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TV. INTROWCTION 

The prediction of fatigue-crack-propagation rates and of the resid-

ual static-strength of parts of aircra~ containing fatigue cracks is of 

considerable interest to the aircra~ designer. Recent investigation has 

shown that fatigue cracks can initiate quite ear~ in the life of air-

cra~ structures. See Castle and Ward (ref. 1), for example. In con-

tinued investigation, a number of equations have been developed for 

predicting fatigue-crack-growth rates. Most of these equations have 

defined the crack-growth rate as a f'unction of the applied stress, the 

crack length, and in some instances, one or more empirical constants. 

One of the pioneer researchers in this field was Weibull (ref. 2), who 

propounded an empirical equation defining rate as a function of the 

applied stress and two empirical constants. Good agreement was found 

between Weibull's equation and the results of tests on three materials. 

In a subsequent investigation, Weibull (ref. 3) modified his equation to 

make allowance for nonpropagating cr'acks. Good correlation with the 

test data was again attained. 

About the same time, Head (ref. 4) also developed an expression for 

predicting fatigue-crack-growth rates. Head's equation showed the crack-

growth rate to be a f'unction of the crack length and one constant. Head 

compared his equations with data published by three other researchers 

and found good agreement. 

In 1958 Frost and Dugdale (ref. 5) proposed a crack-growth 

equation which expressed the rate as a function of the crack length, 

the alternating stress, and a constant dependent upon the material and 
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the applied mean stress. These investigators likewise found good 

agreement between their theory and test data. 

That same year McEvily and Illg (refs. 6 and 7) developed a 

semiempirical expression which defined the crack-growth rate as a func-

tion of the theoretical stress at the crack tip, the fatigue limit of 

the material, and three empirical constants. Their expression 

correlated both their own data from tests on two aluminum alloys and 

Weibull's data. 

Paris (ref. 8) proposed an equation for crack-growth rates based 

upon the Griffith and Irwin (ref. 9) stress intensity factor concept. 

Paris's equation expressed the rate as a function of the crack length 

and the applied stress. Paris achieved good correlation of a number of 

researcher's data using his equation. He subsequently showed (ref. 10) 

that his analysis and McEvily and Illg's analysis, although independently 

developed, were virtually identical. 

Of all the preceding crack-growth methods, only McEvily and Illg's 

and Paris's had related residual static-strength analyses. As 

previously mentioned, Paris's analysis was related to the Griffith and 

Irwin stress intensity factor analysis. In 1962, Kuhn and Figge 

(ref. 11) developed a simple engineering method for predicting the 

strength of cracked aluminum parts under static loading. The method 

described therein for calculating stress-concentraction factors is 

similar in many respects to the method outlined by McEvily and Illg. 

It was logical, therefore, to use either the Paris-Griffith and Irwin, 

or the McEvily and Illg - Kuhn and Figge analysis combination in this 
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thesis since both fatigue-crack-propagation and residual static-

strength tests were conducted. 

The Griffith and Irwin analysis is applicable to fracture cases in 

which the stress distribution in the specimen is primarily elastic and, 

consequently, little plastic deformation occurs. This type of fracture 

is generally characterized by low values of residual crack strength. 

The Kuhn and Figge analysis on the other hand is more closely related 

to the tensile specimen type failure in which a reasonable amount of 

plastic deformation occurs before failure. This type of failure is 

frequently characterized by high crack-strength values. The residual 

strength specimens tested in this investigation exhibited a relatively 

high crack strength. Consequently, the McEvily and Illg - Kuhn and 

Figge combination was selected as the more appropriate analysis method 

for this thesis. 

The purposes of this investigation were (a) to provide fatigue-

crack propagation and residual static-strength data on PIIl5-7Mo 

(TH 1050) stainless steel, and (b) to determine the capability of the 

McEvily and Illg - Kuhn and Figge analyses to correlate the test data. 

Toward this end, a series of axial-load fatigue-crack-propagation and 

residual static-strength tests were conducted on 2-inch-wide sheet 

specimens made of PIIl5-7Mo (TH 1050) stainless steel. The fatigue-

crack-propagation tests were conducted at stress ratios; i.e., the 

ratio of minimum stress to maximum stress, R, of 0 and -1 under 

maximum stresses varying from 12 ksi to 100 ksi. Additional fatigue 

tests were conducted on unnotched specimens to determine the fatigue 

limit of the material at R = O. 
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This thesis presents the results of this investigation. The 

adequacy of the two analyses in predicting crack-growth and residual 

static-strength behavior in P!Il5-7Mo stainless steel is discussed. In 

addition, the effects of the different stress ratios on fatigue-crack 

growth are investigated. The capability of the residual static-strength 

analysis to predict the effects of changing specimen widths and of 

changing buckling restraint in the vicinity of the crack on residual 

static strength is also studied. 
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v. SYMBOLS 

one-half of the total length of a central symmetrical crack, 

in. 

incremental advancement of the fatigue crack, in. 

constants in the fatigue-crack-rate expression 

semimajor axis of an ellipse, in. 

material constant 

elongation in 2-inch gage length, in./in. 

modulus of elasticity, ksi 

secant modulus at points far removed from stress raiser 

secant modulus corresponding to the point of maximum 

stress, ksi 

secant modulus of elasticity pertaining to tensile ultimate 

stress, ksi 

rate determining functions 

elongation correction factor 

plastic stress-concentration factor for a circular hole in 

an infinite sheet 

theoretical elastic stress-concentration factor for an 

ellipse in a finite-width sheet 

theoretical elastic stress-concentration factor for a crack 

in a finite-width sheet 

theoretical elastic stress-concentration factor 

theoretical stress-concentration factor for a circular hole 

in a finite-width sheet 
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Neuber's size effect correction for stress-concentration 

factors 

stress-concentration factor modified for size e:ffect 

(fatigue-crack-growth analysis) 

stress-concentration factor corrected :for size effect 

(residual static-strength analysis) 

stress-concentration factor in the plastic range 

KTN limit of KN- as p approaches zero 

N 

r 

R 

t 

w 

p 

static notch strength factor 

finite width factor 

number of cycles 

incremental number o:f cycles 

rate of :fatigue-crack-propagation, in./cycle 

ratio of minimum stress to maximum stress 

fatigue limit, or stress at 108 cycles, ksi 

maximum load divided by the remaining net section area, ksi 

maximum load divided by the .initial net section area, ksi 

predicted net section failing stress when buckling is 

prevented, ksi 

predicted net section :failing stress when buckling is not 

prevented, ksi 

specimenthickness, in. 

specimen width, in. 

number o:f cycles from beginning of strain hardening stage 

radius of curvature; in. 
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effective radius of curvature, in. 

