00 100 ____ _ _0Z

l , --- Vo,• O
10 -0 .o

10-10" 10-'

14 10-2 10--

N 1 4 10 40 1 1 4 10 40 100
1V EfbMENT:'T - R. T.. EBY N% R R.T., 10'

* 10R 103
S 10' 1 • 0' 1

.4

101 10'

d' 102 10'

- 10- 100

1-- 1 0- 10-

10O0

100 10l

-- 10-' 10

"10-3 10-3

S-10-2 10-'

lo .,0 " 1 I l , , 1 I l h -1 0 I Ali I~~ I 1 1 1 1h1

% ". I 4 10 40 100 1 4 10 40 100
Kmax JKSI -i) Kmax (KSI %/'n)

Figure 4.11.3.132
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TABLE 4.11.3.133

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELSOF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE4.11.3.133NDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: MA

K MAX " DA/DT (10**-3 IN/HOUR)
(KSI IN**1/2)

: A B C D

E- R.T. E- R.T. E= R. T. E= R.T.
:0.6M KCL 0.6M KCL 0.6M KCL 0.6M KCL 0 MV
+2000 MV +1000 MV +500 MV

A:
K MAX B: 23.50 363.

MIN C: 23.00 • 882.
D: 21.50 : 576.

P5. 00 1708. 1236. 869.
30.00 : 2448. 1823. 1303.
35. 00 ' 3586. 2242. 1789.
40. 00 " 5102. 3027. 2398, ':"-

A:

K MAX B: 45.00 • 6844.
MAX C; 45.20 5110.

D: 45. 00 3230.

ROOT MEAN SQUARE 0. 00 8. 77 7. 97 9. 38
PERCENT ERROR

4.11-314
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CONDITION/HT: MA TITAN.
FORM: I. 2"TH SHEET SPECIMEN THK: 0. 0"0' ALLOY
SPECIMEN TYPE: OCO SPECIMEN WIDTH:
ORIENTATION: T-L CRACK LENGTH (Ao):
"YIELD STRENGTH: K Scc: TX-SAL-

., ULT. STRENGTH: REFERENCES:81221

K max (MPA V%) Kmax (MPA %V1)

4 10 40 100 4 10 40 100

ENVIRONMENT: R T 10- ENVIRONMENT: R T.
0. 5M KCL *200b kV 0 SM KCL ÷sib MV

103 1010
a' 10 102

10' - 10 - 0

101 10,:/ - J.
S110=-

10 10

1 00--

,•10"' 10-' 10"-'

10-0 101

-- i d 1 0- 10 - -
...2L1.1L1 10-L

10"' 1 4 10 40 100 1 4 10 40 100
T tTIT1 : Dl-TtT 1fl'4 104'~TTr1T

© 1 EV•t N ,j 5 . . I 0 EUVYqIfNN MIR.'T..

10' 101

10' 102

101 -- 10'

- - 10' - 10'

100 100

"10' -"10' E

,100 1C10

10-1 10-_

10-'10-
" 10" 10-'10"10. _ 01--2

L&-. 1- 100- 1 LLItI. .l I
1 4 10 40 100 1 4 10 40 100

Kmax (KSI -. /n) Kmax (KSI /in)

•* Figure 4.11.3.133
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TABLE 4.11.3.134

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIOURE4.11.3,134INDICATING EFFECT

OF ENVIRONMENT
--------------------------------------------------------------------------------
MATERIAL: TITANIUM TI--6AL-4V
CONDITION: MA

K MAX " DA/DT (10.*-3 IN/HOUR)
(KSI*IN*.1/2)

. A B C D

E- R.r. E- R. T.
: 3. 5% NACL JP-4 FUEL

A: 30.00 .693

K MAX B.
MIN C:

D:

35.00 1879.
40. 00 : 2253,

A: 45.00 4520.
K MAX B:

MAX C:
D:

ROOT MEAN SQUARE 27. 43 0. 00
PERCENT ERROR

IT ,

4.11-316

, *. • .. " " . " .. ." , "- , " -. '.' . S.' .' . f- " " . . ..."" .''. ' '



CONDITION/HT: MA TITAN.
FORM: 1. 0"TH PLATE SPECIMEN THK: 1. 020" ALLOY
SPECIMEN TYPE: CT SPECIMEN WIDTH. 2. 550"
OR IENTATION:T-L CRACK LENGTH (Ao):.

• " YIELD STRENGTH: 132.0 KST KIsCC: 30.0; 49.0 KST TI-SAL-
".-* ULT. STRENGTH: REFERENCES:88144 4V

K max (MPA vlm) K max (MPA V-m)

4 10 40 100 4 10 40 100
- j" I' 1' 1'1'1 I ' I'1I'1'1 I - -~ l - -'[r Il

ENVIRONMENT: R. T. . 10' ENVIRONMENT: R. T..
3.5% NACL JP-4 FUEL

*__- 102._ 1

:.0101 10'

100 101

100 100 _

10--

"____0=-- -- - 10-
1000 10-

100 10,0

10"- 100-

0 100 _10.

• " 10-' 10"I
4 1 40 100 1 1o-'

S 10' _ _ _ _ _ ____ _10=____

10' 10'.

""10= 10'-

S103 I0

100 10-

10' 10'

0100 -0l

10'0 10-E
10-,

10' 10010-

10-1 10-1

10-' 10-"

1 - 1 1 a i J l t- I I I I l i lt- 1 0 1 1 1 l itl I ,I 1 I ,I ,1

1 4 10 40 100 1 4 10 40 100
"4 Kmax (KSI %'/i) Kmax (KSI V/T-n)

Figure 4.11.3.134
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TABLE 4.11.3.135

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FICURE4.11.3.13[NDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V
CONDITION: IOOF 2HR
------------------------------------------------------------------------------------

K MAX DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

Em R.T. E- R.T.
:3. 5% NACL JP-4 FUEL

A: 35. 60 222.
K MAX B:

MIN C:
0:

40. 00 3703.

A: 47.0 28932.

K MAX B:
MAX C:

--------------------------------------------------------------------------------------
ROOT MEAN SGUARE 46. 58 0. 00

PERCENT ERROR
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CONDITION/HT: 1 WOOF 2HR T I TAN.
FORM: 2. 0"TH FORGING SPECIMEN THK: 1. 250" ALLOY
SPECIMEN TYPE: TDCB SPECIMEN WIDTH: 5. 500"
ORIENTATION:L-T CRACK LENGTH (Ao):

.-. ,.YIELD STRENGTH: 145.0 KSI Kiscc: 31.0; 43.0 KXT (SORT IN) TI-BAL-
ULT. STRENGTH: REFERENCES:84380 4V

K max (MPA V"m) K max (MPA v'm)

4 10 40 100 4 1O 40 100

ENVIRONMENT: R. T. 10 M ENVIRONMENT: R. T.
3. 5% NA L JP-4 FUEL

10- 10-2
103 103

10' 10'

10- -• 102 .

100 =-- -- 4-- --
0100 100 0

S E-

" a, 1 --1 -10-0

100 100

10.- 10-2

10-0 10-'

10-- 10.- 10-'

1 4 10 0 100 1 1-

ENVIRONMENT: 104 @•) ENVIRONMENT: 104

110- 101

10' 10'

10 --- _00 -1,-

10, 101

"" -- - 10 ---- l10' "0

10, 100 E
S 10-' 1010

1010 10"
--"0- 10"0-- 0

7-
10" _ _0101

-- 10-- 101

1 ,d IIIU~d., I...l~lAJ1 - 1 hll, ... l ill I
-"4 10 40 100 1 4 10 40 100

K max (KSI V-i) K max (KSI 71n)

Figure 4.1.1.3.135
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TABLE 4.12.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-hAL-4V (ELI)
CONDITION: ANNEALED

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T.
:LAB AIR

A: 12.87 : 2.61
DELTA K B:

MIN C:
D:

13.00 2.73
16. 00: 6. 36

20.00 " 12. 9
25.00 23.5
30.00 37.6
35.00 57.6
40.00 : 87.5
50.00 206.
60. 00 506.

A: 67.30 1005.

DELTA K B:
MAX C:

D:

---------------------------------------------------------------

ROOT MEAN SQUARE 6. 38
PERCENT ERRORI ------ T- RRO----- -------------------------------------------------------------

LIFE 0. 0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 2
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.12-12
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CONDITION/HT: ANNEALED
FORM: 3. 00"TH FORGING YIELD STRENGTH: 118. 8 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 128. 7 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 991- 1. 014"

-. STRESS RATIO: -0. 10 SPECIMEN WIDTH: 7. 490" TI-5AL-j - FREQUENCY: 1.00- 10. 00 HZ REFERENCESNCO02 4V(ELI)

AK (MPA vM) AK (MPA v)
4 10 40 100 4 10 40 100

V ENT: R.' 0 -NVIONM NT:
ENT: 10.2 10_2

~.0 U4_ _ _ _ _ _ _ _

10"- 3 E
10 10 E

z E

10 10 10_ 1

7 1010 1

.1 
10

110 0 0 i51016610 4 0

1 4 10 40 100 4 0 41000

ENVIRONMENT: 10 @ ENVIRONMENT: o

10- 100.1-3

0 -102 102-.
1 4

S" 10 10*.
z 5 E

10, 14 01 - z
10. 10O.1

-- 1 0"__ _ _ _ _ _ _ _ _ -6 - -__ _ _ _ 1 0-__ _ _

101 10
1 IO' 0h

100. 10-

10.4 10-

-- 10. 10

* .. 4-0-010 10.6.......LLL ........ . . ..I _ 10.

S- 4 10 40 100 4 10 40 100
A K (KSI v/7n) AK (KSI V7n)

"Figure 4.12.3.1
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TABLE 4.12.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.2INDICATING EFFECT

OF ENVIRONMENT
* ------------------------ ---------------

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: ANNEALED

------------------------- -- --------------- ------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

I E- R.T.
:LAB AIR

A: 12.55 .717
DELTA K B:

MIN C:
D:

13.00 : .974
16.00 : 4. 18
20.00 : 11.9
25.00 23.6
30.00 : 36.4
35.00 D: 2.3

40.00 : 75.1
50.00 : 171.
"60.00 : 461.

A: 63.28 : 662.
DELTA K B:

MAX C:
D:

------ --------- -------- ----------------- -----------

ROOT MEAN SQUARE 26.442
PERCENT ERROR

--------------------- ~- -- -- ~- ----------- - -----------LIFE 0. 0-'0.5

PREDICTION 
0. 5-0. 8

RATIO 0.8-1.25 2
SUMMARY 1. 25-2. 0 1
(NP/NA) >2.0

.. p°" ...

4.12-14
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CONDITION/HT: ANNEALED TITAN.
FORM: 3. 00"TH FORCING YIELD STRENGTH: 116. G KSI ALLOY

SPECIMEN TYPE: CT ULT. STRENGTH: 127. 0 KSI

ORIENTATION- T-L SPECIMEN THK: 0. 999- 1. 002"

V1p STRESS RATIO: -0. 10 SPECIMEN WIDTH: 7. 400' TI-"AL-
•a.\, FREQUENCY: 1. 00- 20. 00 HZ REFERENCES.NCT02

4V (ELI)

AK (MPA V'/i) AK (MPA Nv's)
4 10 40 100 4 10 40 100

,V6R•?YENT: R..T.' 10
-NV 10"0 NVIO-NMUNT:

10 L•__0._62 
10.

10

10-_

e- 1.3 10 U

10"2 -3
-1 10 -

, o-16i. z

•.•1- 4o -107-10 RNE1 o10 o

010.6

I106• 5 N

u 0_ _ _ _ _ _ 10.2 10-4 010"
z 7

10610 _ _ _ _ _ _0i~-6

10 1 10

1 10.6 1 100 6

10- 10", , I , lZ..! l ! i

"""AK {KSI /7"n 4K 10S 40 1)0Figure 4.12.3.2

%'a3

•i• . . ."'' """"- . . '""" . "T"""" , - . . •" 1- " -"." . v.2 " . . ,. ." -'-", "."2,.'-.. ,• .'. - ' .. , ."- ."



TABLE 4.12.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.3 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA
ENVIRONMENT: R.T. , DRY AIR

--------------------------------------------------------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

. R-+0. 10 R-+0. 80

A: 40.32 : 58.0
4V DELTA K B. 7. 50 : . 190

MIN C:
D:

8.00 : .2B6
9.00 .597

10. 00 1. 12
13.00 4.50
16.00:
20. 00
25.00
30. 00
35.00
40. 00
50. 00 : 128.
60. 00 : 229.
70.00 : 401.

A: 71.02 : 426.
DELTA K B: 13.61 5.54

MAX C :
D:

ROOT MEAN SQUARE 4. 60 10. 38
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0 5-0.8

RATIO 0 8-1 25
SUMMARY 1.25-2.0
(NP/NA) >22 0

Ah 4.12-16



CONDITION/HT: BA TIT
FORM: 1. 00"TH PLATE YIELD STRENGTH:
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION: T-L SPECIMEN THK:

•FREQUENCY: 1. 00 HZ SPECIMEN WIDTH: TI-BAL-
'ENVIRONMENT: R.T., DRY AIR REFERENCES:8B140 4V (ELI)

AK (MPA •/'m) AK (MPA N/-m)
.4 10 40 100 4 10 40 10011 , 1 ,1..'' 17 11 1 1tI 10 0, 1 1[ i l

STRESS RATIO= *0. 10 - STRESS RATIO L. 80o
10-2 _loi_ 02

10.,

10 ' 
10.2

€ - 03 13 E

10- 0-2

¢ ,¢ * 4 _ _ _ _ _ _ _o "_ _

, 10, 1 1

1 6, 1 1

107 10'

10.6 10 .6

1 4 10 40 100 4 10 40 100( IT''TlT'l-l'- '1'T'0 - TIT'I'I

"STRESS RATIO 100 STRESS RATIO 10o
"-lO 2 _ _ _ _ _ _ _ _ _.__ _ _ _ _ _ -!o 2

10 10.1 10.1

IO 02 2
e 100-

lif 11 16

... ,0." 10"s l-

10.- -3 E
1 516 i" 5

~z

10.,-- _ _ __10e4 

U0

106 1 66

i l!•l10-F 1 1 , hl~l I i I l~jhL - 160. - I ,ll l JII , -

,1 4 10 40 100 1 4 10 40 100

"AK (KSI V/7n) AK (KSI V/T7n)

Figure 4.12.3.3
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TABLE 4.12.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.4 INDICATING EFFECT

OF STRESS RATIO
--------------------------------------------------------------------------------

' MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA
ENVIRONMENT: R. T. ,3. 5% NACL

---------------------------------- -----------------

DELTAIK : DA/DN (1O**-b IN. /CYCLE)
(KSI*IN**1/2) C
S:A C D

R-+O. 80

A:
DELTA K B:
MIN C:

D:

200. 00

A:
DELTA K B:

MAX C: :

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

---------------------------------------- e------------------

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

V.

4.12-18
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CONDITION/HT: BA TITAN.
,-,FORM: 1. l00"TH PLATE YIELD STRENGTH:ALY

FMSPECIMEN TYPE: DCB ULT STRENGTH:
ORIENTATION: T--L SPECIMEN THK:
"FREQUENCY: 1.00 HZ SPECIMEN WIDTH: TI-BAL--
ENVIRONMENT: R.T., 3. 5Z NACL REFERENCES:88140

ENVIROMENT:4V (ELI)

AK (MPA %/m) AK (MPA -V/m)
_ 4 10 40 100 4 10 40 100

STRESS RATIO = -0. 80 100 STRESS RATIO
.. lO2 _________ ____d____-2 _________ ________

mZ

10 - 101- • 1"

10' 101 -
110s 6

10.2 10. 4S10.6 ,
K3

,o•-,

10

' _ _ _ _ _ ___ _ _ _

10.10 E6

10"1--10.

Z- -- E

10 - 0 0

.4~~. 7__ _ _ _ _

* 10 -

"a 10 - 0

S10"

1*8 168

-, 10 • 1-

'•., ~~107 07-

1 0 _ 
1 0 "R

166

S10-- 
101

I10'

- . -. .lO'..J.I, l, ~Il J . .l i IL. l L -- 10"e IJ , I. II, J J, l~ lJ .

"""10 4 10 40 100 1 4 10 40 100

', K (KSI v'n AK (KSI V•)
:::: Figure 4.1]2.3.4

1."

S4E2

:,,-.-v,. .,'v,.:,::v .',;•., •.•,,'2• • ',g:. .•.•';'4':';',•,"•,.'.•,.. ..-;'•''"• ."'." . .. ,.":" " •.'..' "•.:-"l"o.



TABLE 4.12.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS -".
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.5 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

DELTA K : DA/0N (104*-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E ER.T.
:DRY AIR

A: 11.53 .0879
DELTA K B:

MIN C:
D:

13.00 : .227
16.00 1.01
20.00 4.02
25.00 11.9
30.00 : 22.4

1- 35.00 31.3

A: 37.95 : 34.5
t.'

DELTA K B:
MAX C:

D:

ROOT MEAN SQUARE 24.63
PERCENT ERROR

------------------------------------------------------- -------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.12-20
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......................... .......... o...

CONDITION/HT: BA TITAN.
FORM: 1.00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DC. ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:

.,. STRESS RATIO: '-0.00 SPECIMEN WIDTH:
.- .- "FREQUENCY: 15.00 HZ REFERENCES:88140 TI -AL-

4V CELI)

AK (MPA AVr') AK (MPA NAM-)
4 10 40 100 4 10 40 100

R. loo 1NVRONM NT:
,,.lO2 .. ______ ________ _ -d2

010"1 101

101 100

1100 10-

S 100 3 00

10 ~10
k ~ 100.5

- _ _-

40 100.441040100.,-10"
v0t -- %. 1 .6 10.L------.10.

1 4 10..0 100 1 4 0 10010.8© 1 , I' II, I I I I'I1, - Oe I , I ,, I J ) ll -
., ~~I rrT -~~q I iI'''

ENVIRONMENT: 100 @ ENVIRONMENT: 100
lO2 lO_______ ________ 2 ______ ____

S1010
"- 210

10-102
S4

S 10" 10 -
100 10- -- E

"z E10 -1-- 10 5

"o -- ______ __ 10.4 m10

___ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ -_6
101•: O••-1 16c_-

.7 .7010 101

S- 106

10 10 10 406
1 4 10 40 100 1 4 10 40 100

AK (KSI V'h) A K (KSI I'/ )

"Figure 4.12.3.5
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TABLE 4.12.3.6

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.6INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSl*INl**1/2)

: A B C D

: EUR.T. Ea R.T. En R.T. E- R. T.
:.H20 SATURATED DIST. WATER 3. 5% NACL S. T. U.
JP-4 FUEL

A: 14.45 .387
DELTA K 9: 15.47 : .968

MIN C: 10.07 : .1170: 13.583 :.400

13.00 .1.3
16.00 : 1.046 1.27 2.99 1.64

20.00 : 5.14 5.20 14.5
25.00 : 13.4 13.0 Z
30.00 : 22.4 22.8
35.00 : 32.4 35.7
40.00 : 45.9 55.4

A: 43.49 : 59.6
DELTA K B: 40.10: 55.9

MAX C: 24.47 : 24.0
D: 16.98 : 3.23

ROOT MEAN SQUARE 11.94 19.22 22.29 17.58
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.0-1.25
* SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.2.2
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CONDITION/HT: BA TI TAN.
FORM: 1. 00"TH PLATE YIELD STRENGTH:
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 00 SPECIMEN WIDTH: TI-8AL-

;..FREOUENCY: 15.00 HZ REFERENCES:8140 4V T ELI)

AK (MPA i%/7) AK (MPA %/-)
4 10 40 100 4 10 40 100
IR I T"ll I .1 " /1 '/ llt' W ''

0 1• EN0NRONMETRNT: RR. 1

FUEL A K-4 1024DIST. WATER

-10" 10.1

__- -2
010. 1010

10 102 102- E

z 10710E10 10-5

10 04

10.60

16 -- 6706 -•1.

