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ABSTRACT 

An experimental program was conducted to determine the plane strain 
fracture toughness (KTQ) of the following high-strength materialst 

1« h3h0  steel (two strength levels), 

2* H-ll steel (four strength levels)» 

3* Maraging steel (two strength levels) and, 

!i. Beta titanium (one strength level)» 

The K c parameter was determined from circumferentially precracked 
round specimen? and by resistance measurements conducted on precracked 
sheet specimens* Several heats of each material were evaluated over 
temperatures ranging from -100*F to 300 *F* 

Although specific problems occurred in the maraging steel evaluations, 
the overall results indicated that reasonably good consistency existed 
between heats of sheet material* The experimentally determined data were 
combined with results of plane strain fracture toughness presented in the 
literature to produce typical room temperature K__ values for U3U0 and H-ll 
sheet which could be considered for inclusion in ^IIL Handbook 5» 

• 
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I INTRODUCTION 

Catastrophic failure of components at stress levels below their design 
values has often been experienced, particularly with very high-strength 
materials. These brittle failures usually bear no relation to the con- 
ventional smooth strength or ductility of the material, however, they can 
be directly correlated to some parameter which evaluates relative notch 
sensitivity« Although a designer can obtain the tensile and yield strength 
of a material as handbook data, no fracture parameter is currently available 
in handbook form which will quantitatively rate prospective constructional 
metals in terms of their resistance to crack propagation, A serious problem 
results with the employment of a parameter such as notch tensile strength to 
rate material reliability in the presence of severe stress concentrators, 
since the nominal failure stress of a structure or a test specimen with a 
sharp notch is dependent on geometrical considerations and is not an 
intrinsic property of the material. 

The development of fracture mechanics has introduced the concept that 
the stress environment at the tip of the crack determines the point at which 
rapid crack extension occurs. This technique which has been described and 
verified in the literature (1, 2) employs a material parameter called fracture 
toughness (XTP) to characterize the stress intensity at the crack tip when 
catastrophic failure occurs. The determination of fracture toughness as a 
material evaluation parameter has many advantages since it eliminates the 
influence of specimen width and crack size in the evaluation model and provides 
some measure of the strength characterisites of full-size components. The 
propagation of a crack, however, in sheet material generally consists of a 
normal and shear mode. The shear mode which occurs at the free surface 
represents a high energy component of crack growth while the normal, plane 
strain mode which is present at the specimen center provides a low energy 
contribution. As the specimen thickness is progressively increased, the 
contribution of the shear lips becomes a lower percentage of the total 
energy for crack propagation. As a result, the fracture toughness (K-c) 
which is related to the energy necessary for crack propagation decreases 
as the specimen thickness increases. At large thicknesses the fracture 
toughness approaches a constant value which represents the plane strain 
fracture toughness (KIC), 

Numbers in parentheses pertain to references in the Bibliography« 

-1- 
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Since plane strain fracture toughness is, in principle, completely 
independent of specimen dimensions it represents a convenient handbook 
parameter to characterize the load-carrying ability of high-strength 
materials in the presence of crack-like defects. This material para- 
meter (KT«) is of basic importance. It is not only capable of predicting 
the total failure of very thick components but it also defines the stress 
level at which slow crack growth is initiated in relatively thin sections 
(3, h)*   Recent studies on actual pressure vessels have indicated the 
suitability of the fracture mechanics approach towards predicting com- 
ponent failure, from relatively simple laboratory tests on precracked 
specimens (5, 6)» 

In addition, the plane strain fracture toughness appears to represent 
a basic material parameter which can be related to a variety of fracture 
parameters, and which can be used to characterize other failure mechanisms 
(e.g. low-cycle fatigue) (6). 

The purpose of this program is to study the possibility of employing 
the plane strain fracture toughness (KTC) as a handbook parameter to 
evaluate the fracture characterisites pi  high-strength metals (strength- 
to-density ratios greater than y.SxlO^in.). Such a parameter, if suit- 
able, would be presented to the MIL Handbook 3> committee for possible in- 
corporation into handbook form. 

The present program involved the following three phases? 

1. A literature survey to determine if the previously 
published notch date would yield suitable K_c values. 

2. The evaluation of high-strength materials in a test 
program to obtain K_c values that would supplement 
existing data. 

3. Suitable compilation of the test data for presentation 
to the ANC-5 Handbook committee. 

=2- 
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II LITERATURE SURVEY 

A survey of the published data on the notch properties of high-strength- 
to-weight materials was conducted to determine the relative quantity of use- 
able information that could be employed to evaluate plane strain fracture 
toughness. In practice the plane strain fracture toughness (KIC) has been 
determined from at least five different test methodss 

a) Tensile tests on circumferentially-notched round specimens, 

b) Measurement of the stress to initiate slow crack growth in a 
sheet tensile specimen, 

c) Tensile test with a surface-cracked sheet specimen, 

d) Notched bend test (slow or impact strain rates), 

e) Tensile test on single edge-notched specimen. 

In all test methods the presence of a precrack is generally considered a 
necessary condition for the accurate determination of fracture toughness (?)• 
The actual methods which are used to calculate K-„  from the various test 
techniques are summarized in Table 1« A large amount of the published data 
concerning notch tests do not conform to the requirements for accurate K__ 
measurements. In many cases the use of precracking was not employed, 
and/or the section size was not sufficiently large so that the failure stress 
was significantly greater than the yield strength. 

In the literature survey, data obtained from specimens with notch radii 
less than 0.0015" have been included. In all cases the results are presented 
in a form so that the precracked specimens which do not violate the condition 
for accurate plane strain fracture toughness measurements can be readily dis- 
tinguished from the data which cannot be used for quantitative parameter 
determinations 

The results of the literature survey are presented in Tables 2 through 
12. In determining K_c from sheet tests, only the data obtained from actual 
measurements of the initiation of slow crack propagation obtained from either 
compliance gauges, resistance measurements, or acoustic pick-ups, **ere used« 

In the survey, the materials are classified in terms of the following 
categoriess 

l 
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1. Low alloy martensitic steels 

2. Hot-work die steels 

3. Special high-strength steels 

a. Aluminum and titanium 

(Tables 2 to 9 ) 

(Table 10) 

(Table 11) 

(Table 12) 

The analyses of the materials covered in the literature survey are presented 
in Table 13. 

1«  Low Alloy Martensitic Steels 

In addition to the tabular representation, selected data are also given 
in graphical form. Figure 1 indicates the standard method of presentation* 
The smooth strength and the plane strain fracture toughness (KIC), which is 
the selected crack propagation parameter, are plotted as a function of 
tempering temperature. Although the individual data points are indexed in 
the tables, the figures merely show a composite of all data in order to give 
a qualitative indication of the relative scatter in the particular evaluation 
parameters. Data for h3h0  steel, obtained on circumferentially-notched speci- 
mens, oriented in the longitudinal direction and tested at room temperature 
are presented in Figure 1. Several interesting points are apparent with 
reference to the K_- parameter. In cases where machined notches were used 
and where ö"„> 1.1 fLy** the values of plane strain fracture toughness were 
iiJ-be** than  enOT. < 1.1 F-,-. The use of a machined notch would be expected 
to raise the    arent" K~c due to the blunt notch effect, while the pre- 
cracked specimens withO"' ■*> 1.1 F  would exhibit measured K_c values below 
the true parameter. In  cases   where machine notches are present andOT^> 
1.1 F--, it is not always obvious as to what factor will predominate. In 
the data obtained in the survey precracked specimens produced a significantly 
lower value of K^Q than the machine-notched specimens at the lower tempering 
temperatures, ana were the only results that could be considered as valid 
measurements of K-r«» 

Data for specimens of U3h0 steel oriented in the transverse direction 
are presented in Figure 2. In this case, all the results were obtained on 
circumferentially machine-notched specimens. 

The influence of test temperature on the K_c parameter is presented in 
Figure 3. A decrease in test temperature significantly decreased the apparent 
plan* strain fracture toughness. It is also interesting to note that the K_r values 
obtained ii the lower temperature tests indicated the region of irreversible 
K500°F embrittlement" which occurs in the U3U0 steels, while the K__ parameters 
obtained from the room temperature tests were not sufficiently sensitive to 
detect this embrittlement with the particular specimen geometries employed« 

* C N ■ net notch tensile strength! F-y » 0.2$ yield strength. 

-I*- 
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The results obtained on the modified U330 steel (AMS 6U3U) are presented 
in Figure U. The K_c values, which were obtained from several sources, showed 
a relatively large  degree of scatter. The K™ results for this lower carbon 
steel were higher than the U3h0 steel. The fracture parameters for a U330 steel, 
modified with silicon and vanadium, are presented in Figure 5. The K_c values 
were generally obtained under conditions where <^r > 1.1 F™ and therefore 
probably are not representative of the true parameter.    In addition, these 
values were obtained by one investigator, and are indicative of only one heat 
of material. 

The smooth tensile and fracture toughness results obtained for the 30CM 
high-strength steel tested in the longitudinal direction are given in Figure 6. 
Although only limited data are available, the precracked specimens produced K™ 
values which were considerably lower than those obtained with machined notches« 
Data for 30QM, tested in the transverse direction, are presented in Table 8 
while results obtained on a variety of low alloy martensitic high-strength 
steels are summarized in Table 9.    In general, precracking was not employed, 
and the K_c values were obtained on specimens where cr   was greater than 1.1 FTY 

2. Hot-Work Die Steel 

The results obtained with the hot-work die steels are presented in Table 10 
and Figure 7*   Much of the KIC data were obtained on precracked specimens and 
the rapid rise in KTC over trie 1000 to 1100*F tempering temperature interval 
is certainly noteworthy. 

3. Special High-Strength Steels 

Only a limited amount of plane strain fracture toughness data have been 
published on the special types of high-strength steels. These results are 
presented in Table 11 for AM 355,  17-7FH, and the maraging steel. 

U.  Aluminum and Titanium Alloys 

The data on aluminum and titanium alloys are presented in Table 12. The 
results were obtained with both round and sheet specimens, and both machined 
notches and precracked specimens were used. 

-5- 
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5.  Summary of Literature Survey 

The major portion of published data on the notch properties of high- 
strength steels have been obtained under conditions which do not allow 
valid calculations of plane strain fracture toughness. In general, the 
application of fracture mechanics to testing and the adoption of specimen 
precracking as a method of generating a sharp notch are relatively new 
techniques« As a result, the currently published data do not readily 
provide a large amount of information which can be directly integrated 
into handbook form« At present, however, the fracture mechanics approach 
to the evaluation of high-strength materials is being widely used and, as 
a result, a large quantity of useful fracture toughness data should be 
available in the near future. It is encouraging to note that the limited 
data which are published on precracked specimens indicate a reasonably good 
agreement between investigators. 

-6- 
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III EXPERIMENTAL PROGRAM 

An experimental program was initiated to provide a necessary supplement 
to the existing KIC data and to evaluate the suitability of employing this 
parameter in MIL  Handbook £• The general approach employed in the program 
was to test several heats of the selected materials over a range of test 
temperatures, 

1.  Materials 

The following four materials were chosen for the experimental program: 

a) U3U0 steel (air melt), 

b) H-ll die steel (vacuum melt), 

c) 16$ nickel maraging steel (vacuum melt), 

d) Beta titanium* 

A summary of the material variables is presented in Table llu 

The h3k0 steel was selected as representative of a widely-used, air- 
melted, low alloy martensitic high-strength steel, and should serve as a 
convenient reference for discussing the significance of the KTG parameter 
for design purposes.    The H-ll die steel was chosen as a tool    steel which 
is presently included, along with i*3U0, in MIL Handbook £.    The 10% nickel 
maraging steels are representative of a new class of ultra high-strength 
materials which depend on an aging reaction, rather than carbon, to develop 
the high-strength properties.    The beta titanium-was selected as a high- 
strength, non-ferrous material.    Both the beta titanium and the log nickel 
maraging steel represent materials which are being considered for future 
inclusion in MIL Handbook 5. 

The U3h0 and H-ll steels were austenitized in neutral salt baths and 
tempered in an air furnace.    After heat treatment, 0.006 to 0.008» of stock 
was removed from each side of the sheet material to eliminate any possible 
effects due to decarburization. 