Neuber material constant, in. 

local stress, ksi 

local fracture strength, ksi 

yield strength of critical region, ksi 

ultimate tensile strength, ksi 

yield strength (0.2 percent offset), ksi 

included angle in the notch, radians 

effective included angle in the notch, radians 
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VI. ANALYTICAL CONSIDERATIONS 

In both McEvily and Illg's fatigue-crack-growth and Kuhn and 

Figge's residual static-strength analyses (refs. 6 and 11, respectively), 

the calculation of stress-concentration factors for cracks is of primary 

importance. Both analyses employed Neuber's theory of pointed notches1 

(ref. 12) as the basis for the development of the equations for cal-

culating stress concentration factors. Slightly different assumptions 

were made in the course of deriving these equations, however, and as 

a consequence there is a slight difference in the forms of the resulting 

equations. 

The development of the equations for stress-concentration factors 

presented in the fatigue-crack-growth analysis will be described first. 

These equations were developed expressly for the case of axially-loaded 

sheet specimens containing a central, symmetrical crack. This crack 

configuration was assumed to be represented by an ellipse whose major 

axis equaled the total length of the crack. Neuber (ref. 12) and 

others have suggested that the equation for the stress-concentration 

factor for a small ellipse in an infinite sheet is of the form: 

(1) 

whe~e p is the radius of curvature at the tip of the ellipse and b 

is the semimajor axis of the ellipse. Equation (1) gives a solution of 3 

lNeuber's theory of pointed notches is briefly outlined in the 
Appendix. 
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for a circular hole. It was first suggested by McEvily et al. (ref. 13) 

that the one represents the stress present without a notch and that 

Vb/p accounts for the flatness of the ellipse. Modification of the 

factor 2 was proposed to account for the finite width of the sheet. The 

following modification of equation (1) was made by McEvily et al. 

(ref. 13): 

(2) 

where KR is the stress-concentration factor for a circular hole of 

radius b located in a sheet of finite width. Stress-concentration 

factors for circular holes in finite-width sheets were determined from 

Rowland's curve (ref. 14) shown in figure 2. 

Equation (2) was modified by McEvily and Illg (ref. 6) to permit 

calculation of the stress-concentration factors for cracks. This was 

accomplished by substituting the effective radius of the crack Pe for 

p, and by substituting one half the crack length, a, for the semimajor 

axis of the ellipse, b. Thus, equation (2) becomes: 

Ki; = 1 + (KJr - 1) Va/pe (3) 

Finally, McEvily and Illg (ref. 6) applied Neuber's correction for 

pointed notches (or cracks), equation (A-1), to equation (3). The 

reduction in stress-concentration factor is dependent upon the absolute 

size of the notch; thus, the expression "size effect" was applied to the 

Neuber correction. Application of the "size effect" correction resulted 

in the following expression for the stress-concentration factor for a 

crack: 
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K" - 1 KN = 1 + __ E __ _ 
1 + VP'TP (4) 

Neuber's flank angle correction dropped out since w = 0 for a crack. 

McEvily and Illg (ref. 6) then substituted the effective radius pe 

for p in equation (4) yielding: 

K" - 1 
KI = 1 + _E_r=::::;::= 

N 1 +VP' /Pe 
(5) 

Equation (3) was then substituted for K" by McEvily and Illg (ref. 6) 
E 

giving: 

(6) 

McEvily et al. (ref. 13) noted that the Neuber material constant p' 

and the effective radius of a fatigue crack were of the same order 

of magnitude. As a simplification it was assumed that these two 

parameters were equal. Thus, equation (6) became: 

(7) 

This was the equation used to calculate the stress-concentration factor 

at the tip of a crack in the fatigue-crack-growth analysis. 

The equations developed by Kuhn and Figge (ref. 11) for calculating 

stress-concentration factors for sharp notches and cracks for the 

residual static -strength case are presented as follows: The equation 

for the theoretical stress-concentration factor for a notch having a 

small radius p compared with the notch depth and with the width of the 

section was proposed to have the form: 
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Constant 
KE""' 1 + VP (8) 

The Neuber correction for "size effect" was then made by substituting 

equation (8) into ~quation (A-1). 

Thus, 

K" _ 1 + ___ . _c_o_n_s_t_a_n_t ____ _ 

N \/p(1+ 1L VP'/p) 
1L - we 

(9) 

or 

K" = 1 + ___ c_o_n_s_t_a_n_t __ 
N {P+ 1t {Pi 

1L - we 
(10) 

where we(= ~) was substituted for w because experimental results 

indicated the flank angle correction exaggerated the effect of varying 

the flank angle. 

Once again in the case of cracks the flank angle is zero. In 

addition, the radius becomes immeasurably small; consequently, the 

limit was taken as p -> 0 and the following equation resulted: 

lim K" = K = 1 + Constant 
p~O N- TN iJPi (11) 

As in the fatigue-crack-growth analysis a symmetrical internal 

crack in an axially-loaded sheet specimen was assumed to be elliptical 

in shape, and the theoretical stress-concentration factor was assumed 

to be given by equation (2). 

Equations (2) and (11) were then applied and the following expres-

sion derived for calculating stress-concentration factors for cracks: 

(12) 
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Equation (12) was subsequently modified by Kuhn (ref. 15) to read: 

(12a) 

where ~ is a finite width factor determined from photoelastic studies 

by Dixon (ref. 16). A plot of K versus w 2a/w is given in figure 3. 

It should be mentioned that equations for calculating stress-

concentration factors for other configurations and for predicting the 

fatigue life of notched specimens were also developed by Kuhn and 

Figge (ref. 11). However, since this investigation is concerned only 

with the residual static strength of centrally notched specimens, the 

development of the other equations has been omitted. 
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VII. EXPERIMENTAL PROGRAM 

Specimens 

All specimens were made from PH15-7Mo stainless steel heat treated 

to condition (TH 1050). Details of the heat treatment are listed in 

table 1. Tensile properties and the nominal chemical composition of the 

material are also listed in table I. The configuration of the combi-

nation fatigue-crack-propagation and residual static-strength specimens 

is shown in figure 4. Sheet specimens 18 inches long, 2 inches wide, 

and nominally 0.025 inch thick were tested. Each specimen contained a 

1/16-inch-diameter central hole having a 1/32-inch-long notch cut into 

each side by a string impregnateq with valve grinding compound. The 

thread was repeatedly drawn across the edge to be cut until .a notch of 

the desired length was obtained. A very gentle cutting process is 

involved in making notches in this manner; consequently, the residual 

stresses resulting from cutting the notches are believed to be quite 

small. The radii of the notches were within ±6 percent of 0.005 inch. 