1 4 10 40 10001 4 10 40 100

@ T:oRI 0 @ 111111. 1._oI0l
F.9.R1NMENT: R. i..

10 100

10' 102

10. -0.10 - E

4 
za U

-6 
. -

100-1

• ~ _ 10.6

- or, 
-I 1 1 1 18 

10 "

1 4 10 40 100 1 4 10 40 100 -
"'"AZK (KSI %/ 7n) AIK (KSI %/ 7n)

Figure 4.12.3.6
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TABLE 4.12.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.7INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

--------- --- - - - - - - - -- ---- - - - -- - - - - - - - -
DELTA K DA/DN (10*4-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

S E- R.T. E- R.T. E- R.T.
:H20 SATURATED ALT JP4-FUEL DIST. WATER
JP-4 FUEL & DIST. WATER

A: 27.33 : 19.4
DELTA K B: 26.24 : 19.2

MIN C: 42.57 63.1
D:

30.00 26.4 31.1
35.00 : 40.8 48.9
40.00 : 57.7 69.0
50.00 106. 122. 141.
60.00 : 200. 212. 210.
70. 00 : 402. 388. 383.

A: 72. 48 : 483.
DELTA K B: 73.62 : 489.

MAX C: 74.51 : 607.
D:

ROOT MEAN SQUARE 10. 21 12. 84 5. 17
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.12-24
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CONDITION/HT: BA T ITAN.
FORM: 1. 00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:

ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: -0. 10 SPECIMEN WIDTH: TI-8AL-

AK (MPA V/m) AK (MPA v'Wi)
4 10 40 100 4 10 40 100

ýNIV6RAN RI 4.1 .. " lo ENVIRONMSNT: R
~O ATAT*EO JP-4 10ALT JP4-FUEL A~b

-~2 FUEL Z_____- DISTILLED WATER

10- -010

10030.

rn2-

~1 -10
2  10'

~10.3 3'

m4..

106 106
10.1l

.7 .7

010.6 10*

1078 1J it =- I I 11 10 a.....L...LL~~ ....... LLIJl A
1 4 10 40 100 1 4 10 40 100
t-*% I 1 I'1 11 1'' 11 1 11 ''' 11 1 1 1' 1'' 1 ' 111''I

w1.1!R. 100 ENVIRONMENT: 100

162 102

10-1 10.1

10- 2__ _>10 .3103

-G 10 10

%v -E 10 103 E

.4 10- (

________ ________ - 10 10- 1

108 
6

10" 40 1

1 4 10 40 100 1 4 10 40 100
AK IlSi V/ln AK (KSI v/7Tn)

Figure 4.12.3.7
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TABLE 4.12.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.8 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*!N*•1l/2)

A B C D

E- R.T. E- R.T.

:3.5 XNACL S.T.W.

A: 26.53 51.6
DELTA K B: 27.01: 37.8

MIN C:
D:

30.00 74.9 53.2
35.00 : 107. 70.9
40.00 138. 89.5
50.00 : 214. 214.
60.00 : 355. 616.
70. 00 : 657.

A: 73.43 : 833.
DELTA K B: 64.60 : 757.

MAX C:
0:

ROOT MEAN SQUARE 7.91 10. 86
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.12-26
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CONDITION/HT: BA TITAN.
FORM: 1. B0"TH PLATE YIELD STRENGTH:
SPECIMEN TYPE: YCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:

STRESS RATIO: *0. 10 SPECIMEN WIDTH: TI-OAL-
. j FREQUENCY: 1. 00 HZ REFERENCES:88140 4V (ELI)

I|
AK (MPA A/m) AK (MPA /"m)

4 10 40 100 4 10 40 100

E•NVgIRONMENT: R. .1 100 ENVIRONM NT:R.T
5 ACL ZS. T. W.

0162 _62_-- 
-

1 " 10-

10"3 103

S10 
2 10 .2

4 -4

V. 105 0 10--

1 6 1O.6 , --
10 10 0

1 0 0.3 1

10 
10

10.8 
10_5

J - • l .6 _ _ O6

1010 41040 10

1 4 10 40 100 1 4 10 40 100©III 1111 _ IF~ ~ ~ (D)II I~r~ ITIm I I
ENVIRONMENT: 10o ENVIRONMENT: 10o

2 o 1o"__ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i10"2- 
!0362 ----

107. .3•1.i-- . 0310
1010 110.2,

--1010 10 1
3 IS 10 10 E

z E5

1 0-5  10 5

-- 10" - -o 10.6

10-0
.6 1074

10e 1 , ~ l Il I0I ,lO.I II10 10010

11 1 07 10.6

1 4 10 40 100 1 4 10 40 100

AK (KSI V'-,) &K (KSI vl"n)

Figure 4.12.3.8
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TABLE 4.12.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.9INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

-.-.------------.---- ------------------ -----------------------

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

E- R.T. E- R.T.
:H20 SATURATED 3. 5% NACL
JP-4 FUEL

A: 26.50 15.3
DELTA K B: 26.8, : 11.0

MIN C:
ý5D:

30.00 28.0 36.5
35.00 : 47.5 110.
40.00 67.9 194.
50.00 : 123. 353. -

60. 00 : 230. 624.
70. 00 : 501. 1449.

A: 76.78 1014.
DELTA K B: 75.41: 2636.

MAX C:
D:

----- ----------------- - -a---------------- - ----------------------

ROOT MEAN SQUARE 10.69 189 13
PERCENT ERROR

---------------- ---------------------------------------------------------------
l . 0.0-0.5
•:•.3". ','" [•r 4 -0. (3

1,,J.0 "' 2'-.25
R1. r-t. 05
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CONDITION/HT: BA TITAN.
FORM: 1. 00;,H PLATE YIELL) STRENGTH: ALLOY

- SPECIMEN TYPE: DCB ULT. STRENGTH:
- EORIENTATIONC T-L SPECIMEN THK:

STRESS RATIO: -2. 10 SPECIMEN WIDTH: TI-6AL-.,,FREQUENCY: 0. 10 HZ REFERENCES:ee13 40
4V (ELI)

o.-
:• .,.AK (MPA -W/-) &K (MPA ')

4 10 40 100 4 10 40 100

-;-,,,,N,,TR. I.. 10 - NV, ONMFNT R.
"%-"RR @AT+E JP-4 3.5% NACL

1I2 FUEL - -2
10" 10

10"2 10'. .0.

16 1

-10 10.

;..1.-, .5 z.i " 1 4
m 4.

10 010
3

10

" V• 10" 10-
___,,_," "-'., O__ ___.___..____I_,_.. lO-V107 10'

"1 4 10 40 100 1 4 10 40 100

© ENVIRONMENT: 10 o ENVIRONMENT: 100

S102 102 --

3 1•

10? 10?

.. 3

10 10

F 5
"-.0 1 10 10 -1 z
10 I

10'10.

10 1 .

10' 10_6
1' 1 . L 10" 1 0

.1 4 10 40 100

Fi~jurc, 4. 12. 3.9
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TABLE 4.12.3.10I.
.4t

"FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
.• ~OF STRESS INTENSITY FACTOR "

DATA ASCOCIATED WITH FIGURE 4.12.3. IOINDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

DELTA K : DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**412)

: A B C D

E"- 65F
:NITROGEN & AIR

A: 15.30 : 2.20
DELTA K B:

MIN C:
D:

16.00 2.69
20.00 : 9.07
25.00 : 15.4
30.00 : 22.0
35.00 : 33.1 -"

40.00 53.4 4-

A: 42.13: 66.9
DELTA K 8:

MAA C:
D:

RODI 1lEN MSJARE 11. 19
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
SUMMARY 1.25-2.0
(NP/NA) >2. 0

42

0I
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CONDITION/HT: BA TITAN.
FORM: I. 00"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION' T-L SPECIMEN THK:

".V., .. STRESS RATIO: -0. 50 SPECIMEN WIDTH:
FREQUENCY: 1.00 HZ REFERENCESS8140

4V (ELI)

"AK (MPA %/Fi') AK (MPA A./}
-4 10 40 100 4 10 40 100

() E 4 Jd I4)O 4i• IRS 0° ENVIRONMENT:._-- I R 10 k."m)E& 11118N I Ml1N1-:

:• .,16 2 16 , Z
10-10 10"1

10.3 10F1

10'2 _ 102

L U 4 4
- 1003 10-

_ 10.5 
E

J"Ii --- 104 ---- 10.4-1:_
''5

1 16O'o- 1

_ _ _ _ __- - ENVIR NMENT10-0

110

~~10'

16 
1

._ _ _ _ _ __-_ _ _1 o__ _ _ _ ____ _1 o --
50 100*0

. '.. "10"eI7I0, , 1 1 10"o I I l , I , I , 1 1

1 4 10 40 100 1 4 10 40 100
62%, -- I 1 I l KS I 1 1V!'1 1h 1 11,I l 1 1 i ,i 1i1l-ENVIRONMENT: 100 -- ENVIRONMENT. lo10

S16.2 -162 -

Figure.4. 12 .3.1

K , _ __10"4_I(10

S i 1 m-3•- :-
•. - -•;-- ,,-j_ 10. E

z 10*5 10 5-

'! ,.10 ' 10',16

....-- • 10.1 --.;., ,, - -.. : 10s

4-.% 10. 40 100.68 h l

;.+:.. o, ,.4 0 010 4 10 40 100
. • . ..' 'A K (K S I % / 7 n) A K ( K S I -, I o )

""," Figure 4.12 .3.10O
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TABLE 4.12.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.11INDICATING EFFECT

',$ OF ENVIRONMENT

"MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

------ -- ----------------------------------------------------
.- ,

DELTA K : DA/DN (10.*-6 IN./CYCLE)
(KSI*IN**1/2)

A B C D

E-+ 175F E-+ 175F E=+ 175F E-+ 175F
:DRY AIR JP-4 FUEL DIST. WATER 3.5% NACL

A: 15.15 : 4.42
DELTA K H: 14.71 : 3.87

MIN C: 21.49 : 19. 1
D: 15.01 : 3 51

16.00 : 5.69 5.02 6.93
20.00 12.1 13.3 17.9
"" 25.00 20.7 24.0 29. 48.6
30.00 : 33.5 36.9 50.4 100.
35.00 : 5. 1 59.6 73.3 159.
40.00 : 78.0 99.0 91.9

A: 40.96 : 80.3
DELTA K B: 42.28 : 101.

MAX C: 41.36 : 95.5
D: 35.56 : 165.

-------------------------------- -----------------------------------------

RUOT MEAN SQUARE 9.05 14. 61 7. 92 12. 39
PERCENT ERROR

--------------- ------ -----------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: BA TITAN.
FORM: 1. BB"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION: T-L SPECIMEN THK:
STRESS RATIO: T-L HZ SPECIMEN WIDTH: TI-BAL-
"FREOUENCY: 1.00 HZ REFERENCES:S88140 4V (ELB

AK (MPA &/') AK (MPA VIM)
• 4 10 40 100 4 10 40 100

ENVIRONENT: 1 5 -100DRY A-R -° 3P-4
___O._ ______O.__

010 1 10'

103 10"3

1 164 i02 >-.

S 1013 10"3 E

• - - r--, E
"""O _ _ 0.4 - -- 10.

10_- 10" _z

,-6 --. 6" ___ _..___ _ __ __ __ _s_
10- - 10

"10c

010 
10 .6

1 4 10 40 100 101 4 10 40 100

Rj- ll -- oOo
S10" - ' 10"

1-2 ___________________

10. 10 1 10

1/3 ____ __ _1 - _oz3_

1os _, 2 2 o
" - --- 10. 10 "3

.4 - 16
.3

S 10 --

"10 -- 107

• 7

"a 10- '

106 - 10s

08 l- IL ,W..lbl I L~.L .Jl - 10"e I , 1,1,1,jJ*j*~J*j J! *j*lJ** l, --

r 4 10 40 100 1 4 10 40 100

tAK (KSI V'j) AK (KSI Vlm)

Figure 4.12.3.11
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TABLE 4.12.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.12INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-&AL-4V (ELI)
CONDITION: BA

DELTA K : DA/DN (1O**-6 IN. /CYCLE)
(KSI*IN-*1/2)

: A B C D

E ER.T. E- R.T. E- R.T.
:1H20 SATURATED ALT JP4-FUEL DIST. WATER
JP-4 FUEL & DIST. WATER

A: 10.91 .61
DELTA K B: 10.34: .50

MIN C: 9.85 : .23
D:

10.00 : .273
13.00 2.24 2.19 2.03
16.00 6.47 5.87 6.01
20.00 : 13.8 12.9 13.7
25.00 : 24.6 23.5 25.5
30.00 39.7 35.5 40.7
35.00 : 66.0 50.1 63.0
40.00 : 117. 98.7

A: 41.26 : 137.
DELTA K B: 36.59: 55.4

FlAX C: 44.21 : 148.
D:

ROOT MEAN SQUARE 22.06 20.98 16.08
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0. 8-1. 25
SUMIMARY 1.25-2.0
(NP/NA) •2

(WINA) >2. 0

4.12-3
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CONDITION/HT: BA TITAN.
FORM: 1. 0B"TH PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:

• STRESS RATIO: 4.4 50 SPECIMEN WIDTH:
'-•.--FREQUENCY: 1. 00 HZ REFERENCES:88140

4V (ELI)

AK (MPA N/m) AK (MPA V/')
4 10 40 100 4 10 40 100

® 1 ,,,, y ,,,1, -, ®1
ENVIRONMENTR. 010 E NVI ONMENT: R.
H2 AUATED JP-4 ALT 3P4-FUEL ANb

10- FUEL DISTILLED WATER

-10. '10.1

.10-2 lo

4 >- -2

10 100> " -- 4 UO 1 -

IO-6 - ~10.6l
E

2 10.5 10.7 -

6 --. 0. 0 -o
100410

10 E 10
100' 0=5

,'•' • 0"1010-

10.6 10.6

108- 40108 . .1. L 1 . Li.LLL
1 4 10 40 100 1 4 10 40 100

62%111 1 ~1 1111f1 (_ rtr1, J---r11TT
c •_ • 100 ENVIRONMENT 100

"10 10" 10-

io3  io0

- 102
-1 0 4

C - -_ __ _ __S.•- . 10", 3 . 10-3

S•'. 4 10 40 10 10 4 104 0

e. 4 .D
V10'

10

- o6

10'10
%0 10'

%7 1-71

10-4 10 6 -

16o 1.........J.L ..L..LJ et]J 10-8 11J1j..1.1 ±J- jjj I
1 4 10 40 100 1 4 10 40 100

&K (KS4 v2 Mi) AK (KSIv

Figure 4.12.3.12
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TABLE 4.12.3.13

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.13INDICATINQ EFFECT

OF EV'I'IRONMENT
-------------------- ------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN*.1/2)

E- R.T. E- R.T.
:3.5X NACL S.T.W.

A: 10.16 : .980
DELTA K B: 9.76 : .991

MIN C:

10.00 : 1. 13
13.00 : 2.461 3.277IL16.00 : 7. 36 9. 26
20.00 : 31. 3 2e.2
25.0O0 : 69. 0 62.3 --
30.0O0 : 1151. 86. 9 :
35.0O0 : 1134. 120.
40.0O0 : 308. 196.

A: 40. 69 : 333.
DELTA K B: 42. 18 : 258.

MAX C:
D:

------ --- --------------------------------- ---------------------------------
ROOT MEAN SQUARE 18. 54 15. 96

PERCENT ERROR
-------------------------------------------------------------------

LIFE 0. 0-0.5
PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.1,3
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CONDITION/HT: BA ITAN.
FORM: 1.00"TH PLATE YIELD STRENGTH:
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:

. STRESS RATIO: 10. 50 SPECIMEN WIDTH:
C 1.00 HZ REFERENCES:98140 T4-EAL-

*~-.~ROUECY:4V (ELI)

AK (MPA N/m) &K (MPA -)
4 10 40 100 4 10 40 100

VRONMNT.100 NVIONMNT: R.
S 102 X0AoL S.T. w.

P 10 1 10.1
100.

10"2 10. -

_ lO" 3 o-- -10.3 Z 10.3
1 Z

E

10, 01" c4

6 V6
0 1015

-j - 10"5 _ • 10"s

10=6 10 .6100 - -,o° .L..L-Loo
1 6" - I 1 l 1 l 1l , 1 1 l 1 l 1 1, -- 1 0 " 8 r I 1 I , I , I I 1 1, 1 I• I, , -A

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100

.2o 162

10.3 10- 1
1103

10-2 -2
10s 1010

-4 -

- _ 4 1E

1o-. - 1d - z
-- 10s E

10 10- --10 .o-

100-

-- • 10.6 .10-6

1. 4 10 40 100 1 4 10 40 100

. K (KSI Ti) AK (KSI v'ib n)

Figuýce 4.12.3.13
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TABLE 4.12.3.14 .

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.14INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
1CONDITION: BA

DELTA K : DA/DN (10.•-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

: E R.T.
:DRY AIR

A: 10.10: .424
DELTA K B:

MIN C:
9:

13.00 : 2.46
18.00 : 6.34
20.00 : 12.8
25.00 : 22.4
30.00 : 36.2
35.00 : 60.4
40.00 : 107.

A: 40. 48 : 113.

DELTA K B:
MAX C:

0:

ROOT MEAN SQUARE 20. 59

PERCENT ERROR

LIFE O. 0-0.5
PREDICTION 0. 5-0.9

RATIO 0.8-1.25
SUMMARY 1. 25-2. 0
(NP/NA) >2. 0

4.1.3
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CONDITION/HT- BATT
FORM: 1. 00"TH PLATE YIELD STRENGTH:
SPECIMEN TYPE: DCB ULT. STRENGTH:
ORIENTATION- T-L SPECIMEN THK:
STRESS RATIO: +0. 50 SPECIMEN WIDTH: TI-8AL-FREQUENCY: 0. 10- 1.00 HZ REFERENCESS8140 V (ELI)

AK (MPA s•/) AK (MPA Vh)
4 10 40 100 4 10 40 100

""1 1l•ll 1 y 11'111 -A
"- R. 100 E NVIRONMENT-

102 1 20

101 10"1

"10-3 103
2 10

S; • 103 •103 E

*0 - 10 - -
410 "3"10. -0 _-

10 10 040

lO" -6 __ _ __ _ __ ___ _ _ _ _ _ _

67 .7

10 10 6

10"8 - 1 1078 J4 W J--
1 4 10 40 100 4 10 40 100

© ENVIRONMENT: lo @ ENVIRONMENTý 100

1-_ 
62 _ __O._-_=_l 3_

10.3 10o

S-- -•_ ~~10"4_*10'•

....-- 10s_ • 10.1

S21-1-- 10--
4 16 4 U)

k~o-- o10. 10 - 0
ki- 0"o*1,•1 1 • ,11 - 10"e I •I lI ~ ~

.0 1043 E10 - __ __ 10

10~ 10o
-7 -O7

10610,

*108 100 1 1~~L--LLL 1 1111 I I I~~j -

1 4 10 40 100 1 4 10 40 100
" K (KSI 7'n) AK (KSI vh)

Figure 4.12.3.14
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TABLE 4.12.3.15

"FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

"DATA ASSOCIATED WITH FIGURE 4.12.3.15INDICATINQ EFFECT

--- --- OF ENVIRONMENT
---------------------- V ------------ -------- -------------------------------------

"MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: BA

------------------ -------------- --------- ----------------------------------------
DELTA K : DA/DN (1O**-6 IN. /CYCLE)

(KSI*IN*.*1/2)
: A B C D

I E=- R.T. E- R.T. E= R. T.
: H20 SATURATED 3. 5% NACL S. T. W.
JP-4 FUEL

A: 14.08 3.65
DELTA K B: 15.54 : 5.62

MIN C: 13.38 : 4.56
0:

16.00 : 6.63 6.80 5.42
20.00 : 13.9 15.0 12.7
25.00 25.0 37.8 27.2
30.00 : 42.8 178. 54.t
35.00 : 78.6 264. 110.
40.O00: 233.

3! A: 37.10 105.
DELTA K 0 3-.28 264.

mw c: a 70 357.