The maraging steels were austenitized and aged in an air furnace. 
Testing was performed on the as-received stock with no surface removal. 
The beta titanium was received from the vendor in the solution treated 
condition and aged for 72 hours at 900*F in a vacuum chamber (approximately 
1 micron).    Subsequent to heat treatment the titanium was pickled in an aqueous 
solution of 3£ HF and 3(# HNO- to remove approximately 0.002« of material from 
each surface. ■* 

-7- 
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2.      Test Techniques 

The general scope of the experimental program involved selecting several 
high-strength constructional metals and determining the significant strength 
parameters (i.e. FTÜ, F„,Y, and KIC) for these materials.    The geometries of 
the smooth and notched sneet tensile specimens used in this investigation 
are shown in Figures 8 and 9.    In the sheet materials the plane strain fracture 
toughness YLC was determined from resistance measurements on ths center-notched, 
precracked specimens.    This technique which has been previously described in- 
volves making the specimen one leg of a Kelvin-Wheatstone double bridge and 
measuring the increase in resistance which accompanies the crack extension (3)» 
The method is capable of detecting crack extensions of the order of 0.003»". 
Typical load-resistance curves are shown in Figures 10A and B.    The point 
where slow crack growth is initiated corresponds to the load at which the 
curve deviates from linearity (Figure 1QA).    Under certain conditions this 
deviation corresponds to a noticeable discontinuity in the measuring para- 
meter (pop-in)  (Figure 10B).    Since the initiation of slow crack growth 
generally occurs under plane strain conditions, the conventional Irwin 
formula (2) can be used to calculate the stress intensity parameter at this 
point to yield the value of plane strain fracture toughness.    The test method 
generally produces results which are analogous to those obtained by the more 
conventional displacement gage techniques (30).    It should be noted that in 
many high-strength steels a noticeable    "pop-in" is not observed when slow 
crack growth is initiated.    As has been previously discussed,  this lack of 
an observable "pop-in* is not a unique function of the test method but is 
dependent on the particular material (3).    The presence of a "pop-in" is 
apparently not a necessary condition since reliable plane strain fracture 
toughness values have been obtained by using the approach based on the 
deviation from linearity (3, h)»      Previous work on aluminum (k) has also 
indicated that a "pop-in" occurs when the plastic zone is less than about 
one-fourth the specimen thickness.    In addition, reliable K_c data were 
obtained when the plastic zone size was less than one-half ine thickness« 
In many tests with high-strength steels a "pop-in11 does not occur despite 
the fact that the plastic zone size is considerably less than one-fourth 
the thickness and additional work is still required to define the conditions 
under which measureable "pop-in" can be observed in this class of materials« 

In bar stock, the K_c parameter was determined from circumferentially 
precracked specimens.    The geometry of the round specimens is presented in 
Figure 11.    An axial alignment fixture (32) which  insured  an   eccentricity 
less than 0.001" was used for the notch tests on round specimens9< which had 
a notch strength less than approximately 200,000 psi. 

-8- 
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The apparatus for precracking round specimens is illustrated in Figure 12« 
The cracks were produced by mounting one end of the specimen, containing a 
machined notch with a 0.005H radius, in the chuck of a lathe« A bending 
moment was applied to the end of the specimen with a smooth-surfaced knurling 
tool and the resulting deflection was measured on a dial gage. As the crack 
progressed, the load-carrying area of the specimen decreased and an increased 
deflection was indicated on the dial gage. This technique consistently 
produced concentric cracks between 0.005B and 0.010H in depth. 

The testing sequence involved conducting tests at -100, -1*5, u0, 75*  200 
and 300*F at a crosshead speed of 0.010 in/min. for the notch specimens and 
at a strain rate of 0.010 in/in/min. for the smooth specimens. Two replicas 
per variable were used in the smooth tests and three specimens per variable 
in the notch tests. The low-temperature tests were conducted in a special 
apparatus which employed liquid nitrogen vapor. The apparatus was similar 
to that developed by Wessel and Olleman (33)•   With the use of an automatic 
controller and solenoid, that governed the flow of nitrogen vapor, the tem- 
perature variation during a test was less than ±2°F. A diagram of the low- 
temperature test facility is presented in Figure 13. Tests above room tem- 
perature were conducted in conventional resistance-heated furnaces. 

3.  Results and Discussion 

a. h3h0  Steel, liOO°F T ;^r 

The smooth tensile properties of three heats of h3h0  steel, tempered 
at U00*F are presented in Figure 11*. The reproducibility between heats 
was excellent and the properties conformed to previously published data (18). 

The notched tensile strengths of the h3h0  stv.<*ls are shown in Figure 15 
as a function of test temperature. A comparison between the sheet materials 
(heat 7C-8236 and 7C-8657) indicates that significant differences occurred 
in notch properties. Due to the increased constraint present in the round 
specimens, the notch strength was consistently higher with this type of 
specimen geometry. The notch tensile strength did not continually rise 
with increasing test temperature but reached a maximum at approximately 
100*F. This decrease in notch properties at higher test temperatures 
has been previously studied and is caused by a strain aging effect which 
occurs in this type of high-strength steel [3h) •    These results also 
indicate that K_c at the higher temperatures would be strain rate 
dependent« 

The notch tensile strength is defined as the maximum load divided 
by the initial cross-sectional area of the specimen in the plane 
of the notch. 

-9- 
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The plane strain fracture toughness K_c  for the U3U0 steels 
(see Figure 16) exhibited an overall trend xhat was comparable to 
the notch tensile strength. The decrease in K_c with decreasing 
temperature, however, was not as abrupt as thai shown by notch 
strength parameters« In the sheet material, heat 7C-8236 had K_c 
values which were slightly higher than heat 7C-8657. Both sheex 
materials had KJQ values which were significantly less than those 
present in the Bar stock« 

b. U3U0 Steel, 750*F Temper 

The smooth tensile properties of the three heats of U3U0 steel 
tempered at 750*F are presented in Figure 17* The smooth properties 
were extremely reproducible and showed virtually no variation as a 
function of heat. Both the tensile and yield strength exhibited a 
mild increase with decreasing test temperature• 

The notch tensile properties, shown in Figure 18, indicated that 
heat 7C-8657 had slightly lower properties than heat 7C-8236. Speci- 
mens from this heat also started to undergo a transition in the -U5  to 
-100*F range. 

The plain strain fracture toughness of the U3U0 steel tempered at 
750*F was very sensitive to the particular heat (see Figure 19)« The 
K_c values for the round bars were significantly higher than the sheet 
specimens over the entire test temperature range. In the circumferentially 
precracked specimens at this strength level the notch tensile strength was 
generally greater than 1.1 times the yield strength« On this basis the 
reported K_- values may actually be lower than the true K__ which could 
be obtainea with larger specimens. Despite this fact theTlieasured K..- 
data obtained from the bar stock were still higher than that present 
in the sheet material. 

c. H-ll Steel 

The properties of the hot-work die steel were evaluated at four 
strength levels in material obtained from two heats (one sheet, one bar). 
The smooth tensile properties of the steel tempered at lOOty X0$0rt/ 

1100, and 1150*F are presented in Figures 20 to 23« For each of the 
tempering treatments the smooth tensile strength of the bar stock was 
slightly higher than the sheet material«,, This effect was more pre- 
dominant at the lower tempering temperatures« 

Example calculations illustrating the method in which K_r was 
determined from the test data are shown in Appendix I. 

-10- 
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The notch tensile properties of both the sheet and bar stock of 
H-ll steel as a function of test temperature are shown in Figures 2li 
through 27. All the sheet materials exhibited transitions from brittle 
to ductile fracture in the range of test temperatures evaluated. Using 
100£ shear as the criterion for the transition behavior in sheet material, 
the transition temperatures progressively decreased from 300*F for the 
specimens with the 1000*F temper to approximately -75 *F for the samples 
tempered at 1150*F. 

The plane strain fracture toughness of the H-ll steel is summarized 
in Figures 28 through 31. The K_c values for specimens tempered at 1000 
and 1050*F exhibited steadily increasing fracture toughness with in- 
creasing test temperature. At the lower strength levels (higher temper- 
ing temperatures), the net notch strength in the round specimens exceeded 
the yield strength in certain cases and the measured fracture toughness 
was therefore lower than the true parameter. This is shown in Figure 30 
and 31 by arrows attached to the data points obtained from specimens 
tested at the higher test temperatures. For sheet specimens of H-ll 
tempered at 1100 and ll50*F and tested above room temperature, the 
plastic zone size (r ) was larger than one-half the thickness. This 
condition may have accounted for the fact that the measured K™ value 
tended to reach limiting values between 90,000 psi V in» and 100,000 psi 
/To*, for the steel tempered at 1100 and 1150°F. This point must be 
resolveS by additional tests using thicker specimens. 

The transverse smooth and notch properties of the H-ll sheet were 
evaluated in room-temperature tests. In general, for this material, 
the properties in the transverse direction were only slightly below 
those obtained in the longitudinal direction. 

d.  Maraging Steel (16% Hi, 1%  Co, 5* Mo) 

The maraging steel designated as 250,000 psi yield strength material 
was evaluated in sheet and bar form after annealing at 1500*F and aging 
for three hours at 900*F. The smooth strength properties are presented 
as a function of test temperature in Figure 32. At a given temperature 
the bar stock had strength properties which were approximately 25,000 psi 
higher than the sheet material. This difference could be attributed to 
the slightly higher titanium and carbon content present in the bar stock 
heat. 

As shown in Figure 33, the notch tensile properties, of the sheet 
material showed considerably different behavior as a function of test 
temperature than the bar stock. The notch tensile strength of the sheet 
steel decreased slightly as the test temperature was increased while the 
bar stock markedly increased with increasing test temperature and ex- 
hibited a much higher degree of scatter. 

-11- 
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An interesting effect was noted during the determination of plane 
strain fracture toughness in the maraging steels« A typical load- 
resistance curve is presented in Figure 3U. The conventional method of 
determining K_c is indicated in the figure where the load (Point A) at 
which a significant deviation from linearity occurs is employed to 
calculate K_c. Upon closer examination of a large number of load- 
resistance curves, a very slight deviation can be observed at a much 
lower value of applied load, (Point B). The question arises as to what 
degree of slow crack extension is actually taking place in the region 
A-B and what significance does this have in the determination of K - 
for design purposes« In an effort to answer these questions a specimen 
was loaded, as indicated in Figure 3U, in the region where only a slight 
deviation from linearity occurred« It was then unloaded, heat tinted, 
and pulled to failure« As shown in Figure 35> a very slight amount of 
crack extension (less than 0«010w) actually accompanied the slight 
deviation from linearity which was present in the load-resistance 
curve« 

In Figure 36, two values of the plane strain fracture toughness for 
the 250,000 psi grade of maraging steel are presented. The lower value 
corresponds to the load at which the first slow crack growth is detected 
(Point B), while the second value is indicative of a marked acceleration 
in slow crack extension and approximates the plane strain fracture 
toughness which would be obtained by conventional displacement gage 
techniques (Point A). At present the significance of these widely 
different K_c values in design applications is not known. The scatter 
in the lower values of K _ was considerably greater than the higher 
values due to the difficulty in determining when the very small in- 
crement of crack growth had actually occurred« 

The rapid decrease in the "high value" of K_c which occurred in 
the I856 nickel, 7% cobalt maraging steel between -U5 and -100*F does 
not conform with previously obtained data (35, 36) and is not the 
normally expected temperature dependence for K_c« This behavior may 
be indicative of the fact that the »high value* of K_c is not really 
the true K_p value and contains some contribution due to the shear 
lip« In aaaition, the calculated plastic zone size for the "high* K™ 
value is considerably larger than one-half the specimen thickness 
and on this basis it also represents a doubtful K_c value (1*, 36). 

K_c values obtained from the bar stock were significantly lower than 
the sheet material at the low test temperatures and markedly increased 
with increasing test temperature. The maraging steels represented the 
only group of materials where the bar stock exhibited properties as a 
function of test temperature which were qualitatively different from the 
sheet. 
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The smooth and notch tensile properties of the higher strength, $% 
cobalt, maraging steel in sheet form are presented in Figure 37« The 
smooth strength exhibited the same trend, as a function of test temper- 
ature, that was observed for the 18-7-5 steel. Both heats exhibited 
similar smooth properties over the entire range of test temperatures» 
The net notch strength of both heats decreased slightly with increasing 
test temperatures. 

The plane strain fracture toughness for both heats are shown in 
Figure 38. In this 9%  cobalt maraging steel, as in the case of the 1% 
cobalt grade, the phenomenon of very slight crack growth occurred re- 
latively early in the test and two values of K_c, calculated on the 
basis of the first indication of crack growth and the rapid extension 
of the slow crack growth, are included in Figure 38. The "higher" K_c 
values showed no consistent trend as a function of test temperatures 
between 300 and -U5*F. At the -100*F test temperature a noticeable 
decrease occurred. The »lower" K_c values indicated that heat W-2U178 
had a slightly inferior fracture toughness which increased slightly 
with increasing test temperature« The "lower" K-« values for heat 
06U98 were relatively insensitive to test temperature. 

f.  Beta Titanium 

The smooth strength properties of three heats of beta titanium aged 
72 hours at 900*F are presented in Figure 39. The results indicate that 
a rather wide variation in strength properties occurred between heat 
F7798 (sheet) and heats F7769 (sheet) and F6997 (bar). The smooth 
strength decreased rather consistently as a function of increasing test 
temperature and this strength decrease was attended by a slight increase 
in tensile ductility. 