The radii were made this small in order to initiate the fatigue cracks 

rapidly. The theoretical stress-concentration factor KE for this 

configuration was computed to be 7.4 by using equation (3). The config-

uration of the unnotched specimens used to establish the fatigue limit 

at R = 0 is also shown in figure 4. These specimens were 12 5/8 inches 

long, 2 inches wide, and nominally 0.025 inch thick. The test section 

was reduced to a width of 3/4 inch by machining a 7 1/2-inch radius cut 

on both sides of the specimen. Specimens having this configuration are 

considered essentially unnotched since the radius of curvature is so 
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large. This reduction in section was made to insure failure in the 

middle of the specimen. In addition, standard ASTM tensile specimens 

were made from the same sheet to determine tensile properties. All 

specimens were fabricated so that the longitudinal axis of the specimens 

was parallel to the grain of the sheet. 

The surface area through which the crack was expected to propagate 

was polished with a slurry of fine carborundum powder and water to 

facilitate observation of the crack. A reference grid (fig. 5) was 

photographically printed on the polished surface to mark intervals in 

the path of the crack. This reference grid afforded ready observation 

of the crack and provided a crack-growth path free of mechanical defects 

which might affect normal crack growth. 

Testing Machines 

The testing machines used in this investigation are shown in fig-

ure 6. Machines (a) and (b) were used for the fatigue-crack-propagation 

tests. Machine (a) is a Schenck PB 10/60 Universal Fatigue Testing 

Machine. It is a combination subresonant and hydraulic fatigue tester. 

Alternating loads up to 6600 pounds can be applied at rates up to 

4000 cpm by using the subresonant loading system. Alternating loads 

up to 11000 pounds can be applied hydraulically at speeds up to 

60 cpm. In addition, this machine is capable of applying a static 

preload of 11000 pounds maximum through an electrically driven screw-

and-spring system. This static preload is usable in conjunction with 

both the hydraulic and subresonant systems. The cycles counter read in 
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hundreds of cycles for the subresonant system and in cycles for the 

hydraulic system. 

Machine (b) is a Baldwin-Lima-Hamilton IV-20V Multirange Fatigue 

Tester. This machine operates on an inertia force compensation 

principle and is capable of applying alternating loads up to 8000 pounds 

at a frequency of 1200 cpm. A static preload of 12000 pounds can be 

applied through a motor-driven nut-and-screw arrangement. The cycles 

counter for this machine read in thousands of load cycles. 

Machine (c), which is described in detail by Grover et al. 

(ref. 17), was employed to test the unnotched specimens used to establish 

the fatigue limit of the material. This machine is patterned after the 

subresonant-type machines originally developed by the Lockheed Aircraft 

Corporation. It operated at 1800 cpm and had a load capacity of 

±20,000 pounds. The cycles counter read in hundreds of cycles for this 

machine. 

Loads were continuously monitored on the three preceding machines 

by measuring the output of a strain-gage bridge attached to a weighbar 

through which the load was transmitted to the specimens. The maximum 

error in loading was ±1 percent of the applied load. 

Machine (d), a Tinius Olsen double-acting hydraulic jack, described 

in detail by Hardrath et al. (ref. 18), was used to perform the residual 

static-strength tests. This machine has a load capacity of 120,000 lb. 

The maximum load at failure was obtained from a load-monitoring system 

which is an integral part of the testing machine. Special grips similar 

to those used in the subresonant machines were installed to permit 

testing of the cracked specimens. 
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Tests 

Constant-amplitude axial-load fatigue-crack-propagation tests were 

conducted at R = 0 and R = -1. Maximum stresses ranging from 100 ksi 

to 12 ksi were applied to propagate the fatigue cracks. In most cases, 

two specimens were tested at each stress level in order to increase 

confidence in the fatigue-crack-growth data. In both the crack-growth 

and fatigue life tests, the loads were kept constant throughout each 

test. 

In order to follow crack growth, fatigue cracks were observed 

through 30 power microscopes while illuminated by a stroboscopic light. 

The number of cycles required to propagate the crack to each grid line 

was recorded so that the rate of crack propagation could be determined. 

The tests were terminated when the cracks reached predetermined crack 

lengths, and the specimens were saved for the residual static-strength 

portion of the investigation. 

In almost all of the tests (crack growth, fatigue life, and static 

strength) the specimens were clamped between lubricated guides (fig. 5) 

similar to those described by Brueggeman et al. (ref. 19) in order to 

prevent buckling and out-of-plane vibrations during testing. These 

guides consisted of two 4-inch-wide, 3/8-inch-thick aluminum plates, 

and a pair of aluminum shims which were placed on either side of the 

specimen. These shims were made 0.002 inch thicker than the test 

specimens to prevent binding of the specimen to the guide plates. To 

further inhibit binding, light oil was used to lubricate the surfaces 

of the specimens and the guides. For the growth tests, a cutout was 
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made in one plate to allow visual observation of the region of crack 

growth. 

Constant-amplitude axial-load fatigue tests were conducted on the 

unnotched specimens to establish the fatigue limit of the material at 

R = O. The fatigue limit was first approximated by constructing an 

alternating versus mean stress diagram from data published by Illg and 

Castle (ref. 20). Tests were then conducted at a range of stress levels 

near the approximate limit until the actual fatigue limit had been 

bracketed. Tests were terminated at either 107 cycles or failure of the 

specimen, whichever occurred first. The fatigue limit at R = -1 was 

obtained directly from Illg and Castle's report (ref. 20). 

The specimens were removed from the fatigue machines following the 

crack-growth tests and placed under a toolmaker's microscope to measure 

the length of the cracks. Ea.ch specimen was then mounted in the 

120,000-pound jack and subjected to a steadily increasing uniaxial-

tension load until failure occurred. A loading rate of 30,000 pounds 

per minute was used in these tests. 

Standard tensile tests were conducted to determine the ultimate 

tensile strength, yield strength (0.2 percent offset), elongation, and 

Young's modulus for the material. 
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VIII. FATIGUE-CRACK-GROWTH ANALYSIS 

The fatigue-crack-growth analysis developed by McEvily and Illg 

is based upon a concept originally proposed by Orowan (ref. 21). Minute 

weak sites are assumed to exist at myriad locations within a metallic 

body. When stressed, the material at these weak sites reacts in one 

of two ways depending upon its ductility. In brittle materials, com-

plete fracture occurs when the stress at the weakest site exceeds the 

local fracture strength2. In ductile materials, plastic deformation 

mitigates the stress at· the weak sites preventing it from reaching the 

local fracture strength. The strains accompanying this stress miti-

gation are quite large, and if a cyclic loading is applied these large 

plastic strains cause progressive work-hardening of the material. This 

work-hardening continues until the stress at the weak site reaches the 

local fracture strength. A crack then forms and progresses through the 

work-hardened zone into a region of less work-hardened material where 

its progress is arrested. The tip of the crack then becomes a new weak 

site and progressive work-hardening begins once more. The whole 

sequence is subsequently repeated over and over again as the fatigue 

crack propagates through the material. 