"ovT M 3AE 7.84 21.27 9.49

LIPE . 0-0. 5
"WDLCTUON 0. 5--0.8
OAT!C 0.I-0-1.25
SM10 1.25m-2. 0

cNP ftW)3 )2. 0

4.1.2-4o



CONDITION/HT: BA TITAN.
FRM . T PLATE YIELD STRENGTH: ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH:

ORlIENTATION• T-L SPECIMEN THK:
,- STRESS RATIO: o0. 50 SPECIMEN WIDTH: TI-BAL-
v FREQUENCY: 0. 10 HZ REFERENCESS8140 4V (ELI)

&K (MPA A/m) AK (MPA ,/rm)
4 10 40 100 4 10 40 100

R_ %•R•A 100 5 1N14WNT R.

3.5% NACL
10.2 FUEL 

102 _

10' 1 10"1

P1

Z 10.2 100.
2 2

1100 100s.3 5 E

10--.7 - z
4-.

1 14  4 100

10" 10

7 0" 10"7

0106 10' 6

10 10. -
1 4 10 40 100 4 10 40 100

10") 411 -111 10"1-
-- .NMENT 10 ENVIRONMENT: 100

10.6 0- 1 10-- 1

1100. -10-

10 106

10iIo ,,1 1 11 - 10" ~ 11

.4 .3
S 10

0 11 40
101-4

101 10

06 10.6

14 10 40 100 14 10 4 10
&K A(KSI vrin) AK (KSI V/Th40

Figure 4.12.3.15
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TABLE 4.12.3.16

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS -,-

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.16INDICATING EFFECT

OF ENVIRONMENI

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: RA

DELTA K : DA/DN (10**-6 IN./CYCLE)
(KSI*IN**1/2)

SA B C D

E= R.T. E= R.T.
"LAB AIR SIM. SEA WATER
10HZ 1-10HZ

A: 12.94 .519
DELTA K B: 10.88 3.44

MIN C:
D:

13.00 .565 3.90
16.00 4.94 7.39
20.00 10.8 15.0
25. 00 19. 4 32. 1
30.00 30.8 64.3
35.00 50.6 121.
40.0O0 91. 5 204.
50.0O0 393.

A: 47. 16 202.
DELTA K B: 50. 76 404.

MAX C:
D:

----------------------------------------------------------------

ROOT MEAN SQUARE 33. 80 20. 45
PERCENT ERROR

---------------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0.5-0.8 1

RATIO 0.8-1.25 2
SUMMARY 1.25-2.0 1
(NP/NA) >2. 0
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... ,.. . . . . .•.

CONDITION/HT: RA TITAN.FORM: 3. 00"TH PLATE YIELD STRENGTH: 119. 4 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 127. 8 KSI
ORIENTATION- L-T SPECIMEN THK: 1. 003- 1. 040"
STRESS RATIO: -B. 10 SPECIMEN WIDTH: 7. 400"
FREQUENCY: REFERENCES:NCO02 TI-SAL-

4V (ELI)

"AK (MPA %v/) AK (MPA -,/-m)
4 10 40 100 4 10 40 100

. TE.. 100 N RIRN NT: R.T ..
1- lSIM. SEA WATER10-2 10HZ ___10-2 1-10HZ -

10 - 10. >

'6 10' 10.2

Q- 10.2

3 .~3 E10. 10
.1.-.___5 E
""-"o•0 __- 10 -_-z

-6 --____ _10._ - ____ __10.6__

10 - 10

S• m i.10 16 =

Z0 1006

1 4 .10 40 100 1 4 10 40 100

100 ENVIRONMENT: 10o

1010-1 _0"

10.3 10.3
?'"G" - -- 10"2 i --- - 10"2

- 1.0 o2

10-0
3

10- 10 E

" 10" 10" -- 1

I ' -6 -6IO

- 1 4 10

I o,•eAK(S w]•),K(K I1"''

106
I..s

100 100

108 LJJLLI ~j..L~jJ10
1 4 10 40 100 1 4 10 40 100

" 4.12-43
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TABLE 4.12.3.17

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.12.3.17INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-4V (ELI)
CONDITION: RA
--------------------------------------------------------------------------------------

DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

E ER.T. E= R. T.
:LAB AIR SAM. SEA WATER

A: 12.57 1.50
DELTA K B: 13. 17 2. 76

MIN C:
D:

13.00 : 1.71
16.00 : 3.68 3.88
20.00 7.75 7.96
25.00 : 16.0 20.1
30.00 : 29.4 45.1
35.00 : 51.4 87.4
40.00 87.2 146.

50.00 : 240.
60. 00 : 638.

A: 67.29 " 1287.
DELTA K B: 45. 43 221.

MAX C:
D:

-------------------------------------------------------------

ROOT MEAN SQUARE 16. 76 30. 38
PERCENT ERROR

----------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0.5-0.8 1 1
RATIO 0.8-1.25 2 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.
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3 CONDITION/HT: RA TITAN.
FORM 3. 00TH PLATE YIELD STRENGTH: 122. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 130. 2 KSI
ORIENTATION T-L SPECIMEN THK: 0. 23- 1. 010"

".'1 STRESS RATIO: --0. 10 SPECIMEN WIDTH: 7. 400" TI-SAL-FREQUENCY: 1.00I- 10D.00I HZ REFER ENCES:NC00D2 4 E

.*.,&K (MPA Vet) &K (MPA N/'7)

"4 10 40 100 4 10 40 100

TNVJRQýNENT: R. 100 NVRONM NT: R. T..
AW ISIM. SEA WATER

10 10
S10 101

v3 ~13
10.2 10.o

.. - _"104_.,

S.10" 
10 -

i~. '3 E041.
.10s 101

1- ~s- U o.D 10. 100.

ENIOMN:1 oEVRNET 10o1 -2

1061

1 0" 10-

10" 1015
10'. 10-6

10 ... L.LJ.IJ......L.LL.J I _ 10. .. L..L ..........LLJJ

1 4 10 40 100 1 4 10 40 100

100 ENVIRONMENT: 100

S-- 104 110

10" 10.1 1- 1

-10.2

10 4 1,0

Figur 4.231

.1.12-0

... 4f. . .- , .5-,- .

11 -3

.110 10-'

10*1~

104 1 4 0 104 1 4 0
1 (K S1 n K(S /n

Fiur 41..17

* Figure4.12.3.1
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TABLE 4.13.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.1 INDICATING EFFECT

OF STRESS RATIO
--- ----------- e --------------------------------------

MATERIAL: TITANIUM TI-&AL--V-2SN
CONDITION: BA
ENVIRONMENT: R.T. ,HUMID AIR

-------------- ---- ------------------ -------------- ---- ---------
DELTA K : DA/DN (10*•-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

Rm-+0. 10

A:
DELTA K 3:

MIN C:
D:

200. 00

A:
DELTA K B:

MAX C:

ROOT MEAN SQUARE 0. 00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.13-16



CONDITION/HT: BA TITAN

FORM: IL 38"TH PLATE YIELD STRENGTH: 13.0 KSI ALLO

SPECIMEN TYPE: PTSF ULT. STRENGTH:
ORIENTATION: T-S SPECIMEN THK: 0. 375"

', FREQUENCY: 11. 00 HZ SPECIMEN WIDTH: 5. 000" TISAL1
-. ENVIRONMENT: R.T. , HUMID AIR REFERENCES:QO81 SV-2SN

4.,AK (MPA N/m-) AK (MPA iV/m)

4 10 40 100 4 10 40 100* ® (,, , , ,,,,+ ! ,,,, , , , ,
STRESS RATIO -+0. 10 100 STRESS RATIO:10_ 101"• 1 "

10.1 10.1

10-2 
10.2 _

.(4 _________

1010 103

10 -
10 04

0 10.6 1.

S10.7 1 "• ....

106 , 1016 1 ji 4 I I- 10.l
1 4 10 40 100 1 4 10 40 100

@ - l I lll I 'i'll l o. o

STRESS RATIO STRESS RATIO 100

1-2 Z E R2
10 10-1 101

1•-- ____10"___..___101
1.3 "o103

10~
S10.2 10.2

104 Cf4 -

10" 10 -

zo E

lo10 1-1 z

10 105

d1 
1 i.S 0.

10". 
101.6

1 . 10 10"6

101 4 10 40 100 1 4 10 40 1oo

AK (KSI v"i) A K (KSI ,/J'in)

Figure 4.13.3.1
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TABLE 4.13.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR .

DATA ASSOCIATED WITH FIGURE 4.13.3.2 INDICATING EFFECT

OF ENVIRONMENT
--- -- --- ------------------------------------- ------------------ - - - - - - - - - -

MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: BA
--------------- ------------- ----------------------------------------------aaaaaaaaaaaaaa

DELTA K : DA/DN (1014-6 IN. /CYCLE)
(KSI*IN**1/2) :

.A B C D

E- R.T.
:3. 5 NACL

A: 8.91: 1.38
DELTA K 8:

""IN C:
D::

9.00 1.36
10.00 : 1.51
13.00 5.40
16.00 12.5

A: 17.76 12.0 ]•
DELTA K :
MAX C:

D:

T MEAN SQUARE 27.07
PERCENT ERROR

--- - -- -----------------------------------------------

PREDICTION 0. 5-0. 8
SUMMARY 1.25-2.0

S (NP/NA) >2.0

4.13-18
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CONDITION/HT: BA TITAN.
FORM: 0. 38"TH PLATE YIELD STRENGTH: 1I0. 0 KSI ALLOY
SPECIMEN TYPE: PTSF ULT. STRENGTH: 158. 0 KSI
ORIENTATION- T-S SPECIMEN THK: 0. 375"
STRESS RATIO: +0. 10 SPECIMEN WIDTH: 5. 000" TI-SAL-

-". FREQUENCY: 0. 10- 10. 00 HZ REFERENCES90981 OV-2SN

AK (MPA %f/M) &K (MPA -,•/')
4 10 40 100 4' 10 40 100

¶' II N0 -• NI,,w, II I 111,,1''- NVRNMENT: RT.00 o .- ENVIRONMI _T:,.

3. 53.5% NACL 62• O2 _____o___ 2 ,________ ________

10-- 101

10.1 
10.1

S. 10,3 10-3
E

"."4 10.4 10'5 z

10'

1 0 u 10.

I 66

o10-7 10---
10 

.47

10 . 10"6

[]0

D 1 0 .8 - 1 , 1 1 4 1 1 1, 1 1 i , l t,h -. .s 'I I I l~ I I II I 1 1 1 1 l n l

6 _ _

I', 1 1 11 1o ,o 1oo._1 1o 1o 1 ,oo1
10 ENVIRONMENT: 100 ENVIRONMENT: 100

vS

10" 10

102 010"2_10"

10.6 10-6

410"10 10" 1
ENVIRONMENT: 10 ENVRONNT-1010

10.1 o'31
0.0 E

10-5 -- 10v 10_ 101 -

•., I710 10-

0 -- 076

S1, 1 ! f I lore f I A I

.7 1.4 10 40 100 4 10 40 100
AK .- AK(KSI v'Tn) AK (KSI %/7n)

| ..

Figuro 4.13.3.2
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TABLE 4.13.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.13.3.3 INDICATING EFFECT

OF ENVIRONMENT
-----------------------------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-6V-28N
CONDITION: MA

DELTA K DA/DN ($O**-6 IN. /CYCLE)
(KSI*INe*1/2)

A B C D

: E R.T. E- R.T.
:INTERSTITIAL INTERSTITIAL

OXYGENmO. 08U OXYQENIO, 16.

A: 16.07 : 3.37
DELTA K B: 18.53 8.57

MIN C:
D:

20.00 9.21 11. 7
25.00 : 17.8 30,7
30.00 : 26.7 66.7
35.00 " 37.7
40.00 : 53.5

A: 49.10 : 112.
DELTA K 3: 31.63 171.

MAX C:
D:

------------------------------------------------- --------------

ROOT MEAN SQUARE 5. 19 12.71
PERCENT ERROR

--PE 0.0-0. ----------------------

PREDICTION 0. 5-0,9
RATIO 0.8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0
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CONDITION/HT: MA TITAN.
FORM: YIELD STRENGTH: ALLOY
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION SPECIMEN THK:
STRESS RATIO: SPECIMEN WIDTH: TI-SAL-
FREQUENCY; REFERENCES:91945 SV-2SN

"AK (MPA 1) AK (MPA V/•)
"4 10 40 100 4' 10 40 100

141111111

W!JRTL, X~bEN ~ NIdNTER :...
II KTR~ITIAL OXYGEN: : :_ _ _ _ __ *O 2 - 6 1 _ _-_

a :"10-1 10.1

. i0 __02__-=_ . __02____

10" 2 10.

.3 10 .3 E

•10s ___ _ 10 ,-10 •
10.0

lO6 .10.
1.61 'o

"'9 0" 10"-- --

4 4S

as 107

S10.6 
10.6

"I 0 40 100 101 1 11
NN1 4 10 40 1001 4 10 40 100

E 100 ENVIRONMENT: 100

0 101 10

-a, 10.

10", 100"

S___10_ 3_ E

-- .- 10"•_ -• 10"'

uor 100-

-- - 0 - 10"

i i

I0•,, - w- -z

--- "-•10e.'.. 10-de10 - 10

10,6 10-

10" 1 AI0 I.6ll, 1. 108 1

-1V 4 10 40 100 1 4 10 40 10

""..A 6K (KSI 'i1n) AK (KSI 'sn)

Figure 4.13.3.3
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TABLE 4.13.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.13.3.4 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: MA

---- --- -------------------------------------------------

DELTA K : DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T.
:LAB AIR

A: 4. 16 : .0207
DELTA K B:
MIN C:

D:

5.00 : .0440
6.00 : .0905
7.00 : 164
8.00 : .271
9.00 : .420

10.00 .620
13.00 : 1.61
16.00 3.43
20.00 : 7.73
25.00 : 17.7
30.00 : 35.2
35.00 : 64.0
40.00 : 109.

A: 41.81 : 130.
DELTA K B:

MAX C:
D:

----------------- --------------------------

ROOT MEAN SGUARE 19.73
PERCENT ERROR

-----------------------------------------------------------
LIFE 0.0-0.5

PREDICTION 0. 5-0. 8 1
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.13-22



CONDITION/HT: MA
FORM: EXTRUSION YIELD STRENGTH: 143. 9 KSI ALLOY
"SPECIMEN TYPE: CCP ULT. STRENGTH: 157. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0.0 81- 0.082"
"STRESS RATIO: t0. 02 SPECIMEN WIDTH: 3. 509- 3. 519" TI-SAL-
FREQUENCY: 0. 10- 20-00 HZ REFERItNCESMA02S•.'.-, " "" V-2SN

A AK (MPA -'/) AK (MPA N/m)
"4 10 40 100 4 10 40 100: .'4 '1'11 lo - I 14/ '1'1=111' 1

ENVLRýNOENT. 0EV ONM~tIT:
I-O2 IO_

10.1 - 1 0 "

S-3

-1 _ - 2 -10o

. 10 10.

-. 10- -- 0- 3 10-3 E
ý" lo= 10.6 _ 1.

4 10 40 100 14 10 40 100

10z _0 
10.1

.3 __ __-_ _-__ _o "_-__--___ _1o "

101 6 0- .1. -4 10. 40- 100 41040 1 0
162

2

- .4l10o .1

o l O" __ _ _ _ __"_ _
1- ? 1-- 110'. , 2

a103 10-3 E

z
-- 0 .5 -__ 10. _10 - .

1W ,I-L) K K I(/n)ZK KS /••

10 0Ia" 10.

-•: Figure 4.13.3.4
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TABLE 4.13.3.5

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR ""

DATA ASSOCIATED WITH FIGURE 4.13.3.5 INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: MA

DELTA K : DA/DN (lO**-6 IN/CYCLE)
(KSI*IN**1/2)

: A B C D

E= R T. E= R.T. E= R. T. E= R. T.
:DRY ARGON DRY AIR JP-4 FUEL DIST. WATER

A: 13.02 4.85
DELTA K B: 10.24: 1.28

MIN C: 10.06 2.41
D: 10.25 : .93

13.00 . 3.53 5.70 2.36
16.00 : 6.20 7.54 10.9 4.79
20.00: 10.3 11.1 22.4 9.77
25.00 : 21.0 19. 1 51.6 1?. 9
30 00 : 40.9 48.9 118. 36.9

35.00 : 72.9 107. 271. 65.4
40.00 : 120. 164. 632. 113.
50.00 : 633. 391. 322.

A: 55.28 : 911.
DELTA K B: 58.24 : 1749.

MAX C: 42.78 : 1015.
D: 58.29 : 747.

---------------------------------- ------------------------------------------------------

ROOT MEAN SQUARE 23.61 29.90 21.93 25.52
PERCENT ERROR

----------------------------------------------------------------- -----------------------
LIFE 0. 0-0. 5

PREDICTION 0.5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

WI%
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CONDITION/HT: MA TITAN.

FORM: 2. 00"TH FORGING YIELD STRENGTH: 144.0- 155.0 KSI ALLOY
SPECIMEN TYPE: DCB ULT. STRENGTH: 151. 0- 184. 0 KSI

ORIENTATION- L-T SPECIMEN THK: 0. 750"

.:,W.STRESS RATIO: *0. 02 SPECIMEN WIDTH: 5. 500" TI-BAL-
-.,,FREQUENCY: 0.0 8- 10. 00 HZ REFERENCES:94300 BV-2SN

I
AK (MPA A/•) AK (MPA v'/')

4. 4 10 40 100 4 10 40 100

R. T o .100 ENVI ONA NT: R.T.."i 1o 'O R Y A IRo-

io?10' 10-1

0210

102 -2

d - to -1
__ __ _10. _10- :

z 1 s', 1 " _Z ,

v 110-

10 10
106_ 10

100

"I1 10. 106

1 4 10 40 100 1 4 10 40 100

E© • VtO•Ij•lT: R" "." @ q . •-N.& R.T oo

1 0"- - 10-1

i *j /073
S1 0 .' 1 0 ,2

101.

S.' 10.0 10"
Jo's 10,

-7-

10 _ -- 10__ _ _.... ----

010

0 101"0" 1 I1 --.I I I I 111 10 e 1

1 4 10 40 100 1 4 10 40 100
&K (KSI v'on) AK (KSI rJ_)

"Figure 4.13.3.5
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TABLE 4.13.3.6

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.6 INDICATING EFFECT

OF ENVIRONMENT
--------------------------- -----------------------------------------------------

MATER IAL: TITANIUM TI-6AL-6V-2SN
CONDITION: RA

--------------------------------------------------------------------------------.
DELTA K DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
: A B C D

S E- R.T. E- R.T.
:INTERSTITIAL INTERSTITIAL

OXYGEN-0. 08% OXYQEN-0. 16%

A: 18.44 : 4.64
DELTA K B: 21.24 : 10.6

MIN C:
D:

20.00 : 6.36
25.00 : 13.6 23.7
30.00: 23.0 47.1
35.00 : 34.8 72.4
40.00 : 49.3 96.3
50.00 : 86.0
60.00 : 125.
70.00 : 154.
80.00 : 176.
90. 00 : 195.

A: 91.66 : 199.
DELTA K B: 48.09 : 129.

*MAX C:
D:

--------------------------------------------------------------------------------
ROOT MEAN SQUARE 10.65 7. 01

PERCENT ERROR
--------------------------------------------------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.13-26
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CONDITION/HT: RA
FORM: YIELD STRENGTH: ALLOY
SPECIMEN TYPE: ULT. STRENGTH:
ORIENTATION SPECIMEN THK:
STRESS RATIO: SPECIMEN WIDTH: TI-SAL-

ý:..`.,FR EQ UENCY:. REFERENCES:91 945 O-S

AK (MPA v/'m) AK (MPA v/m)
4 10 40 100 4 10 40 1001111 , 1 il. .

' E VIM.0rAL •;00ENVIRONM; NT: R
NtA ALPOXYLEN 00INTERKT XIAL OXYGEN

1-2 - 00 _ 162 o,.1 --------

1 0-1 1 001

63 1 -?