The notch tensile properties of the beta titanium are shown in 
Figure UO« A transition in fracture appearance occurred in the sheet 
material at approximately 200*F. The notch tensile strength steadily 
increased with increasing test temperatures. The plane strain fracture 
toughness for the beta titanium is presented in Figure Ul as a function 
of test temperature. At temperatures below approximately 100T both 
heats of sheet material had comparable plane strain fracture toughnesses, 
however at higher temperatures the lower strength heat had slightly 
greater KIC values. A comparison between the two heats with comparable 
yield strengths (heat 7769 sheet and heat 6977 bar) indicated that at 
all test temperatures the bar stock had KIC values which were approxi- 
mately 5000 psi^fin. greater than those obtained with sheet specimens 
from heat 7769. 
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g«  Summary of Experimental Program 

All the test data for the four classes of materials are summarized 
in Tables 15> through 35« In general, a noticeable difference in K™ 
values existed between heats of materials, particularly the test 
results between bar stock and sheet, and on this basis the fracture 
toughness data were not sufficient to allow them to be combined to 
determine statistical averages or variances* The plane strain fracture 
toughness obtained at the higher strength levels and lower test tem- 
peratures appeared to be more consistent and conformed to expected 
behavior« The tests conducted with the maraging steel in sheet form 
were particularly difficult to interpret due to a very slight amount 
of slow crack growth which occurred at a relatively low load« 

Despite the fact that in certain cases apparent anomalies occurred, 
the data agreed reasonably well with previously published work« In 
addition obvious differences were apparent between the fracture tough- 
ness of various materials heat treated to comparable strength levels« 
This point is illustrated in Figure U2 where the test data for various 
materials are compared« 
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IV APPLICATION OF DATA TO HANDBOOK PRESENTATION 

At present a serious need exists to provide the designer with a material 
parameter which can be used to predict the reliability of a material in 
structural applications, just as tensile and yield strengths are used to 
predict the maximum or useful load-carrying capacity« In general, many of 
the parameters, such as notch tensile strength, which are used to characterize 
reliability or relative susceptibility to brittle fracture are not material 
constants« At present plane strain fracture toughness (KIC) represents the 
only single-valued parameter which can be simply employed in a handbook to 
provide an indication of crack propagation resistance« Although there are 
specific criticisms which can still be directed against the use of K_c, the 
fact remains that it can be determined from simple laboratory tests and used 
both qualitatively and quantitatively as an aid in the solution of material 
selection problems« 

For a number of years both metallurgists and designers have qualitatively 
employed relative rating parameters such as notch tensile strength ratio, 
transition temperature, or impact energy to provide some indication of 
regions where dangerous embrittlements may exist« These parameters clearly 
establish the irreversible temper embrittlement which occurs in low alloy 
martensitic steels when they are tempered in the 500*F to 600-F range« In 
many cases, however, it is difficult to compare, even qualitatively, notch 
strength ratios obtained on different materials because much of the avail- 
able data has been determined from specimens with varying notch geometries« 
The use of a standardized parameter such as K_c which is a material constant 
will allow a continuous assembly of unambiguous data to be obtained and will 
simplify the qualitative evaluation of various materials and heat treatments« 

The real advantage of the plane strain fracture toughness parameter as 
an evaluation tool rests in its ability to provide a quantitative prediction 
of the load-carrying capacity of a structure« To illustrate this point a 
pressure vessel made of H-ll steel will be considered« The properties of 
the H-ll steel as obtained from MIL Handbook 5 are presented in the following 
table along with the K_c parameters obtained from tests on sheet specimens« 
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PROPERTIES OF S Cr-Mo-V AIRCRAFT STEEL (H-ll) 

Alloy 

Form 

Condition 

Mechanical Properties: 

5 Cr-Mo-V 

All wrought forms 

Heat treated (quenched and tempered) 
to obtain F-.. indicated 

FTU' ksi TU L 21|0 260 280 

FTY' *si 200 220 2U0 

L 73 U6 32 

For the basis of this illustration, consider the flaw as a partial surface 
crack and assume that the nondestructive testing technique is capable of 
detecting cracks greater than 0«0£0" in depth« This implies that cracks 
O.O^O" or less may be present in the completed structure. For a partial 
surface crack, the plane strain toughness can be expressed as* 

where: 

KIC 

KIC 
Or 
a 

b 

3.11 o2* 

pl- .212 a2 

CTys2 

(M 

is the plane strain fracture toughness; 

is the gross applied stress; 

is length of surface crack; 

is depth of surface crack; 

is 0.2$ offset yield strength; and 

is an elliptic integral defined as 

O 

Ci.XXJl' w 

J   h2 

(a ;b ) 
a 

sin >7 de 
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For reliable performance the applied stress (O" ) should be equal to the 
yield strength ( cr ). For the H-ll steel with a 220,000 psi yield strength 
and an (a/b) ratio #? 2, the calculations indicate that the K_c value should 
be greater than approximately 6U,000 psi V^ In« to insure that the defect 
does not grow and lead to failure below the design stress« Since the actual 
KIC value for this strength level in the 5 Cr-Mo-V is U6.000 psi»/ m«, the 
designer would select a material with a higher fracture toughness or decrease 
the applied stress level. This quantitative approach to predicting the 
stresses where flaws start to grow as cracks can be applied to virtually any 
component provided that adequate stress analyses are available to define the 
relationship between the material constant KIC and the crack geometry. 

The use of K_- as a quantitative design number is actually a conservative 
criterion, since  it predicts the onset of slow crack growth and not complete 
structural failure. In many cases, slow crack growth may be significant and 
failure will occur at higher values of applied stress than predicted from Kjc 
data. The inclusion of K which characterizes final failure along with K_r 
in handbook form however, is difficult since the K value is not a true 
material constant, but varies with thickness. 

Although some question still remains concerning the variability of K_c 
as a function of heat of steel, sufficient data currently exist for certain 
steels in sheet form to allow values to be considered for handbook presentation. 
In addition, K_c data are being obtained from a variety of steels and test 
methods in a large number of current test programs. It is anticipated that 
the results of these programs can be readily integrated into the format of 
KEL Handbook $  once the basic pattern of presentation is resolved« 

The Tables 36 and 37 indicate the suggested format for presenting K™ 
in MIL Handbook 5 for the alloy steels and for the 5 Cr-Mo-V Aircraft Steel. 
A summary of the valid K_c data for sheet materials of these two steels is 
presented in Figures U3 and UU. The data for the low alloy steels has been 
obtained only on a U3U0 steel and this fact should be noted in the handbook« 
The K_c values presented in Tables 36 and 37 have been selected from 
Figures U3 and UU to conform to the strength levels listed in the handbook« 
In the case of U3U0 at the 176,000 psi yield level a questionable extra- 
polation has been used, this, however, is not a serious drawback since 
reliability and notch sensitivity are not considered serious problems at 
this low strength level. 

-17- 
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A compilation of this type will allow the designer to integrate into his 
material selection a parameter which measures the relative ability of a 
material to perform reliably in the presence of severe stress concentrations« 
Although it would certainly be desirable to have available a considerably 
larger quantity of data to establish typical K_c values, the current in- 
formation on sheet material is reasonably consistent to allow typical room 
temperature values to be reported for certain steels« It is not believed 
advisable at this time to report in handbook form K_G values for hlhQ and 
H-ll as a function of test temperatures above room  temperature» In the 
case of IJ3U0 a strain aging type of embrittlement occurs which produces K_c 
values which are dependent on strain rate« In the case of H-ll steel« 
at the lower strength levels, the K-„  data above room temperature may not 
be valid due to the formation of extensive plastic zones at the crack tip« 

Once the K _ concept is accepted for handbook presentation it can be 
periodically expandeds 

1) To provide statistical parameters, 

2) To include other materials, such as the precipitation- 
hardening stainless steels, titanium and aluminum, and 

3) To include values over a wider range of temperatures« 
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V SUMMARY AND CONCLUSIONS 

An investigation was conducted to determine the feasibility of employing 
plane strain fracture toughness (KIC) as a handbook design parameter to rate 
the ability of a material to resist brittle crack propagation. A literature 
survey indicated that a large portion of the published data was obtained prior 
to the adoption of formal fracture mechanics testing techniques* As a result, 
only a realtively small quantity of valid K_c data were available« To sup- 
plement the existing data an experimental program was conducted to determine 
the plane strain fracture toughness of four materialsi 

1) U3U0 steel (two strength levels, three heats), 

2) H-ll steel (four strength levels, two heats), 

3) Maraging steel (two strength levels, four heats), 

h) Beta titanium (one strength level, three heats). 

Tests were conducted over a range of test temperatures from -100°F to 300*F 
with both circumferentially-precracked, round tensile specimens and center- 
cracked sheet specimens. The results were sufficiently consistent so that 
typical room temperature K_c values could be obtained on sheet material of 
U3U0 and H-ll steel and presented for possible inclusion in MIL Handbook S* 
Certain problems existed in determining K-« from sheet specimens of the 
maraging steel due to a very small amount of slow crack growth which 
occurred at relatively low loads. Additional tests must be conducted to 
determine the correlation of this small degree of growth with K_Q values 
determined by other methods» 

Despite the fact that specific questions exist concerning the proper 
methods of determining K _ and the correlation between different test tech- 
niques, the concept of applying K G as both a qualitative and quantitative 
handbook value appears valid. Current data indicate that significant 
differences in K_p do exist between materials and as such it represents a 
useful qualitative parameter which can also be employed to provide a 
quantitative measure of component reliability. 
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VI APPENDII 

1«  Determination of K _ Parameter from Sheet Specimens 

Since the initiation of slow crack growth is generally governed by plane 
strain conditions, the load at which crack growth starts can be used to deter- 
mine the plane strain fracture toughness from tests on sheet specimens« The 
governing equation iss 

i 

Kic2- <rj w Tan 05s +   ^-2> a) 
'  7 

where t 

K,~ - plane strain fracture toughness 
a a one-half the initial crack length 
W ■ specimen width 

C      -       gross section stress at which slow crack growth is 
gi initiated 

CT      m       yield strength 
</ 

This equation can be solved graphically for K_c (Reference 2, Figure k) from 
a knowledge of the specimen dimensions, the yield strength of the material 
and the load at which slow crack growth is initiated* 

2«      Methods Used to Determine K_c from Circumferentially-Precracked Specimens 

The K_c values can be computed from circumferentially-precracked round 
specimens     by employing the method used by Carmen, Armiento and Markus (9)t 

* t* ^y o.233<rn/i?ir (2) 

■*.#•••, n 
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K_c    ■       plane strain fracture toughness 

CT      ■        0.25? yield strength 

d     ■        specimen diameter at the base of the notch 
CT      m       net notch tensile strength 

D       ■       major specimen diameter 

This equation, which applies when the ratio d/D is equal to 0.707> can be 
rewritten in the forms 

X     [1-1/2 X^J^    -        0.233     — (3) cr y 

wherei 
KIC 

&y frfD (M 

Equation 3 is presented in graphical form in Figure 1*5•    Plane strain 
fracture toughness can be determined from this figure from a knowledge of 
the KT /tT" ratio, 

n' wy 

In actual experimental practice it is difficult to accurately control 
the precrack to produce exact d/D values of 0.707. Variations from this 
ideal d/b ratio were taken into account by applying the corrections factors 
described by Wandt (36). These corrections factors are plotted as a function 
of d/D in Figure U6. In practice the KIC values calculated from equation k 
and Figure 1*5 were multiplied by the appropriate correction factor given in 
Figure U6 to produce the reported values of plane strain fracture toughness» 
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Table 2 8R-5U26 
Mechanical Properties of U3U0 Steely Longitudinal Direction, Room Temperature Testa* 

Specimens Austenitized 1550*F to l600*Fs Oil Quenched, Tempered 1 Hour, AS Indicated 

( Notch Radius less than 0.0015") 

Strength (1000 psi)         _ KIC Spec. Spec.Dia. 
Temper Ultimate 0.2* Yield Notch Ksj/ln Type         Or Width-in. Ref. Comments 

350 300 — 3U0 77.1 15 
Uoo 285 — 310 70.3 Rd 0.300 17 
Uoo 275 230 275 86.3 Rd 0.500 18 
UOO 275 230 300 78.2 Rd 0.300 18 
Uoo 270 — 335 76.0 Rd 0.300 18 
Uoo 275 32.1 Rd 0.750 13 Precracked Spec, 
UOO 275 30.0 Rd 0.750 13 It                           M 

Uoo» 250 32.5 Rd 0.5UO 13 1»                           II 

Uoo* 250 32.U Rd 0.5U0 13 II                           II 

Uoo 275 218 280 89.9 Rd 0.500 20 
UOO 275 330 7U.9 Rd 0.300 15 
Uoo 275 250 73.2 Rd 0.500 15 
Uoo 265 275 80.5 Rd 0.300 15 
Uoo 280 190 55.6 Rd 0.500 15 10" Sect. Size 
Uoo 270 225 310 79.8 Rd 0.300 18 
Uoo 300 225 275 68.9 Rd 0.300 18 
Uoo 235 Ul.U Single Notch 2U Precracked Spec. 