McEvily and Illg also took into account the work of Wood and Segall 

(ref. 22) in the development of their analysis. Wood and Segall found 

in tests on annealed metals subjected to alternating plastic strain that 

2currently, there is no quantitative definition for the local 
fracture strength. It is simply defined as the stress at which fracture 
will occur at a weak site. 
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there was a limit to the amount of work-hardening which could be pro-

duced through cyclic loadings of a given plastic-strain amplitude. Once 

this limit was reached, continued cycling at this given amplitude pro-

duced no further work-hardening of the material. Wood and Segall pro-

posed that a process of stress relaxation was responsible for this limit. 

From the two preceding investigations; i.e., references 21 and 22, 

McEvily and Illg distilled the following concept of how fatigue cracks 

propagate. The bulk of the material within the highly stressed zone 

immediately ahead of the crack tip was considered to work-harden to a 

limit when subjected to an alternating loading. However, the minute 

weak sites described by Orowan are assumed to lie within this bulk, and 

the material at these sites is assumed to be capable of work-hardening 

up to the local fracture strength. Once this local fracture strength 

has been reached, the fatigue crack advances through these completely 

work-hardened sites into a region of nonhardened weak sites where its 

progress is halted. Hardening commences again, and the whole process 

is subsequently repeated over and over again until failure occurs. 

The fatigue-crack-propagation equations formulated by McEvily and 

Illg were based upon the parameters governing the strain amplitude and, 

consequently, the work-hardening in the material immediately ahead of 

the crack tip. These parameters were the instantaneous net section 

stress, Snet' and the theoretical stress-concentration factor for the 

crack, K-N· The product of· these parameters is the actual stress in the 

material at the tip of the crack, provided this product is within the 

elastic range. Beyond the elastic range, values of ICJ3 greatly --w net 
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exceeding the tensile strength of the material can be obtained. No 

attempt was made to actually determine the stresses in the plastic 

range. It was simply assumed, and subsequently verified by experimental 

results, that the amount of work-hardening occurring in the plastic 

zone ahead of the crack tip was a function of KNSnet" 

The boundary condition was imposed upon the crack-growth equations 

that no fatigue-crack growth could occur at values of K!_S --N net below 

the fatigue limit of unnotched specimens3 , Sf' of the material. It 

was assumed that there was insufficient work-hardening at these low 

values of K'S N net 
to propagate a fatigue crack. 

The fatigue-crack-growth equations were formulated in the following 

manner: Fatigue-crack growth was assumed to occur in two phases, a 

work-hardening phase and a crack-advancement phase. The number of 

cycles applied in a given work-hardening phase, upon which attention 

has been concentrated since the preceding crack advancement, was called 

~' and the total number of cycles applied during this work-hardening 

phase was called L,.N. The rate of increase in stress per cycle at a 

critical site during work-hardening was denoted as do/d~. It was 

assumed that essentially no stress cycles were required during the 

crack-advancement phase; consequently, the number of cycles required to 

propagate a crack over a given distance is equal to the sum of the 

various AN's alone. It was further assumed that the rate of increase 

3The fatigue limit of unnotched specimens is defined as ~he 
limiting stress below which unnotched specimens can endure 10 stress 
cycles without failing. 
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in stress at the critical sites was inversely proportional to the 

number of cycles ~ following the last increment of crack growth. The 

dependence of the rate of work-hardening upon Kif net and the endurance 

limit were established in the two preceding paragraphs. Consequently, 

the following expression was written for the rate of increase of stress 

during a given work-hardening phase: 

da _ 1 f. (K'B S ) (13) 
d ~ - T) 1 -!'r net' f 

This expression was integrated between the local yield strength, a1 ,y, 

and the local fracture strength, af, to obtain: 

(14) 

or: 

(15) 

where: 

(16) 

thus: 

(17) 

The extent of incremental crack growth dur1ng the crack-advancement 

Phase was assumed to be a function of K1..8 thus .1.rnet' 

(18) 
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Equations (17) and (18) were combined to yield the following expression 

for the average rate of fatigue-crack-propagation: 

or 

log10 r = log10 f 3(K:NSnet) _ .£J.._ f (K'S , S) 2.3 2 N net f 

(19) 

(20) 

Thus, the rate of fatigue-crack propagation was expressed solely as a 

function of K:NSnet and Si· The boundary condition is imposed ~hat 

for K'S less than the unnotched fatigue limit the rate is equal 
N net 

to zero. 

An expression which fitted the test data generated in references 6 

and 7, and also satisfied the function and boundary conditions, was 

given by: 

(21) 

Generally good agreement was found when equation (21) was fitted to 

the experimental results from tests on 7075-T6 and 2024-T3 aluminum 

alloys at R = 0 and R = -l. The constants in this expression can be 

evaluated only by fitting the expression to actual test data, but once 

this is done equation (21) can, in principle, be used to predict crack-

growth rates at any other stress level or configuration for the material. 
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IX. RESIDUAL STATIC-STRENGTH ANALYSIS 

Kuhn and Figge's residual static-strength analysis (ref. 11) for a 

sheet specimen containing a central, symmetrical crack is developed in 

this section. T'neir proposed mechanism called for failure to occur in 

statically loaded cracked specimens when the stress at the tip of the 

crack reached the ultimate tensile strength of the material. As in the 

crack-propagation analysis, the crack tip stress was defined as the 

product of the net section stress and the stress-concentration factor 

for the crack. The authors first developed an expression, equation (12), 

for the elastic stress-concentration factor for a crack. A plasticity 

correction was then adopted to account for the stress mitigation 

resulting from plastic deformation at the crack tip. The basis for this 

correction was provided by Stowell's relation (ref. 23) for calculating 

the stress-concentration factor for a plastically stressed circular hole 

in an infinite sheet. Stowell's relation was given by: 

(22) 

where Kcp is the stress-concentration factor for a plastically stressed 

circular hole in an infinite sheet, Es is the secant modulus of the 

material at the point of maximum stress, and E00 is the secant modulus 

of the material at points far removed from the hole. Equation (22) was 

generalized by Hardrath and Ohman (ref. 24) for application to other 

notched configuations to read: 

(23) 



... 29 -

where ~ is the stress-concentration factor in the plastic range, and 

KE is the stress-concentration factor in the elastic range. This 

generalized relation was adopted as the plasticity correction in Kuhn 

and Figge' s residual static-strength analysis. They substituted the 

theoretical stress-concentration factor for a crack, KTN' for KE' In 

addition, the secant modulus corresponding to the stress at maximum load, 

Eu' was substituted for Es since failure is assumed to occur when the 

crack tip stress reaches the ultimate tensile strength of the material. 