.•,10 - Oz - 10.'

S-' 103 • 03 E
10.? 10. E

S 1 - 10 - -H,- _ _ _-_10S_ _ _ _10"
10_' o74

10 10.

N108 168 1___

081 4 10 40 100 4 10 40 100

. 1 1il I IIL fll1 111 111111 _

C-.ENVIRONMENT: 10o ENVIRONMENT: 100
•i162 6°2

- __-0" __________10_______

10.101 101

,- 1 102 - 10.2

U .4 4

<1 106 10*

10 10-7 --

1p -~ 1E

" 1 1010
10106

10-81 I i~ IL~~ -- i0. 1 llUJlL&.l.L1 , ILlb -.~
• ", 1 4 10 40 100 1 4 10 40 o10

A K (KSI V'i) &K (KSI v'"n)
Figure 4.13.3.6
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TABLE 4.13.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.7INDICATINO EFFECT

OF STRESS RATIO
-- ----------------------------------------------------------------------
MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: STOA
ENVIRONMENT: R.T. ,HUMID AIR

-- --------------------------------------------------------------------
DELTA K • DA/DN (10**-6 IN. /CYCLE)

(KSI*IN**1/2)
A B C D

R=+O. 10

A: 8.20 .39
DELTA K B:

MIN C:
D: T,

9.00 : .525
10.00 .734

13.00 : 1.67
16.00 : 3. 15
20.00 : 5.98
25.00 : 10. 8
30.00 : 16.7
35.00 : 23.2

40.00 " 29.9
50.00 : 42.3

A: 54.31 : 46.9
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 33. 44
PERCENT ERROR

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0
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CONDITION/HT: STOA TITAN.
FORM: & 13"TH PLATE YIELD STRENGTH: 137. 4 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 143. 0 KSI

ORIENTATION: T-L SPECIMEN THK: 0. 125"
FREQUENCY: 10.00 HZ SPECIMEN WIDTH: 5. 000" TI-SAL-
ENVIRONMENT: R T. *HUMID AIR REFERENCES:0B981V•, • " V-2SN

AK (MPA %/m) AK (MPA Vr/)
4 10 40 100 4 10 40 100(• I I '' 10 (:1) f ,,, ',ll "

STRESS RATIO= -0. 10 10° -- STRESS RATIO-

1O.2 0 --

S10"1 101

100.2 
1 ._21 3

C, -- 31. _ 02•

10 1 103E
z -E

4.5 101 4
I• ______04 

1.

1610 
10.16

1010 1010

068 01 1 1ll10 10, °- = o
00 10.6,II, I , lh - 10.6 I,, I 11

1 4 10 40 100 4 10 40 100

STRESS RATIO= 100 STRESS RATIO 100o

10 2

10.31. 10.13

101
10.2 _102

0 1-

-10.3 -10 3 Ez _ _ _ _ _ _ _ ._ E

10-5 - 10-510. 10"- z

.:- V O 4 1O 1 4l i l O~

41 
"

~~166 1
5S

10110

10. 10.67

10 .. LLJ10LL

S.- 1 4 10 40 100 1 4 10 40 100
AK (KSI V'i) &K (KSI %'/i)

Figure 4.13.3.7
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TABLE 4.13.3.8

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.8 INDICATING EFFECT

OF ENVIRONMENT
---------------- --------------------------------------OENRNMT

MATERIAL: TITANIUM TI-•-A6V-2N
CONDITION: STOA

DELTA K . DA/DN (104*-& IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

E= R.T. E- R.T.
:H. H.A. 3. 5% NACL

A: 9.04 : .526
DELTA K B: 8.98: 2.50

MIN C:
D:

9.00 : 2.48
10.00 : 2.58 3.14
13.00 : 4.48 15.0
"16.00 : 5.34 20.8
20.00 : 9.03 29.2
25.00 : 20.5 53.7
30.00 : 47.9 61.1
35.00 : 104.

A: 39.96 : 140.
DELTA K 8: 30.00 : 61. 1

MAX C:

ROOT MEAN SQUARE 12. 68 8. 44
PERCENT ERROR

-----------------------------------------------
LIFE 0.0-0.5

PREDICTION 0.5-0.8
RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NP/NA) >2.0

4.13-30
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CONDITION/HT: STOA TITAN.
FORM: 0. 39"TH PLATE YIELD STRENGTH: 130. 0 KSI ALLOYV
SPECIMEN TYPE: PTSF ULT. STRENGTH: 187. 2 KSI
ORIENTATION- L-S SPECIMEN THK: 0. 373- 0. 374"
"STRESS RATIO: *B. 10 SPECIMEN WIDTH: 5. 000" TI-BAL-

10.00 HZ REFERENCES:90981 BV-2SN

AK (MPA -,/-M) AK (MPA -,/-M)
4 10 40 100 4 10 40 100

ENVIROR NMENT: R.' 100o E o TI
H. H. A. 1 3. 51 NACC

':I ___o___T______ _________ ______

10 10" 10"1

- 16

10-3 -2

10 10 E
z ... __10"___ _-___10"_
, e- 10 - z

.10 10

1or 10-6

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 100 ENVIRONMENT: 100

lo-2 _ _ _ _ _ _ _-2_ _
10- 10' 10-'

-. 10 1. 1 0 - -- .'•2 .-.- : 1 2 •-

E

z _ _* - -z

".010-- 1s' -10O.' .o. _

4 V

1,107' 1, h I 1 --11 1

- 4 10 40 10 1 4 10 40 100
0 AK (KSI V/Th) AK (KSI v/n)

Figure 4.13.3.8
F4
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TABLE 4.13.3.9

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.9 INDICATING EFFECT

OF ENVIRONMENT
- - - - ------,- ---------------------------- ------------

MATERIAL: TITANIUM TI-6AL-6V-28N
CONDITION: STOA

------------------------------ ---- -------- ------ ----------------------
DELTA K : DA/DN (10*.-- IN. /CYCLE)

(KSI*IN*1/2)
: A B C D

: ER.T.
H. H. A.

A: 8.70 : .824
DELTA K B:

MIN C:
D:

9.00 : 1.01
10.00 : 1.73
13.00 : 4.16
16.00 : 6.42
20.00 : 10.2
25.00 : 20.7
30.00 : 53.0

A: 34.23 : 139.
DELTA K B:
MAX C:

D:

---------------------

ROOT MEAN SQUARE 16. 00
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0.5-0.9

RATIO 0.8-1.25
SUMMARY 1.29-2.0
(NP/NA) >2. 0
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CONDITION/HT: STOA TITAN.
FORM: 8. 98"TH PLATE YIELD STRENGTH: 130. 0 KS! ALLOY
SPECIMEN TYPE: PTSF ULT. STRENGTH: 167. 2 KS!
ORIENTATION- L-S SPECIMEN THK: 0. 972"
STRESS RATIO: *-3. 10 SPECIMEN WIDTH: 5. 0001° TI-SAL-
FREQUENCY: I. 10 HZ REFERENCES:00091 OV-2SN

AK (MPA %/-M) AK (MPA V/')

4 10 40 100 4 10 40 100

NT: R *. ¶0 ® ENVIROl MI jl~T: I'III

10-I I__ _ _ _______ I 10' 111 AI

$NL Ro4. v 000NE

10'- 10"1

lao.
1 0'2 10*2

'10 .3 10"3

10-- 10-4

lal

100 - -

16'- - -~3 ¶'

10-1 101

lam

-- 0* , 10' 2 10.'

10"10* I ,, 0 ,1 -13 1 ,l l , I ~ h

1010'

10 1000

1001 4 10 40 100

V AK (KBI %17- AK (Kb IL

Figure 4.13.3.9
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TABLE 4.13.3.10

FATIGM CRACK GROWTH RATES AT DFINED LEVELS
O A RWRm INTENSITY FACTOR

DATA ASSOCIATED WITH FIOE4.13.3.10INDICATING EFFECT

OF STRESS RATIO

MATEIRAL: TITANIUM4 TI-6AL.-V-2SN
CONDITION: ITOA
ENVIRONMENT: R.T. H. H. A.

DELTA K . DA/DN (10**6- IN, /CVCLE)
(KOIX*N4*1/2I)

A i C D

,4, •. 10 R"+0. SO

A: 8.60 : .537
DELTA K U: 5.90 : 1.35

4 HIM C:

9.00 : .670 1.45
"10.00 1.15 2.67
"13.00 : 4.83 11.7
16.00 : 14.7 31.4
20.00 : 41.6 63,5
25.00 : 5.0
30.00 : 119.

A: 33. 13 : 122.
DILTA KI: 22.70 : 75.9

MAX C:D:

ROOT MEMAN SUARE 45. 3 346. 15
PERCENT ERROR

LIFE 0. 0-0. 5
* PRE0DICTION 0. -0.

RATIO 0.8-1.29
IUMMARY 1. 25-2. 0
(MP/MA) >2.0

4.13-34
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CONDITION/HT: STOA
FORM:IL 30"TH PLATE YIELD STRENGTH: 130. 0 KSI

SPECIMEN TYPE: PTSF ULT. STRENGTH: 187. 2 KSI
ORIENTATION: T-9 SPECIMEN THK: IL 979- 0. 374"

: - . FREQUENCY: 0. 10 HZ SPECIMEN WIDTH: 5. 000" TI-_AL-
, ENVIRONMENT: R. T. . H. H. A. REFERENCES2B081 TV-2SN

&tK (MPA %v/-) AK (MPA %/-M)
4 10 40 100 4 10 40 100

STRESS RATIO + .0. 10 100 STRESS RATIO: +0. S
.d2 __ ___• __ _ _ -o.2 _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1010-0 1 0 .1 0 o.

10-1-

lo"• . . - lo
01210

10.2 10-S

,104 1

101 1 4 0 104041

mM

S"" - --•10-

1 ,4 10-
"1.. 4 0 I 4 0 I 0 10I'I 10 40 1 00

,,,:lo AK (KI 
I,[ (S V ;

SdSTSTRESS RATIOTRS AI 100

1 010

413-35

10,3Q
2

10, E

- -0 - 1--

10-5

160 -
10 .

10' 107

~~~( S...±..L.LLJ I LI 100 1 4 10 40 100
(KSIVT~AK (KSI vll-)

0'* 
Figure 4.13.3.10
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TABLE 4.13.3.11

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.11INDICATING EFFECT

OF ENVIRONMENT
-------- ----- m-------------------------------------------------

S MATER IAL: TITANIUM TI-6AL-6V-2SN
CONDITION: BTOA

--- - -------------------------------------

DELTA K : DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

E- R.T.
: 3. 5% NACL

A: 9.26 : 1.28
DELTA K B:

MIN C:
D:

10.00 : 1.49
13.00: 6.18
16.00 : 27.2
20.00 : 92.1
25.00 : 185.
30. 00 : 282.
35. 00: 423.
40.O00" 683.

A: 45.85 2081.

DELTA K B:
MAX C:

D:I EA ---------------------------------------------------.------------------------------
ROOT MEAN SGUM•E 32. 03

PERCENT ERROR

LIFE 0.0O-0. 5
PREDICTION 0. 5-0.8

RATIO 0.8-1.25
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.13.3
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CONDITION/HT: STOA TITAN.
FORM: 0. 38"TH PLATE YIELD STRENGTH: 158. 5 KSI A'.LOY
SPECIMEN TYPE: PTSF ULT. STRENGTH: 167. 8 KSI
ORIENTATION- T-S SPECIMEN THK. 0. 375"
STRE:,., RATIO: -0. 10 SPECIMEN WIDTH: 5. 000" TI-BAL-

. FREQUENCY- 1.00 HZ REFERENCES:g01T A
• .BV-2SN

&K (MPA -%/'m) A•K (MPA -,/m)

4 10 40 100 4 10 40 100

ENVIRONMENT: R. . 100 ENVI ONI NT:
3.5X NACL.

102 _10-

-- 0-1 10"1

.-2_10._ 10.3  _-

_10. 102"?
_ _ _ _ _ _ _ _ _ _ _ _

U•1
0

./-105-
4 11.16 _ 1- .-.- E

z 5z

10-7- 10*7 --

II

4

- _ _ __ 10. -- _.-__ 10-4
10J..LLLI1

10.8, J I i l "l ,t l 10" 1 1 1 , ,1 h i I I 1 1 ,1,11

10 40 100 1 4 10 40 100

ENVIONMENT: =I II 1ENVIRONMENT: 10o
Sl -2 _ _________ ________ _ 10" ________ _________

10_ 0 ' 10 6

1-3 101-

10"- 1
63 161

-- -2

"> --. 04_ 10"Z

.. - - -. 10--' 0.

-10-- 10

..- = 10-3 _ 0-

:-1o"• , o 4 o ___1o ___o 1oo

4-3

S 10-a '
-810 E

10 10,
4 1

107 10, a

.,.7

10ý 1,

1 1 0 0 10

1 4 1 40 101 4 10 40 100
A' .LK (K SI %/T 'i) K (KSI 7n

Figure 4.13.3.11
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TABLE 4.13.3.12

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS -..

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.13.3.12INDICATINQ EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: STOA
ENVIRONMENT: R.T. ,HUMID AIR

DELTA K DA/DN (10-*-6 IN. /CYCLE)
(KSI*IN**1/2)

SA B C D

R-÷0. 10 R-+0. 50

A: 7.71 : .61
DELTA K B: 4.54: .23

MIN C:
D:

5.00 . 334
6.00 : .592
7.00 : .907
9.00 : .764 1.29
9.00 : 1.40 1.77

10.00 : 2.16 2.38
13.00 : 4.71 5.66
16.00 : 7.45 13.9
20.00 : 12.4 49.5
25.C- 24.7
30.00 : 56.3
35.00 : 146.
40.00 : 421.

A: 41.04 : 531.
DELTA K B: 22.27 : 105.

MAX C:
D:

ROOT MEAN SQUARE 16. 17 19. 45
PERCENT ERROR

LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 1
SUMMARY 1.25-2 0
(NP/NA) >2. 0

4.13-38
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CONDITION/HT: STOA TITAN.I
FORM: 0. 38"TH PLATE YIELD STRENGTH: 180. 3 KSI ALLOY 4
SPECIMEN TYPE: CCP ULT. STRENGTH: 187. 8 KS!
ORIENTATION: T-L SPECIMEN THK: Z. 375"
FREQUENCY: 10. 00 HZ SPECIMEN WIDTH: 5. 000" TI-BAL-
"ENVIRONMENT: R.T., HUMID AIR REFERENCES:S0981 IV-2SN

AK (MPA A./•) AK (MPA %/-)
4 10 40 100 4 10 40 100

STRESS RATIO =0.10 STRESS RATIO -o0. 50
101 10

10,1 1001

10"3

W.1. 10.3

1 2 12.

0-7 .7

10" 10 - E

10 4 - 1 060 0 10

10010

S TRESS RATIO = 10° STRESS RATIO= 10 o

o. _ _________ ________ _ -d2 = -_______ _________

010

10.3 _ _ _ _ _ 10 :. _ __--_ _ _ _ _ _ _ 2 i1 67

10.0 - 10.

10" ____0_______ -,

110.6 1 : 10.6 I 1

"1 4 10 40 100 14 10 40 100

* ~ -- ~ K -- - ---

107, 0--1-1 1--

-- -31. _• 1"

10e = IJ ,1 1,0 I I,2 10- 10-2-11• I , I [

4•.. 64 04 O 14 1 s 0

E- ~410 -39

z E
165 107,

-. , . . , , ....-. ... ,.'.',: .'-. :,10. .','. .- " .,. .',,,.,.',.,,i ',o -4.,.• ": / i •, .:" ,• ,• , ,



TABLE 4.13.3.13

FATIOUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.13.3.13INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------I MATERIAL: TITANIUM TI-&AL-6V-29N

CONDITION: STOA
--------------------------------------------------------------------------------- --

DELTA K . DA/DN (10**-6 IN. /CYCLE)
(KSI*IN**1/2)

A B C D

. Em R.T.
:3. 5% NACL

A: 8.30 1.38
DELTA K B:

MIN C:
D:

9.00 : 1.71
10.00 : 2.35
13.00 : 6.07
16.00 : 13.5
20.00 : 30.1

A: 23.43 : 48.2
DELTA K B:

MAX C:
D:

4----------------------------- ---------------------.-------------------------------

ROOT MEAN SOUARE 15. 51
PERCENT ERROR

--------------------- --------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.34

4. 13-40
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CONDITION/HT: STOA TITAN.
FORM: 0. 39"TH PLATE YIELD STRENGTH: 180.L 3 KSI LO

SPECMEN YPE:CCP LT. TRENTH: 8ALLOYS
ORIENTATION- T-L SPECIMEN THK: 0. 375"

STRESS RATIO: -"U. 10 SPECIMEN WIDTH: 5. 000"T-AL
FREOUENCY: 0. 10 HZ REFERENCES:B0981 B-S

AK (MPA V1m &K (MPA V/_i)
4 10 40 100 4' 10 40 100

-ENVIRONAMENT: R. 100 ® 16NWNT:I

10. 10-

W0 10.3

.2 -2
10'1

0 U

S 10- 10' E

z 5
V 10, 10- - z

10 1047

10- 10la

II

ENIONET .7 NIONET 0

10" 10-

161

10 10-30

-0107 1071 10.

UlOr

*6-66

67 67

106 10,

1006 10.6

1 4 10 40 100 1 4 10 40 100
A K (KS I Nr)A K (K SI v/i~nh

%4 Figure 4.13.3.13
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TABLE 4.13.3.14

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.13.3.14INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: STOA

DELTA K : DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2)

: A B C D

S E- R.T. E- R.T. E= R.T. E- R.T.
:H. H.A. 3. 5% NACL H.H.A. 3. 5% NACL

1HZ 1HZ 20HZ 20HZ

A: 7.86 : .602
DELTA K B: 6.57 : .540
MIN C: 4.47 : .0681

D: 4.61 : .174

5.00 : .118 .231
6.00 .240 .469
7.00 : .634 .419 .869
8.00 • .652 1.01 .715 1.45
9.00 : 1.08 1.60 1. 17 2.21

10.00 1.64 2.35 1. 76 3.13
13.00 : 4.12 5.51 4. 20 6.72
16.00 : 7.84 12.8 7. 53 11.4
20.00 : 15.1 38.4 13.4 19.3
25.00 : 29.4 85.1 24.3 32.8
30.00 : 52.4 150. 41.2 51.9
35.00 : 89.5 264. 6a.5 79.2
40.00 : 149. 505. 113.
50.00 : 396. 2561.
60.00 1011.

A: 63.06 1341.
DELTA K B: 54. 97 : 6717.

MAX C: 45. 10: 187.
D: 39.72 : 116.

ROOT MEAN SQUARE 14. 47 19. 12 9. 46 12. 48
PERCENT ERROR

------------ ~--------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1 1 1
SUMMARY 1.25-2. 0
(NP/NA) >2. 0

4.13-42
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CONDITION/HT: STOA TITAN.
FORM: 0. 83"TH PLATE YIELD STRENGTH: 10L. 0 KSI ALLOY
SPECIMEN TYPE: CT ULT. STRENGTH: 170. 0 KSI
ORIENTATION- L-T SPECIMEN THK: 0. 148- 0. 151"
STRESS RATIO: .,0. 10 SPECIMEN WIDTH: 3. 000" TI-OAL-

*AFREQUENCY: REFERENCES:8eB44 4V-BSN
6V-2SN

AK (MPA v'm) AK (MPA %v/-)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. 100 . NION r8T: R.
Hu.H.A., 1HZ 3.5% NAK, 1 HZ

10 10'1

10"3
10.2 10.2

N 164 
1.4 __________L)

010 10' E5- s/ - zz.*. _ ______O-10 _ -= .o-

0 10* 10s
- 4 10 10.4

16,
I o 10F

o ~ ~ W I b. 10~ -6 10ý

107
1 40 100 0 4 100

1, 1 1 1 1 1 1 1 1 1 1 1 1 y , 1 1 -
10.2IR R.2o @ 0

6, 1__2

f d 10" 10 1

- -•____ __ __ I0"__ __ ____ -E O

V 107 310 -13
I'• I ..• lO-6-6.•1.

-10.6 10

4 10 40 100 10
IK(S '~hA I'II SI I 'I ''I'

"b 10_- 100

10"07 10. -

.- 1 0"5

10.13, 101.3-

I• -- --l I0 " 1_ 10 .21 10 1 , , I , , , I I I II IL
1 4 1040 10 10" 4 10 40 10

A ( S VI - K (K S- I

Figu-re 4.13.3.14
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TABLE 4.13.3.15

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.13.3.15INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-6AL-6V-2SN
CONDITION: 130OF 2HR

------------------------------------------------- ----- ---
K MAX . DA/DT (10**-3 IN/HOUR)

(KSI*IN**1/2)
""A B C D

E ER.T. E- R.T.
:3. 5. NACL JP-4 FUEL

A:
K MAX B:

MIN C:
D:

200. 00

A:

K MAX B:
MAX C: -

D

- ------------------------------------------------------
ROOT MEAN SQUARE 0. 00 0. 00

PERCENT ERROR

S4.13-44
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| I
CONDITION/HT: 1300F 2HR TITAN.
FORM: 2, 0"TH FORCING SPECIMEN THK: 1. 250" ALLOY•
SPECIMEN TYPE: TDCB SPECIMEN WIDTH: 5. 500"IIZ .

.)ORIENTATION:L-T CRACK LENGTH (A
YIELD STRENGTH: 148e 0 KSI K (Scc: 32.00 K%! (SORT IN) [I-AL
ULT. STRENGTH: REFERENCES:84380 SV-2SN A

K max (MPA %/`m) K max (MPA V'm)

4 10 40 100 4 10 40 100 .4

ENVIRONMENT: R .T. 10' , ENVIRONMENT; R. T.. -3.5X NACL JP-4 FUEL
4102 10?

1 03 103

10- - ¶o2  110- o.

010100 C

10-'

-- 100 100

10-- '
110-0 10-1

10- -- 0- -A1-

10 10.2 10

10-, . 10-" I ll I

ENVIRONMENT: 10' ENVIRONMENT: 10'

10- 102-- - 10

102110' -10

10' _01

102 100

0100 -- 100 -

10' 10'

10-- 10"1-- _
* 1-' 10--1' -•0

10-' 10-1

- 10-- 10-

1.,4 L...I , IILd, ....I,11, 10" 40 10 1 4 10 40 100 l ll
K max (KSI ./-) Kmax (KSI v'T)

Figure 4.13.3.15
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TABLE 4.16.3.1

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

* ,DATA ASSOCIATED WITH FIGURE 4.16.3.1INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-SAL-1IO-IV
CONDITION:
ENVIRONMENT: R.T. LAD AIR

DELTA K • DA/DN (1O**-6 IN. /CYCLE)
(KSIOIN**1/2)

: A B C D

A: 6.38 : .621
DELTA K B:

MIN C:
D:

7.00 : .824
8.00 1.22
9.00 1.70

10.00 : 2.28
13.00 : 4.56
16.00 : 7.75
20.00 13.5
25.O00: 23. 6

30.00 37.3
35.00 : 55.4
40.00 : 78.7
50.00 : 144.
60. 00 : 243.
70.00 : 387.
80. 00 589.
90. 00 867.

100.00 : 1243.

A: 118.36 : 2281.
DELTA K 3:

MAX C:
D:

ROOT MEAN SQUARE 34. 16
PERCENT ERROR

------------------------------- ------------------------------

LIFE 0.0-0.5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0 • ".-
(NP/NA) >2. 0

4.16-4



CONDITION/HT: T I TAN.

FORM: 0. 05"TH SHEET YIELD STRENGTH: 119. 5 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 134. 0 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 050"
FREQUENCY: 0. 10- 12. 00 HZ SPECIMEN WIDTH: 1. 000" TI-BAL-

S.v ENVIRONMENT: R.T. o LAB AIR REFERENCESMA01 1 10-1V

AK (MPA %/'M) &K (MPA v/'m)

. 4 10 40 100 4 10 40 100
~~~~~~100 @ • I 'I 111 I 'I ll A I