500 265 225 300 76.5 Rd 0.300 18 
5oo 265 312 86.5 Rd 0.300 18 
5oo 260 225 280 70.0 Rd 0.300 18 
5oo 260 285 71.1 Rd 0.300 18 
5oo 270 310 80.2 Rd 0.300 18 
500 265 302 68.5 Rd 0.300 17 
5oo 265 335 76.0 Rd 0.300 18 
5oo 260 330 7U.9 Rd 0.300 15 
5oo 265 315 71.5 Rd 0.300 16 
5oo 270 190 U8.3 Rd 0.500 15 10" Sect. Size 

600 250 3Ui 71.2 Rd 0.300 15 
600 250 302 68.5 Rd 0.300 17 
600 2U0 330 66.1 Rd 0.300 15 
6CO 2U5 225 310 70.3 Rd 0.300 18 
600 2U2 228 280 88 ,U Rd 0.300 17 
600 250 225 7U.7 Rd 0.500 15 
600 250 290 8U.9 Rd 0.300 15 
600 250 165 U8.3 Rd 0.500 15 10" Sect. Size 
600 2U0 225 305 77.6 Rd 0.300 18 
600 250 310 85.5 Rd 0.300 18 
600 220 52.1 Single Notch 2U Precrecked Spec. 

700 235 220 305 78.1 Rd 0.300 18 
700 225 220 300 75.9 Rd 0.300 18 
700 225 280 81.6 Rd 0.500 15 
700 225 298 67.6 Rd 0.300 17 
700 235 220 270 85.2 Rd 0.500 18 
700 235 220 310 78.0 Rd 0.300 18 
700 225 305 69.2 Rd 0.300 18 
700 225 298 67.6 Rd 0.300 17 
700 210 65.5 Single Notch 2U Precracked Spec. 

800 215 200 295 79.7 Rd 0.300 18 
800 210 200 300 80.5 Rd 0.300 18 
800 200 290 8U.9 Rd 0.300 15 
800 220 220 6U.U Rd 0.500 15 10» Sect. Size 
800 210 300 68.1 Rd 0.300 17 
800 215 210 275 87.9 Rd 0.500 18 
800 215 210 290 73.5 Rd 0.300 18 
800 210 

2 Hour Temper 
300 68.1 Rd 0.300 15 

** Notch strength is <r * (see Table 1) for sheet spec, or or,, for round specimens» 
+ Major specimen i diamet« 3r. n 
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Table 3 

Mechanical Properties of U3h0 Steel» Transverse Direction* Room Temperature Tests 

Specimens Austenitized 1550*F to l600*F, Oil Quenched« Tempered 1 Hour As Indicated 

(Machined Notch Radius less than 0.0015") 

Temper Ultimate 

Strength (1000 psi) 

»          0.2* Yield         Notch Ksi/Ln 
Spec. 
Type 

Spec.Dia. 
Or Width-in. Ref. 

Uoo 
Uoo 
Uoo 
Uoo 
1*00 

275 
300 
275 
275 
275 

230 

220 
220 

255 
210 
215 
270 
280 

60.U 
50.3 
66.0 
66.3 
69.5 

Rd 
Rd 
Rd 
Rd 
Rd 

0.300 
0.300 
0.500 
0.300 
0.300 

18 
18 
18 
18 
18 

500 
500 
5oo 
5oo 

275 
260 
260 
265 

235 

235 
235 

260 
205 
250 
250 

61.7 
U9.2 
58.2 
58.2 

Rd 
Rd 
Rd 
Rd 

0.300 
0.300 
0.300 
0.300 

18 
18 
18 
18 

600 
600 
600 
600 

2U0 
250 
2U0 
2U0 

230 

225 
225 

265 
210 
2U5 
275 

6U.2 
50.3 
58.0 
70.0 

Rd 
Rd 
Rd 
Rd 

0.300 
0.300 
0.300 
0.300 

18 
18 
18 
13 

700 
700 
700 
700 
700 

235 
235 
230 
235 
225 

215 
215 
220 

195 
265 
265 
210 
270 

60.5 
6U.8 
67.1 
50.3 
68.U 

Rd 
Rd 
Rd 
Rd 
Rd 

0.500 
0.300 
0.300 
0.300 
0.300 

17 & 18 
17 4 18 
18 
18 
18 

800 
800 
800 
800 

220 
220 
210 
210 

2Q5 
2Q5 

230 
280 
220 
300 

69.2 
70.7 
5U.7 
68.1 

Rd 
Rd 
Rd 
Rd 

0.500 
0.300 
0.300 
0.300 

20 
18 
18 
15 
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Table h 

Mechanical Properties of U3U0 Steel. Longitudinal Direction! Subsero Temperature Teitgj 

Specimen» Austenitized 1550*F to l600*Fj Oil Quenched, Temper 1 Hour As Indicated» 

(Machined Notch Radius less than 0.0015») 

Temper 
Strength (1000 psi) 
Ultimate         Notch 

KIC 
Ksi/ln 

Test 
Temperature 

Spec. 
Type 

Spec. Dia. 
(in.) Ref. 

Uoo 
Uoo 

305 
3u0 

290 
220 

65.8 
U9.9 

-100 
-320 

Rd 
Rd 

0*300 
0.300 

17 
17 

500 
500 
500 

285 
275 
315 

2kS 
2U0 
liiO 

55.6 
5U.5 
31.8 

-100 
-100 
-320 

Rd 
Rd 
Rd 

0.300 
0.300 
0.300 

17 
17 
17 

600 
600 

270 
298 

280 
125 

63.5 
28 .U 

-100 
-320 

Rd 
Rd 

0.300 
0.300 

17 
17 

700 
700 

250 
285 

280 
195 

63.5 
Uu3 

-100 
-320 

Rd 
Rd 

0.300 
0.300 

17 
17 

800 
800 
800 
800 

215* 
202* 
220» 
270 

285 
280 
152 
202 

6U.7 
63.5 
3U.5 
U5.8 

-100 
-100 
-320 
-320 

Rd 
Rd 
Rd 
Rd 

0.300 
0.300 
0.300 
0.300 

17 
17 
17 
17 

*   Room Temperature Tensile Strength 
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Table   5 

Mechanical Properties of Mod, ► U330, (ASM 6U3U)# Room Ten iperature Tests 

(Machined Notch Radius less than 0«0015M) 

Temper Direction 

Long. 
Long. 
Long. 

Strength 1000 psi 
Ultimate    0.2% Yield   Notch 

250               200               330 
260               225 
260               221 

Ksirin 

83.6 
62.2 

112.5 

Specimen 
Type 

Round 
Sheet 
Sheet 

Spec* Dia. 
Or Width-in. 

Ref. 

Uoo 
Uoo 
Uoo 

0.300 
3.0 
3.0 

18 
12 
20 

5oo Long. 2U0 190 300 108.1 Round 0.500 18 

625 
625 

Long. 
Long. 

225 
225 

190 
190 

285 
280 

79 .U 
95.0 

Round 
Round 

0.300 
0.500 

18 
18 

700 
700 
700 

Long. 
Long. 
Long. 

215 
215 
215 

206 
205 
202 

136.0 
90.5 

12U.0 

Sheet 
Sheet 
Sheet 

3.0 
3.0 
3.0 

11 
11 
11 

800 
800 
800 

Long. 
Long. 
Long. 

205 
205 
205 

19U 
190 
19U 

126.0 
108.0 
117.0 

Sheet 
Sheet 
Sheet 

3*0 
3.0 
3.0 

11 
11 
11 

Uoo 
Uoo 
Uoo 

Trans. 
Trans. 
Trans. 

260 
250 
250 

221 
200 
200 

255 
220 

9U.9 
65.1 
68.0 

Sheet 
Round 
Round 

3.0 
0.300 
0.500 

11 
18 
18 

5oo Trans. 2U0 190 210 65.3 Round 0.500 18 

625 
625 

Trans. 
Trans. 

220 
220 

190 
190 

2U5 
200 

60.9 
59.U 

Round 
Round 

0.300 
0.500 

18 
18 

700 
700 
700 

Trans. 
Trans. 
Trans. 

215 
215 
215 

206 
205 
202 

118.0 
83.5 

112.5 

Sheet 
Sheet 
Sheet 

3.0 
3.0 
3.0 

11 
11 
11 
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Table 6 

Mechanical Properties of U330 (Mod + Si) Steely Room Temperature Tests 

Longitudinal Direction 

(Notch Radius less than 0,0015*) 

Strenj ?th (100Q PSi) 
Ksiyin 

Specimen 
Type 

Spec. Dia 
or Width-i 

. 
Temper Tensile Ö, >& Yield Noich n.     Ref 

350 279 181 2ii5 79.8 Round 0.5Q5 8 

150 270 207 279 91.3 Round 0.505 8 
W 270 207 210- 90.8 Round 0.750 8 
kSO 275 220 270 83.2 Round 0.505 9 
li50 269 203 266 87.0 Round 0.505 8 

550 266 216 2U0 7ii*8 Round 0.5Q5 8 
550 266 216 ZhS 76.2 Round O.505 8 
550 266 216 2ii3 87.2 Round 0.750 8 
550 266 216 2U0 86.1 Round 0.750 8 

600 262 207 255 80.9 Round 0.505 8 
600 262 207 229 71.7 Round 0.505 8 
600 262 207 251 95.6 Round 0.750 8 
600 262 207 270 89.2 Round 0.505 19 
600 262 207 231 88.8 Round 0.750 19 
600 262 207 237 91.8 Round 0.750 19 
600 262 207 196 91* .3 Round 1.25 19 
600 262 207 107 76.3 Round 3.00 19 

650 259 209 236 73.7 Round 0.505 8 
650 259 209 27U 89.5 Round 0.505 8 
650 259 209 223 83.7 Round 0.750 8 
650 259 209 228 85.3 Round 0.750 8 

750 238 189 208 6U.3 Round 0.505 8 
750 238 189 200 60.7 Round 0.505 8 
750 238 189 201 7lw2 Round 0.750 8 
750 238 189 187 69.8 Round 0.750 8 

850 232 175 212 66.2 Round 0.505 8&19 
850 232 175 190 58J* Round 0.505 8 & 19 
850 232 175 178 67.lt Round 0.750 8 U 19 
850 232 175 182 68.7 Round 0.750 8& 19 

Comments 

Slack-quenched 
Structure 
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Table 7 

Mechanical Properties of 300M Steel« Room Temperature Tests. Longitudinal Direction 

(Notch Radius less than 0.0015") 

Temper 
Strength (1000 psi) 

Tensile      Ö.2* TielS     Notch 
*IC 

Ksi/in 
Spec. 
Type 

Spec .Dia. 
Or Width-in. Ref. Comments 

Uoo 301 218 233 71.U Round 0.505 8 
Uoo 301 218 233 71 .U Round 0.505 8 
Uoo 295 215 312 85.5 Round 0.300 18 
Uoo 290 215 79 52.3 Sheet 1.750 3 Frecracked Spec* 

5oo 285 225 73 U8.5 Sheet 1.750 3 Precracked Spec* 

600 275 225 315 79.8 Round 0.300 18 
600 275 225 275 87.2 Round 0.500 18 
600 285 235 237 73.5 Round 0.505 8 
600 285 235 255 78.0 Round 0.505 8 
600 280 232 253 77.5 Round 0.505 8 
600 280 232 258 78.9 Round 0.505 8 
600 280 230 73 50.0 Sheet 1.750 3 Precracked Spec* 
700 275 230 312 77.0 Round 0.300 18 
700 72 U9.0 Sheet 1.750 3 Precracked Spec* 

750 270 217 226 70.5 Round 0.505 8 
750 270 217 216 67.0 Round 0.505 8 

800 62 Ul.l Sheet 1.750 3 Precracked Spec* 
800 70 U6.5 Sheet 1.750 3 Precracked Spec* 

850 250 210 199 60.3 Round 0.500 8 
850 250 210 201 60.9 Round 0.500 8 
850 2U0 187 55.0 Round 0.500 16 
850 2U0 216 63.5 Round o.5oo 16 
850 250 210 77.8 Round 10 
850 2U8 211 32.1 Sheet 1.0 12 Elliptical Crack 
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Table 8 

Mechanical Properties of 30CM Steel, Room Temperature Tests, Transverse Direction 

(Notch Radius less 1 than 0.0015") 

Temper 
Strength (1000 psi) 

Tensile     0.2% Yield     Notch 
KIC 

Ksi/in 
Spec. 
Type 

Spec. Dia» 
Or WLdth-in, Ref. Comments 

l*oo 
l*oo 
Uoo 

295 225 
231 
231 

280 
3U.2 
35.9 

68.0 
1*1.1 

Round 
Sheet 
Sheet 

0.300 
1.750 
1.750 

18 
3 
3 

Precracked- Spec. 
Precracked Spec« 

500 
500 

229 
229 

35.9 
35 .h 

1*5 .U 
1*0.5 

Sheet 
Sheet 

1.750 
1.750 

3 
3 

Precracked Spec* 
Precracked Spec« 

600 
600 
600 

275 
275 

225 
225 

325 
21*5 
37.7 

80.9 
75.9 
1*3.2 

Round 
Round 
Sheet 

0.300 
0.500 
1.750 

18 
18 

3 Precracked Spec« 

700 
700 

25.7 
25.0 

31.3 
28.6 

Sheet 
Sheet 

1.750 
1.750 

3 
3 

Precracked Spec« 
Precracked Spec« 

800 
800 

26.7 
26.3 

30.8 
30.1 

Sheet 
Sheet 

1.750 
1.750 

3 
3 

Precracked Spec« 
Precracked Spec« 
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Table   12 

Mechanical Properties of Aluminum and Titanium Alloys • Room Temperature Tests 

longitudinal Direction (Notch Radius less than 0.0C5») 

*r Strength (1000 psi) *B Spec. Spec. Dia. < 
Material Tensile 0.2* Yield 

bo 

Notch Ksifln 

71.5 

Type 

Round 

Width-in» Ref. 