Thus, equation (23) becomes: 

~ = 1 + (KrrN - 1) ~ (24) 

where Kii is the static notch strength factor. 

In a subsequent report (ref. 25), Kuhn suggested that the plastic-

ity correction be empirically modified to the form: 

(25) 

when the net section stress exceeded the tensile yield strength of the 

material. This modification was adopted because it was found to give 

better predictions of static-notch .. strength factors for cases in which 

the net section stresses exceeded the yield strength. 

Kuhn and Figge formulated an empirical expression for calculating 

Eu since complete stress-strain curves, i.e., up to the ultimate 

tensile stress, are not generally available. This expression was given 

by: 

E u 
= _.-E"--_ 

l + KeE 
O'u 

(26) 
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where e is the permanent elongation of a failed tensile specimen as 

measured over a 2-inch-gage length, K is a correction factor which 

adjusts e to the elongation at maximum load (o.8 for the aluminum 

alloys), and au is the ultimate tensile strength of the material. 

When sheet specimens containing transverse internal cracks are 

subjected to tension loadings, compressive stresses build up in the 

transverse direction parallel to and close to the edges of the crack. 

If the sheet is sufficiently thin, these stresses cause the edges of 

the crack to buckle out of the plane of the sheet which introduces 

additional stresses at the tip of the crack which lower the strength 

of the sheet. 

An empirical buckling correction was derived by Kuhn and Figge to 

account for this buckling in thin sheet. This correction was given by 

the equation: 

(27) 

where s: is the predicted net section failing stress when buckling is 

not prevented, and Su is the net section failing stress when buckling 

is prevented. It was recommended, however, that when possible restraining 

guides be used to prevent buckling since this correction factor was not 

well substantiated. 
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X. RESULTS 

Fatigue-Crack Propagation 

In the fatigue-crack-propagation tests the fatigue cracks initiated 

at both ends of the central notch and propagated toward the edges of the 

specimen. The differences in the lengths of the two cracks, relative to 

the centerline of the specimen, was seldom greater than 0.05 inch. The 

crack length (measured from the centerline of the specimen) versus cycles 

data for the two cracks initiated in each test were plotted on one figure, 

and a mean curve faired between the two sets of data. When two tests 

were conducted at the same stress level the two mean curves were super-

posed and another mean curve faired. All the fatigue-crack-propagation 

data presented in this thesis were obtained from these final mean curves. 

The mean number of cycles required to propagate the cracks from a 

half-length a of 0.10 inch to specified half-crack lengths are shown in 

table II. The numbers of cycles are referenced from a half-crack length 

of 0.10 inch because it was believed (ref. 6) that fatigue-crack growth 

is no longer influenced by the starter notch at that length. The half-

crack length versus cycles data are also presented as semilog plots in 

figures 7 and 8. 

Fatigue-crack-propagation rates were determined graphically by 

taking the slopes of the crack length versus cycles curves (plotted on a 

linear scale) at various crack lengths. These rates are plotted against 

K~~ (McEvily and Illg's stress-concentration factor) in figures 9 l~~net 
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and 10 for the R = 0 and R ~ -1 tests, respectively. Examination of 

these figures shows that the rate of fatigue-crack propagation in 

PH15-7Mo (TH 1050) stainless steel at R = 0 and -1 is in general a 

single-valued function of K'S -Tnet' 
The values of the vp; used to calculate K_N, equation (7), 

were determined by the method outlined in reference 1. An expression for 

the critical value of K!~ at which fatigue-crack growth cannot occur --.i'f"'net 

was derived from the boundary condition that crack growth could not occur 

at values of KLS equal to or less than the unnotched fatigue limit -1'f-net 

of the material. Thus, 

Substituting equation (7) for KN 

G + ~(KH - l) lfa/P]snet =sf 

The unnotched fatigue limit for PH15-7Mo (TH 1050) at R = -1 vras 

reported by Illg and Castle (ref. 20) to be 80 ksi. The unnotched 

(28) 

(29) 

fatigue limit at R = 0 was determined experimentally in this investi-

gation to be 120 ksi, table III. In order to obtain the other para.meters 

in equation (29) ancillary tests were conducted at both stress ratios. 

Small fatigue cracks were initiated in the specimens at the lowest stress 

levels at which cracks could be started at the central notch. The 

initiation stresses were kept low as possible in order to keep the 

residual compressive stresses ahead of the crack tip to a minimum. 

Hudson and Hardrath (ref. 26) found that fatigue-crack growth can be 
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delayed for many cycles if these residual stresses become sufficiently 

high. Once the cracks were initiated and propagating the stresses were 

systematically reduced by small increments until tbe fatigue cracks were 

no longer propagating. The combinations of net section stress and crack 

length (and consequently, KN) at which the cracks would not grow were 

then known for both stress ratios. It was then possible to solve equa-

tion (29) for F' at both stress ratios. The values of the {pt 
were found to be 0.022 and 0.045, respectively, for the R = 0 and 

R = -1 cases. These different ~ 's for the two stress ratios may 

result from the different work-hardening histories of the material ahead 

of the crack tip. These work-hardening histories will be discussed at 

greater length in the Discussion chapter. 

As a matter of interest, the rate of fatigue-crack growth is plotted 

against ~N8net (Kuhn and Figge's stress-concentration factor) in fig-

ures 11 and 12 for the R = 0 and R = -1 tests. The rate is once 

again a single-valued function of the product of the stress-concentration 

factor and the net section stress. 

The value of JP' used in calculating KTN was determined by the 

same method used for the McEvily and Illg analysis. In this instance, 

~N (eq. (12a)) was substituted into equation (28) for KN. This yielded 

[i + 2K,, ja/pJ snet " sf (30) 

where Kw' a, and Snet were determined from the ancillary tests, 

and Sf was known from experiment or reference 20, depending upon the 



stress ratio. In this instance, the values of the \{"p; were 0.048 

and 0.096, respectively, for the R = 0 and R = -1 cases. Here again 

these different values may result from different work-hardening histories. 

The values of IC'B and K_. S N net --irN-net shown in figures 9, 10, 11, 

and 12 are, of course, far in excess of the actual stresses possible at 

the tip of the cracks. However, the results indicate, as they did in 

references 6 and 7, that the rate of fatigue-crack growth in PH15-7Mo 

(TH 1050) stainless steel at R = 0 and -1 is a function of the 

product of the stress-concentration factor and the net section stress. 