STRESS RATIO:= -0. 02 STRESS RATIO

102 10
___-_10-1 - _--_ _10"_

10" 3 • _10"3

1 0 -0 -.2( 4 .

1010

1010 
10._

10 10.4 10.4

-6 _ _ _.6

S10. -- 107 .___ _ __ _ __ -

X -10 10

". 1 0 1 l 106

STRESSRATIO= 10 STRESS RATIO =

-O2 = -__ _ _ _ _ _ _ __ _ _ _ _ -2________

141 0 0 100 1 0 4 1 0 . 1

62% 10. 1"1

4".1 0 .2 w1 
2

1 0. , _ _ _ _ _ _ _ _ 10 " -__ _ _ __ _ _ _

, 1010 
103

11 ' o
.. - - 10" .3 10"-3

.; 4110 0 100 14 10 40 100

4.16..1

4 10 40 10 1 -. 10 40 10

&K('S %/n AK ."'. % , -o - .Fiue .6..



TABLE 4.16.3.2

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.2 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-BAL-IMO-IV
CONDITION: DA
ENVIRONMENT: R.T. ,LAB AIR

DELTA K DA/DN (lO*-6 IN. /CYCLE)
(KBI*IN441/2)

A B C D

p R-+O. 10

A: 17.97 : 5.41
DELTA K B:
MIN C:

D:

20.00 : 7.58
25.00: 10.5

30.00 : 14.1
35.O00: 24. 9
40.O00: 60.4
5}0. 00: 246.

60.0: 787.

A: 62. 14 : 1256.
DELTA K B:

MAX C:
D:

ROOT MEAN SQUARE 12.44
PERCENT ERROR

LIFE 0.-0-0.- 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 2
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.16-6
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CONDITION/HT: DA TITAN.
FORM: 0. 05"TH SHEET YIELD STRENGTH:140. 0 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 149. 2 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 064"
FREQUENCY: 43.00 HZ SPECIMEN WIDTH: 3.000" TI-SAL-

v ENVIRONMENT: R.T. LAB AIR REFERENCESS68099 1MD-1V

AK (MPA A AK (MPA %/m)
4 10 40 100 4 10 40 100

I---I' 111 I I I" I fil

STRESS RATIO -o-0. 10 10 STRESS RATIO

102 2-

10 "1 10 "1

"10°2 .2

U 4  -j( 106 __ __ __ __ __ _

__-3 - 3 1°"E
1 0 01 0

0 1

0- 1-6

10-7 44 10- 4 10 0

STRES--TIO-10 -- STES-AI 0
1010.1 10.110' 10

.6'6

10 II 10 1l
1 4 10 40 100 4 10 40 1

-10 @
STES RATI STRES RATIO 10"0

010 -0-

10,o2 2
10 '

-8. 10._ _--_ _10"_ -- _ _--_ Z10 Q

1 100z 6-- 16S-

10 10

16 10.6 'o

.- O --

11 0 10*

1 4 10 40 100 1 4 10 40 100
&K (KSI VIM) &K (KSI 7/')

Figure 4.16.3.2
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TABLE 4.16.3.3

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.3 INDICATING EFFECT

SOF STRESS RATIO

MATERIAL: TITANIUM TI-BAL-iMO-1V
CONDITION: DA
ENVIRONMENT: R.T. ,LAB AIR

--------------------------------------------------------------------------------
DELTA K DA/DN (10**-8 IN. /CYCLE)

(KSI*IN**1/2)
" A B C D

: Rm+0. 00 R-+0. 25 R-+0. 43 R-+0. 67

A:
DELTA K B: 29.33 : 33.3

41 MIN C:
D:

30.00 : 35.3
35.00 • 51.0
40.00 : 71.5
50.00 : 162.

DELTA K B: 59. 13 : 439.
MAX C:

D:

ROOT MEAN SQUARE 0.00 6.87 0.00 0.00
PERCENT ERROR

--------------------------------------------------------------------------------
LIFE 0. 0-0. 5

PREDICTION 0. 5-0. 8
RATIO 0.8-1.25 1
SUMMARY 1. 25-2.0
(NP/NA) >2. 0
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CONDITION/HT: DA T ITAN.
FORM: 0. 05"TH SHEET YIELD STRENGTH:138. 3 KSIA
SPECIMEN TYPE: CCP ULT. STRENGTH: 150. 7 KSI

ORIENTATION: L-T SPECIMEN THK: 0. 050"
, -. FREQUENCY: 1. 00- 30. 00 HZ SPECIMEN WIDTH: 20. 000 TI-eAL-

ENVIRONMENT: R.T.. LAB AIR REFERENCES881909 1MO-1v

AK (MPA %/M) AK (MPA V-m)

4 10 40 100 4 10 40 100

STRESS RATIO = -0. 00 10o STRESS RATIO +0.. 25

mm

10 10 -
10. 1 10" E

110. 10o' i0- :j

S10 106 - 10
- - 0- 103E 'q

Vl10 10.- z ',

1660 1106..

1 01 
1 01

1621

10.6 10-1

152 lO"__ __ _ __ 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 0 3 10-3
10..1- 103 .1 .

"10.2 10"2 -

T - ._ 1 .. 1 0. '.,
.-4 -4 .4

S010. 10.3

10 -_ 1007 z

0 
1-

101 0 4 10 40 1O0

A-ZK (KSI vi'n) AK (KSI ./'•)

Flqure 4.16.3.3

,66 10

4.16-9I LLIA 168 - I-...1 111 11



TABLE 4.16.3.4

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.4 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-8AL-IMO-IV
CONDITION: DA
ENVIRONMENT: R.T. ,LAB AIR

DELTA K : DA/DN (10"*-6 IN. /CYCLE)
(KSI*IN**1/2) A

:A B C D

R-+0-. 00 R-+0. 25 R-+0. 43 R-+0. 67

A: 37.15 : 28.2
DELTA K B: 22.28: 13.3

MIN C: 14.82 : 6. 14
D: 7.48: 598

8.00: .860
9. 00 : 1.48

10.00 : 2. 22
13.00 : 5. 13
16.00 : 7.88 10.2
20.00 : 13.3
25.00: 15.6 21. 1
30.00 : 24.6
35.00 : 39.8
40.00 : 32.8 60.8
50.00 : 67.2

A: 56.83 : 95.6
DELTA K 3: 41. 40 : 67. 5

MAX C: 28.99: 32.5
D: 18.26 : 17.6

ROOT MEAN SQUARE 16.65 12. 77 9. 57 19. 18
PERCENT ERROR

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25 3 4 4 3
SUMMARY 1.25-2. 0 1 1
(NP/NA) >2.0

4.16-10



•% • • L• • _,- , .- , - o .. .- •.. s , . . .. _- . . ... . " . " - " -' " -' " .... - -" - - -. '

CONDITION/HT: DA TITAN.
FORM: 0.05"TH SHEET YIELD STRENGTH: 133. 7- 13a.3 KSI ALLOY I
SPECIMEN TYPE: CCP ULT. STRENGTH: 150. 7- 152. 1 KSI
ORIENTATION: L-T SPECIMEN THK: 0. 050"
FREQUENCY: 1. 00- 30.0 0 HZ SPECIMEN WIDTH: 2. 000- 7.992" TI-SAL-
ENVIRONMENT: R.T. LAB AIR REFERENCESSO91 -R E E E N E :8 5 9 * 1 O - 1 V

AK (MPA Vr") AK (MPA --,/)
4 10 40 100 4 10 40 100

STRESS RATIO ",'0. 00 100 STRESS RATIO 0. 25

lo°0 lold10"-• 101 - 10"2

101S 10.2 10.2 E

10 1

--: .5- _
•104 10

10.' 10
10 10"

106 0-6

1 4 10 40 100 1 4 10. 40 100(o '' ", '," "','oo1T Y1T ,o,1 , ., ,., I' 'I I', 'o'"I

STRESS RATIO =o0.43 10 STRESS RATIO 40. 10

10 10"1 10.1

io 3  10.3

0"100 )02

.5 __ __"_ 10O" •- zA. 4O°,_l "

"1 -- 10.1 10"

10 10-0

z1 E

d 7a4

1-00

lII.l10.8

4 -. 4 10 40 100
"&K (KSI Ti-n) AK (KSI V'h)

Fiqure 4.16.3.4

4.16-11



TABLE 4.16.3.5

FATIGUE CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.5 INDICATING EFFECT

OF STRESS RATIO

MATERIAL: TITANIUM TI-SAL-IMO-IV
CONDITION: HA
ENVIRONMENT: R.T. ,LAS AIR

DELTA K DA/DN (100*-- IN./CYCLE)
(KSI*IN**1/2) 1

A 3 C D

R-+0. 10
A: 19.10 : 6.63

DELTA K 3:
MIN C:

20.00 : 7.47
2b.00 : 10.2
30.00 24.4
3.500 : 4.3

A: 39.05 67,0
DELTA K 3:
MAX C:

D:

ROOT MEAN SQUARE 26.77
PERCENT ERROR
---------- 0----------- ---- ------------------- i-nl0en ann-nn

LIFE 0. 0-0. 5
PREDICTION 0. 5-0.8 1

RATIO 0,9-1,25 1
SUMMARY 1.25-2.0
(NP/NA) >2. 0

4.16-12
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OONOITIOWH1: MA TN
FORM: S. 2"TH SHMET Y1ELD STRENGTH: 154. 0 KSALO
SPECIMEN TYPE: CCP ULT, STRENGTH: 151. 2 KS?
ORIENTATION; L-T SPECIMEfN THK. IL 9S"

'U REQUENCY: 4&.1N HZ SPECIMEN WIDTH: S. BOB" TI-SAL-
'U* EVIRONMENT: Ft. T. , LAB AIR REPERENCWeS11S11t

AK (MPA V'M) AK (MPA VW/)
4 ¶0 40 100 4 ¶0 40 100

100PTAWS RATIO a of 19 STRUS9 RATIO'

10.1 ~

IQ'# to,

107 10' -
ff lor,

¶Ua

ST R ,U1S RAI 1 1 111 0 STES RAIO 1 ¶11 00

iOt ids

!¶04'

to's 
i~

1U? 0

01 4 I0 40 100 104 10 4
AK (Kait V1*7i AK (K51 V/rA)

4. If,. I.'

4, )(J-1
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TASLE 4.16.3.6

FATIOUE CRACK GROWTH RATES AT DEFINED LEVEL9
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.6 INDICATING EFFECT

OF STRE88 RATIO

MATERIAL: TITANI•M TI-SAL-iMO-lV
CONDITION: 16257 IHR AC, 1310W 2HRS AC
ENVIROPONT: R.T. ,LAD AIR

DELTA K DA/DN (10**-6 IN. /CYCLE)
(KIIOIN"1/2)

A U C D

R"+0. 00 R+0. 04 R+O. 54

"A: t3.50 2. 16
DELTA K U: 4.37 .0417

MIN C; 10.39 . 2.49
D:

7.00 .0911
6.00 .214
',0 9.00 .379

10,00So
13.00 .1.40 6.62
16,00 : 294 4.92 190
20.00 : 10.6
25.00 : 22.3
30.00 : 75.2

A; 31.31 : 107.
DELTA K 3: 19.64 : 28.6

MAX C 16.74 : 21.9

,- -:-------
ROOT MEAN ISUARE 17. 10 20. 60 11. 15

PE9RCENT Er~RROR

LIFE 0, 0-0,59
PREDICTION 0. 9-0, 8

RATIO 0.0e-1,25•

UMMARY 1.2-2,0
(NP/NA) >2, 0

4,

"4..1 -1

S.



CONDITION/HT: 1825F 1HR AC. 1350F 2HRS AC
FORM: 2. 50"TH FAN BLADES YIELD STRENGTH: 120. 0 KSA
SPECIMEN TYPE: KB BAR ULT. STRENGTH:

* ./, ORIENTATION: L-T SPECIMEN THK: 0. 251- 0. 253"
FREQUENCY: 0. 33 HZ SPECIMEN WIDTH: 0. 750" TI-SAL-
ENVIRONMENT: R.T.. LAB AIR REFERENCESGE0S6 MO-i V

AK (MPA Vem) AK (MPA V-m)

4 10 40 100 4 10 40 100

STFESS RATIO =0. 00 10 STRESS RATIO 04l. 2  ld2

10.1 10-1
.03 Z 3

1 .10. 1

10 103

"* 0 4 1.. 0
B lO6 10O-

Cz
>' 16

10. 105

10. 10-5 _

_1 J°" -6 -W 1°"6

1 4 10 40 100 1 4 10 40 100

STRESS RATIO =0. 54 100 STRESS RATIO o0o

106 102

10"1 10.1

4io.
3  107

1 .
2  

O2.10- 101 -
S10"4 l -

E -. _ 10.3 -03 C-
10i o3  E

.5~ ___ _-__ _10*6;
10 10- --

1 10-4 m10 10

-10"6 10.6
810" 1078 1 1 ,1 ,1 I , I Ih

1 4 10 40 100 1 4 10 40 100
tK (KSI vl'pi) AK (KSI VIM)

Figure 4.16.3.6

4.16-15



TABLE 4.16.3.7

FATIGUE CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.7 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-8AL-lMO-IV
CONDITION: 183OF 1HR WG, 1100F SHRS AC

DELTA K DA/DN (10*4-6 IN. /CYCLE)
(KSI*IN**1/2) :

: A B C D

: En R.T. E-+ SOOF
:LAB AIR AIR

A: 4.09 .0338
DELTA K B: 5.78: .455

MIN C:
D:

5.00: .107
6.00 : .200 .450

7.00 : .355 .484
8.00 : .598 .591
9.00 : .967 .769

10.00 : 1.50 1.03
13.00 : 4.70 2.51
16.00 : 5.52

A: 15.89 : 11.5
DELTA K 8: 19.11 : 10.7

MAX C:
D:

ROOT MEAN SGUARE 10. 00 8. 96
PERCENT ERROR

-p---- ----------------------------------------

LIFE 0. 0-0. 5
PREDICTION 0. 5-0. 8

RATIO 0.8-1.25
SUMMARY 1.25-2.0
(NPWNA) >2. 0

4.16-16
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CONDITION/HT: 1830F 1HR WO. 110OF 8HRS ACT
FORM: 1.00"TH FORCING YIELD STRENGTH:135. 5- 145.8 KSI ALLOY
SPECIMEN TYPE: CCP ULT. STRENGTH: 148.5- 159.3 KSI
ORIENTATION- C-R SPECIMEN THK: 0. 078- 0. 080"
"STRESS RATIO: +0.10 SPECIMEN WIDTH: 1. 750" TI-SAL-
FREQUENCY: 30. 00 HZ REFERENCES:PWO02 TI

* &K (MPA &) AK (MPA \/"m)
4 10 40 100 4 10 40 100

-ENVR®OMENT: R. 100 N NM
LABA AIR

10 10
110. 10.1-. l" = lO

.6 4
10 .3

___:___ __o _____O__-

10 10

10 7 1 1

N0 10 10

404410

© ENVIRONMENT: 100o ENVIRONMENT: 100o

10 100
4 * 10"3 10. I- t l 1 1 1 11d - I I, 11

10 4 10"400

'0' @° I I 1° -- 1"1_1
10- _ ET 10E2

,10"' 10 12o
~1-5-10' 27 0

10

16 16

110 10

110-6
100

-'.10-e 1 I, d l~ I l I 1 I I --11 lore l l i I I I .,lih -A
10 10 40 100 1 4 10 4o0 10

A K (K(5 S I 'o) AK (KSI %,/'Tn)

Ficjure 4.16.3.7

4.16-17
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TABLE 4.16.3.8

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE 4.16.3.8 INDICATING EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-SAL-1MD-IV
CONDITION:

K MAX DA/DT (10*4-3 IN/HOUR)
(KSI*IN*41/2)

A B C D

E= EmIDRY CCL4 WATER SAT CCL4

A: 28.00 581.
K MAX B: 29.50 855.

MIN C:
D:

30.00 751. 896.
35.00 1259. 1149.
40.00 1854. 135S.
10. 3149. 2767.