1 

Comments 

Al 6061 T-6 
Al 2021* T-lt U5 69.2 Round 1 
Al 7075 T-6 72 36.8 Round 1 
Al 7075 T-6 72 31.5 Round 1 
Al 7075 T-6 72 31.5 Sheet 1 
Al 7075 T-6 35.5 SinglB- 29 Frecracked Spec. 

edge notch 

Ti 6Al-IiV 205 195 1*0.1* Round 0.250 
Ti 6Al-liV 165 230 52.2 Round 0.300 16 Test Temp.-100°F 
Ti 6Al-i*V 162 220 U9.9 Round 0.300 16 Room Temp. 
Ti 6A1-UV 135 192 U3.6 Round 0.300 16 Test Temp. 300°F 
Ti 6AI-I1V 125 178 1*0.U Round 0.300 16 Test Temp. 500°F 
Ti 6Al-ljV 126 185 ia.8 Round 0.300 16 Test Temp. 700°F 
Ti 6Al-iiV 118 175 39.7 Round 0.300 16 Test Temp. 800°F 
Ti 6A1-1*V 163.5 71.8 Sheet 3.0 11 Acoustic Tests 

Room Temp. 
Ti 6Al-liV 167 39.O Forging 1.0 25 Surface-Cracked 
Ti 6AI-I4V 152 Ui.6 Forging 1.0 25 Surface-Cracked 
Ti oAl-iiV 11*7 52.2 Plate 1.0 25 Surface-Bracked 

Til#A 220 110 2iu6 Round 0.300 16 
Ti 155A 220 121 27.5 Round 0.300 16 

B 120 VCA 172 U6.0 Sheet 3.0 11 Acoustic Tests 
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Table    35 

Tensile Properties of U3U0 Steel Sheet 

(280,000 psi Strength Level - Heat 7C-8657) 

TAPCO   a division of 
Thompson Rumo Woofdrfage Inc. 

ER-5U26 

Test 
Temperature 

(°F) 

-100 (long.) 

Average 

-\& (long.) 

Average 

iiO (long.) 

Average 

75 (long.) 

Average 

Tensile 
Strength 
(psi) 

295,800 
291*, 900 

295,1*00 

289,000 
289,000 

289,000 

283,000 
283,000 

283,000 

281*, 000 
281,000 

282,500 

(1*00°F Temper) 

0.2* Yield    Percent 
Strength 
(Psi) 

22ii,500 
227,900 

226,200 

22i*,000 
225,000 

221;, 500 

220,000 
221,000 

220,500 

222,000 
225,100 

223,600 

Elongation 

11.0 
10.5 

10.8 

11.0 
13»0 

12.0 

10.0 
11.0 

10.5 

10.0 
7.0 

Net Notch 
Tensile Strength 

(psi) 

67,200 
71,200 
73.600 

70,700 

71,900 
61,100 
70.200 

67,800 

914,100 
80,000 
78,800 
81*, 300 

32,000 
83,000 
78.100 

81,000 

Plane Strain 
Fracture Toughness 

(psiVTn) 

32,1*00 
31,700 
3k,200 
32,800 

1*0,300 
33,000 
3li,800 
36,000 

1*0,000 
37,900 
35.500 
37,800 

32,300 
36,100 
?7t300 
35,200 

75 (trans.) 290,100 223,000 10.0 86,800 35,700 
292,900 22li,000 9.$ 9k, 000 36,1*00 

I^e 
87,200 

89,1*00 

35,1*00 

3% 800 Average 291,500 223,500 

200 (long.) 288,000 227,000 9.0 76,1*00 31,700 
287,600 216,000 10.0 77,200 

79,900 
31*, 800 
35*500 

Average 287,800 221,500 9.$ 77,800 31*, 000 

300 (long.) 288,000 197,000 9.0 67,900 31*, 000 
290,000 188,000 10.0 71,600 3li, U00 

1^5 
66,300 

68,600 

30,800 

33,000 Average 289,000 192,500 



m 
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Table    16 

Tensile Properties of U3k0 Steel Sheet 

(280,000 psi Strength Level - Ifeat 7C-8236) 
(U00°F Tender) 

Test 
Temperature 

(°F) 

-100 (long.) 

Average 

-li5 (long,) 

Average 

1*0 (long.) 

Average 

1$  (long.) 

Average 

75 (trans.) 

Average 

200 (long.) 

Average 

300 (long.) 

Average 

TAPCO   a division of 
Thompson nsttio infooiofKtgo inc. 

ER-5U26 

Tensile 
Strength 

(psi) 

289, 800 
286,900 

288,1*00 

28!*, 000 
283,000 

2814,200 
285,900 

287,000 
287,000 

290,000 
286,000 

0.2* Yield 
Strength 
(psi) 

228,000 
226,600 

227,300 

225,000 
225,000 

283,500 225,000 

279,000 223,000 
280,000 222,000 

279,500 222,500 

279,200 219,000 
280,800 217,000 

280,000 218,000 

225,000 
223,000 

285,000    22l*,000 

223,000 
220,000 

287,000    221,500 

186,000 
192,500 

288,000    189,200 

Percent 
Elongation 

13.0 
12.0 

12^5 

12.0 
11.0 

13^5 

10.0 
10.0 

10.0 

11.0 
11.0 

11.0 

9.0 
9.0 

9.0 

10.0 
10.0 

10.0 

13.0 
13.0 

13.0 

Net Notch 
Tensile Strength 

75,100 
76,100 
78,600 
76,600 

85,600 
77,100 
81*, 500 

82,1*00 

95,200 
98,500 

102,300 

98,600 

111*, 000 
10l*,800 
103,000 

107,200 

96,600 
98,700 
98,700 

98,000 

96,600 
98,300 

101,000 

98,600 

83,200 
77,700 
79,900 

80,200 

Plane Strain 
Fracture Toughness 

(psiVS) 

37,200 
3li,500 

35,800 

37,900 
39,300 
39,200 

38,800 

38,200 
39,100 
39.900 

39,000 

1*6,900 
1*5,100 
1*2,1*00 

1*1*, 800 

39,300 
38,500 
1*2,000 

1*0,000 

37,000 
37,700 
1*0,300 

38,300 

38,800 
39,1*00 
38,500 

38,900 



/A- 

Table    17 

TAPCO    o division of 
Thompson Rmmo Wooidndgm Inc. 

ER-51*26 

Test 
Temperature 

(°F) 

-100 

Average 

■JiS 

1*0 

75 

Average 

200 

Average 

300 

Tensile Properties of 1*31*0 Steel Bar 

(280,000 psi Strength Level - Hsat 121*515) 

(1*00°F Temper) 

Tensile   0.2^ Yield  Percent   Percent   Notch Tensile 
Strength   Strength   Elong.  Red Area.    Strength 
(psi)     (psi)    _, __ 

290,700 
290,100 

290,1*00 

283,500 
288,300 

225,500 
225,1*00 

225,1*00 

227,000 
221,800 

283,300 
282,300 

217,900 
221,1*00 

281,900 
280,700 

220,900 
221,000 

285,500 
282,300 

216,900 
216,500 

288,100 
289,900 

192,000 
198,000 

15.0 
U*.0 

ll*.5 

15.0 
15.0 

Average    285,900    22l*,l*00    15.0 

15.0 
16*0 

Average 282,800 219,600 15#5 

15.0 
16.0 

281,300    221,000    15.5 

li*.0 
13.5 

283,900   216,700    13.8 

18.0 
19.0 

Average 289,000 195,000 18.5 

51.2 
1+9.0 
50.1 

50.1 
51.8 

51.0 

U8.U 
1*8.6 

U8.5 

50.7 
1*9.0 

üyTö 

1*1.3 
1*2.0 

1*1.6 

1*1.3 

Ü3JÜ 

(psi) 

123,1*00 

123,1*00 

129,000 
121,500 
139.500 

130,000 

161,500 
11*7,500 
180,100 

163,000 

163,000 
183,000 
176,000 

171*, 000 

135,000 
11*8,000 
151*. 5oo 

11*5,000 

127,000 
137,000 
132,000 

132,000 

Plane Strain 
Fracture Toughness 

(psi/Ih) 

1*0,600 

1*0,600 

1*1,900 
39,800 
1*5,600 

1*2,1*00 

52,000 
1*7,900 
56,500 

52,100 

51,600 
59,600 
55,1*00 

55,500 

1*7,200 
1*9,200 
1*8,1*00 

1*8,300 

39,900 
1*3,600 
1*2,000 

la, 8p0 



/\- TAPCO   a division of 
Thompson Homo WooMridgo Inc. 

Test 
Temperature 

(°F) 

-100 (long.) 

Average 

4£ (long,) 

Average 

1*0 (long.) 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long.) 

Average 

300 (long.) 

Average 

Table 18 

Tensile Properties of 1*31*0 Steel Sheet 

(210,000 psi Strength Level - ifeat 70-8657) 

(7$0°F Temper) 

ER~51*26 

Tensile 
Strength 
(psi) 

223,800 
221*, 700 

22l*, 200 

219,000 
219,000 

219,000 

213,000 
209,000 

211,000 

211*, 300 
212,200 

213,200 

210,100 
212,200 

211,200 

207,500 
207,500 

0.2* Yield 
Strength 
(psi) 

209,000 

209,000 

207,000 
203,000 

205,000 

199,000 
196,000 

197,5öO 

200,500 
196,600 

198,600 

191*, 600 
196,100 

195,1*00 

181*, 700 
182,500 

207,500    183,600 

209,300 
207,100 

208,200 

180,300 
175,600 

178,000 

Percent 
Elongation 

9.5 
10.0 

8.0 
10.0 

9.0 

10.0 
9.0 

Tg 
7.5 
8.0 

7.8 

7.5 
8.0 

9.0 
8.5 

8.8 

9.0 
9.0 

9.0 

Net Notch 
Tensile Strength 

(psi) 

93,000 
91,200 
85,600 

89,900 

159,000 
167,000 
158,000 

161,1*00 

157,000 
155,000 
163.000 

158,1*00 

151,800 
156,1*00 
151,800 

153, Uöo 

127,000 
139,600 
128,800 

131,800 

171,000 
11*9,200 
U*6,6O0 

155,600 

131*, 800 
11*2,800 
11*6,200 

U*l,200 

Plane Strain 
Fracture Toughness 

(padVih) 

50,600 
1*7,600 
1*7» 300 

1*8,500 

58,1*00 
66,600 
57,900 

61,000 

51,300 
57,200 
60,000 

56,200 

63,900 
59,000 
61*, 500 

62,1*00 

55,500 
52,600 
1*5,800 

51,300 

67,200 
63,500 
61,000 

63,900 

50,800 
la, 600 
51*, 100 

1*8,800 



/A- TAPCO   o division of 
Thompson Rmmo Wooldrfdgo inc. 

Test 
Temperature 

(°F) 

-190 (long.) 

-100 (long.) 

Average 

—U5 (long.) 

Average 

1*0 (long.) 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long.) 

Average 

300 (long.) 

Average 

Table    19 

Tensile Properties of 1*31*0 Steel Sheet 

(210.000 psi Strength Level - feat 7C-8236) 
(750°F Temper) 

ER-5U26 

Tensile 
Strength 

(Pfli) 

226,700 
223,300 

225,000 

219,000 
219,500 

219,200 

213,000 
212,000 

212,500 

213,700 
210,1*00 

212,000 

213,1*00 
211,500 

206,200 
208,000 

207,100 

209,200 
206,600 

0.2# Yield 
Strength 

213,900 
209,500 

211,700 

209,000 
205,000 

207,000 

197,500 
197,500 

197,500 

199,200 
196,500 

197,800 

199,600 
196,600 

212,1*00 198,100 

181*, 800 
185,300 

185,000 

171*, 100 
178,200 

207,900 176,200 

Percent 
Elongation 

10.0 
9^ 

9.8 

9.0 
10.0 

Ts 
9.0 
8.0 

"e^5 

9.0 
10.0 

T7 
9.0 
8.0 

~8^5 

8.0 

Ti 
9.0 
8.5 

8.8 

Net Notch 
Tensile Strength 

(pai) 

83,600 

11*5,500 
160,000 
15U>7QQ 

153,1*00 

172,000 
170,000 

171,000 

160,500 
173,000 
170,300 

166,000 

180,100 
166,500 
163,200 

170,000 

11*2,000 
11*0,800 
126,000 
136,200 

11*5,000 
11*8,1*00 
151,600 
11*8, liOO 

11*5,200 
151,100 
11*6,900 

11*7,800 

Plane Strain 
Fracture Toughness 

(psi\/in) 

1*3,100 

63,900 
68,200 
62,700 
61*, 900 

75,600 
72,100 
81,000 

76,200 

86,900 
79,500 
71,200 

79,200 

71,900 
61*, 900 
75,1*00 

70,800 

51,500 
50,1*00 
53.100 

51,600 

59,200 
70,000 
69,1*00 

66,200 

61*, 000 
63,100 

63,600 
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Test 
Temperature 

(°F) 

Table 20 

TAPCO   a division of 
Thompson Konto jnfoofoi'tnffo Inc. 