Residual Static Strength 

The experimental results of the residual static-strength tests are 

shown in table IV and in figures 13 and 14. In these figures, the 

residual static strength4 is plotted against the ratio of the crack 

length 2a to the specimen width w. The open symbols represent 

specimens tested with guide plates, while the solid symbols are for 

specimens tested without guides. The solid curve in figure 13 is the 

calculated va~iation of residual static strength with 2a/w using 

Kuhn and Figge's analysis for guided specimens. The dashed curve is the 

calculated variation for the unguided specimens. The solid curve in 

figure 13 was obtained by dividing the ultimate tensile strength of the 

material by Ku' equation (24), for various crack lengths. The ratio 

4rn this thesis residual static strength is defined as the maximum 
load required to fail a specimen containing a crack, divided by the area 
remaining in the critical section prior to the application of the failing 
load. 
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Eu/Ero, equation (24), was evaluated from the complete stress-strain 

curve, figure 15, obtained from the tensile tests. The value of 

~ used in determining ~ was obtained by trial and error fitting 

of the calculated curve to the test data5 • The factors considered in 

fitting the curve to the data were: (1) to obtain a visually good fit 

to the data and (2) to keep the number of data points above and below the 

calculated curve approximately equal. These objectives were achieved 

reasonably well. 

The prediction for the unguided specimens (dashed curve) was 

obtained by adjusting the curve for the guided specimens with Kuhn 

and Figge's empirical buckling correction, equation (27), In this case, 

the predicted strengths were significantly higher than the strengths 

found in the laboratory experiments. However, the quantity of data 

available to check the buckling correction was quite limited. 

The solid curve in figure 14 was obtained by substituting 

McEvily and Illg's KJ:r' equation (7), into Kuhn and Figge's analysis in 

place of KTN' equation (12a). The same factors were considered in 

fitting this curve as were considered in fitting the curve in figure 13. 

Once again the objectives were attained with a reasonable degree of 

success. The dashed curve shows the buckling correction applied to the 

fitted curve. The calculated curve for the unguided specimens was once 

again significantly above the test data. 

5There are no master curves of ~ versus ultimate tensile 
strength for the stainless steels as there are for the titanium and 
aluminum alloys. 
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Kuhn and Figge (ref. 11) proposed that the central notch used to 

initiate the fatigue cracks would not have a significant effect on 

residual static strength unless the cracks were quite short relative to 

the length of the notch. This region is shown as a cross-hatched area 

in figures 13 and 14. None of the data points obtained in this investi-

gation fall within this cross-hatched region. 

The residual static-strength tests were conducted at the crack 

lengths generated in the fatigue-crack-growth portion of the 

investigation. It was believed that the different stress histories to 

which the specimens were subjected in the crack-growth tests would have 

little influence on the residual static-strength test results. The 

relatively sm.a.11 amount of scatter occurring in the data tends to support. 

this belief. Gideon et al. (ref. 27) found that varying the fatigue 

stress amplitude had virtually no effect on the residual static strength 

of centrally cracked AM 350 (CRT) stainless-steel sheet specimens. 

It was also of interest to compare the residual static-strength 

data from this investigation with the data obtained from a similar 

investigation by Figge (ref. 28) in which 8-inch-wide centrally notched 

PH15-7Mo (TH 1050) specimens were tested. The reference data are shown 

as the square symbols in figure 16. As was expected, the 8-inch-wide 

specimens exhibited lower residual static strength than did the 2-inch-

wide specimens. The curves fitted through the two sets of data were 

computed using the analysis of Kuhn and Figge. The significantly 

different values of yp; used in fitting the curves indicate that the 

analysis does not accurately account for the lower residual strength 
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resulting from increasing the specimen width from 2 to 8 inches. 

Kuhn and Figge (ref. 11) found that the analysis did provide an accurate 

prediction of the residual strength reduction with increasing specimen 

width for the aluminum alloys. 
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XI. DISCUSSION 

As individual analysis methods both the fatigue-crack-propagation 

and residual static-strength analyses correlated the test data 

adequately. The analysis of the fatigue-crack propagation data was 

particularly good at both R = 0 and -1. Thus, McEvily and Illg's 

crack-growth analysis has now been extended to a stainless steel, which 

indicates a more general applicability of the analysis method. 

The different values of the yp; determined for the R = O and 

R = -1 crack-growth data may have resulted from different degrees of 

cyclic plastic deformation of the material ahead of the crack tip. In 

the R = 0 tests, this material is plastically deformed by tension 

loading only. In the R = -1 tests, the material is likewise plasti• 

cally deformed and stretched by the tension portion of the loading cycle. 

On the compression portion of the cycle this stretched material may then 

be subjected to compressive stresses exceeding its compressive yield 

strength which is known to be reduced by the Bauschinger effect. Thus, 

in the R = -1 tests, the material ahead of the crack tip is subjected 

to more cyclic plastic deformation per load cycle than similar material 

in the R = 0 tests. McEvily and Illg (refs. 6 and 7) reported that the 

values of \[-;; for 2024-T3 and 7075-T6 aluminum alloys were applicable 

at both R = 0 and -1. A possible explanation of this difference is 

that a high-strength stainless steel like PH15-7Mo (TH 1050) is 

substantially more susceptible to modification of cyclic plastic defor-

mation than the aluminum alloys. 
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The effect of loading f'reflency was not originally considered to be 

a significant parameter in the crack-propagation portion of this 

investigation, since McEvily and Illg (ref. 6) found that no consistent 

frequency effects existed for the aluminum alloys. Analysis of the data 

for the PH15-7Mo (TH 1050) indeed indicates that the loading frequency 

had little effect on the correlation of the data. Illg and Castle 

(ref. 20) found, however, that loading frequency had a significant effect 

on the fatigue life of PH15-7Mo (TH 1050). This finding, combined with 

the crack-growth results of this investigation, indicates the loading 

frequency may affect primarily the crack-initiation stage of the fatigue 

phenomenon. The manner in which loading frequency might affect crack 

initiation alone is not currently understood. 

Kuhn and Figge's residual static-strength analysis was fitted to 

the data for the guided specimens reasonably well. The relatively poor 

prediction for the unguided specimens probably results f'rom the 

admittedly questionable reliability of the empirical buckling correction, 

equation (27). Additional research on specimens subjected to varying 

degrees of buckling constraint would be quite help:f'ul in more accurately 

defining the nature of the buckling correction. 