1% 60.-0 4395. 5272.
7C j0 5470.

A: 74.50 5907.
K MAX 8: 67.50 6317.

MAX C:0:

---------------------------------------------------------------------------------
ROOT MEAN SOUARE 19.95 19.48

PERCENT ERROR

;e.

",Ii

tvp

4.16-18

.9
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CONDITION/HT: ITITAN.
FORM: SPECIMEN THK: AOY
SPECIMEN TYPE: SENT SPECIMEN WIDTH:

ORIENTATION: CRACK LENGTH (Ao):
... YIELD STRENGTH: 'KIscC:

-'ULT. STRENGTH: REFERENCES:92051 TTX-AL-
1MO-1V

K max (MPA VihK Kmax (MPA V`)
4 10 40 100 4 10 40 100
1 1, I , ,,1I ' ,_11 ) , ' ' ,' ,', 1' ' I , ,',',1

ENVIRONMENT: 104 ENVIRONMENT:
DRY CCL4 WATER SAT CCL4

l01". 100

010 100

0100-• 0 - 1000r0 '__0_- 0 E

10-0 10-1
.i-_ 100-' -f_ 100 -'

102- 10-'
0 __ 10" 1_

i is 10-2 -3 10-'

1 0,, I I I fill 10-4

4 10 40 100 1 4 10 40 1001, ,1 1 ,1 lI11
ENVIRONMENT: 10' ENVIRONMENT: 10'

102 - 102

-q ~103 103

- 10 10-

""0•1 -102 102

100-

-"1101 100

V

1010 10-1-

-10-' 10-'

10-) 10-3
-- lO1-2 0-

1 1 10"' i I 1 I,11 I1 1 1 1 hi ll

S 10" 4 10 40 100 1 4 10 40 100
K max (KSI -,/-i Kmax (KSI v'T•)

X0, Figure 4.16.3.84 1'

',*;, 'r.-.''',,.' .. ' .. """". ' ',". •'" . . .- '-,.,.-"- "". ' ." " "/ - "-' • ' "4".."" " " - "-.-' -.



TABLE 4.16.3.9

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.16.3.9 INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-8AL-1MO-V
CONDITION:

K MAX : DA/DT (10*.-3 IN/HOUR)

(KSI*IN**1/2)
: A B C D

E= E= E=
:DRY CH2CL2 WATER SAT DRY CH212

CH2CL2

A:
K MAX B:
MlIN C: 28.50 1394.

D:

30.00 1601.

35.00 2163.
40.00 2507.
30.00 2739.

60.0O0 2740.

." A:

- K MAX B:
MAX C: 70.00 2753.

(; D:

-----------------------------------------------------------------------------
ROOT MEAN SQUARE 0.00 0. 00 1. 14

PERCENT ERROR

S~4.16-20

'-o
'-;B ,". .. -- ', , --- ---..---... :.:• .,r .. , •:-' • •-;•,,:•.;...• ;-... "-. ." " "; '. .-. ".( ..



CONDITION/HT: T ITAN.
FORM: SPECIMEN THK: ALLOY
SPECIMEN TYPE: SENT SPECIMEN WIDTH:
ORIENTATION' CRACK LENGTH (Ao):

YIELD STRENGTH: K gscc: T I-SAL-
A-ULT. STRENGTH: REFERENCES:82851

K max (MPA V'm) K max (MPA •/1m)
4 10 40 100 4 10 40 100

J ' '1 11,1 1II'' 1' 1999I' I 79'II
-•' ENVIRONMENT: 10' ENVIRONMENT:

SDRY CH2CL1 WATER SAT C2CL2-I
100 102

'-o":, - -= 10' -• 0

10' 10'

102 102

1000 -o7100 1- 0 10
010' E

10; 1-,=_l-' -=
~1010-1

1010-2

10-2 ()10-1 10-'

-10- 10--

10-2 10-2

,0- 1 4 10 40 100 1 4 10 40 100

E R T10' '~ ENVIRONMENT: 10'

10, 102

10- 10'

10' 10'

S-10- 102

S- _ 100
' 10 -- 10' 10'

E
10-i 101 -

V100 100 1

_-10-2

.10-' 10-'

10-3 10-3

10-2 10-2

10", 10-' I I I I l1ia, I I I I1IIL1,. J
1 4 10 40 100 1 4 10 40 100

""K max (KSI vT'n) K max (KSI v' 7 )
Figure 4.15.3.9

4.16-21
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TABLE 4.16.3.10

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

i, DATA ASSOCIATED WITH FIGURE 4 - 1 6 -3- 1 0INDICATING EFFECT

OF ENVIRONMENT
-------------------------------------------------------------

MATERIAL: TITANIUM TI-BAL-IMO-1V
CONDITION:

K MAX : DA/DT (10**-3 IN/HOUR)
(KSI*1IN**1/2)

. A B C D

3. 5% NACL

A:
K MAX B:

MIN C:
D:

200.00

A:
K MAX B:

MAX C:I .----------------------------- -----------
ROOT MEAN SQUARE 0. 00

PERCENT ERROR

4.16-22
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CONDITION/HT: TITAN.
FORM: 0. 1"TH SHEET SPECIMEN THK: 0. 125" ALLOY
SPECIMEN TYPE: SENT SPECIMEN WIDTH: 3. 000"
ORIENTATION: CRACK LENGTH (Aol:

. ,N YIELD STRENGTH: 150.0 KSI Kiscc: 22.T00 I (SQRT IN)L-
• ULT. STRENGTH: REFERENCES:77458 TI- 1V

5 1 MO- 1V

Elo

K max (MPA Vm) K max (MPA V/m)

4 10 40 100 4 10 40 100
I I '1 1 1 I I I I I --illI ' 1 11 1111 I ' I' l'l' I

ENVIRONMENT: %0 2 ENVIRONMENT:• . 3. 5XNACL

102 10210

IS10310

S102 102

O100 10 -

EC• 10-' 10'10-

1 10-1

100 100

10-2 10..-2

10-1 10-1

io10"1 100-

0- 1 a ila I I A1, 11 111I ia

1 4 10 40 100 1 4 10 40 100

ENVIRONMENT: 10 @ ENVIRONMENT: 104

102 101

,,, -- ~~103 --- 0

r 101 : 10,

102 102

, .010'
: "•100 100

""10- 10"
S10-1 10-,-

,. - .... L..LL ..... L...i.LJ -: _~ ~..a.u'........LJJ -10-3 .10-3
T•,---= 10-2 -- 10-1

-" I l~l~ I * I t, I, III-ol,l~ I I I f il,h -

4 10 40 100 1 4 10 40 100
Kmax (KSI v"'n) K max (KSI v'/n)

Figure 4.16.3.10
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TABLE 4.16.3.11

SUSTAINED CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIQURE 4 . 1 6 -3. 1 1 INDICATING EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-BAL-1MO-1V
CONDITION: MA

K MAX : DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

: E=

:3. 5% NACL

A: 20.180 : 59.2
K MAX B:

MIN C:
D:

25.00 11168.

A: 29. 50 : 29280.
K MAX B:

MAX C:
D:Iz

ROOT MEAN SQUARE 59. 14
PERCENT ERROR

4.16-24
V4
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CONDITION/HT: MA TITAN.
FORM: 6. 1"TH SHEET SPECIMEN THK: 0. 100" ALLOY
SPECIMEN TYPE: SPECIMEN WIDTH: 8. 000"
ORIENTATION: CRACK LENGTH (Ao)
YIELD STRENGTH: 145.2 KS! K~scc: 21. 00 KSI (SQRT IN) TI-BAL-

.:-' ULT. STRENGTH: REFERENCES:84290 Tr- 1V

1MO1-1V

K max (MPA V!i) K max (MPA %/-)
4 10 40 100 4 10 40 100

ENVIRONMENT: ENVIRONMENT:
3.5Z NACL

102 102

102 10'

10,' 1 _-_ _ _

102 10-

00 100

I is____ __ __0 0- 10u1

010-t 0-
40 100 1

10r-

*10 10-'

10' 10-

102 10w

10 101100101 10'

10 100 4

© (y

NVIRN10N" 1'_ENIROMENT 1010. - 102

I10' 10'

""10 4'0

"10, 10..

103102 -

10'2 10' #

10 L 0-'

10040 1 0 1101 0 0

10 4.106-25

op sv 1.
",""" ." ""- ", .. :.".- '•"e" , ., • "'"".-..' . " . "".,""""J," ".." ,"•" . . ,,".' ." ."-. . '-.10.."-. ."2.""" . .""'"10. """" .,
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TABLE 4.16.3.12

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH F IGVRE4.16.3.12 INDCAT INO EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-UAL-IMO-IV
CONDITION: MA

K MAX : DA/DT (10#*-3 IN/HOUR)
(KSI*IN*1/2) :

*A 3CD
S E-0

;DIST. WATER

A: 20.00 : 10.0
K MAX B:
MIN C:

D:

25.00 : lie.
30,00 : 601.
35. 00 1259,
40.00 : 1533.

A: 49.00 1610.
K MAX 8:

MAX C:
D:

-- R-0-T--EA---8-Uw-R-------- --51P----------------------ffl oona o
ROOT MEAN BGUARE 25. 16

PERCENT ERROR

4.16-26



CONOITIOWN/T. MA
FORM: S1. 2TH PLATE SPECIMEN TNK:U.21 ALO I
SPE1CIMEN TYPE: SENT SPECIMEN WIDTH; 2. 0114"

k ORIENTATION. CAACK LENGTH (A,9):
YIELDO STRENGTM: Kos"T -Ag

-,U:~Lt. STRENGTM: R NCSI74 I 4A-1

K msix (MPA V'mmma (UPA VA)
4 10 40 100 4 10 40 '100

IQ is' (1) EIRONIMENT:

ice 100

~~ ~10, 0
10' 10'..

r0 10' 10.1

1081~mu..... 10"Q

j t 0 -t I V I Q
1 0 k 1 0 ' 0 1 0 9 1 0 4

10.4 10
100 4 10*

NVONNT10, W ENVIRONMENT. 104
10 101

10' 10'

v0 - 1 - -

10' lt0'

110' 
0

lot0 10,

10-f 1"

10-10.
10~'10.4

1010 t 40 100 '~1 4 10 40 100
Kma3  (KSI v"'Ipn Kinas (1fl.,n

A~~~~ P1 fgP' , I,11,



"lie TABLE 4.16.3.13

:-r" SU5TAINED CRACK OROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASBOCIATED WITH FIOURE 4.16.3.1JINDICATING EFFECT

OF ENVIRONMENT
- - - - - - - - - ml - - - - - - - ---- - - - -- - - -- - - - -- - - - -- - - - - - - -- - -- - - -am •

S MATERIAL: TITANIUM TI-EAL-IMO-IV
CONDITION: 1520F IHR WO

e", 

- - - - - - - - - - - - - - - - - - - -

K MAX . DA/DT (10**-3 IN/HOUR)
(KllS.N*e/12)

. A B C D

Es R.T. Es R.T. E= R.T.
:9MO4CL TICL3 DIST. WATER METHANOL

A: 14.00 430.
K MAX 5: 24,00 93.3

MqIN C; 12,.00 : . 98

1:

%$13. 00: 5. 76
16,O00: 42. 1

20,00 2199. 129.
25,00 3467, 192.
30,00 : 4989, 182. 197.
35.00 : 6257 330. ISO.
40.00 U7222 408. 189.

50,0 0 6360. 672. 256.

A: &0, 00 : 9779,
K MAX 3: 40 00 604.

MAX C; 40 00 527.
D:

I --- -- s ------------------------ -- - - - - - - - - - - - - - - - - - -

ROOT MEAN IIQUAR 16, 81 10.02 26. 51
PERCgNT ERROR

4,16-28
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CONDITION/HT: 1520F 1HR WO TI TAN.
FORM: 0. 2"TH PLATE SPECIMEN THK: 0. 250" ALLOY
SPECIMEN TYPE: OCB SPECIMEN WIDTH:
ORIENTATION: CRACK LENGTH (Ao):
YIELD STRENGTH: 124. 0 KSI Kgscc: TI-SAL-

','-,,ULT. STRENGTH: REFERENCES:83OSQ TM-1V

K max (MPA m) K max (MPA Vm)
4 10 40 100 4 10 40 100

@ ENVIRONMENT: R. T., 10' ENVIRONMENT: R. T..
QMHCL TiCL3 DIST. WATER

102 102

-1 0 103

" " 101 - 10'

102 102

10olo 10 0

10-1 10- E

o10- 10-0

010' 10"0

lO- 010-1
010" 101

Q .a, I, 0-l,2

4 10 40 100 1 4 10 40 100

E©I .NT: R. T.. 10' @ ENVIRONMENT: 10'

102 102

10' 10'

O 10, 100 0

* 41-I 10 __10___ ___--_ -• 10:

Vt _ __ _ __--__E

10-2 10-'

0 Io 100ia-

lo1-'.,- 10-1"" 10 - - 10210-
-- • 10-2 -- "• 1 -'

10" --1 4• 10 40 -- "L --

, 4 I0 40 100 1 4 10 40 100
• "' Kmax kKSI -V/-n) Kmax (KSI v/'h)

Fiqurc 4.10.3.13

4.16-29
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TABLE 4.16.3.14

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASBOCIATED WITH FIGURE 4.16.3.14 INDICATINQ EFFECT

OF ENVIRONMENT
----------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-GAL-IMO-IV
CONDITION: 1520F IHR WO

K MAX . DA/DT (10**-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

Es R.T. E- R.T. E- R.T.
TI CL4 GLYCERINE HN03

A: 16.80 15.2
K MAX B: 26.00 : 1. 64

"" MIN C: 33.90 : 1.35
/1; D:

20.00 : 23.4

~1 25.00 : 32.1

30.00 37.0 1.92
35.00 40.3 3. 14 1.48
40. 00 ' 44. 0 5. 32 2. 44
50.00 : 56. 3 10.2 6,40

K MAX A: 60.00: 81.2
K A B: 60. 00 9. 11

MAX C: 60.00 7.20
D:

ROOT MEAN SQUARE 19,57 18.00 16.69

PERCENT ERROR

0,

-Y

~I"



.W': -. •: .. 7 . T -. .- • • . r - " " :. ; . r " +I -- " • "7' " " T i .'" ' .+ -O " "

.o ••.•L. pc.,.. •,+ ,•o I

S CONDITION/HT: 152SF 114R. WO TITN
FORM: B. 2"TH PLATE SPECIMEN THK: 0. 258"ALO
SPECIMEN TYPE: DCS SPECIMEN WIDTH:ORIENTATIO3N; 140K1CRACK LENGTH (Ao):

YIELD STRENGTH: 124. KC:-
".'. ULT STRENGTH: REFERENCESAiOW TI nSALi

"K max (MPA V/m) K max (MPA VýM)
4 10 40 100 4 10 40 100

, E ITN-ENT- R- T.-. 10' 0 "-

10' -=0 10-

10. -10

10 - 10' -

101 10,

10, o1t'

"510 - 10.-

10-1 10--

,o. .-. ,o,1--O -- •.

1 ' 410. 10.

10' 10

0 - _ 10. - -io'+

" |%W•NM9NT: Re., • 0 INVIFIONMINT: 0

101 108 "

- 10' 10'

-. lot~¶0

I I 4

10' -. "1,. 0. - 0o

h,.'44.-

10..
0-1 10.' 10

- +-"

10"1-_ . 100 4 . 0- 40 100

K* V17. Km K1 /-n

% I Pi0"k t 4 1 1.014

ze.

,Itr 4.16 .-31

S4. I...I..t,.&...¶.. * e j .]'*..



TABLE 4.16.3.15

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS

OF STRESS INTENSITY FACTOR.-.

DATA ABgrCIATED WITH FIGURE 4 . 1 6 .3- 1 5 INDICATING EFFECT

OF ENVIRONMENT
------------------------------------------------------------

MATERIAL: TITANIUM TI-GAL-iMO-IV
CONDITION: 1520F IHR WO

K MAX DA/DT (10-*-3 IN/HOUR)
(KSI*IN**1/2)

A B C D

Ea R.T. Em R.T. E- R.T.
.5H2O/IHCL, 5H20/1HCL, 5H20/1HCLo-200 MV

-1000 MV -400 MV

A; 17.00 12.6
K MAX 3: t5.70 29. 0

MIN C. 49.50 5910.
D:

16.00 35.1
20,00 1621, 1310.
25.00 2968. 2062.
30.00 4042. 2828.
35 00 4090. 3610 .
40.00 5667. 4463.
50.00 7553. 6"50 5861.
60 00 10704. 9Us1. 15121.

A 70.00 16458.
K MAX . 68900 18fWs

MAX C 70,00 15986
D

00 -- - - - - - -- - - - - - - ----------- '----------------------------------

ROOT MEAN ROUARE 19 71 20 45 0 15
PERCENT ERROR

.I'.

PI .1e

4 ,)S..t

4.11..,



CONDITION/HT: 152SF 1HR WQ TITAN.
FORM: . 2"TH PLATE SPECIMEN THK: 0. 250" ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH: 1. 000"
ORIENTATION:T-L CRACK LENGTH (Ao) 0. e85"
YIELD STRENGTH: 124.0 KS1 *Kiscc:
ULT. STRENGTH: REFERENCES:83089 TIO-S1V

K max (MPA v/7) K max (MPA v'-)

4 10 40 100 4 10 40 100

ENVIRONMENT: R. T 104 ENVIRONMENT: R T
5H20/1HCL. -10b0iV 5H20/1HCL. -40bMV

10' 102
"103 103

NN 10 10'

102 102

100 100 1

*1V 10o-1 10-'
100 100

%10.2 _ 1-- 0101.

.- - - 0"--10-

""_10 
10

10-4 il-t_ I 10-'-. --1 l 1 01 1
1 4 10 40 100 1 4 10 40 100

- R 10'-o ENVIRONMENT: 10'
102 10'

1* _ _s _ _0_

p"'. 10' 10'

10' 10'

10-g - 1'0.10 100

10' 010'
' . 1- _

-0-4 100'

0- - 10_
.- '4 10 -I-I fill, I I 10"_0-•'"", - - 10.2- --: o

., --. 10.'- . 10-s

.- ,. 10.' •, I LJ..•J. .h. A .L.L - 10' l. ~ ll .L...LJ . L...LJLJJ• -

4 10 40 100 I 4 10 40 100".K max. (K.I %4n) KinI (K 5 %/1-)

.'V uro 4.16,1,•10

4,16•- 31



TABLE 4.16.3.16

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR "

DATA ASSOCIATED WITH FIQURE4.16.3.16INDICATING EFFECT

OF ENVIRONMENT
..--------------------------------------------------------------

MATERIAL: TITANIUM TI-OAL-IMO-IV
CONDITION: 1520F IHR WO

K MAX : DA/DT (10**-3 IN/HOUR)
(KSI*IN**l/2)

. A B C D

E= R.T. E- R.T. E- R.T.
: 5H20/1HCL, 5H20/1HCL, 5H20/1HCL,
+500 MV +1000 MV -1.9 TO -1.5

A;
K MAX B:
MIN C: 46.50 4942.

D:

50.00 : 5303.
60.00 " 5814.

A:.

K MAX B:
MAX C: 70.00 5752.

D:

--------- ----------------------------- -----------------------------------

ROOT MEAN SQUARE 0.00 0.00 1.65
PERCENT ERROR

0 64

4.1i-.4



- J - -

CONDITION/HT: 152OF 1HR WO TITAN.
FORM: . 2"TH PLATE SPECIMEN THK: 0. 250" ALLOY
SPECIMEN TYPE: DCB SPECIMEN WIDTH: 1. 000"
ORIENTATION:T-L CRACK LENGTH (A0 ): 0. 985"

o YIELD STRENGTH: 124.0 KSI KISCC: TI-8AL-
"ULT STRENGTH: REFERENCES:8388g-" 1101-1V

K max (MPA V'm) K max (MPA V'm)
4 10 40 100 4 10 40 100

ENVIRONMENT: R. T. 104 @ ENVIRONMENT: R T
5H20/1HCL. .500MV 5H20/1HCL. -10b0V102 ___ 102 ___

- I "•~~103 =0

010' 1'

0 1100i

0•0 _10

10"0 10-

0 0L' -10L--1li.' -

S 100 100

.*. FT•r TTT Fr.1T..r o,- ENVIRONMENT: - 0

10-2 ______ 104

10' 10'
1010' .-. . .