ER-5U26 

Tensile Properties of 1*31*0 Steel Bar 

(210.000 psi Strength Level - ifeat 121*515) 

(750°F Temper) 

Tensile   0*2^ Yield  Percent   Percent   Notch Tensile 
Strength   Strength   Elong.  Red Area.    Strength 
(psi)     (psi)       .     .  , (psi) 

Plane Strain* 
Fracture Toughness 

(psflfin)  

-100 

Average 

-us 

ko 

75 

Average 

200 

Average 

300 

223,700 
22l*,700 

221A, 200 

221,300 
220,500 

212,500 
212,300 

212,500 
213,500 

210,300 
207,300 

207,700 
209,500 

208,700 
210,700 

209,700 

205,700 
206,800 

Average    220,900    206,200 

200,000 
198,300 

Average    212,1*00   199,200 

197,500 
198,200 

213,000   197,800 

185,1*00 
181*, 600 

208,800   185,000 

173,000 
178,1*00 

Average    208,600   175,700 

13.0 
ll*.0 

13.5 

11*. 0 
U*.0 
ll*.0 

il*.5 
il*.5 

1W 

U4.0 
13.0 

13^5 

1U.5 
li*.0 

U*.2 

16.0 
15.0 

15^5 

51.2 
51.2 

51.2 

50.7 
50.7 
50.7 

51.8 
51.8 

51.8 

53.9 

$U2 

51.8 
50.7 

51^2 

53.1* 
1*6.1 

1*9.8 

230,100 
239,900 
235,000 

255,000 
260,000 

257r500 

21*8,000 
27**, 000 
263,000 

262,000 

261*, 000 
273,000 
252,000 

263,000 

226,000 
233,000 
223,000 

227,000 

197,000 
226,000 
232,000 

218,000 

7U,500 
78,500 

76,500 

90,100 
86,600 

88,300 

85,500 
97,500 
90,600 

91,200 

93,1*00 
97,1*00 
85,000 

91,900 

75,100 
80,500 
75,100 

76,900 

66,1*00 
7l*,600 
87,000 

76,000 

• *»v>urs 



A\- TAPCO   «division of 
Thompson ntttno Wooiartaf/iB Inc. 

ER-5U26 

Table 21 

Tensile Properties of H»ll Steel Bar 

(29$.O0O psi Strength Level - Heat 06826) 

(1000°F Temper) 

Test 
Temperature 

(°F) 

-U5 

Average 

liO 

Average 

75 

Average 

200 

Average 

300 

Average 

Tensile 
Strength 
(pai) 

309,100 
308,300 

308,700 

300,700 
302,300 

0.2* Yield 
Strength 
(psi) 

2^1,200 
251,900 

251,600 

216,100 

301,500 216,1*00 

296,700 21*1,800 
298,500 238,100 

297,600 21*0,000 

286,900 226,700 

286,900 226,700 

277,800 227,800 

277,800 227,800 

Percent 
Elong« 

12.0 
ll*.0 

13.0 

12.5 
13.0 

12.8 

13.0 
13.0 

13.0 

ll*.0 

il*.o 

13.5 

13Ü 

.Percent 
Red* Area 

3U.1 
37.9 

36.0 

37.6 
37.3 

37.1 

U0.lt 
39.1 

39.8 

1*2.0 

1*2.0 

1*1*.0 

kk.O 

Notch Tensile 
Strength 

69,300 
72,800 
71,200 

71,100 

80,1*00 
82/300 
85» 800 

82,800 

7l*,100 
87,1*00 
81*.000 

81,800 

105,900 
iil*rl*oo 
110,200 

133,300 
120..00Q 

126,600 

Plane Strain 
Fracture Toughness 

(psi^) 

20,600 
22,1*00 
22r200 

21,700 

2li,"500 
28,'500 
26r800 

26,600 

23,200 
27,500 
2l*rl*00 

25,000 

3li,000 
36r700 

35,UOO 

1*3,100 
37.700 

1*0,1*00 



ZA- 

Test 
Temperature 

(°F) 

-100 (long.) 

Average 

-1*5 (long.) 

Average 

1*0 (long.) 

Average 

75 (long.) 

Average 

75 (trans») 

Average 

200 (long.) 

Average 

300 (long.) 

TAPCO   a division of 
Thompson Konto Wooforiooo inc. 

ER-5U26 

Table   22 
Tensile Properties of H-ll Steel Sheet 

(290,000 psi Strength Level - Haat 05716) 

Tensile 
Strength 

(psi) 

311,300 
305,600 

299,200 
301,700 

291,200 
292,100 

292,500 
290,500 

285,500 
288,200 

281,200 
282,500 

275,300 
273,500 

(1000°F Temper) 

0.2* Yield 
Strength 
(psi) 

263,500 
251,700 

308,1*00    257,600 

21*7,900 
21*7,500 

300,2*00    21*7,700 

237,200 
21*3,100 

291,600    21*0,200 

21*1,600 
21*1*, 200 

291,500    21*2,900 

235,300 
235,000 

286,800    235,200 

232,100 
231,000 

281,800    231,600 

232,200 
228,500 

Average    2 71*, 1*00    230,1*00 

Percent 
Elongation 

11.0 
7.5 

9.2 

10.0 
9.5 

To* 
10.0 
10.0 

10.0 

9.0 
10.0 

9.5 

9.0 
10.5 

9.8 

10.5 
11.0 

10.8 

11.0 
11.0 

11.0 

Net Notch 
Tensile Strength 

36,800 
38,200 
37,800 

37,600 

35,200 
38,900 
1*0,1*00 
38,200 

50,900 
51,1*00 
5U.2QO 
52,200 

61,900 
55,l*oo 
62rl*00 

59,900 

57,700 
67,600 
59,300 
61,500 

130,600 
118,100 
11*1*, 800 

131,200 

160,100 
161,200 
127,000 
159,700 
152,000 

Plane Strain 
Fracture Toughness 

(psiVR) 

21*, 300 
26,100 
25,800 

25,1*00 

2li,100 
26,000 
23,1*00 
21,500 

27,800 
30,700 
30,000 

29,500 

30,000 
30,200 
30,UQ0 

30,200 

29,500 
28,1*00 
28,100 

28,700 

1*1,800 
1*6,000 
39,800 

1*2,500 

51,1*00 
53,600 
50,000 
1*7,600 

50,600 



ZÄ- 

Test 
Temperature 

(°F) 

Average 

Uo 

Average 

75 

Average 

200 

Average 

300 

Tensile 
Strength 

(psi) 

282,700 
279,700 

270,200 
275,500 

270,900 
269,200 

270,000 

263,800 

263, 800 

252,800 

Table 23 

Tensile Properties of H-ll Steel Bar 

(270.000 psi Strength Level - Hsat O6826) 

(1050°F Temper) 

TAPCO   o division of 

ER-5U26 

0.2# Yield Percent 
Strength  Elong. 
(psi) 

233,600 
236,600 

230,200 
226,300 

230,300 
226,100 

228,200 

219,700 

219,700 

211;, 700 

13.0 
12.5 

281,200    235,100    12.8 

ll*.5 
13.0 

272,800    228,200   13.8 

U*.0 
15.0 

1ÜI5 
15.0 

15.0 

U*.0 

Average    252,800    211*, 700    ll*.0 

Percent 
Red» Area 

ia.3 
1*1.3 

ia.3 

Uu3 

■1ÖÜ9 

1*6.1 

Ü5Ö8 

15.5 

1*9.0 

1*9.0 

Notch Tensile 
Strength 
(psi) 

79,900 
93,700 
87,700 
87,100 

98,800 
98,700 

105,000 

100,800 

106,900 
107,300 
110,000 

108,100 

U*l*,800 
114,000 

H*t*,i*oo 

162,800 
161,300 
162,000 

Plane Strain 
Fracture Toughness 

(psi\/in) 

26,500 
28,700 
26,600 

27,300 

31,600 
31,600 
31*. 500 

32,600 

35,200 
31*, 800 

3l*,300 

1*1*, 300 
1*1*, 700 

l*l*,5oo 

1*8,700 
1*9.200 

1*9,000 



/A- TAPCO   a division of 
jnOmpMOn nmnto wwoOHMfHMym inc. 

ER-51*26 

Test 
Temperature 

(°F) 

-100 (long.) 

Average 

-1*5 (long.) 

Average 

1*0 (long.) 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long.) 

Average 

300 (long.) 

Tensile 
Strength 
(psl) 

280,000 
280,900 

Table    2l* 

Tensile Properties of H-ll Steel Sheet 

(260,000 psl Strength Level - Ifeat Q5716) 

(1050°F Temper) 
0*2% Yield Percent 

Elongation 

269,600 
272,100 

266,700 
261,100 

260,800 
262,1*00 

261,600 

267,000 
263,900 

265,1*00 

255,200 
255,Uoo 

21*8,700 
250,1*00 

(pg 
Strength 

psi) 

239,000 
21*1,1*00 

280,1*00    21*0,200 

230,800 
231,900 

270,800    231,1*00 

227,800 
222,900 

263,900    225,1*00 

223,600 
222,700 

223,200 

222,200 
223,900 

223,000 

211*, 200 
215,100 

255,300    211*, 600 

215,300 
208,700 

Average    21*9,600    212,000 

10,0 
10.0 

10.0 

9.5 
11.5 

10.5 

11.0 
10.0 

10.5 

11.0 
12.0 

11.5 

10.5 
11.0 

10.8 

12.0 
10.0 

11.0 

11.0 
11.0 

11.0 

Net Notch 
Tensile Strength 
 (Psi) 

1*1*, 1*00 
1*7,200 
1*1,600 

1*1*, 300 

1*1*, 800 
1*5,600 
li7,300 

1*5,900 

70,500 
68,900 
70,200 

69,900 

77,000 
78,100 
82,1*00 

79,200 

93,100 
90,700 
85,200 

89,700 

187,300 
192,200 
186,1*00 
191*. 100 
190,000 

185,000 
191,1*00 
188,900 
188,1*00 

Plane Strain 
fracture Toughness 

(psiyl^) 

30,300 
32,200 
28,500 
30,300 

30,600 
26,300 
32,200 

29,700 

3k, 500 
38,000 
32,800 

35,100 

32,000 
31,800 
36,800 

33,500 

37,600 
35,600 
3L500 
36,900 

52,800 
57,200 
1*7,800 
58,100 

51*, 000 

61,600 
58,300 
59,1*00 

59,800 
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Table 25 

Tensile Properties of H-ll Steel 

ER-5426 

Bar 

(230.000 psi Strength Level - Heat 06826) 

Test Tensile 
Temperature    Strength 

(°F) 

-45 

Average 

llO 

Average 

75 
Average 

200 

Average 

300 

Average 

(psi) 

243,400 
246,000 

234,800 
236,400 
235,600 

230,400 

230,400 

224,900 

(H00°F Temper) 

0.25ß Yield 
Strength 

(psi) 

207,000 
208,1*00 

244,700        207,700 

200,000 
198,400 
199,200 

193,300 

190,900 

224,900 190,900 

222,200 188,300 

222,200        188,300 

Percent 
Elong. 

16.0 
15.0 

15.0 
15.0 
i5.o 

11.5 

IE? 

15.5 

15.5 

15.0 

15.0 

* - Very shallow precrack 

+ - Possible eccentricity in loading 

Percent 
Red. Area 

46.9 
46.7 

U6JS 

46.3 
48.6 
47.4 

49.7 
Wl 
5o.i 

5o.i 

52.0 

52.0 

i 

Notch Tensile 
Strength 
(psi) 

135,300 
131,100 
153.400 
139,900 

221,000* 

221,000 

215,600 
160,800 
192,700 
189,700 

248,000 

248,000 

Plane Strain 
Fracture Toughness 

(psijIH) 

42,000 
42,300 
47.600 
44,000 

69,600** 

69,600 

66,600** 
50,000+ 
59*500+ 
58,700 

86,200** 

86,200 

'i 
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Table 26 ER-5U26 

Tensile Properties of H-ll Steel Sheet 

(225« 000 psi Strength Level - feat 05716) 

1100'F Temper 

Test 
Temperature 

(°F) 

-100 (long,) 

Average 

-ii5 (long.) 