The inability of the static-strength analysis to account accurately 

for the lower residual strength resulting from increasing the specimen 

width was unexpected. The analysis worked quite well for sheet aluminum 

specimens ranging in width from 35 inches to 2.25 inches. There was very 

little difference in the stainless steel tested in this investigation and 

that tested by Figge (ref. 28). The specimen thicknesses were identical, 
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and the variation in tensile properties was 4 percent or less. The 

Knoop microhardness of representative specimens tested in the two investi-

gations were nearly equal. In addition, the grain size of the specimens 

was quite similar. It appears that in this instance, Kuhn and Figge's 

analysis method simply did not accurately account for the effect of 

changing specimen width on residual static strength. 

The large differences between W determined for the fatigue-

crack-growth and the residual static-strength analyses may be explained 

by the differences in the basic failure mechanisms. In fatigue-crack 

growth the.material in the plastic zone ahead of the crack tip is assumed 

to be cyclically work-hardened to its local fracture strength. The crack 

then advances through this work-hardened zone into a region of nonwork-

hardened material where its progress is arrested. In the case of resid-

ual static strength, it was proposed that failure occurs when the stress 

at the crack tip reaches the ultimate tensile strength of the material. 

It is obvious from these two mechanisms that the material being failed 

by fatigue-crack growth may be considerably different from the material 

being failed in the residual static-strength case. In the former case, 

the material is assumed to be substantially cyclically work~hardened by 

the repeated loadings, while in the latter case the material is work-

hardened only during the application of the.quarter load cycle required 

to fail it. It might be argued that in the residual static-strength 

tests the material ahead of the crack tip is cyclically work-hardened 

since the crack in the specimen was produced by cyclic loading. However, 

a small increment of slow crack growth was observed to occur in each 
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test prior to unstable crack growth. Consequently, it may be anticipated 

that the material at the crack tip immediately before catastrophic fail-

ure has experienced a considerably different history of cyclic work-

hardening than has the material failed by fatigue-crack growth. There-

fore, it is not unreasonable to expect that different values of {pi 
could occur in the analysis of the two sets of data since p' is 

defined by Neuber as a material constant. 

It would be of interest in future research to conduct a series of 

fatigue-crack-propagation and residual static-strength tests in which 

there is no appreciable change in the material during the courS"e of 

testing. This investigation could be conducted in one of two ways: the 

tests could be run using materials whose properties are known not to 

change appreciably as a result of cyclic plastic loadings, or conduct 

the crack-growth tests at a high rate of crack propagation. In the 

latter case the fatigue-crack front would be advancing so rapidly that 

there would be an insufficient number of cycles to significantly strain 

harden the material. Comparison of the two analyses under these pre-

ceding test conditions could be quite helpful in understanding the 

phenomenon of crack growth in engineering materials. 
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XII. CONCWDING REMARKS 

Axial-load fatigue-crack-propagation and residual static-strength 

tests were conducted on 2-inch-wide sheet specimens made of PH15-7Mo 

(TH 1050) stainless-steel. Analysis of the data showed that the 

fatigue-crack-growth analysis of McEvily and Illg, and the residual 

static-strength analysis of Kuhn and Figge correlated the test data 

adequately. Correlation of the fatigue-crack-growth data at both 

R = 0 and -1 was particularly good. This good correlation indicates 

that McEvily and Illg's analysis may be used success:fully on data from 

tests on materials other than the aluminum alloys (for which the analysis 

was originally developed). 

The residual static-strength analysis was fitted to the data for 

the guided specimens quite well also. However, the Kuhn and Figge 

analysis predicted much higher strengths for the unguided specimens than 

were obtained in the laboratory tests. This unconservative prediction 

was attributed to the questionable reliability of the buckling correction 

factor in the analysis. In addition, the static-strength analysis did 

not accurately predict the lower residual strength which results from 

increasing the specimen width. 

Significantly different values of ~ were determined for the 

fatigue-crack-growth and the residual static-strength analyses. This 

difference was attributed to the different amounts of work-hardening 

which occurs in the material being failed in the two cases. In the 

crack propagation case, considerable work-hardening occurs in this 
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material prior to failure. In the residual strength case the material 

is work-hardened only during the application of the quarter cycle 

required to fail it. Since JPi" has the nature of a material con-

stant, it is reasonable to expect that different values of p would 

apply to the two analyses. 
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XIII. SUMMARY 

Fatigue-crack-propagation and residual static-strength data on 

Plil5-7Mo (TH 1050) stainless steel are presented in this thesis. In 

addition, the capability of McEvily and Illg's crack-growth analysis, 

and Kuhn and Figge's residual strength analysis to correlate the test 

data has been investigated. Axial-load fatigue-crack propagation (at 

R = 0 and -1) and residual static-strength tests were conducted on 

2-inch-wide sheet specimens made of Plil5 .. 7Mo (TH 1050) stainless steel. 

Analysis of the data showed that as individual analysis methods both 

analyses satisfactorily correlated the majority of the test data. 

However, the material constants derived in the two analyses differed 

significantly. This difference was attributed to the different amounts 

of work-hardening which occurs in the material prior to failure in the 

two cases. 

The effects of the different stress ratios on fatigue-crack growth 

were studied. In addition, the capability of the residual strength 

analysis to predict the effects of changing buckling restraint in the 

vicinity of the crack and of changing specimen width were investigated. 
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XVII. APPENDIX 

NEUBER'S THEORY OF POINTED NOTCHES 

Neuber's theory of pointed notches (ref. 12) is briefly outlined in 

this appendix. Neuber observed that investigators working in the field 

of stress .. concentration factors frequently found discrepancies between 

the values calculated from the classical theory of elasticity and the 

values determined experimentally. The experimental values were invari-

ably found to be lower than the theoretical values with the magnitude of 

the discrepancy increasing as the radius of the stress concentration 

decreased. Neuber attributed this failure of traditional theory to the 

basic assumption that the material is a homogeneous continuum when in 

reality most engineering materials are granular in structure. He 

stated that while this assumption was legitimate in regions of mild 

stress variation, it was completely unjustified in the vicinity of 

severe stress concentration where large stress variations occur over 

very short distances. Consequently, Neuber proposed the concept that 

the material is composed of an aggregate of minute but finite particles 

across which no stress gradient can develop. These particles are pure 

mathematical abstractions and are in no way related to the actual grain 

structure of the material. Neuber showed that the elimination of the 

steep stress gradient led to a reduction in the stress-concentration 

factor according to the relation: 

l+ 1( VP'/p 
1( - (.l) 

(A-1) 
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where KN is the "engineering" stress-concentration factor, KE is the 

theoretical stress concentration factor as determined by the classical 

theory of elasticity, m is the included angle in the notch (fig. 1) 1 

p is the root radius of the notch, and p' is one-half the width of 

an elementary particle. Neuber stated that p' . should be considered 

as a new material constant which must be evaluated experimentally for 

every material. The flank angle correction was introduced into equation 

(A-1) to account for various possible notch configurations, and was 

based upon considerations completely separate from the particle concept. 
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Imaginary partide, 2p' 