-- t l I 10'

1 410 -10 10 4-0 4 0

@ qReT 10' NIRNET 10'

"101 10" -

100 103

"106- - 100

1010• O.¶,.

I,0

• "":10".-1- 10.1

10. 1 4 h 10 40 10

10 40 100 1 4 10 40 100
Kmal (KSI ./-n) Kma, (K•I v-in)

"Y I gru 4 16, i , 16

4. 1
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TABLE 4.16.3.17

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FI URE4.16.3.17 INDICATINQ EFFECT

OF ENVIRONMENT

MATERIAL: TITANIUM TI-BAL-IMO-IV
CONDITION: 1725F FC, 1200F 3HR 140p ----------------------------------------- ---------

K MAX : DA/DT (10**-3 IN/HOUR)(KSI*IN**1/2)

A B C D

: Em Em Em Em
:2100OPPM CL 21000PPM CL 21000PPM CL L21000PPM CL
32F 72F 140F 200F

A: 21.00 : 3113.
K MAX 3: 17.00 : 5014.

MIN C:
D:

20. 00 : 7759.
25.00 : 4963. 11601.
30.00 6674. 14736,
35.00 7737. 16734.
40.00 : 8432. 18121.I0.A0 9637. 20090.
60.O00• 11461.

A: 61.00 :11729,

K MAX 3: 57.00 : 21366.
MAX C:pD

- ------------------------------------------------------------

*1:

ROOT MEAN SQUARE 8. 18 3. 03 0. 00 0. 00
PERCENT ERROR

.".4

o4

"* 4, 1b-)b
Ii-



CONDITION/HT: 1725F FC. 120OF 3HR WO TITAN.
FORM: 0. 2"TH PLATE SPECIMEN THK: 0. 250" ALLOY
SPECIMEN TYPE: CANT SPECIMEN WIDTH: 2. 000"
ORIENTATION:T-L CRACK LENGTH (Ao): 0. 250"
YIELD STRENGTH: KiScc: TI-BAL-
ULT. STRENGTH: REFERENCES:85855• -. 1MO-1V

K max (MPA v/-m) K max (MPA V"W)
4 10 40 100 4 10 40 100111,)11 1 1 1'' v 1 11 -t I/ll' 'l14)0 I 1 1 111lt1 1 1 1 v ' ' 1 1 111

ENVIRONMENT: -10' ENVIRONMENT: --

21000PPM CL 32F 2100OPPM CL 72F
102 10-

10' 10-,o

102 -102

0
0 100 100

co 101 Eu ~ .

10110-1

1100 100

10-1 10-2
10-' ~10-' 1

10-3 1 0-
10-2 10-' P

10-4i 4 0 40 10 0
1 4 1 40 101 4 10 40 100

© E~J~L 4SF M '' WYK4 L 20SF 10

101 101

10_ MOP
10' 0 1

10' 0O10'......0-

1104 - 0- -10

100'

-60 10' 1/

100 00 1 l l*.I

10-'•,to' -

1 4 10 40 10O 1 4 10 40 100
Km Mo (KSI V'i) K,,,%. (KSI %/ n)

Friure 4.s(,3.17

4. 1 4- "'1i



TABLE 4.16.3.18

SUSTAINED CRACK GROWTH RATES AT DEFINED LEVELS
OF STRESS INTENSITY FACTOR

DATA ASSOCIATED WITH FIGURE4.16.3.18INDICATING EFFECT

OF ENVIRONMENT
--------------------------------------------------------------------------------------

MATERIAL: TITANIUM TI-SAL.-1MO-IV
CONDITION: 1725F FC, 1200F 3HR WO

K MAX DA/DT (10*.-3 IN/HOUR)
(KSI*IN**I/2)

A B C D

E-+ 32F E-+ 32F E-' 32F E'- 32F
WATER, 0. 1PPM WATER, 100PPM WATER, 6000PPM WATER, 2100OPPMI
CL CL CL CL

A:
K MAX B:

MIN C: 22.00 4298.
D: 16.00 4246.

20. 00 6986.
25.00 7535. 12536.
30.00 11710. 15437.
35.00 13591. 16541.
40.00 14216. 17074. .'1

50.00 15491. 19061.

A:
K MAX B:

MAX C: 58.00 : 19718.
D: 58.00 : 23v86.

ROOT MEAN SQUARE 0.00 0 00 7.67 13.28
PERCENT ERROR

.4q

I,

V.

II
I. ,. 4

B,,

4. 14- )I



CONDITION/HT: 1725F FC. I20OF 3HR WO TITAN.
FORM: I. 2"TH PLATE SPECIMEN THK: 0. 251" ALLOY
SPECIMEN TYPE: CANT SPECIMEN WIDTH: 2. 03"

:• . ORIENTATION:T-L CRACK LENGTH (Ao): .& 258"
YIELD STRENGTH: 151. 0 KSI K scC: TI-SAL-
ULT. STRENGTH: REFERENCES:85055 TNI-AV

K max (MPA V-m) K rr-x (MPA V-m)

*4 10 40 100 4 10 40 100
SENVIRQNME2T: 10' (F ENVIRONMENT: + 32r F,

WATER. IL I PP CL WATER. 1PPM CL-

.3 101 102
103 ¶Q)3

10'0"

103 102

100_- 10---
.2 10' 10'

10-1 10" -

10. 101

3.. 10-- 10'
-0-

S1-0 40 100 1 4 10 40 10"0I' 1 11 1 0 10 1 f ll

100 ___

10' m

0 100TN10' 0 '°
,, O 10.-

. 10 1 O

¶00.

*o - 1 0.2
10" 10".'¶0'• -. . tO0" __ __ __ _ _-

p010- 10-* s:.; .-._ ..4....L. ..±.. ..LI 10 ..O- .. LJ..' 4jL .J
10'. L' t 11 10" -

.0 40 100 1 4 10 40 100
m (001 KI~fls. 4KI4 Vl7h

4. 1 (1 - i



4l*

A A Al i AAA

I HUH

8 88

II A 6,'1,'1t~t,, su' us 3 " :'g
"A : , " '" , t

5 l A A fllllll
a if

6A L

• t s 00 lio mw i f

.4 1, 4 o

.6.I*1I 6 I I I
A I g 'I

I | '

A$ I A F,
A: . .. .. .. .A A: , •

6 ,

., 1

4, Ir,-4I



'a
'a...,

a. EIIILLK�LILItLILLL
-'a' *, I
,.. 'a4/
V. '' I U. UUUU UWUWUW

:UU � - - - - . -

r.
p

I 'Ii
I

113,3 3331333 333 3 33 I
eva

9/
eve � . . .� *�. .. .� oW * * * %

. a
p.
�e. *

iuiuii gail.I I
. . . @00eO 0@

- U - *

II 'I:iItI! III iiiiiIiii ii I Ii�
j 000008* *

a.'a, �k. UUUUBUU � * a a a a

'I
'V �

4/ 1133 1133311 131 gIg I

IISI V

4,1'. 41



6's

-,

,ft to "°N,.f f

.0 J 0 j j j

-'pp

U.o. b

L 'L I 4 I

'I.. . .
-U. -

'U I

'.'• ' I

'p.,• U

...,., ! !0! 0! 0 0 ! 0 !

:i ii uu

* U I Sv II

"" ' --•tS

"'' I II f I! f I I
U..t .. ..

0 r. .: c c r4  _ •. •, . . , r . ,"

S, , ** * * 0 0 a



%. .0 1 1 "" 0 U @

IL 4 I. cc0 0 w4 , a 0 ID CL CD CD W

-ev to -d - d -

0*p CP sp. 1 0.9- 0 Q - ~
0 I - a N - C -N i ~

I.

fit a9 N In. n1 1 0 tv ev (V 01 0v t

-~~~c g0 c;S 15 I 5

1 O-3 -9 - - - -

lo

12- I

g eaa 0a0 0 0 0

Z- z
OL C L f

4.164



CD01. 4 W w CD
mi m~ I I' I~ a il In In1

ri m 0 w i I 1 5 c

w~ ~ Iv r N -n r, P,

Vo rd .0 ' 0 m, 4 4 '0 CD P.