Average 

1*0 (long.) 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long) 

Average 

300 (long) 

Average 

Tensile 
Strength 
(psi) 

238,500 
239,600 

239,000 

233,200 
233,500 

223,500 
227,600 

225,600 

222,900 
223,1*00 

225,500 
222,100 

223,800 

217,000 
217,000 

217,000 

213,900 
211,100 

212,500 

0.2# Yield 
Strength 
(psi) 

202,1*00 
203,000 

202,700 

198,600 
193,900 

233,1*00    196,200 

190,700 
193,800 

192,200 

191,200 
186,1*00 

223,200    188,800 

190,1*00 
185,1*00 

187,900 

180,900 
183,900 

182,1*00 

169,500 
167,800 

168,600 

Percent 
Elongation 

10.0 
12.5 

11.2 

li*.0 
13.0 

I3T5 

13.0 
12.0 

12.5 

H*.5 
13.0 

13.8 

12.5 
ii*.5 

13^5 

12.0 
13.5 

12.8 

12.0 
12.5 

12.2 

Net Notch 
Tensile Strength 

(psi) 

55,ioo 
57,200 
50,700 
51*, 300 

96,800 
98,700 
76,300 
90,600 

192,700 
187,200 
197.300 

192,1*00 

192,600 
190,900 
190.200 

191,200 

182,300 
189,500 
189.900 
187,200 

183,300 
188,600 
190.200 

189,1*00 

181,1*00 
175,300 
170,000 
191*. 200 

180,200 

Plane Strain 
Fracture Toughness 

(psiVS) 

38,000 
39,200 
31*, 900 

37,1*00 

31,1*00 
35,700 
33.300 

33,500 

71*, 100 
77,900 
80,300 

77,1*00 

86,300 
77,000 
98,900 

87,1*00 

85,1*00 
85,600 
89,000 

86,700 

91,600 
86,1*00 
81,1*00 

86,500 

82,700 
97,1*00 
82,1*00 
81*. 900 

86,800 

) 
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Table    27 

Tensile Properties of £.11 Steel Bay 

(195.000 psi Strength Level - Heat 06826) 
(1150°F ■ temper) 

Test 
Temperatur« 

(°F) 

Tensile 
» Strength 

(psi) 

209,300 
20ii,700 

207,000 

0.2* Yield 
Strength 

(psi) 

158,800 
167,200 

163,000 

Percent 
Elong. 

Percent 
Red. Area 

Notch Tensile 
Strength 
(psi) 

-W 16.0 
16.0 

16.0 

1*9.7 
1*9.2 

k9.h 

191,100 
210,200 

Average 200,600 

Uo 202,300 
192,800 

168,800 
156,000 

16.0 
16.0 

53.6 
52.2 

231,200 
2Wu700 

Average 197,600 162,Uoo 16.0 52.9 238,000 

75 195,700 163,100 15.0 

15^0 

51.1* 

5Ü Average 195,700 163,100 

200 188,200 155,500 15.0 

15.0 

52.7 

52.7 

261,800 
223.1*00 

Average 188,200 i55,5oo 21*2,600 

300 179,700 11*8,200 16.0 

16.0 

5ii.l 21*7,600 
21*1*, 300 
238,700 

Average 179,700 11*8,200 21*3,500 

Plane Strain* 
Fracture Toughness 

(psiv/S) 

58,100 
69,200 

63,600 

78,600 
87.100 
82,800 

77.200 

77,200 

■5H* 

#fTN>1.10 F      in all tests. 

•a* 
^N/Fyy value too high to find K^, from graphical method. 
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Test 
Temperature 

(°F) 

-100 (long.) 

Average 

-U5  (long.) 

Average 

1*0 (long.) 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long) 

Average 

300 (long) 

Average 

Table 28 

Tensile Properties of H-ll Steel Sheet 

(195.000 psl Strength Level - feat 00716) 

1150*F Temper 

ER-5U26 

Tensile 
Strength 
(pal) 

208,900 
207,800 

208,1*00 

20l*,000 
202,100 

197,500 
199,300 

191*, 600 
193,000 

193,800 

196,900 
196,300 

196,600 

188,200 
187,800 

188,000 

181,900 
182,300 

182,100 

0.2* Yield 
Strength 
(pal) 

172,800 
167,1*00 

170,100 

161*,700 
161*, 200 

203,000    161*, 1*00 

160,000 
160,300 

198,1*00    160,200 

157,800 
256,700 

157,200 

161,900 
160,200 

161,000 

15a,fcoo 
154,100 

151*, 200 

151,700 
11*7,700 

11*9,700 

Percent 
Elongation 

17.0 
15.0 

16.0 

ll*.0 
15.5 

llu8 

ll*.0 
13.0 

13^5 

Ht.5 
13.5 

ll*.0 

13.0 
13.5 

13.2 

12.5 
12.5 

12.5 

12.0 
13.0 

12.5 

Met Notch 
Tensile Strength 

(pal) 

102,800 
121*, 800 
177,800 

135,100 

155,800 
175,900 
189.600 

173,800 

172,800 
172,700 
174,500 
173,300 

170,300 
171*, 000 
171*, 600 

173,000 

169,000 
171*, 600 
175,000 

172,900 

173,100 
179,000 
179,800 

177,300 

177,300 
171, 700 
177,1*00 

175,500 

Plane Strain 
Fracture Toughness 

(psi^in) 

50,300 
61,900 
75.700 

62,600 

101,600 
90,800 

103.900 

98,800 

95,600 
93,200 
99,300 

96,000 

9l*,l*00 
93,700 
87,ifOO 

91*800 

91,500 
87,600 
68,900 

89,1*00 

93,700 
88,200 
79.100 

87,000 

91*, 900 
83,500 

101.1*00 

93,300 
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Table 29 

Tensile Properties of 18# Nicloel Maraging Steel Bar 

(250,000 psi Strength Level - Heat 06759) 

Test 
Temperature 

(°F) 

-100 

Average 

-hS 

Average 

i*o 

Average 

75 

Average 

200 

Average 

300 

Average 

*<rN>i.io 

Tensile 
Strength 
(psi) 

283,700 
278,100 

280,900 

268,900 
272,300 

270,600 

261,700 
266,100 

263,900 

263,000 
263,300 

255,600 
251A, 800 

21*3,600 
2l*6.800 

21*5,200 

TT 

0.2£ Yield 
Strength 

276,700 
271,600 

27l*,200 

260,500 
262,500 
261,500 

256,500 
258,500 
257,500 

257,000 
255,200 

263,200   256,100 

2l*l*,600 
21*8,900 

255,200   21*6,800 

235,600 
238,1*00 

237,000 

Percent 
Elong. 

9.5 

9.5 

10.5 
11.0 

10.8 

11.0 
11.0 

11.0 

11.0 
11.0 

11.0 

11.0 
11.5 

11.2 

11.0 
12.0 

11.5 

Percent 
Red. Area. 

1*5.1 
1*14*5 

JUU.8 

hS.5 
1*7*3 

hS.h 

1*8.5 
1*9.1 

1.8.8 

50.9 
1*7.6 

1*9.2 

1x9.9 
50.9 

loZ 
k9*9 
51.8 
50.8 

Notch Tensile 
Strength 

(psi) 

151,100 

151,100 

113,900 
107^200 

110,600 

111*, 500 
11*8,500 
131,500 

22l*,500 
215,600 
165,1*00 
201,500 

191,100 
211,500 
20l*,500 
202,1*00 

292,200 
335.800 

3Ü*, 000 

Plane Strain 
Fracture Toughness 

(psi>H5)     ] 

1*7,700 

1*7,700 

1*2,300 
36..600 

39,1*00 

36,100 
1*5,900 

1*1,000 

72,1*00 
68,500 
52,200 

61*, 1*00 

59,700 
68,1*00 

^f300 
61*, 500 

91*, 600* 
112.1*00* 

103,500 
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Table   30 m-$h26 

Test 
Ten^erature 

(°F) 

-100 (long) 

Average 

A6 (long) 

Average 

1*0 (long) 

Average 

75  (long) 

Average 

75 (trans.) 

Average 

200 (long) 

Average 

300 (long) 

Average 

Tensile Properties of 16% Nickel Maraging Steel Sheet 
(250,000 psi Strength Level-feat 214285) 

Tensile 
Strength 
jpsiL 

250,800 
251*, 800 

21*8,500 
252,000 

239,200 
237,900 

237.200 
236,300 

2la,900 
2ia,3oo 

227,600 
228,300 

221,700 
221,100 

0.2# Yield 
Strength 
(psi) 

21*5,1*00 
250,800 

252,800 2li8,10O 

21*0,900 
2U0,000 

250,200 2U0,U00 

227,000 

238,600    227,000 

229,600 
229,500 

236,800    229,600 

233,200 
233,000 

2ia,6oo      233,100 

220, UOO 
222,200 

228,000    221,300 

211,900 
213,100 

Percent 
Elongation 

*6.$ 
7.0 

6^8 

7.5 
8.5 

8.0 

8.0 
8.0 

8.0 

7.5 
8.0 

221,1*00   212,500 

7.8 

7.5 

7.5 

8.5 
8.0 

8.2 

7.5 
8.0 

7.8 

Net Notch 
Tensile Strength 

fr*i) 

209,000 
321,900 
22U.OOO 

218,300 

211i,200 

211*, 200 

206,600 
205,200 
2014.700 
205,500 

209,500 
209,1400 

209,1*00 

183,500 
182,500 
189,000 
I8I.I4OO 

1814,100 

198,800 
200, 700 

»■I!    A 

199,800 

182,500 
181*, 500 
186,000 
1814,100 

1814,300 

Plane Strain 
fracture Toughness 

(psifin)  

HLghK^ lowK^ 

90,1*00 
92,200 
91*^200 

92,300 

7U,900 
73,500 

7U,200 

11*8,800 87,100 
151,900 100,300 
155.1*00 78.100 

152,000 88,500 

166,200 
11*5,800 
11*14.700 

98,100 
80,700 
714,100 

152,200   81*, 300 

U*l4,70O 
1148,200 
11414,1*00 
lbl*,700 
Ui5,5oo 

121,900 
119,600 
116,700 
131.200 

122,1*00 

139,200 
130,900 
133,200 
139.200 

135,600 

131,700 
125,300 

97,1*00 
814,1*00 
91*, 200 
92,100 

92,000 

69,300 
69,900 
68,000 
71,100 

69,600 

86,500 
7l*,U00 
83,300 
87.900 

83,000 

89,900 
78,100 
87,1400 

128,500 85,100 
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Test 
Temperature 

-100 (long) 

Average 

-W (long) 

Average 

h0 (long.) 

Average 

75 (long) 

Average 

75 (trans.) 

Average 

200 (long) 

Average 

300 (long) 

Average 

Table 31 

Tensile Properties of 18% Nickel Maraglng Steel Sheet 

(300.000 psl Strength Level - feat 061*98) 

Tensile 
Strength 

285,700 
285,500 

277,500 
279,000 

266,000 
266,000 

262,800 
265,800 

266,900 
268,700 

253,100 
253,500 

21*9,1*00 
21*7,700 

0.2% Yield 
Strength 

(P*i) 

277,600 
27U,800 

285,600   276,200 

266,100 
266,000 

278,200       266,000 

253,100 
252,900 

266,000       253,000 

251,700 
250,200 

261*, 300   251,000 

251*, 800 
259,300 

267,800       257,000 

2i*l*,000 
21*2,000 

253,300        21*3,000 

236,800 
237,800 

Percent 
Elongation 

21*8,600   237,300 

,6.0 
6.5 

6.2 

6.0 

71 
7.0 
7.0 

7.5 
6.$ 

7.0 

6.5 
7.0 

6.8 

6.5 
6.0 

6.2 

6.5 

6.5 

Net Notch 
Tensile Strength 

(pal) 

19l*,600 
187,1*00 

193,100 

191,700 

191*, 600 
181*, 900 
20l*,200 

191*, 600 

182,100 
205,500 
192/500 
186,1*00 

191,600 

190,100 
185,1*00 
182,700 
180.000 

181*, 600 

183,700 
192,1*00 
181*,000 
182.1*00 

185,600 

178,000 
178,600 
183,300 
186,600 

181,600 

177,900 
179,300 
168,300 
171*. 1*00 
177,700 

Plane Strain 
Fracture Toughness 

(psi^/5) 
High KIC    Low KJQ 

95,100 
87,1*00 
79,1*00 

UVfaOO 
113,700 
121,200 

115,000 
118,600 
116,600 
117,800 

110,600 
98,600 

103,7C0 

111*, 600 
116,000 
111,600 
112.500 

117,000 
120,600 

72,900 
69,000 
72,1*00 

87,300 71,1*00 

ii5,Soo 85#ioo 
120,100 77,200 

  82>?00 
117,800 81,500 

79,600 
82,700 
72,1*00 

115,1*00   78,200 

75,100 
71*, 500 
75,100 
71.900 

117,000   71*, 200 

72,500 
73,900 
75,200 

101*, 300        73,900 

77,100 
82,900 
76,500 
71*. 800 

113,700       77,800 

71*, 500 
76,000 
76,200 

118,800       75,600 
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Tablfl 32 

Tes1i 
Temperature 

(°F) 

-100 (long) 

Average 

-1£ (long) 

Average 

HO (long) 

Average 

7* (long) 

Average 

75 (trans.) 