VI 
I\) 



53 

3.0 

----·w ---

2.0 
0 0.5 

2a/w 

Figure 2.- Rowland's stress concentration factors for circular 
holes, from reference 14. 
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Figure 3·- Dixon's finite width factors, from reference 16. 
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Figure 5·- Reference grid and guide plate assembly used in 
crack propagation tests. 
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Figure 6.- Testing machines. 
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Figure 6.- Testing machines. 
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Figure 6.- Testing machines. 
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Figure 1).- Variation of the residual static strength of 2-inch-wide 
PIU5-7Mo (TH 1050) specimens with 2a/w. Calculated curve fitted 
using KTN· Solid points indicate unguided specimens. 
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Figure 14. - Variation of the residual static strength of 2-inch-wide 
PID.5-7Mo (TH 1050) specimens with 2a/w. Calculated curve fitted 
using Kir Solid points indicate unguided specimens. 
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Figure 16.- Variation of the residual static strength of 2-inch and 
8-inch-wide Plil5-7Mo (TH 1050) specimens with 2a/w. Calculated 
curves fitted using KTN. All data points are for guided 
specimens. 
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TABLE I. MATERIAL DESCRIPTION 

a. Average Tensile Properties of the PIIl5-7Mo (TH 1050) Tested 

cru, ksi cry, ksi E, ksi e, 
Number 

percent of tests 

207.5 203.5 30.4 x 103 8.3 4 

b. Heat Treatment for Condition TH 1050 

1400° F for 90 minutes, cool to 60° F within 1 hour, hold 
30 minutes, heat to 1050° F for 90 minutes, air cool. 

c. Nominal Chemical Composition of PIIl5-7Mo, percent 

c Mn p s Si N Cr Mo Al Fe 

0.09 1.00 o.o4 0.03 1.00 6.50 14.oo 2.00 0.75 Balance 
max. max. max. max. max. to 7. 75 to 16.oo to 3.00 to 1.50 



TABLE II. FATIGUE CRACK PROPAGATION DATA 

Number of cycles required to propagate a crack from a half-length a of 0.10 inch to a half-length a of: 
Initial Number Loading 

Smax. half-crack of frequency, 
o. 15 in. 0.20 in. 0.25 in. 0.30 in. 0.35 in. o.4o in. o.45 in. 0.50 in. 0.55 in. o.6o in. 0.65 in. length, tests cpm 

in. 

a. Data for R = 0 

100 ksi 1,920 2,774 3,210 3,498 3,688 3,840 - 2 4o 

So ksi 3,350 5,530 6,880 7,640 8,140 8,330 8,700 - 2 6o 

6o ksi 6,500 10,490 12,980 14, 750 16,16o - 2 1200 

4o ksi 18,500 30,6oo 39,500 46,500 51,6oo 55,900 59,000 62,000 - 2 1200 

20 ksi 285,000 383,000 440,000 483,000 515 ,ooo 535,000 550,000 565 ,ooo 575,000 583,000 590,000 - 2 1200 

6 ksi CRACK DID NOT PROPAGATE 0.225 l lBoO 

b. Data for R = -1 

Bo ksi 1,680 2,450 2,960 3,310 3,560 3,740 3,845 3,910 - 2 40 

60 ksi 4,350 6,950 8,550 9,550 10,150 10,500 10, 740 10,840 - 2 60 

4o ksi 14 ,500 24,530 31,500 36,000 39,300 42,000 44,200 - 2 1200 

20 ksi 142,000 215,000 265 ,ooo 301,000 328,000 351,000 368,000 381,000 393,000 - 2 840 

17 ksi 210,000 345,000 440,000 510,000 560,000 595,000 620,000 640,000 655,000 665,000 - l 1200 

15 ksi 420,000 650,000 799,000 900,000 9'(0,000 2,020,000 1,065 ,ooo 1,100,000 1,120,000 2,145,000 l,16o,ooo - l 1200 

12 ksi 1,020,000 1,590,000 1,840,000 2,000,000 2,120,000 2,200,000 2,260,000.2,300,000 2,340,000 2,360,000 2,380,000 - l 840 

10 ksi CRACK DID NOT PROPAGATE 0.125 l 1800 

I 
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TABLE III. UNNOTCHED FATIGUE LIFE DATA. R = 0 

Maximum stress , ksi Fatigue life, cycles 

125 223,000 

125 438,000 

122 268,000 

121 Did not fail in 14,705,000 

120 Did not fail in 12,801,000 

120 Did not fail in 12,231,000 



.. 75 -

TABLE IV. RESIDUAL STATIC-STRENGTH TEST RESULTS 

so at which 
2a/w snet' ksi fatigue crack R 

propagated, ksi 

0.250 189.8 100 0 

0.275 190.6 60 0 

0.305 189.0 60 0 

o.430 158.7* 100 0 

o.44o 180.2 4o -1 

o.470 181.2 60 -1 

o.48o 175.1 80 0 

0.550 171.6 40 -1 

0.615 134.4* 4o 0 

0.715 149.2 17 -1 

0.740 179·5 20 -1 

0.765 126.4* 20 -1 

0.785 171.0 20 0 

*Tested without guide plates. 



THE FATIGUE-CRACK GROWTH AND FRACTURE CHARACTERISTICS OF 

A PRECIPITATION-HARDENED SEMIAUSTENITIC STAINLESS STEEL 

By 

c. Michael Hudson 

ABSTRACT 

Fatigue-crack propagation and residual static-strength data on 

Plil5-7Mo (TH 1050) stainless steel are presented in this thesis. In 

addition, the capability of McEvily and Illg' s crack-growth analysis 

and Kuhn and Figge's residual strength analysis to correlate the test 

data has been investigated. Axial-load fatigue-crack propagation (at 

R = 0 and -1) and residual static-strength tests were conducted,on 

2-inch-wide sheet specimens made of Plil5-7Mo (TH 1050) stainless steel. 

Analysis of the data showed that as individual analysis methods both 

analyses satisfactorily correlated the majority of the test data. How-

ever, the material constants derived in the two analyses differed 

significantly. This difference was attributed to the different amounts 

of work-hardening which occurs in the material prior to failure in the 
) 

two cases. 

The effects of the different stress ratios on fatigue-crack growth 

were studied. In addition, the capability of the residual-strength 

analysis to predict the effects of changing buckling restraint in the 

vicinity of the crack.and of changing specimen width were investigated. 
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