9 at I

1 .w i4 i . i c

0 0

0- V) In4 I
*.f Ni (v N4 tv I4 cl Nw rd

a:c 0r c I 0

0 0 I 4 4 I 0 .0

MW Lu L I MW

$- > in P N N

4m-

I I x

IL 0 L -0 -C

- - - - -I - Id :I IJ IJ

-. 5 N ~ 14 4 16- 44 N



InI

V% 0- h. 8
-C 2 0 re Zo C

. a 4 1% 1 I I I

> I M II
I w f I

1. 0

I 00

0v ai - I I

z 16

0 00 0 a i

~~~~~ a 4

Q, - a- rw rw a'

0 0 0 .10 -45



.Il

4c

IN 40

E-4 p

ill.17-1
-4'4I' m



-,t - - N~ C -'--~ : - -' - - - - -Ogg-

p.""

Xv R

09 0 I

i I i

-- .. c dc I d .0 I

I Iv

*I I o

I d~I000 00 cooe~ c

I, iiciri 'i 0.
X-m a-- Pc F oo t cc

>

* tj

i~u w u

U.I I -

z in

WTI,

C--S

z.17r

* w:%



- -- - - rq ~rd rocc . I

p C.~ o. 0L.L
pr m i-un rz a pr C C

44 rdIwv

o- Iir . 1 .0 0 O.o- . D I

-0 I )r 04 , GQf nr I a Ir ,. 1 CD1 D r

t, 0000 0 00 00 006 000000 0 )0 00

~C, I00 00-0 -r 000 000 00 00000ý
I --- 0-0 0000 --- I ------- 1 0

CO -0 go go soI 0 0

wig~ 9 CO gio 0

I I

0000 000 00 1 000 000

I 4 ,D .0'D
!D UI

*~ I'



4'.

JIIiI

�4 �:'V

... ' %*

a,.

* I
a..

liii
-I

"V

U

C!' II�i�I I � j I
q* IM-

-� 41-
C - 4 W�

uZ
- - a t*i

m�s *1 41
4 0

I;

.'. .'
a,

-v -#

'a-.

tim

4.19-1



.4

19 0 0 i I nI Ini n 1
z L-----------------------I 4 '0 101

444 444i4

a, I 0 w to r3 mt

cri I l N - - o I

St I

z II a, '72

wI I Ilf 4I-

Cooi 6 ic i ic 6o -

000 co ccW 0 000

* I L u c 1 P 1t .f lI lf l1

If '7 I --- --- t l

I.-

Q; ggig
C0 C0 IC0 0 00

~ j 000 10 00 0 0

~ I 4.190 2
77IW N ~r IrN N



A.W

LL3

TABLE 4.20

RIFU 34CES FOR THE TITANIUM ALLOY DATA

54304 TI-6AL-4V K,

Figge, 1. E., "Residual Static Strength of Several Titanium and

Stainless Steel Alloys and One Superalley at - 109 F, 70 F, and
550 F", NASA TN D-2045, Langley Research Center (December 1963).

57573 TI-6AL-4V K,

Anon., "Fracture Toughness and Tear Tests",. Air Force Materials
L~boracory, Research and Technology Division, Report No. NL-TDP-
64-238 (October 1964).

58782 TI-SAL-0V K€
Anon., "Thick Section Fracture Toughness". ML-TDR-64-236, Boeing-

North American (October 1964).

60578 TI-6AL-4V(ELI) Kr

Christian, J. L.. Yang, C. T., and Wiczell, V. I., "Physical and
Mechanical Properties of Pressure Vessel ,aterials for Application
in a Cryogenic Eaviroament", ASD-TDR-62-258, Part 1t1, General
Dumnics/Ascronautics (December 1964).

66103 TI-SAL-2.SS9n Kr

Ferguson. C. W., "Hypervelocity Impact Effects on Liquid Hydrogen
Tanks", NASA CR-548S2, Douglas Aircraft Co., Inc. (March 1966).

"66218 Tr-SAL-2.Son K,

Tiffany, C. F., Lorenz, P. M., and Hell, L. R., "Investigation of
Plato-Strain Flay Growth in Thick-Welled Tanks". NASA CR-54837,
The Boeing Company (February 1.966).

67821 TI-GAL-IND-IV K,

Walker., . C., "A Study of the Influence of Geometry on the Strength
of Fatigue CrackAd Panels", AFMDL-TR-66-92, Northrop Norair (June 1966)

68968 TI-SAL-2.fSn Ic

Sullivan, T. L., •Uýia•ial and Biaxial Fracture Toughness of Extra-
Lo*-Inerstiti&l SAL-2.SSo Titanium Alloy Sheet at 20 K", NASA TH
D-4016. Lewis Uesearch Canter (June 1967).

70733 TI-4AL-LMO-IV KI@cc

Smith, H. R., at al., "A Study of Stress Corrosion Cracking by
wedge-Force Loading", Report D6-19768, The Boeing Company, Renton,
Wash., Contract N00014-66-C-0363 (June 1967).

"70887 T"-6AL-4V Klacc
TI-6AL-6Y-2.S9n Klscc
TI-8AL-lMO-lV KSece

Peterson, K. H., Brown. B. F., Newbelin, R. L., and Groover, R. E.,
"Strass Corrosion Cracking of High Strength Steels and Titanium
Alloys to Chloride Solutions at Ambient Temperature". Corrosion.

% 23 (5), 142-148 (May 1967).

70931 TI-6AL-4V Klacc

.% TI-6AL•4V(KLI) Klscc
TI-6AL-6V-2.358 Krtcc
TI-SAL-IJO-IV Ktlcc

o"' .. ' Judy, Jr., R. V., and Goode, R. J., "Stress-Corrosion Cracking
'Characteristics of Alloys of Titanium in Salt Water", Interim
Report 6564, Naval Research Laboratory, Washington, D.C., Contracts
NORR-610(09), NONR-760(31) and N00014-66-CO365 (July 21, 1967).

4.20-1
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TABLE 4.20 (continued)

71709 TI-8A1•U-O-IV K,

Figge, 1. E., "Residual-StAtic-Strength and Slov-Crack-Grovth Behavi,
of Duplex-Annealed Ti-8A1-l3o-lV Sheet", NASA TN D-4358. Langley
Research Cancer (March 1968).

74335 TI*6AL-4V KIZc€

Stanley, J. K., "Solutions to Some Stress Corrosion Cracking

Problems in Aerospace Applications", Technical Report TR*0200
(4112.22)-I, Aerospace Corporation, El Segundo, Calif.. Contract
F%)701-68-C*0200 (November 1968).

75386 TI-4AL-3MD-1V Kisce
TI-6AL-4V Klace
TI-8.A.-I.HO- IV KIacC

:atr~ts, R. E.. at al., "Relationshi~p Between Composition, Micro-
strucL-4re, and Stress Corrosion Cracking8 (In Salt Solution) In
Titaniul.m Alloys", AS Transacti~ons Qutarterly, L2 (2), 457-469
(June 1969).

755•28 TI-6AL-4V KISCC

% eBizlar, W. D., "Fracture Ch~aracterititcs of 6kAI-4V Titanium All~oy
FOrgingl Cont..iJning Al~pha Stringer MJ~crostructure", NASA Final
Report CRt-99512, The Boeing Company, Seattle. Wash., Contract
HAS-9-.8809 (January 1969).

76411 TI-6W.-4V KIC

Vyessel, Z. T., at al., "Engineering Methods for the Design and
Selection of Materials Against Fracture". final Technical Report,
Westinghouse Rteseartch Laboratories, Pittsburgh, Pa., C~ontract

l ~~DA-30-O69-ANC-002 (T) (June 1.4,1966). .•_

77290 TI-6AL-A V KISCC ;

0#4.,ARouter. V. G., at al., "M4onittoringq of Crack Growth on Ti-6A.L-4V
Al~loy by the Stress Wave Analysi.s Technique", NASA Report CR-101888,
Aerojet General Corporation. Sacramen~to, Calif. (Decombor 1968).

77456 BETA da/dt. ' ect
Tl-8AJ•-lMO-IV Wadt, K~scc

Katz, Y., "14icto-Hatchanical Approach to Stress Corrosion Cracking
4 ~in Titanium Al~loys", Thesis Report go. UC1RL-]19046, Uni.versity of"-• ~Californi&, Lawlrence Radiation Laboratory. Berkeley. Calif., AEC

Contract W..7405-eag-48 (September 1969).

'--•78535 TI*6AL-4V K~scc

)/asters, J. K., at al., "Fracture and Nitrogen Tetroxidolgustainod
Load Flow Grovth in 6k1-4V Titanium". Final Report D2-121397-1,
NASqA CK-109366, The Boeing Company, Seattle, Wash., Contract

.7 KJU7-1OO (October 1969).

80104 TI-5AL-2. 5Sn Kc

Orange, T. Wy.. Sullivan, T. L., and Coifs, F. D., "Tractute of Thin
. 60 Setionsu Containing Through and Part-Through Cracks", NASA TN D-6305.

Lawls Research Center (Aptil 1971).

80538 TI-6AL*4V Kit

IPecrak, a;. I., 'YM~banical Propertyr Evaluation of 94ta ?*read
Ti-.6A..•V", Report A"M(-TitoYO-291, Universi ty of Dayton Research
Insltitute. Dayton. Ohio. Contract P33615-69-C-1471 (January 1971).
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"TIAB 4.20 (continued)

81221 TI-6AL-4V da/dt. KIscc

Beck, T. R., st &l., "Stress Corrosion Cracking of Titanium Alloys:
Studies of Cracks in Thin Specimens, SCC of Ti-6Al-4V in Chloride.
Iodide and Fluoride Solutions; Stress Corrosion Cracking in Molten
Salts; Zlectrochm-str7 of Freshly Generated Titanium Surfaces",
Report 20, The Boeing Company, Seattle. Wash., Contract NAS 7-489
(Juan 1971).

81741 TI-$AL- IJ-lV da/dt

bucci, R. J., and Paris, P. C., "Observations on Sustained Load
gvirowental Crack Growth of a Titanium 8AI-Iqo-lV Allo7".
Corrosion, 27 (12) 525-530 (December 1971).

82651 BETA KIscc
BETA III da/dt
TI-IAL-]14O-IV da/dt
Beck, T. ft., and Blackburn, M. J., "Stress Corrosion Cracking of
Titanium Alloyst SCC Velocity; Concentration of TiC1 ", Report 18,
The boeing Company, Seattle, Wash., Contract HAS 7-48 (December 1970).

83222 TT-6AL-6V-2Sn KIc

Amateau, H. F., at al., "F-15 Program Piml Report Ti-6Al-6V-ZSn
and TI-6A1-4V Fatigue Crack Propagation", Report No. ATR-72(9990)-3,
The Aerospace Corporation, E1 Segundo, Calif. (Septmber 29. 1971).

83689 TI-8AL-1iO-lV da/dt, KIscc

"Beck, I. R., at al., 'Fundamental Investigaclton of Stress Corrosion
Cracking", Report D180-15006-1, The Boeing Compeny, Aerospace Group,
Seattle, Washington, Contract NASW-2245 (April 1962).

83984 TI-6AL-4V K,

Feddersen. C. R., and Hylar, W. S., "Fracture and Facigue-Crack-
Propagation Characteristics of IL-Inch Kill-Annealed Ti-6A1-hV
Titanium Alloy Plate", Report G0-9706, Battelle, Columbus Laborstories,
Columbus, Ohio, Contract N00156-70-C-1336 (November 1. 1971).

84036 TI-6AL4V KIecc

Beacham. C. D,, and Mayn, 0. A.. "The Efoct of Th1cktnesa Upon
Sustained Load Crack Propagation in Ti-6AI-4V Alloy Tested in 3ýZ
NaC1 Solution", NUL Report 7449, Naval Research Laboratory.
Washington, D.C. (August 8, 1972).

84282 TI-6AL-4V Ktacc

Spurr, W. F.. "SST Technology Follow-On Program. Phase I. Titanium
Alloy 6A1-4V ctusion", Report No. FAA-SS-72-06, Booing RePort
D6-60206, The Boeing Company, Comercial Airplane Group. Seattle.
Wash.. Contract No. fJOT-FA-SS-71-12 (July 1972).

84290 TI-SAL-L11N-lV da/dt

Smith, H. i., Piper, D. Z., and Downey, F. K.. "A Study of Stress-
Corrosion Cracking by Wedge force Loading", Engineering Fracture
Kechanics, 1, p 123-128 (1968), Pergsmon Frees.
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84306 Tl-6AL--4V KIC

Harrigan, N. J., "8-i Fracture M(echanics Data for Air Force Handbook
Usage", Report TFD-72-501, North American Rockwell, Los Angeles
Division, Los Angeles, California (April 21, 1972).

84316 TI-6AL-2Sn K-TI-6,.- 2So(E•.b Kic

DeSisto, T. S.. and Hickey, Jr.. C. F., "Lov-Temperature Mechanical

Properties end Fracture Toughness of Ti-6AL-6V-2Sn". ASTM Proceedings,
65, 641-653 (1965).

84326 T1-4AL-lMD-1V KTscc

Report of NIL Progress, Naval Research Laboratory, Washington. D.C.
(May 1968).

84327 TT-8AL-lMO-1V KIsccI Report of NHL Progress, Naval Research Laboratory. Washington, D.C.,
(May 1967).

84328 Tl-6AL-4V Kiscc

Report of NRL Progress, Naval Research Laboratory, Washington, D.C..
(November 1968).

J1q 84360 TI-6AL-4V KIC, da/dN, da/dt, Klscc
T'-6AL-6V-2Sn Kic. da/dN
"TI-6AL-6V-2.5Sn Klscc

"' .DonneaLl Aircraft Cao any, McDonnall Douglas Corp., St. Louis, Mo..
Phase 5 Test Program. &eport MDC A0913 (Mav 18, 1971).

85034 TI-6AL-4V KIc t,4

Mitchell, Johr,. "Laboratory Reports on Fracture Toughness Tests",
per mom from .- Cavehorne of February 5, 1973; data sheets from
Shultz Steel Company. South Gate. California.

85064 TI-6AL-AV Kic

Bjeletich, 3. G., "Development of Engineering Data on Thick-Section
Elecctron-eass-Welded Titanium", Report N-LJ-71-18, Lockheed
Aircraft Corporation, Lockheed Palo Alto Research Laboratory, Palo
Alto Calif., Contract Y33615-71-C-L338 (October 12, 1972).

85634 TI-6AL-dV KIc

"Fracture Toushness and Tensile Properties Data for TI-6A1-4V
Forgings", Shultz Steel Company, South Gate, Calif., Attached to
memo from Ed Cawthorne dated March 5. 1973.

85836 TT-6AL-4V KIc

"B-t Fracture Toughness Data (K (sub 1 c)) - Rockwell International
Corporation, Los Angeles, Calif. (April 24, 1973).

85837 TI-6AL-4V da/dM

"fracture Toughness Data Collection. Rockwell International
Corporation, from B-* Program". Rockwell Incernarional Corporacion.
Los Angeles, Calif. (April 1973).
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TABLE 4.20( Continued)

85835 TI-8,AL.-LD-lV da/dt, Klscc

Boyd, J. D., "Strass-Corrosion Cracking of Ti-8AI-U•o-1V in
Aqueous guviroiments: 1. The Kinetics of Subcritical Crack Propagation".
Metallurgical Traneactions, 4 (4) 1029-1035 (April 1973).

85857 TI-6AL-4V KI€

"Shultz Steel Company - Fracture Toughnees Data - May 10, 1973",
par mam from Ed Cwvthorna of Kay 10, 1973.

86099 TI-AL-INHO-lV da/dN

Wanhill, 1. J. H., "A Review and Analysis of Fatigue Crack Propagation
in Titanium Alloys at Rom Temperature", Report No. NRL-TR-71035U,
National Aerospace Laboratory, The Netherlands (February 1971).

86429 T1-6-8-2-3 KIc

"Fracture Toughness Data", Progress Report on Matarials Teat Program,

General Dynamics Corporation, Fort Worth Division, Fort Worth, Texas,
Contract F33615-72-C-2149 (Received July 6, 1973).

86494 TI-6AL-6V-25n K1 C

Harnswrth, C. L., "Evaluation Report - Fracture Toughnees Evaluation
of Isothermally Forged Ti-6A1-6V-ZSn STA", Report F= 72-64, Air
Force Materials Laboratory, W"AFB, Ohio (November 15, 1972).

86575 TI16AL*4V Kic" Ktscc

"Rockwell Interuational, 8-1 Program, da/dN Data, Ceonter-Crackod
Tension Specimens", Lockheed California Company, Burbank, CA.
Report L1.25152 (Received July 1973) (Memo from Ed Cavthorue dated
"July 10,1973).

% 866"S TIo6AL,-4V KIc, £1SC,

Sreowls, D. 0., et Al.., "Evaluation of Stress-Corrosion Cracking
S aiceptibility going Fracture Mechanics Techniques", Final Report,
F,,rt I, Alutmm l Comany of America, Alcoa Technical Center, Alcoa
Center, PA, Contract .ASS-2.1487 (Way 31, 1973).

56844 T.'-6AL-6V-2So da/dO

"Crack Growth Rate Data Generated Under USAF Contract F33615-72-
C-2165", Lockheed Aircraft Corporation, Lockheed-Georgia Company,
Marietta, GA, Contract F33615-72-C-2165, Data sheets received from
SAM August L, 1973.

87230 BETA II ic
TI-6AL-6V*1So Kic

TI-6-6-2-3 KXc
-|c

"DelSIto, T. S., "Fracture Toughness Measurments of Three Titanium
Alloy Extrusions", Report AHIRC-TI-73-31, Army 4ateriala and Mechanics
Researcb Center, Watertown, MA (July 1973).

88140 TX-6AL-4V da/dN
TZ-6AL-4V(ILI) da/dN

Hall, L. I., finger, R. W., and Spurr, W. V., "Corrosion Fatigue
Crack Growth in Aircraft Structural Katertala", Report AFL.-TR-

S73-204, boeing Aerospace Company, Seattle, WA, Contract AF33615-71-C-
1687 (September 1973).
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TAwLE 4.20 (continued)

88144 BETA III KIC, da/dN4
T1-6AL-4V Ktc, daldt

Sjeletich, 3. G., '"Devlopsent of Engineering Data on Thick-Section
electron Beas Welded Titanium". Report AFl(L-TR-73-197. Lockheed
Missiles and Space Company. Inc., Palo Alto, CA, Contract F33615-71-
C-1338 (August 1973).

88186 TI-6-2-2-2-2 Kjc
TI-6AL-6V-2Sn Ktc

"Selected Pages from Materials Section of Final Report on Cargo/
Tanker Phase IA (AMFDL-TR-73-51) and Lockheed Report SHN 378",
Summary Report, Lockheed-Georgia Company. Marietta. GA, Contract
F33615-72-C-2165 (February 8, 1974).

88439 TI-UAL-2.Sft(ELI) KR€

keuter, W. C., "Fracture Toughness of Ti-5Al-2.SSn ELI Forging* at
-423 F", S•t-ry Report, Aerojec-General Corporation, Sacramento,
CA (September 9, 1970).

88440 TZ-6AL-4V KIc

"lit&nLum-6A•-4V Fracture Toughness and Tenaila Teat Data of
December 19, 1973", Mamo from E. W. Cavthorne vith fracture toughness
data from Shultz Steel Company (December 19, L973).U 88468 TI-6AL-4V da/dN

Bell, P. D., "Data Sheets for Constant Amplitude Crack Growth Data
Generated by Gr'umman Aerospace Corporation for 2219-T851 Aluminum and
Mill Annealed 6A1-4V Titanium Alloy Place". in letter to 3. E.
Campbell from Grmman Aeroepace Corporation, Bethpage, NW, Contracc
?33615-72-C-1744 (March .15, 1974).

88575 BETAS Kjc. da/dH
.TT-6AL-4V K€, do/dN

"Advanced Metallic Air Vehicle Structure Program", Material Property
Data Test RepoTt Fhase 11, Report FDt-6148A, General Dyuniics, Convair
Aerospace Division, Fort WIorth, TZ, Contract A133615-73-C-3001
(Januar& 1974).

88579 TT-6AL-kV da/dN
"B-1 Program da/dH Data for Auluminm Al1loys", Rockwell International

Corporation, memorandum to H. D. Moran from E. W. Cawthorn*,
Battelle's Columbus Laboratoriee (April 3. 1974).

88700 TI-6AL-4v Ktscc

Gilbreath, W. F.. and Adamson, H. J., "The Stress Corrosion
Susceptibility of Several Alloys in Hydrazine Fuels". NASA
Technical Note, Report NASA TN 03-7604, Ames Research Center.
Moffett Field. CA (February L974).

88911 TI-SAL-2.5Sn da/dN

Wanhill, R. J. U., et &l., "Fatigue Crack Propagation Data for
Ticanium Sheet Alloys - Interim Report No. 3:Ti-5AJ-2.5Sn". Report
NL TI 72093 U, National Aerospace Laboratory, The Netherlands
(July 1972).
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TABLE 4.20 (continued)

88962 TI-6AL-4V K c
• C• T14AL-6 -2Ln KIC

TI-6-2-4-6 KIC

Sparks, R. B., and Long, J. R., "tmprovement Manufacturing Methods
for Producing High Integrity More Reliable Titanium Forgings",
Report AFML-TR-73-301, Wyman-Cordon Company, Worcester. MA, Contract
AF33615-71-C-1560 (February 1974).

89004 TI-6AL.-V Ktc, Klacc
A,

"Rockwell International, 5-1 Program Titanium Kit, Kc. and Klacc
Doe for --O-1 Rvision", with data attached to memorandum from
E. W. Cawvthorne to H. D. Moran (May 1, 1974).

89504 TL-6AL-4V KIc

Cervay, R. R., '"Mchanical Properties of Ti-6AI-4V Annealed Forgings",
Report AflO.-TR-74-49, University of Dayton Research Institute, Dayton,
OH, Contract F33615-72-C-1282 (March 1974).

90012 Tl-6AL-4V Kic

"Ti-6A1-4V Fracture Toughness Data - Shultz Steel Company, South Cate.
CA, of August 8, 1974", with memorandum from E. W. Cavthorne to

H. D. Moran of Battelle's Columbus Laboratories (,August 8, 1974).

90584 TI-6AL-4V Kic
TI-6AL.-6V-2Sn KIc

DeKay. S., "'lproved Fracture Toughness of Titanium", Final Report,
Grmman Aerospace Corporation, Bethpase, NY, Contract N62269-73-
C-0127 (June 1973) (AD 778 652).

?0589 T1-6AL-6V-ZSn KIc

Fiftal. C. F., and Beck, E. J., '"Development of Fracture Mechanics

Data for 6A.-6V-ZSn Titanium Alloy". Report MCR-74-43, Martin

Marietta Corp.. Denver Division, Deaver, CO. Contract HAS 9-13599
(Jamnary 1974).

0981" T!-6AL-IV da/dN

' rI-6L-6V-2Sn KIc, dsldN

Krupp. W. I., Winrer, F. T., Pettit, D. E., and Hoqppner. D. W.,
Data Sbeets for Final Report on "Investigation of the Effects of

' ", Stress and Chilcal Knvirommnts on the Prediction of Fracture in
Aircraft Striu.tural Materials", Rye Canyon Research Laboratory.

-S" Lockheed-California Company, Burbank, CA, Contract F33615-71-C-1688,
% data shoets received October 21, 1974.

91332 ?I-6AL-4V da/dO

Wells. R. I., '"Noe Alloys for Advanced Metallic Fighter-Wing Structures"
"Northrop Corporation, Aircraft Division, Havthorne, Ce, AIAA/ASNZ/SAB
15th Structut is, Structural Dynemics and Materials Conference, Las
Vegas, V (April 17-L9. 1974).
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TABLE 4.20 (continued)

91793 BETA tII KIc

Van Scone, R. H., Low J. R. Jr.. and Shannon. J. L.. Jr., "The
Effect of Microstructure on the Fracture Toughness of Titanium
Alloys", NASA Technical Report N4o. 2-Ti, Carnegse-Mellon University,
Pittsburgh. Pa., and NASA, Lewis Research Center, Cleveland, Ohio.
Research Grant NGR 39-087-047 (December 1974).

91945 TI-6AL-6V-2Sn da/dN

Krnde. K. R., et aI., "Cyclic-Crack-Grovth and Fracture Resistance
of Ti-6Al-6V-2So as Influenced by Recrystallization Anneal and
Interstitiatl Oxygen Content", NRL Report 7844, Naval Research
Laboratory, Washington. D.C. (January 8, L975).

GDOO6

Margolis, W. S., "P-16 Material Test Allovables for Aluminum
Alloy 7475, 3.0" Plate - T7351 Temper and 0.5" Plate (92" Width)

- T7651 Temper and - T735l lamper". General Dyamics. Fort
Worth Division, Report No. 16PR926. April 1978.

GDO07 TI-6AL-kV da/d34

Margolis, W. S.. "P-16 Material Allovab.Lee Evaluating Rate Annealed
6A.1-4V Titanium Alloy", General Dynamics, Fart Worth Division.
Report No. 16PR944, September 1978.

GE006 TI-SAL-LOi-V da/dN

"Fatigue Crack Growth Rate Data on Titanium Ti-8-1-1 Alloy Using
GK Bar Specimeens from the T734 OTA Effort", Data Sent from M. S.

Ilbert, General Electric Co.. Evendale. Ohio. October 1982.

C1007 TI-6AL-4V da/dN

"Fatigue Crack Growth Race Data on Titanium Ti-6-4 Alloy Using
0 Bar Specimens from the T734 DTA Effort", Data sent from M. S.
Gilbert, General Electric Co., Evendale, Ohio, October 1982.

JIMP I TI-6AL-4V KIC
TI-6AL-6V-ZSn KIc

Toder, G. I.. Cooley, L. A., end Crooker, T. W., "Enhancement of
fatigue Crack Growth and Fracture Resistance in Ti-6A1--&V and Ti-
6AI-6V-ZSn Through Micro-Structural Modification", journal of
Engineering Materials and Technology, Vol. 99.pp. 315-318, October 1977.

MAD02 TI-.6ALr-4V KIc, da/dN
TI-6AL-6V-2Sn da/dN

Fracture Toughness of Ti-6AI-4V Plate and Forging. Aluminum 2124-
T851 Place and 7175-T73652 Forging and Fatigue Crack Growth Rate
for Ti-64A-4 Plate end Forging, Ti-6Al-6V-2Sn Extrusion, Aluminum
2124-TS51 Plate and Aluminum 7175-T73652 Forging. Data Submitted
by 0. L. Rich of McDonnell Aircraft Co.. St. Louis, '40. Attachment
92, Received March 12, 1982.

KA003 TI-6AL-4V KIc, da/dN

Seey, S., end Krieg, J. F.. "Wing Carry Through Lug Joint Crack
Growth Tosts", McDonnell Aircraft Co., St. Louis, NO, Report MDC
A3449, Attactment 93, Submitted by D. L. Rich, March 12. 1982.
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TAiXL 4.20 (continued)

?; KAO05 TI-6AL-AV da/dN, Ktscc

Garland, K.. and Krieg, J. F., "Final Report - Basic Fracture Data
for F-18 Material", McDonnell Aircraft Co., St. Louis, MO, Report 4o
3 NA-66-7ICW, Attactment DS, 1977.

U1A006 TI-6AL-4V da/dN

Garland. K.. and Krieg, J. F., "Evaluation of the Effect of Material
Cyclic Softening and Herdening on Crack Initiation Life and Crack

Growth, vith and vithout Overloads, as a Function of Stress Ractio",
McDonnell Aircraft Co., St. Louis, NO, April 1978.

KA011 TI-8AL-JJ4O-lV da/dN

"Final Report, F/RF-4C/D Damase Tolerance and Life Assesmant
Study - Vol. 11", McDonnell Aircraft Co., St. Louis, NO, Contract
No. ArSC F33657-73-A-0062, Report No. MDC A2883, February 1975.

NCOOl TI-6AL-4V K
TI-6AL-4V(€L.) KI,

"Plane Strain Fracture Toughness Dact Secs on Alumitau. Steel

and Titanium Alloys", Data Sent from P. C. Porter of Northrop
Corp.. Hawthorne. CA, March 1, 1982.

NCO02 TI-6AL-IV d4/&N
TI-6AL-4V(!LI) d&a/d.

"Fatigue Crack Grovth Race Datc on Alumninm, Steel. and Titanium
Al.loy", Data sent from P. O. Porter, Northrop Corp., Havthorne, CA,
March 1, 1982.

NLOO TI-6AL-4V da/dN

Data Sheets on TI-6Al-4V - Fatigue Crack Growth Rate Teacs -
submi.tted by W. S. Johnson, NASA Langley Research Center, Haapton,
VA, March 1982.

N0l01 TI-6AL-AV Kic

TI-SAL-I/O- V Kjacc

Yoder, G. 1., Cooley, L. A., and Croaker, T. W., "Effects of
Microstewctufe and Frequency on Corrosion-Fatigue Crack Growth
in Ti-8AL.-LIo-V and Ti-6A1-4V", Naval Research Laboratory,
Vahington, D.C., Report 4678. December 1981.

PWO02 TI-6-2-A-2 da/dN
TI-SAL-UO-*IV KIc

Sayer, J. It.. Si=,, D. L.. and Wallace, R. N., "Titanium Damage
Tolerant Design Data for Propulsion Systems". United Technologies
Corp., Pract and Whitney Aircraft Group, West Palo beach. FL.
Report AIIL-TR-77-101, Contract No. F3361S-75-C-S130, June 1977.

PWO03 TI-6AL-4V da/dW

Fatigue Crack Growth Lace Dec& on Titanium and Nickel game Alloy
fromi B. S. Schwartz. Pratt and Whitney Aircraft Group, Govermene
Products Division, West Palm Beach, FIL. July 1982.
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TABLE 4.20 (continued)

11005 COROINA KIC

TI-6-2- ,-6 KI ¢

TZ-6AL-4v K o-
Chesautt, J. Co. at aL.. "Fatigue Crack Propagation and Fracture oftic n•ium Alloys", Rockwell rntarnational Science Center, ThousandOaks, CA, and Department of Metallurgy and Material Science,"Carnegie-Mellon University, Pittsburgh. PA.

R1006 'Tt6ALV Ktsce

Ferguson, R. R., and Berryman. R. C., "Fracture Xechanics Evaluationof 5-1 Macerials", Rockwell International, 8-1 Division, Los Angeles.
CA, Concract No. F33657-70-C-O800, Report N•o. AJ.-Tr-76-L37,
October 1976.

UDWOO TI-6-2.4-6 da/dN

Cervey, R. R., "Ti-6-2-4-6 Elevated Temperature Modeling of
Fatigue Crack Growth Rate Data", University of Dayton Research
Institute, Dayton, Ohio, Concract No. F33615-80-C-S011 Technical; Kimsorandus UDR-TM-81-48, December 1981.

"UDOOO T.-6ALI-V KIC, da/dIE

Cervey, R. R., "Beta Processed Titanium 6A1-4V Fracture Properties"."University of Dayton Research Institute, Dayton, Ohio, Contract No.
P3361S-?4-.C-5024, Technical Memorandum UDRI-Th-75-08, July L975.

UNOOI TI-6AL-4V da/d.I

Wilson, 0. A., "A Statistically Based Iavestigaclon of ticrostrucrural-, Zffecc on the Fatigue Properties of Titanium and Ticanium Alloys"."%. Dissertation to University of Missouri, in Partial Fulfillment ofPhD Requirement, December 1978.
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