Average 

200 (long) 

Average 

300 (long) 

Average 

Tensile Properties of 1Q% Nickel Maraging Steel Sheet 

(300«00Q psi Strength Level - Heat W-2l*178) 

0.2* Yield 
Strength 
(pai) 

Tensile 
Strength 
ipai 

291*, 800    289,100 
292,700    285,100 

293,800   287,100 

285,900 
281*,800 

27li,000 
27l*,500 

275,100 
272,1*00 

278,300 
277,900 

258,800 
262,300 

255,000 
253,800 

„Percent 
Elongation 

277,900 
276,100 

285,1*00   277,000 

265,700 
261*, 000 

27U, 200   261*, 800 

267,1*00 
265,600 

273,800   266,50. 

2.69,800 
271,500 

278,100   270,600 

21*8,900 
256,900 

260,600    252,900 

21*2,900 
2l*l*,6O0 

25H, 900 21*3,800 

7.0 
7.5 

7.2 

8.0 
7.0 

7.5 
6.0 
7.5 

7.5 
7.0 

7.2 

7.0 

öTö 

7.0 

6.8 

6.5 

Net Notch 
Tensile Strength 

173,100 
177,100 
181*.50Q 
178,200 

168,700 
178,1*00 
182,700 

176,600 

169,700 
156,500 
171,000 

165,700 

173,800 
177,300 
181-500 

177,500 

163,600 
165,100 
I67.IOO 

165,300 

170,700 
165,800 
176,500 
173.1*00 
171,600 

171*, 200 
166,900 
17U.800 

172,000 

Plane Str_ 
•acture Toug 

(psiVin) 
Frac ss 

^ghKrc 
86,600 
99,100 
76-000 

87,200 

105,000 
115,600 

Low 

65,1*00 
75,600 

70,500 

67,200 
65,500 

112,000 66,1*00 

101*, 000 71,800 
99,000 68,1*00 

109,600 67,200 

10l*,200 69,100 

113,300 71,500 
115,600 70,300 
12l*,500 73,1*00 

117,800 71,700 

101,900 69,600 
110,200 70,000 
10l*,600 67.7OO 

105,600 69,100 

106,500 71,200 
99,900 73,000 

100,700 83,300 

102,1*00 75,800 

122,100 
111*,U00 
113.200 
116,600 

80,700 
83,200 
67.1*00 
77,100 
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Table   33 
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Tensile Properties of Beta Titanium (B120 VCA) Bar 

(200.000 pel Strength Level-H&at F 6997) 

Teat Tensile       0«2£ Yield     Percent     Percent       Notch Tensile 
Temperature     Strength       Strength        Elong.   Red Area. Strength 

(°F) (pel) (pal) ,     .     ,-.    .       ; (pel) 

Average 

ho 

Average 

217,100 
211*, 700 

200,700 
200,300 

215,900 200,500 

200,500 183,Uoo 
197,000 180,500 

198,800 182,000 

8.0 
5.0 

£? 

6.0 
7.0 

£7 

8.1 
5.1 

72 

U.7 
6.6 

72 

88,900 
87,000 
88,500 
88,100 

106,000 
101,200 
101,500 

102,900 

Plane Strain 
Fracture Toughness 
 (j»W  

28,900 
26,500 
27.800 

27,700 

3li,600 
32,300 
32,900 
33,300 

75 

Average 

200 

198,700 
198,100 

192,900 
189,000 

179,1*00 
183,1*00 

198,U00 181,1*00 

165,200 
161,500 

Average 191,000 163,U00 

11.0 
3.5 

7.2 

9.0 
12.5 

10.8 

9.7 
3.1 

7Z 

.7.8 

11.3 

9k,U00 
96,200 

106,700 
99,100 

111,000 
119,000 
121,500 

117,000 

30,600 
32,300 
32,600 

31,900 

35,700 
36,300 
la. 700 

37,900 

300 191,700 
191,700 

159,U00 
159,000 

Average 191,700 159,200 

11.0 
10.0 

10.5 

13.8 
13.8 

13.8 

123,500 
120,500 
121,900 

122,000 

U0,700 
38,600 
38,100 

39,100 
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Table 3k 
Tensile Propertiea of Beta Titanium (KL20VCA) Sheet 

(170.000 psl Strength Level - But F 7798) 

Test Tensile 
Temperature   Strength 

(°F)      (psi) 

-100 (long.)  17l*,l*00 
166,100 

Average 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long.) 

Average 

300 (long.) 

Average 

170,200 

-1£ (long.)  186,800 
172,800 

Average    179,800 

1*0 (long.)   172^700 

172,700 

170,500 
167,500 

139,000 
136,600 

168,600 
166,700 

167,900 
172,100 

0.2* Yield 
Strength 
(psi) 

17l*,l*00 
158,000 

166,200 

182,1*00 

182,1*00 

169,500 

169,500 

166,000 
165,300 

169,000    165,600 

139,000 
136,600 

137,800    137,800 

153,600 
153,600 

167,600   153,600 

U*5,300 
11*6,700 

170,000 11*6,000 

Percent 
Elongation 

6.5 
7.0 

6.8 

1.0 
1.5 

1.2 

2.0 

2.0 

1.0 
1.0 

1.0 

1.5 

U$ 

3.5 
3.0 

3.2 

1*.0 
5.0 

Net Notch 
Tensile Strength 

(psi) 

38,800 
37,100 
1*1.200 

39,000 

s 8,600 
:,100 

39,800 

1*0,200 

1*7,600 
1*6,700 
1*7,000 
1*7,100 

62,800 
57,1*00 
59,600 
60,000 

50,900 
56,500 
51*. 200 
53,800 

71,1*00 
81,1*00 
71.300 
71*, 700 

87,600 
87,1*00 
70.900 

82,000 

Plane Strain 
Fracture Toughness 

(psiflii) 

23,300 
22,900 
27.100 
21*, 1*00 

22,700 
23,200 
21*, 200 

23,1*00 

28,800 
21*, 500 
32,000 
28,1*00 

31,600 
29,200 
29,000 

30,000 

29,500 
29,700 
33.000 

30,800 

1*1,700 
1*3,100 
**3.U00 

1*2,800 

1*1*,100 
la, 1*00 
35,100 

1*0,200 
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ER-5U26 

Table   35 

Tensile Properties of Beta Titanium (B120 VCA) Sheet 

(18$,000 psi Strength Level - Hsat F7769) 

Test 
Temperature 

(°F) 

-100 (long.) 

Average 

-4*5 (long.) 

Average 

UO (long.) 

Average 

75 (long.) 

Average 

75 (trans.) 

Average 

200 (long.) 

Average 

300 (long.) 

Average 

Tensile 
Strength 

£3 
0.2* Yield 
Strength 

Percent 
Elongation 

198,200 
209,300 

203,800 

189,300 
192,900 

191,100 

185,800 
188,700 

187,300 

188., 300 
193,1*00 

190,800 

183,300 
176, U00 

182,500 
171,200 
177,600 

1914,900 
207,900 

200, Uoo 

180,100 
185,500 

182,800 

17li,300 
171*, 500 

171*, U0O 

181,100 
183,600 

182,1*00 

161,800 
158,600 

179,800    160,200 

159,100 
i55,ioo 
151,100 

177,100 156,100 

2.0 
2.0 

2.0 

3.0 
2.5 

2.8 

3.5 
l*.o 

*8 

3.0 
2.0 

2.5 

5.0 
luO 

5.0 
3.5 

U.2 

Net Notch 
Tensile Strength 
 fe*J  

36,000 
36,100 
36,000 

U0,300 
1*0,600 
1*0,600 
140,500 

1*0,000 
1*6,100 
1*7,800 

kh, 600 

56.200 
145,1*00 
52.800 

5i,5oo 

1*2,600 
1*3,000 

1*2,800 

68,000 
66,1*00 
63,800 

66,000 

69,700 
78,800 
83,100 
79,800 

77,800 

Plane Strain 
Fracture Toughness 

(psi An) 

21,1*00 
21*, 000 

22,700 

23,500 
27,1*00 
25,800 

25,600 

23,U00 
26,200 
27,200 

25,600 

33,900 
25,700 
30,600 

30,000 

27,600 
21*, 100 

25,800 

32,300 
31,800 
36,000 

33,1400 

3U,800 
39,700 
141,700 

38,700 
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KR-5U26 

(Handbook TABLB 2.3.1.1(a)) DESIGN MECHANICAL AND PHYSICAL PROPERTIES OF 

AISI ALLOY STEELS ~ 

Alloy 

Form 

Condition 

Thickness or diameter, 
in. 

Basis 

Mechanical Properties 

V ksi 

V k8i 
F
su> k8i 

Fbru> k8i 

(e/b«1.5) 

(e/D-2.0) 

Vk8i 
(e/D-1.5) 

(e/b-2.0) 

e, per cent 

KIC* psi/in. (L) 

(T) 

E, 106 psi 

Ec, 10
6 psi 

G, 106 psi 

Physical Properties 

v, lb/in«3 

C, Btu/Ub)(F) 

K, Btu/(hr)(ft2)(F)/ft 

a, 10"6 in./in./F 

AISI 1*130, 
8630, and 8735 

Sheet, strip 
plate, tubing 

0.187 0.187 

AISI U130, 1*11*0, 1*31*0   UlliO   AISI 
8630, 8735, and 871*0     ^0   U3i*0 

871*0 
All wrought forms 

Heat treated (quenched and tem- 
pered) to obtain F. indicated 

See Table 2*3.0.1 (a) 

(a) 

95 90 125 150 180 200 260 

75 70 103 132 163 176 217 

75 70 113 11*5 179 198 21*2 

55 55 82 95 109 119 1U9 

— — 19i* 219 250 272 31*7 

1U0 1U0 251 287 326 351 1*1*0 

151   189   230   255  312 

180   218   256   280  31*6 

See Table    See Table 2.3.1.1 (c)    L 10 (b) 
2.3.1.1 (b) T 3 (b) 

— 100,000 1*6,000 

— 80,000 1*0,000 

29.0   —   —   —   —   — 

29.0 

11.0 

0.283 

0.1U* (at 32F)        -*_ 

22.0 (at 32F) 

6.3 (0 to 200F) 

Data obtained for 1*31*0 steel 
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SR-5U26 

(Erndbook TABLB 2,5«1»1Q DESIGN MECHANICAL AND PHYSICAL PROPERTIES OF 

5Cr-Mo-V AIRCRAFT STEEL 

Alloy 

Fom 

Condition 

Section Size 

Basis 

Mechanical Properties 

V ksi 

V ksi 

V ksi 

SU* 
ksi 

ksi *bru* 

(e/D-1.5) 

(e/D-2.0) 

Fbry' k8i 

(e/b«1.5) 
(e/D-2.0) 

e, per cent Bar, in I4D 

Sheet, in 2 in« (a) 
Sheet, in 1 in« 

KIC, psi/ln. 

E, 10° psi 

L 
T 

V 10 Pai 

G, 10° psi 

Physical Properties 

v, lb/in.3 

C, Btu/(lb) (F) 

K, Btu/ (hr) (ft2)(F)/ft 

a, lO^in./in./F 

5Cr-Mo-V Aircraft Steel 

All wrought forms 

Heat treated to obtain the F tu indicated« 

Up to 12 in« diam« or equivalent 

(a)        (a)      (a) 

21*0 260 280 
200 220 21*0 

220 2U0 260 

1U5 155 170 

Uoo 

315 

9 
6 
8 

73,000 
68,000 

U35 U65 

31*0 365 
8 7 
5 
7 

k 
6 

U6,000 
1*0,000 

32,000 
20,000 

30.0 

30.0 

11«0 

0.281 

0.11(c) (32F) 

16«6 (1*00 to 1100F) 

7.1 (80 to 80QF)j 7.1* (80-1200F) 
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FIG. I:   INFLUENCE OF TEMPERING TEMPERATURE ON THE SMOOTH 
STRENGTH AND PLANE STRAIN  FRACTURE TOUGHNESS OF 
4340 STEEL AT ROOM  TEMPERATURE, LONGITUDINAL 
ORIENTATION, (DATA FROM TABLE2). 
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FIG.4:  INFLUENCE  OF TEMPERING TEMPERATURE ON THE 
SMOOTH STRENGTH AND  PLANE STRAIN FRACTURE 
TOUGHNESS OF MOD. 4330 STEEL AT ROOM TEMPER* 

ATURE. (SEE TABLE   5 )t  MACHINED   NOTCHES. 
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FI6.9:  CENTER   PRECRACKEO    NOTCH   TENSILE 
SPECIMEN 
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FIG. 19! INFLUENCE OF TEMPERATURE ON PLANE STRAIN 
FRACTURE TOUGHNESS OF 4340 STEEL, TEMPERED 
AT 750° F-  LONGITUDINAL DIRECTION. 
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